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Abstract 

 

Malayalam Prominence and Vowel Duration:   
Listener Acceptability 

 

Lauren M. Terzenbach, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Scott Myers 

 

In Malayalam, a Dravidian languages spoken in India, there is a contrast in vowel 

length, as in [kaɭi] ‘game’ and [ka:ɭi] ‘goddess of death’.  This vowel length contrast is 

the basis for any theory of stress placement in Malayalam. 

A listener acceptability study was performed to determine how acceptable vowel 

duration variation was to native speakers.  It was found that listeners prefer a long vowel 

to have a longer duration than a short vowel.  It was also found that listeners only 

accepted short vowel reduction and/or deletion when it was next to a vowel of contrasting 

length.  Implications of these findings are discussed. 
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1. Introduction 

1.1 Mohanan’s description of Malayalam stress 

The first description of stress in Malayalam was posited by K.P. Mohanan in 

1986.  Until his account, many authors had claimed, and some still do, that there is no 

word-level stress in Malayalam, or any of the Dravidian languages (Krishnamurti, 2003; 

Nayar, 2010).  Despite this controversy, Mohanan’s description is noteworthy because of 

the stress pattern proposed, and how he reaches his conclusions. 

Mohanan observed that “Malayalam does not exhibit any differences in amplitude 

between stressed and stressless syllables” (1986, p. 112).  There is nevertheless a means 

of differentiating between the two.  He notes that “[Malayalam] exhibits vowel reduction 

involving both a change in the vowel quality (centralization of the vowel) and a reduction 

in duration, leading to the disappearance of the vowel in extreme cases (1986, p. 112).”  

He proceeds to give the following patterns of deletion, where ( ̆) indicates a reduced 

vowel.  In the examples below, Mohanan points out that in casual speech certain vowels 

are optionally deletable and others are not.  In examples 1a) and 1d) the first syllable 

cannot be deleted, while in 1e) it can be.  In 1b) and 1d) the second syllable is optionally 

deletable.   
 
 1)  Slow speech  Casual speech 
  a. kaʈa ̌m   ≁  *kʈam 

  debt 
 b. wika ̌ʈam ̤ ̤ ~  wikʈam 
  perverse 
 c. paɾa ̌t ̪i   ~  paɾt ̪i    
  searched   
 d. paɾa ̌t ̪i   ≁  *pɾat ̪i 
  searched 
 e. pa ̌ɾaːt ̪i   ~  pɾaːt ̪i 
  complaint 
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From these observations Mohanan makes two points: first, he notes that vowel 

reduction and/or deletion are often associated with word stress in languages, and second, 

that the deletability of certain vowels, as seen in 1), justify his assumption of where stress 

is located in Malayalam (1986, p. 112).   

While Mohanan’s claims of the interaction between stress and deletability are 

true, cross-linguistic cases of unstressed deletion show that factors such as rhythmic 

preservation, syllable structure, and functional load often play important roles in 

qualification for deletion in languages such as English, Faialense Portuguese, Andean 

Spanish, and Cairene Arabic (Delforge, 2008; Fokes & Bond, 1993; Glowacka, 2001; 

Silva, 1997; Watson, 1999).  Mohanan does not mention any other conditions for the 

deletability of vowels in Malayalam. 

Knowing that vowels in unstressed positions show a tendency towards reduction 

or deletion in casual speech, Mohanan is prompted to interpret the deletion found in 

Malayalam as an indication of stress placement.  He arrives at the following 

generalization of stress placement (1986, p. 112):  
 

 2) a. If the first syllable of a word has a short vowel and the second  

  syllable has a long one, the primary stress falls on the second  

  syllable; otherwise the primary stress falls on the first syllable. 

 

  b.  Secondary stress falls on all the remaining long vowels. 

 

Examples of 2a) can be seen in the alternation of pǎɾaːt̪i ~ pɾaːt̪i, where the second 

syllable is long and receives stress, allowing the first-syllable vowel to be deleted, and in 
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kaʈǎm ≁ *kʈam, where the first syllable receives stress and so cannot be deleted.  It is 

worthwhile to note that Mohanan does not mention any of the criteria he used for 

distinguishing primary versus secondary stress, and none of the examples he provided in 

1) dealt with deletion outside of first 2 syllables. 

