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Abstract 

 

Garo is an understudied Sino-Tibetan language spoken in Northeast India. There is currently only 

an impressionistic description of its word prosody by Burling (2003) which says that it is a stress 

final language. Recent studies have highlighted problems with impressionistic descriptions of 

prosody (de Lacy, 2014), and methodological problems with some acoustic studies which do not 

control for confounds of sentence prominence (Gordon, 2014; Roettger & Gordon, 2017). Edge 

prominent languages also have added complexity about whether prominence should be analysed 

as metrical prominence or boundary effect (Jun, 1998; Jun & Fougeron, 2000). Keeping all of 

these facts in mind, a production study was designed to elicited target words in carrier sentences 

which controlled for confounds of higher level prosody following Athanasopoulou et al. (2021) 

and Vogel et al. (2017). 

 Binary logistic regression conducted on the measurements of acoustic properties revealed 

that F0 is the cue for stress in Garo. I analysed the F0 pattern as an intonational pitch LH* where 

L associated to the first syllable and H* associates to the final syllable. The cue for stress in Garo 

is thus more specifically an association of intonational pitch accent. Due to the trisyllabic structure 

of the target words in this study, the foot structure could not be determined. The cues for stress 

were not found to be enhanced under focus and they were also found to be unaffected post-focally. 

The focus particle was found to add an IP boundary at the end of the focused constituent and 

additionally, it was found to upstep the L of the LH* intonational pitch accent. Therefore, the 

prosodic focus is present only with the focus particle in Garo. 

 The findings of this study thus confirm that Garo has word stress on the final syllable 

signaled by F0. What separates Garo from other edge prominent languages is that it has F0 events 
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on every prosodic word making it clear that it has stress. The prosodic expression of focus is also 

only present with the focus particle which makes it similar to other languages with 

morphosyntactic ways of expressing focus. 
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Dedication 

 

 

 

 

 

 

 

Dedicated to my late grandparents. 

Abu, can you believe it? I made it! 
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to the word such that the first syllable surfaces with a phonetic mid tone. All of these facts taken 

together reveal that Garo does not mark focus prosodically in the absence of the focus particle.  
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association and rhythmic adjustment refer to notions such as rightmost syllable with at least n 

degrees of stress or consecutive syllables bearing at least n degrees of stress (Hayes, 1995). 

One of the main proposals of the theory is that that the best way to express stress rules is 

to state possible structures for the metrical constituents that segments could group into and then 

view stress placement as the parsing of a word into such constituents. The hierarchical rhythmic 

structure begins with grouping the sound segments into syllables (Blevins, 1996; Cooper & Zec, 

2013; Gordon & van der Hulst, 2020; Hayes, 1995; Kager, 2010). The syllables are in turn grouped 

into feet, which are the smallest bracketed units posited by metrical theory (Hayes 1995; Kager, 

1995, 2010). The syllables are basically grouped into feet and feet in turn group to form the 

prosodic-word. There is one grid mark assigned at every level of grouping such that feet and the 

prosodic-word both have one head or a prominent constituent and it is because of this hierarchical 

organization of the grid and grid or prominence marks at every level that syllables come to bear 

different degrees of stress - primary, secondary, and so on (Gordon, 2011b; Gordon & van der 

Hulst, 2020; Hayes, 1995; Hyman, 2009; van der Hulst, 2010b). 

The constituent which is stressed or is the head of any given constituency depends on the 

language. Some languages stress the first syllable of the foot which are known as trochaic systems 

and other languages stress the second syllable of the foot which are known as iambic systems 

(Gordon, 2011b, 2011a, 2016; Gordon & van der Hulst, 2020; Hayes, 1995; van der Hulst, 2010b). 

This is true for the prosodic-word level as well since some languages place the primary stress on 

a particular foot close to the left-edge, while other languages place it on a foot near the right-edge 

(Gordon, 2011b, 2011a, 2016; Gordon & van der Hulst, 2020).  

There are also some properties that are associated with the stress systems. These properties 

are theorized to hold for all stress languages and they are: obligatoriness by which every prosodic-
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word must have a primary stress and culminativity by which a prosodic-word can have only one 

primary stress (Hyman, 2009). Some researchers also add demarcation as another property of 

stress systems where the primary stress serves to demarcate the domain of a prosodic-word 

(Gordon, 2016; van der Hulst, 2010b). 