Following the stress description in 2), Asher and Kumari give examples of words 

with the proposed stress placement (1997, p. 436) seen below in 3).  The words in 3a) 

contain primary stress on the first long vowel when it is contained in the first or second 

syllable.  Example 3b) indicates that primary stress is placed on the first short vowel 

when there is no long vowel within the first two syllables.  Both a) and b) show 

placement of secondary stress on long vowels outside the first two syllables. 
 
 3)  a. kúːʈːam  ‘crowd’ 
   tóːʈːakːàːran  ‘gardener’ 
   báːlyakàːlasakhi ‘childhood friend’ 
   paʈːáːɭakːàːran ‘soldier’ 
 
  b. kútira   ‘horse’ 
   ámbalam  ‘temple’ 
   púkavaɳʈi  ‘train’ 
   kúʐiyàːna  ‘ant-lion’ 
   mútalàːɭi  ‘boss’ 
 

Mohanan’s description of stress placement in Malayalam has been adopted by 

Asher and Kumari (1997) in the Malayalam grammar, as well as in Hayes’ (1995) 

typological description of the world’s stress patterns.  This adoption has theoretical 

implications due to its unusual pattern.  The Malayalam pattern of main stress placement 

as described, is quite normal, corresponding to a quantity-sensitive trochee at word onset. 
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Quantity sensitivity (e.g. Pintupi (Hansen & Hansen, 1969), Cairene Arabic (McCarthy, 

1979), and Central Yupik (Jacobson, 1985)) as well as word-initial feet (e.g. Hungarian 

(Kerek, 1971), Araucanian (Echeverria & Contreras, 1965) and Hopi (Jeanne, 1982)) are 

quite common throughout the world’s languages, which means that the combination is 

also not typologically unique.  If we extended this pattern to set up moraic trochees 

throughout the word, a pattern would arise where every long vowel is stressed and in a 

sequence of short-vowel syllables, every other would be stressed starting with the first. 

(e.g. Fijian (Schütz, 1985), Wargamay (Dixon, 1981), and Mpakwithi (Crowley, 1981)).  

Again, this would be the expected pattern, but as we see in 3), this is not what happens.  

Instead, the conditions for secondary stress do not hold with the conditions for primary 

stress, so we find that secondary stress is indeed found on all following long vowels, but 

there is no stress at all in a sequence of light syllables.  The secondary stress pattern is 

unbounded and quantity-sensitive, which is not uncommon across languages, but there is 

no default case for when all the syllables happen to be light.  In the literature, every other 

unbounded stress pattern has such a default (Eastern Cheremis (B. Hayes, 1981, pp. 57-

58) or Koya (Tyler, 1969)).  The peculiarity of this pattern begs for more research, 

expanding the range of subjects and investigating with experimental methods. 

1.2 Production experiments 

In order to investigate the Malayalam stress pattern in more depth, two production 

studies were conducted.  The goal of both of these studies was to better understand vowel 

length in Malayalam and to investigate whether vowel duration was an indicator for 

stress placement.  The production studies afford a larger range of speakers and 

objective measures for cues of stress compared to Mohanan’s description, as well as 

investigating the interaction of stress with vowel length and syllable position.   
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The first experiment was performed to determine how vowel duration varied 

according to vowel length, syllable position, and following consonant length 

(Terzenbach, Unpublished-b).  Sixteen real three-syllable words of Malayalam that varied 

vowel length in the first and second syllables, and whether the following consonant was 

singleton or geminate were placed into a carrier phrase.  Three native speakers were 

recorded reading these 16 sentences a total of ten times each.  When vowel duration in 

first and second syllable was measured, as expected from previous literature, long vowels 

were longer than short vowels (Velayudhan & Howie, 1974).  It was also found that 

vowels in the first syllable were significantly longer than those in the second syllable 

when other conditions were held constant.  The lengthening of the first syllable points to 

some sort of special position held by the first syllable—either it is a recipient for stress, 

as per Mohanan’s theory, or the lengthening is an indication of some sort of initial 

strengthening (Cho, 2003).  These findings prompted a secondary study where the 

specific conditions for stress on the first syllable could be more thoroughly investigated.  

The second experiment focused on duration of long and short vowels in the first 

two syllables, with more subjects and more words per condition than the first experiment 

(Terzenbach, Unpublished-a).  Six native speakers of Malayalam read twenty real three-

syllable words of Malayalam consisting of CVCVCV, CV:CVCV, CVCV:CV, or 

CV:CV:CV.  The vowels in both first and second syllable were measured for duration.  

The findings from the previous study, that vowels in the first syllable were significantly 

longer than those in the second syllable when holding vowel length and following 

consonant length constant, were confirmed in this experiment as well.  Based on 

Mohanan’s stress theory, one would expect a long vowel after an initial short vowel to be 

longer in duration, since a long vowel following a short-vowel initial syllable would 

receive primary stress, while a long vowel following a long vowel would only receive 
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secondary stress.  This was not the case, as measurements showed that long vowels in the 

second syllable were not significantly longer after an initial short vowel than after one 

with a long vowel.  This finding seems to lend support to a more general assessment of 

first syllable stress in Malayalam, with long vowels simply being intrinsically prominent 

but not causing a shift in stress from the first syllable. 

Both of these production experiments addressed vowel length and syllable 

position, looking at how vowel length, duration and position interacted.  The picture that 

emerges from these two studies seems to indicate that a non-initial stress pattern doesn’t 

hold for this set of speakers.  There are multiple theories for why these results do not 

match Mohanan’s description.  It is possible that Mohanan’s description is accurate, but 

simply does not hold for these speakers, as a result of dialect, age, socio-economic 

background, or a myriad of different linguistic factors.  Another possibility is that these 

two studies indicate a simpler pattern of quantity insensitive stress at the leftmost edge, 

and the difference arises from experimental methods on multiple speakers versus a more 

impressionistic approach. 
  

1.3 Perception experiment 

The findings in the production studies motivated a more intense investigation of 

durational differences, while the Mohanan’s deletion observations also prompt more 

inquiry.  In interviews in connection with the production studies, native speakers 

confirmed that certain vowels could indeed be optionally omitted or severely reduced, 

which is also in line with Mohanan’s observations of deletability.  However, the main 

problem arises from the fact that both production studies elicited the kind of careful 

speech that people use when they are being recorded and know that the topic of the 

research is pronunciation.  By controlling all of the factors that have been shown to 



 7 

influence vowel duration, it becomes nearly impossible to elicit spontaneous deletion or 

reduction.  An alternative is to document subject reactions to vowel duration 

manipulation based on a Likert scale of acceptability (Likert, 1932).  The current study 

will further investigate stress placement in Malayalam by looking at the deletability and 

temporal reduction of vowels.  The previous production studies found variation in vowel 

duration according to vowel length and word position, which could be taken a step 

further to hypothesize that a zero duration is simply an extreme end of a continuum of 

duration differences.  A perception study would allow for a sampling of native speaker 

reactions to extremes of vowel duration variation beyond those gathered in the production 

studies.  A perception study complements the two production studies by showing that the 

observed durational differences are in fact attended to by Malayalam speakers. 

Three types of hypotheses arise from the current available data—hypotheses 

based on production study findings, hypotheses based on Mohanan’s descriptions, and 

hypotheses that combine the two.   

Both production studies confirmed previous findings which indicated that long 

vowels are longer in duration than short vowels (Velayudhan & Howie, 1974).  This is 

extended from production to perception in the first hypothesis: 1) listeners will prefer a 

long vowel to have a longer duration than a short vowel.  Similarly, the production 

studies also found that vowels in first syllable were significantly longer than vowels in 

second syllable, thus it is reasonable to assume this initial lengthening will be attended to, 

even preferred, by listeners.  This combines nicely with the observation of Mohanan, 

which says that in a short-short vowel sequence, the first syllable receives stress; from 

these observations we can hypothesize: 2) when vowel length is equal in both syllables, 

listeners will prefer an initial vowel to be longer than the second vowel.  We also want to 

test Mohanan’s claims about deletability of the unstressed vowel.  Based on his 
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description, a short vowel in the first syllable is deletable when followed by a long vowel, 

and a short vowel in the second syllable is deletable when preceded by a long vowel.  