4.3 Primary accent first theory 

Although the metrical stress theory of word stress is the most widely adopted theory of how stress 

is assigned at the word level, other researchers take a different view. In metrical stress theory, the 

assignment of rhythmic beats proceeds bottom-up such that there is one rhythmic beat at every 

level from the foot up to the word. The way that a syllable derives its prominent status at the word 

level is therefore by being the prominent syllable at the foot level and ultimately being the head 

syllable of the head foot of the word. The assignment of prominence very much proceeds from the 

bottom-up therefore. However, some other researchers propose that assignment of prominence at 

the word level proceeds top-down, i.e., they propose that the primary accent is assigned first in a 

word before the rhythmic structure at the lower level is determined (van der Hulst, 2010a, 2014). 

 One of the arguments that has been put forward for assignment of primary stress (accent 

for van der Hulst) before the rhythmic structure at the foot level is determined is that the rhythmic 

structure at the foot level is often defined by the head foot. What is meant by this is that far too 

often in languages that have iterative footing the foot that is formed first determines the rhythmic 

structure, i.e., iterative foot propagates away from the head foot. van der Hulst (2010a) argues that 

this is too much of a common occurrence for it to be just a coincidence. This is one of the reasons 

why he proposes that the primary stress is privileged in prominence assignments. What is basically 

being argued is that the head foot is in most cases the foot that is formed first and the iterative foot 
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formation ripples away from the head foot. Foot formation where the iterative feet start from the 

opposite edge to the head foot are much rarer.  

 Another argument that has been used to advance primary accent first models is that in case 

of clashes, the resolution is always in favour of the head foot (van der Hulst, 2010a). The argument 

is that when there is a clash in the rhythmic structure such that the rhythmic beat of the head foot 

is next to another rhythmic beat, the resolution, if one exists, is to delete the rhythmic beat that is 

not the beat of the head foot. All these point to the privileged status of the head foot, and 

consequently the primary stress as the argument proceeds. 

 One thing that has to be said about these proposals is that they are attractive. The purpose 

of this study is however, not to evaluate between the different theories of word stress. It is also 

unlikely that the data in this study is complex enough in its rhythmic structure to pick one theory 

over another. For these reasons this study will in its account of the stress pattern of Garo use the 

more conventional and more accepted metrical stress theory. It has to be pointed out that this is by 

no means a dismissal of the primary accent first theory. Future studies should definitely consider 

the rhythmic structure of Garo word more closely and pick between the two theories based on their 

explanatory adequacy and their power for predictions. 

4.4 Acoustic cues of stress 

With the question of how prominence relations hold between syllables at the word level, a natural 

question arises as to how prominence is actually signalled. While the acoustic cues that signal 

stress is as crosslinguistically varied as the rhythmic structures, there are particular acoustic cues 

that stand out as the most reliable cues of stress and these are: F0, duration, and intensity (Gordon 

& Roettger, 2017). 
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relations that hold at each level of the hierarchy. There is also only one prominent unit at each 

level such that there is only one prominent unit in an utterance. This prominence at the sentence 

level serve to encode information structure of the utterance and is often expressed prosodically 

(Beckman & Pierrehumbert, 1986; Vogel et al., 2017). Typically, the prosodic expression of focus 

takes the form of enhancing the acoustic cues of word stress in addition to receiving intonational 

pitch accents (Arvaniti & Fletcher, 2020; Gussenhoven, 2007). There have also been proposals 

that focus adds additional prosodic structure to the focused item such that it alters the prosodic 

structure (Ladd, 2008; Nespor & Vogel, 1986). 

 Even without the addition of prosodic structure by focus, the higher levels of the prosodic 

hierarchy, i.e., the Phonological Phrase (PP) and the Intonational Phrase (IP) are often marked 

with F0 movements called boundary tones (Arvaniti, 2011; Arvaniti & Fletcher, 2020; Cole, 2015; 

Gussenhoven, 2007). These F0 movements serve to mark the prosodic domains and together with 

the prominence tones give rise to intonational contour of languages. It has to be noted that some 

languages do not have prominence tones and their intonational contours are composed entirely of 

boundary tones (Jun, 1998; Jun & Fougeron, 2000). 

 Focus, if it is prosodically expressed, involves the association of the sentence level 

prominence on the focused word (Arvaniti & Fletcher, 2020; Gussenhoven, 2007). When the 

sentence level prominence associates to the focused word it introduces F0 movement on the word 

if there is none or changes the existing F0 pattern. Languages like German have been found to 

change the F0 pattern of the word under focus (Roessig & Mücke, 2019). As has been mentioned 

previously, focus also adds prosodic structure to the focused constituent by adding a high level 

prosodic boundary which introduces boundary tones (Ladd, 2008; Nespor & Vogel, 1986). 