Thus, a reasonable third hypothesis is: 3) listeners will prefer a deleted first-syllable 

vowel in a short-long sequence more than in any other word class, because the first 

syllable will be stressed and therefore undeletable in all other sequences. Along with the 

third hypothesis is the next: 4) listeners will prefer a deleted second-syllable vowel in a 

long-short or short-short because in all other sequences, the second syllable is stressed 

and therefore undeletable.  An extension of the previous two hypotheses is the last: 5) 

listeners will prefer extreme reduction in same positions where they accept deletion. 

2.   Experimental design 

The acceptability of varying vowel durations in Malayalam was studied as a 

function of the following linguistic factors: 1) phonological length of the vowel (long vs. 

short) and 2) position within the word (1st syllable vs. 2nd).  The variation in vowel 

duration and vowel length class was limited to the first two syllables of the trisyllabic test 

words.  Speakers were asked to rate the acceptability of words that had manipulated 

vowel durations, indicating on a Likert scale from 1-5 how acceptable a particular word 

was in Malayalam.   

2.1.   Subjects 

Eight native speakers of Malayalam, four males and four females, were recruited 

from the University of Texas at Austin and the surrounding community.  The educational 

level of all the participants was advanced, between a bachelor’s degree and a PhD.  The 

age of the participants ranged between 21 and 64 years old; all of the speakers indicated 

that Malayalam was their first language, as well as the primary language of both parents.  
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The subjects were not paid for their participation, and were naïve as to the purpose of the 

experiment. 

2.2.   Materials 

 Four different syllable position and vowel length combinations were 

considered: CVCVCV, CV:CVCV, CVCV:CV, and CV:CV:CV; each syllable 

combination contained five words.  Word list is presented in table 1. 

 
 
 
 
  
 
 
 
 
 
 
 
  
 
 

Table 1:  Test words organized according to vowel length and syllable position. 

 Twenty three-syllable words were selected.  The words were chosen based on 

vowel quality and vowel length.  Each word contained only the low vowel [a] in the first 

and second syllables, while the third syllable could contain either a low vowel [a] or a 

central vowel [ə].  The vowels in the first two syllables were held constant in order to 

prevent a difference in duration based on vowel height (Lehiste, 1970; Lindblom, 1986).  

Only open syllables were used, as vowels in closed syllables have been found to be 

shorter than those in open syllables (Maddieson, 1984).  Only vowels that preceded a 
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singleton consonant were chosen, as vowels before geminates have been shown to be 

shorter than those preceding singletons in Malayalam (Local & Simpson, 1999; 

Terzenbach, Unpublished-b). 

Each word was embedded within the following carrier phrase in order to avoid 

intonational or stress patterns associated with list reading: 

  
 niŋaɭ      en̪n̪ə parajuː 

 you     this   say 
 

A male native speaker of the Thiruvananthapuram dialect of Malayalam read each word 

within the carrier sentence five times.  Instructions were given to the speaker to read the 

sentences as naturally as possible, not to unnaturally emphasize or pause between words, 

and to read at a normal speaking speed instead of slowly and carefully.  These 

instructions were given as the aim was to elicit unmarked, conversational sentences.   

After all of the sentences were recorded, the target words were extracted from the 

carrier phrase.  The target words were analyzed using Praat software for speech analysis.  

The duration of the long vowels across 200 tokens was averaged, and became the 

baseline for the vowels in the perception study.  The average duration was 201 ms. 

One instance of each target word was manipulated so that the baseline duration of 

both vowels was the average.  The manipulation of the duration was accomplished by 

using the manipulation function in Praat.  These 20 base-lined words were then 

manipulated in each syllable peak by fractional increments: 100%, 66%, 33%, and 0% of 

the standard duration.  The method of analysis for this study was in terms of duration 

ratio.  Duration ratio is the quotient of the duration of the first syllable divided by the 

duration of the second syllable plus 1.  Plus 1 was added to the denominator so that the 



 11 

quotient would not be undefined when divided by 0.  The combinations can be seen 

below in table 2. 
 

1st Syllable Length 2nd Syllable Length Duration Ratio 
0ms 201ms 0 
66ms 201ms .33 
132ms 201ms .65 
201ms 201ms 1 
201ms 132ms 1.51 
201ms 66ms 3 
201ms 0ms 201 

Table 2: Duration Ratios 

This method was chosen because duration of one vowel has been shown to serve 

as a point of reference for the duration of another, thus the duration continuum is best 

thought of in terms of ratios between the two vowels (R.  Fox & Lehiste, 1987; R. Fox & 

Lehiste, 1989; Hirata & Lambacher, 2004; Lehtonen, 1970). 

For each of the eight participants, 140 tokens were presented (20 words * 7 

duration ratios).  The experiment had two factors: word class and duration ratio.  Word 

class is the particular sequence of vowel length and syllable position that a word could 

have; there are four word classes: short-short (both the first and second syllables 

contained a short vowel), short-long (the first syllable contained a short vowel and the 

second syllable contained a long vowel), long-short (the first syllable contained a long 

vowel and the second syllable contained a short vowel), and long-long (both the first and 

second syllables contained a long vowel). 

2.3.   Presentation 

Stimuli were presented in SuperLab 4.0 stimulus presentation software.  

Participants were given instructions to rate each word presented on a 5-point Likert scale 
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of acceptability of the word in Malayalam: 1 = unacceptable, 3 = somewhat acceptable, 5 

= acceptable.  Although it is conceivable that acceptability could be much more nuanced 

than simply 5 judgments, a 5-point scale was finally agreed upon because it was found 

that a larger scale was very confusing in initial trial runs of the experiment.  Subjects 

were told to think of the scale in terms of percentage acceptable, where 1 was 0% 

acceptable and 5 was 100% acceptable.   Acceptable was defined as being a completely 

normal representation of the Malayalam word.  Subjects indicated their responses by 

pressing the numbers 1-5 on a keyboard.   

The stimuli were presented on a laptop, and consisted of a sound file and a 

representation of the word in Malayalam orthography, so that the subjects were judging 

how acceptable each recording was as a realization of the particular real Malayalam word 

on the screen.  Each stimulus was only presented once to the listener, but the written form 

would remain on the screen until the subject had depressed a key on the keyboard.  The 

items were blocked by word in order to reduce confusion for the subjects.  The stimuli 

were randomly ordered within the blocks, as well as between blocks. 

3.   Results 

 In the following graphs, listener ratings are shown by duration ratio.  The 

graphs have been separated by word class.  Along the x-axis are the duration ratios, while 

the y-axis represents the listeners’ ratings from 1-5.  The first two graphs have in 

common that they contain vowels that are equal in length, while the second two are 

vowels of opposite length. 
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a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Listener ratings by word class 
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c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: cont’d.  
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The most obvious characteristic of the long-long word class is the shape of the 

curve.  The shape of the distribution appears to be normalized, where the highest 

concentration of acceptable ratings is centered and decreases on either side.  Notice that 

most of the high ratings fall between .65 and 1.51 duration ratios.  This means that high 

acceptability ratings for duration ratios smaller than .65 or larger than 1.51 are rare for 

this word class.  This distributional pattern intuitively makes sense, as when vowel 

lengths are equal, listeners should prefer vowel lengths to be of similar durations.  

Listeners rated the two duration ratios with completely deleted vowels as least 

acceptable, while they ranked an equal ratio of 1 as most acceptable.  

As noted earlier, short-short word class also appears to have a more normalized 

distribution pattern, although not as normalized as the long-long word class.  The peak 

for this curve is slightly to the right of centered, with listeners preferring a duration ratio 

of 1.51 most frequently.  Listeners rated the two duration ratios with completely deleted 

vowels as least acceptable.  Duration ratios 1 and 3 were also ranked as more or less 

acceptable.  

Short-long word category patterned completely different than the previous two.  

In this word class, we see a negative relationship between the duration ratios and the 

acceptability ratings: the smaller duration ratio received higher acceptability ratings.  This 

pattern intuitively makes sense, as in a short-long pattern, a short first vowel duration 

should be more acceptable than a long first vowel duration.  In this category we see the 

first high acceptability ratings for deletion, where listeners gave a mean acceptability 

rating of 4 for deletion of the first vowel.  It was completely unacceptable to listeners to 

delete the second vowel in a short-long sequence. 

The final word class long-short was a mirror image of class short-long, with a 

positive relationship between duration ratio and ratings: the smaller the duration ratios 
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received lower acceptability ratings.  Again, this pattern makes sense, as shorter durations 

in the first syllable should not be acceptable when the length class of the first syllable is 

long.  In this category, it was unacceptable to delete the first vowel, but acceptable to 

delete the second.  The highest ratings were the duration ratio of 3 and 1.51.  The lowest 

ratings were for the complete deletion or severely reduced duration of the first-syllable 

vowel. 