Addition of prosodic structure under focus have been found in experimental studies of languages 
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like Korean (Jeon & Nolan, 2017). In addition to adding or altering the F0 pattern, in languages 

like Arabic, focus has been found to enhance the acoustic correlates of stress on the focused word 

while simultaneously compressing the acoustic properties of words that occur after the focused 

word and also deaccenting them (collectively called post-focal compression; Lee et al., 2015; 

Vogel et al., 2017; Xu & Xu, 2005). Post-focal compression has been reported for languages like 

Persian (Rahmani et al., 2018). It is not only the prosody of the focused word that is affected by 

focus therefore, as the unfocused constituents are compressed in terms of their acoustic properties 

with the goal of further prosodically highlighting the focused word. 

It has to be noted however, that the way that focus is marked prosodically is a little different 

in languages that employ morphosyntactic ways of marking focus. Garo also marks focus 

morphosyntactically by using the -sa focus particle (Burling, 2003). While morphosyntactic 

strategies of marking focus is not mutually exclusive with prosodic focus marking (Frota, 2000), 

languages like Hungarian and Korean, which mark focus morphosyntactically have been found to 

only have addition of prosodic structure under focus (Choe, 1995; Jeon & Nolan, 2017; Mády & 

Kleber, 2010; Vogel et al., 2015). There is no consistent enhancement of acoustic properties of 

stress under focus in languages like Hungarian and Korean, and neither is there any post-focal 

compression. These languages thus differ in not having the full range of prosodic effects typically 

seen under focus. 

4.5 Typology of stress systems 

Typologically, languages have either a free or a fixed stress. Free stress languages are those where 

stress is phonemic, e.g., Spanish. These languages have stress position as part of the lexical entry 

of the words (Hayes, 1995). Fixed stress languages on the other hand are those languages where 
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there is right to left footing so there is stress on every odd-numbered syllable when counted from 

the right (Gordon, 2011b, 2016; Kager, 2010). If it is the case that Garo has a left to right footing 

like Sirenikski, it will be the foot that is formed at the end that will be promoted to the head foot 

of the word since Garo is a stress final language. Conversely, if Garo has a right to left footing like 

Chulupi, it will be the foot formed at the start that will be promoted to be the head foot. 

 In addition, predictable stress languages can also differ in terms of quantity sensitivity. 

Garo itself is not quantity sensitive (Burling, 2003), but the internal structure of syllables play a 

role in stress placement in languages like Chickasaw which are quantity sensitive systems (Gordon, 

2011b; Gordon & van der Hulst, 2020; Hayes, 1995; van der Hulst, 2010b). Long vowels and 

syllable codas count towards making a syllable heavy in many languages. Heavy syllables 

preferentially attract stress in quantity sensitive systems, e.g., in Kabardian stress falls on the final 

syllable if it is heavy otherwise on penultimate syllable if it is light (Gordon, 2016). Heavy 

syllables can also disrupt the alternating stress pattern, attracting stress even if it is adjacent to a 

stressed syllable, e.g., in Chickasaw stress falls on every even numbered syllable and heavy 

syllables counting from left to right. Additionally, the final syllable is stressed which is the primary 

stressed syllable (Gordon, 2016). 

 It is quantity insensitive languages like Chulupi and Urubu Kaapor (Gordon, 2016) that 

Garo fits in with. Both Chulupi and Urubu Kaapor have stress on the final syllable of the word, so 

they have stress on odd-numbered syllables from right to left. It has to be noted that while Garo 

fits in with these languages in terms of having final stress, it is unclear if it has iterative footing. 

The existing description of Garo does not list any segmental processes that are sensitive to foot 

prominence, e.g., vowel centralization and also no secondary stress. Based on what is known about 

the foot structure of Garo, it is probably more reasonable to suggest that Garo is similar to 
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Based on the existing descriptions, therefore, Garo fits with languages like Yawelmani that 

has stress on the final syllable. It is very possible that Garo has unbounded feet as the existing 

description of the language does not report iterative footing, but it has to be repeated that the 

behaviour of the glottal stop does hint at the presence of iterative footing. It is just the case that the 

glottal stop pattern in unanalysed at the moment. Another thing that is quite clear about Garo is 

that even if it has unbounded feet, it likely has quantity insensitive unbounded feet since syllable 

weight has not been reported to play a role in stress assignment. These are statements based on 

impressionistic descriptions however, and it must be left open as to the possibility of Garo having 

iterative iambic footing. Additionally, due to being final stressed, it has to be entertained that Garo 

might have an ambiguous interpretation regarding its prominence.  
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if duration is the cue, the stressed syllable will be significantly longer compared to the unstressed 

syllables. If, however F0 is the cue, then it is predicted that the stressed syllable will have either a 

consistently higher or lower F0 compared to the unstressed syllables. 