It is important to note that listeners were quite intolerant of complete deletion in 

either syllable in the word classes short-short and long-long.  Conversely, listeners 

seemed to be much more tolerant of vowel deletion within the short-long and long-short 

word classes. 

To determine which effects were significant, a mixed model ANOVA was run, 

where speaker and individual word were held as random effects, and word class and 

duration ratio were held as fixed effects; the dependent measure was the acceptability 

rating.  Significance was found for word class, F(3, 1032) = 20.2654, p < .0001, as well as 

duration ratio, F(6, 1032) = 39.7240, p < .0001.  There was also a significant interaction 

between word class * duration ratio, F(18, 1032) = 14.6864, p < .0001.  The results indicate 

that the duration manipulations affected how highly a subject rated the acceptability of a 

word.  The fact that the interaction is significant suggests that the effect of vowel duration 

depends on word class, as one would expect.  The significant interaction justifies a 

further investigation into each word class separately. 

In a mixed model ANOVA analyzing each word class separately, the duration 

ratio was significant across each word class: short-short (F(6, 214) = 6.34253, p < .0001), 

short-long (F(6, 269) = 29.9764, p < .0001), long-short (F(6, 269) = 21.4982, p < .0001), and 

long-long (F(6, 269) = 33.5921, p < .0001).  This means that in each word class, how the 

vowel duration was manipulated affected how subjects rated the acceptability of the 
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word.  From observing the graphs in figure 1, we can see that in short-short and long-long 

word classes, subjects rated vowel durations that were most similar across the two 

syllables as more acceptable.  This intuitively makes sense, as a drastic difference in 

duration when vowel lengths should be equal would lead to a confusion of length classes.  

The opposite was true of short-long and long-short; participants gave the highest 

acceptability ratings for short-long word class when the first syllable duration was 

shortest, while acceptability ratings were highest for long-short word class when the 

second syllable duration was shortest. 

In order to test the hypotheses for this experiment, we must compare listener 

responses to particular classes of stimuli.  The first hypothesis to test is the vowel length 

hypothesis, which says listeners prefer a long vowel to have a longer duration than a short 

vowel.  This hypothesis was based on the fact the results of the original production 

studies that found that long vowels were produced with a longer duration than short 

vowels.  In order to look test this hypothesis, the duration ratios were grouped into ratios 

that were <1, which were ratios where the first-syllable vowel was short, 1 ratio, where 

the lengths were equal in both vowels, and >1, where the vowel length in the second 

syllable was shorter than the first-syllable vowel length.  The hypothesis must then be 

tested in both the long-short word class as well as the short-long word class.  An 

ANOVA of acceptability ratios by duration ratio in long-short word class showed a 

significance for duration ratio (F(2, 277) = 40.7, p < .0001).  A pairwise comparison showed 

significances between each category: <1 vs. >1 (p < .0001), <1 vs. 1 (p = .0003), and 1 

vs. >1 (p = .04).  The same ANOVA was run for the short-long word category with 

significance (F(2, 277) = 53.562, p < .0001).  A pairwise comparison showed a different 

result than in long-short, with significance between <1 vs. >1 (p < .0001) and >1 vs. 1 (p 

< .0001), but insignificance between 1 vs. <1 (p = .814).  These results indicate that 
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listeners prefer long vowels to be longer than short vowels.  The graphic results can be 

seen below in figure 2. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Listener ratings by vowels lengths 
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The next hypotheses to test are those of full deletability.  In Mohanan’s 

observations of vowel deletion in Malayalam, he noted that vowels were deletable when 

they were unstressed.  Based on his description, a short vowel in a short-long sequence 

would be completely unstressed and stressed in all the other sequences, and thus a prime 

candidate for deletion.  Thus one hypothesis is that listeners will prefer a deleted first-

syllable vowel in a short-long sequence more than in any other word class.  We can test 

this by looking at the responses to the 0 ratio stimuli across word classes.  When a mixed 

model ANOVA was run, it was found that the word class was a significant factor in the 

rating of 0 ratio (F(3, 144) = 38.3016, p < .0001).  A pairwise comparison shows a 

significant difference in listener ratings for short-long / long-long (p < .001), short-long / 

long-short (p < .001), and short-long / short-short (p < .001), all other pairs were not 

significant.  A graphic representation of this interaction is shown in figure 3 below.  That 

listeners rated 0 ratio significantly higher in short-long word class lends support to the 

hypothesis that listeners find deletion acceptable in this particular sequence of vowels. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Listener ratings for the deletion of the first-syllable vowel 
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These acceptability ratings seem to indicate that listeners are willing to accept a 

deleted first-syllable vowel in a short-long sequence.  The other place for acceptable 

deletion would be a short syllable in the second syllable.  Based on Mohanan’s stress 

placement, a second-syllable short vowel in a long-short or a short-short sequence would 

be completely unstressed, allowing for deletion.  A reasonable test of this claim is to look 

at listener ratings for 201 ratio across word classes.  We would expect to see that listeners 

rate 201 highest for long-short and short-short word classes, because both of these classes 

have first syllable stress.  When a mixed model ANOVA was run, it was found that the 

word class was a significant factor in the rating of 201 ratio (F(3, 144) = 18.7322, p < 

.0001).  A graphic representation of this interaction is shown in figure 4 below.  A 

pairwise comparison showed significance for long-short / long-long (p < .001), long-

short / short-long (p < .001), and long-short / short-short (p < .001), all other pairs were 

not significant.  These results are important because as predicted, long-short has high 

acceptability ratings for second-vowel deletion, but the same is not true for short-short 

words.  This is not what is expected from Mohanan’s description, as long-short and short-

short word classes should have the same stress placement and the same ability to delete 

the second syllable.  A different interpretation is that listeners are only willing to accept 

deletion of a short vowel when it is next to a long vowel.  This can be attributed to a type 

of enhancement of vowel length differences call contrast enhancement, which will be 

discussed in detail in the discussion section (De Jong & Zawaydeh, 2002; Heldner & 

Strangert, 2001; Smiljanic, 2004).  Regardless, the listener ratings do not support deletion 

of any unstressed vowel, but only a short vowel that is next to a long vowel. 
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Figure 4: Listener ratings for the deletion of the second-syllable vowel 

Mohanan did not only claim that unstressed vowels could be deleted, but he 

indicated that they are also candidates for extreme reduction.  As indicated in the 

previous examples, a short vowel that is followed by a long vowel is subject to extreme 

reduction in duration according to Mohanan.  The hypothesis for this is that listeners will 

prefer the extremely reduced duration ratio of .33 in short-long word class over any other 

word class.  A mixed model ANOVA was run, and it was found that the word class was a 

significant factor in the rating of .33 ratio (F(3, 148) = 20.931, p < .0001).  The graph in 

figure 5 depicts high acceptability ratings for the short-long word class, while ratings are 

lower for short-short words where the first short-vowel would be stressed.  A pairwise 

comparison showed significance for short-long / long-long (p < .001), short-long / long-

short (p < .001), and short-long / short-short (p < .001).  The results seem to support that 

listeners are willing to accept extreme duration reduction in unstressed positions.   
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Figure 5: Listener ratings for extreme reduction of first-syllable vowel 

However, in order to look at the entire picture we must address the reduction of a 

second short vowel as well.  For this test, we must look at duration ratio 3 across word 

categories, where the second-syllable vowel is extremely reduced.  The expectation is 

that listeners will find extreme reduction acceptable in long-short and short-short word 

classes.  A mixed model ANOVA was run, and it was found that the word class was a 

significant factor in the rating of 3 ratio (F(3, 148) = 20.528, p <.0001).  The graph in figure 

6 depicts high acceptability ratings for long-short words, but less acceptability for short-

short.  A pairwise comparison showed significance for long-short / long-long (p < .0001), 

long-short / short-long (p < .0001), long-short / short-short (p = .001), and short-short / 

short-long (p = .02); no other results were significant. 
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Figure 6: Listener ratings for extreme reduction of second syllable vowel 

These results show that there is a difference in acceptability of extreme second-

syllable vowel reduction between long-short and short-short, which coincides with the 

findings for second-syllable deletion.  Listeners find extreme reduction acceptable, but 

most often when the short vowel being reduced is next to a long vowel. 