The next set of research questions concern focus. Focus enhances the acoustic correlates 

of stress, so it is one way to confirm which acoustic properties actually cue stress in the language. 

It is not known however, whether there is even prosodic focus in the language, hence the need for 

research question (iii). The two research questions for focus are: 

(iii) Is there prosodic focus in Garo? 

(iv) How is focus signalled in Garo? 

Some strong predictions can also be made about prosodic focus in Garo. For question (iii), 

it is predicted that Garo does have prosodic focus. Prosody is one of the most common ways that 

languages signal focus so it can be predicted that Garo will do the same. 

Concerning question (iv), it can be predicted that if Garo does have prosodic focus, the 

way that focus will be signalled will either be by changing the F0 pattern associated with the word 

or by the enhancement of the acoustic cues of word stress, or both. Both the strategies of marking 

focus, i.e., changing the intonational pitch accent on the focused word and also enhancement of 

the properties of word stress are extremely common ways that languages express prosodic focus. 

Taking into consideration that languages with morphosyntactic ways of expressing focus 

behave differently when it comes to prosodic expression of focus, this study also decided to analyse 

the prosody of the focus particle -sa in Garo. It has to be noted that this component of the study 

was added after the experiment design was completed and data was collected. The research 

question that concerns the focus particle of Garo is: 

(v) Does the focus particle change the prosodic structure of the word that it attaches to? 



36 
  

It can be predicted for question (v) that the focus particle will add to the prosodic structure 

of the constituent that it attaches to. Morphosyntactic and prosodic strategies of marking focus are 

found to cooccur in languages so it is reasonable to predict that the same thing will happen in Garo. 

There is also a research question concerning post-focal compression: 

(vi) Is there post-focal compression in Garo? 

For question (vi) it can be predicted that Garo does have post-focal compression. It is 

typical for languages to have prosodic focus, and post-focal compression, i.e., deaccenting and 

compression of acoustic properties of stress is one of the ways that languages signal prosodic focus. 

Post-focal compression serves to highlight the focused word by removing the prominence on other 

words in a sentence.  
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 All possible steps were taken to preserve the anonymity of the participants. They were 

given the option for their names to be included in the acknowledgement section of this thesis in 

the consent form they signed before the start of the experiment. 

6.2 Data Collection 

Data collection was done inside the music room of Hawakhana Baptist Church. Only the 

participant and the researcher were present inside the room during data collection. Since the data 

collection took place during the COVID-19 pandemic, all health protocols were followed to ensure 

the safety of both the participant and the researcher. 

 The participants were given a consent form and a language questionnaire before the 

beginning of the experiment. It was only after they had signed the consent form and filled in the 

questionnaire that the experiment was started. The participants were given instruction slides where 

they were given information about the study. They were also given practice slides so as to get them 

familiar with the carrier sentences, they were going to be reading out. They were told to repeat the 

practice slides if they felt they needed more warm-up. It was only after they were ready that the 

main experiment and thus the recording began. The participants had control of the pace of the 

experiment as they changed the slides on their own using an external keyboard connected to the 

computer. The participants were given a break after every thirty minutes during the recording in 

order to alleviate fatigue. They were also told before the recording that they can stop the 

experiment and the recording any time they wanted. 

The test sentences were projected to an extension monitor Acer HA220Q connected via 

HDMI port to the main computer HP 14s. A single computer was used to run the experiment. The 

speech data was collected through a Logitech H390 head-worn microphone, connected via USB 

port to the main computer. Most of the data was recorded directly to Praat at 44.1 KHz, but a short 
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 The reason why these dialogues were presented in a conversational format was to prevent 

the participants from developing a reading intonation. In addition, each dialogue slide was 

followed by a filler slide with pictures of everyday objects that the participants had to name. The 

intention of the filler slide was also to prevent the participants from developing some sort of rhythm 

when they were reading out the sentences. 

6.4 Phonetic Analysis 

The data was analysed using Praat (Boersma & Weenink, 2022). The target vowels were 

segmented with reference to both the waveform and the spectrogram. The beginnings and ends of 

the vowels were marked at the beginning of cycles on the zero-crossing line for consistency. When 

the waveform and the spectrographic information did not match, i.e., when the wave cycle looked 

like a vowel but the spectrogram did not show formant structure for that particular cycle, the 

ambiguity was resolved in favour of spectrographic information and the wave cycle was not 

included as part of the vowel. Since the boundary between vowels and nasals were often difficult 

to determine, nasal release was used to mark the boundary. When nasal release was not seen in the 

acoustic signal, the boundary was marked based on the intensity of the spectrogram, with the most 

intense part of the spectrogram for vowel and nasal sequences being marked as vowels. Due to the 

fact that vowels were consistently marked at the beginning of the cycle, cases when the beginning 

of a cycle had characteristics of a consonant but displayed vowel characteristics in terms of formant 

structure towards the end of the cycle were not included as part of the vowel, and the beginning of 

the vowel was marked from the immediately following cycle. In other cases, at the end of vowels, 

cases where a cycle had vowel characteristics towards the beginning and consonant characteristics 

towards the end were included as part of the vowel, and the end of the vowel was marked at the 
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The output produced by the script was used as the input data for the statistical analysis in R (R 

Core Team, 2021). 

6.5 Data exclusions and data normalization 

A total of 13 speakers were recorded for this study, but two male speakers (speakers 1437 and 

5576) were excluded even before data segmentation since they did not fully meet the inclusion 

criteria set for this study. (Speaker 1437 has parents who were not born in Tura, and speaker 5576 

did not meet the criteria for the educational level set for this study.) Another male participant 

(speaker 9638) was excluded from the study due to difficulty in producing the sentences. One 

female speaker (speaker 7589) was excluded during data segmentation since her speech was found 

to have unnatural prosodic emphasis on the focused words which is absent in other speakers. The 

final female speaker (speaker 7913) was excluded after visual inspection of the graphs since her 

word prosody was found to be too different from the other speakers as she produced the target 

words with very little F0 movement. Importantly, both of the female speakers (7589 and 7913) 

sounded like non-native speakers speaking Garo. With 5 exclusions, the data of the remaining 8 

speakers (6 female, and 2 male) were used in the statistical analysis for this study. From this final 

data, 5 datapoints were excluded because these were clear outliers in terms of the F0 value. 

 The data included in the study were tested for normality (see Appendix B for the graphs 

and details of the distribution of the variables). The normality tests showed that F0 typically has a 

right skewed distribution. All of the other variables (duration and intensity) were found to have a 

normal distribution. Thus, F0 was first logarithmically transformed with base e before it was 

converted into z-scores for normalization. Duration and Intensity were directly converted into z-

scores. F0 change and F0 range were also converted into z-scores. 
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Logistic regression predicts the log-odds of a datapoint being in the non-reference category. 

The best fit line of a model is calculated using maximum likelihood estimate and the line with the 

lowest log-likelihood is taken as the best fit line (Field et al., 2012). The reason why logistic 

regression is chosen for this thesis is because the data analysed in this study has categorical as well 

as continuous variables. The categorical variables include syllable positions, focal conditions, and 

words while the continuous variables include F0, intensity, duration, and the vowel formants. 
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Figure 9: Pitch track of sentence in pre-focus condition. The word "bibani" is the target word. 

 

The first section of this chapter includes a description of the prosodic pattern using graphs. 

The description is based on the graphs of F0, Duration , Intensity, and Formants (F1 & F2) and 

gives an overview of the word prosodic pattern, i.e., which of the syllables differ from other 

syllables based on the aforementioned acoustic properties. The second section of the chapter 

includes statistical analyses which tests whether the differences seen between the syllables in terms 

of the acoustic properties previously mentioned are statistically significant. This section includes 

the results of the statistical tests, the description of the results and also their interpretation. The 

third section of this chapter includes the discussion of the statistical results and connects it back to 

the pattern seen in the graphs. This chapter also interprets the pattern to state what the word 

prosodic pattern is like in Garo. 

7.1 Descriptive statistics 

The descriptive statistics examines the pattern of the aforementioned acoustic properties by using 

graphs. The F0 graphs are made using the mean of the normalized F0 at Q1 and Q4 of the vowel. 
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Duration and Intensity graphs are also made using the normalized Duration. Vowel quality graphs 

are made using the raw F1 and F2 in the Q2 and Q3 of the vowel. 