The production study found that vowels in the first syllable were significantly 

longer than vowels in the second syllable.  This finding leads to the last hypothesis, 

which is that listeners prefer longer durations in the first syllable than in the second.  In 

order to test this hypothesis, we only want to consider the word classes where the vowel 

lengths were equal, short-short and long-long.  These two word classes are ideal to test 

this, as there are no confounding effects from vowel length.  To investigate, the ratios of  
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0 and 201, where one of the vowels was completely deleted were excluded, since we 

want to look at duration, not deletion.  The remaining duration ratios were grouped into 

categories: ratios that were <1 (the first syllable was shorter than the second), 1 (the two 

syllables were equal length), and >1 (the first syllable was longer than the second).  Each 

word class was looked at individually, and it was found that there was no significant 

difference in listener ratings between the three length categories for short-short (F(2, 157) = 

.864, p = .423), but that there was a significant difference in ratings for long-long (F(2, 197) 

= 13.226, p < .0001).  When a pair-wise comparison was conducted, it was found that the 

ratings for 1 vs. <1 (p < .0001) and 1 vs. >1 (p = .0004) were significantly different.  The 

lack of significance for the short-short word class, and the lack of significance between 

the <1 vs. >1 ratios in the long-long word class indicate that listeners do not prefer word 

initial vowels to be longer when vowel length is held constant. 

4.   Discussion 

This study has given us new insight into duration and stress in Malayalam.  The 

study confirmed that listeners prefer a long vowel to have a longer duration than a short 

vowel.  Long vowels received a much higher acceptability rating when the duration was 

long.  Both of the previous production studies looking at vowel length and duration found 

that speakers produced long vowels significantly longer than short vowels.  This supports 

the previous work by Velayudhan (1974) in this area as well.  This experiment also 

addressed whether listeners prefer the vowel in the first syllable to be longer than in the 

second.  The original finding from the previous two production studies found that 

speakers significantly lengthened the duration of the first syllable vowel as opposed to 

the second syllable.  When this was tested in the perception study, the results did not 

support this hypothesis.  This could mean that while speakers produce utterances with 
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initial lengthening, it is not attended to in perception.  It is possible that the environment 

for the production studies was conducive to initial lengthening.  In the production 

experiments, the word was embedded in a carrier phrase, where only the word changed 

from sentence to sentence, giving special emphasis to the stimuli.  It is also possible that 

the duration differences in the perception study were unsuited to test this hypothesis, and 

that a more fine-grained investigation must be implemented. 

The last findings were those of extreme reduction and deletion.  Based on 

Mohanan’s description, deletion or reduction of vowels is a viable option when the vowel 

in question is in an unstressed position.  This observation led to testing the acceptability 

of deleting vowels that were in an unstressed position.  When these hypotheses were 

tested, it was found that listeners accepted vowel reduction/ deletion, but not by the 

determined stress pattern proposed by Mohanan.  Instead, listeners seemed to accept 

reduction / deletion only when the short vowel was next to a vowel of contrasting length. 

An alternative interpretation of these results can be proposed.  This explanation is 

not based on stress placement, but rather on duration ratios and contrast enhancement.  

Adhering to current literature that shows listeners use the duration of one vowel as a 

point of reference for the duration of another (R.  Fox & Lehiste, 1987; R. Fox & Lehiste, 

1989; Hirata & Lambacher, 2004; Lehtonen, 1970), an interesting pattern emerges.  

When listeners are presented with a word that has equal vowel lengths in both syllables, a 

drastic reduction of either vowel duration changes the ratio too much, causing listeners to 

confuse the vowel lengths.  Because of this potential for confusion, listeners do not find 

drastic reduction of a vowel acceptable when it is next to a vowel of the same length 

category.  The opposite is true for vowels of differing length categories.  When presented 

with differing vowel classes, a greater duration ratio helps listeners to disambiguate 

length.  By allowing for a greater duration difference between the long and the short 
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vowel, listeners are enhancing the contrast of the vowel lengths (De Jong & Zawaydeh, 

2002; Heldner & Strangert, 2001; Smiljanic, 2004).   

The next logical step is to investigate deletion and reduction of vowels in 

spontaneous speech, and see whether the pattern of contrast enhancement, with deletion 

only occurring next to long vowels.  This would also afford an opportunity to investigate 

the effects of other factors, such as consonant length, on vowel reduction.   
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