7.2 F0 pattern 

Since the duration of the target vowel was divided into four equal quarters during measurement, 

the mean F0 was measured on each of the quarters. The F0 graphs in this section are made with 

the mean F0 of the Q1 (first quarter) and the Q4 (fourth quarter) of the target vowel.  

 
Figure 10: F0 track made with mean F0 at Q1 and Q4 of each syllable. Syllable positions are on 
the x-axis and z-scores(F0) are on the y-axis. 

 

 The F0 track in Figure 9 shows that there is a low falling F0 on syllable 1. There is a fall 

from Q1 to Q4 of syllable 1. The lowest F0 point is reached in Q4 of the syllable after which the 

F0 rises on syllable 2. The F0 rises from Q1 to Q4 of syllable 2 after which the highest F0 point is 

reached on syllable 3. The F0 pattern of syllable 3 is relatively level with very little change in F0 

from Q1 to Q4 of syllable 3. The highest F0 point is reached on syllable 3 however. To summarize 

there is a low falling F0 on syllable 1 such that the lowest F0 point of the word is reached on 
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syllable 1. The F0 then rises to reach the highest F0 point on syllable 3. Syllable 1 therefore has 

the lowest F0 and syllable 3 has the highest F0. 

7.3 Duration pattern 

The Duration measurement measured how long the vowels were in each syllable position. The 

graphs for Duration pattern are made using the z-scores of Duration.  

 
Figure 11: Graph of vowel duration pattern made with z-scores (Duration). Syllable positions are 
on the x-axis, and z-scores (Duration) are on the y-axis. 

 

 The vowel duration graph in (Figure 10) shows that syllable 1 has the longest duration 

compared to syllables 2 and 3. Syllable 3 seems to be slightly longer than syllable 2, but the 

difference between syllables 2 and 3 is very slight and syllable 1 is still much longer than syllable 

3. Syllable 1 is therefore the longest syllable in a word. 

7.4 Intensity pattern 

The Intensity measurement measured the mean intensity in the middle part of the vowel (Q2 and 

Q3). The graphs for Intensity pattern are made using the z-score of Intensity.  
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Figure 12: Vowel intensity graph made with z-scores (Intensity). Syllable positions are on the x-
axis and z-scores (Intensity) is on the y-axis. 

 

 The vowel intensity graph in (Figure 11) shows that syllable 3 has the highest intensity 

compared to syllables 1 and 2 which are similar in intensity even though syllable 1 is much more 

variable. Syllable 3 therefore has the highest intensity in a word compared to syllables 1 and 2. 

7.5 Vowel quality pattern 

The vowel quality pattern is measured using the raw values of the first two formants (F1 and F2). 

The formant plot is plotted using the F1 and F2 values in Hertz in order to see if the vowel quality 

differed in the three syllable positions. 
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Figure 13: Vowel quality graph made with F1 and F2 values in Hertz. F2 (Hz) is on the x-axis and 
F1 (Hz) is on the y-axis. Syllable positions are coded in different colours (consult the legend). 

 

The vowel quality graph in (Figure 12) shows that syllable 1 is most peripheral in the vowel 

space compared to syllables 2 and 3 for both /i/ and /a/. The two vowels differ in terms of whether 

syllable 2 or syllable 3 is more peripheral. For /i/ vowel, syllable 3 seems to be the most centralized 

compared to syllables 1 and 2. Syllable 2 lies somewhere in between syllables 1 and 3 in that while 

it is not as centralized as syllable 3, syllable 1 is overall relatively more peripheral. For /a/ vowel, 

there is no clear pattern for the syllable 2 and 3 in that they are equally centralized compared to 

syllable 1. Importantly however, there is no clustering of the vowel qualities (/i/ and /a/) in any of 

the syllable positions, i.e., the distinction between the vowel qualities is still maintained even 

though there is some centralization in syllable 2 and 3.  
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Predictors Estimate 
Std. 
Error z value p-value 

Odds-
ratio 2.50% 97.50% 

Classification 
rate 

Intercept 0.96 0.62 1.54 0.12     
F0 1.85 0.58 3.15 0.001 6.36 2.13 21.71 69% 
F0 change 3.37 0.56 5.94 < 0.001 29.17 10.8 101.52 83% 
ED 0.57 0.44 1.3 0.19     
Duration -1.93 0.34 -5.6 < 0.001 0.14 0.06 0.26 75% 
Intensity 0.02 0.30 0.09 0.92     
F0 range -0.79 0.38 -2.05 0.04 0.45 0.20 0.95 66% 

glm(formula = Syllable ~ F0 + F0 change + ED + Duration + Intensity + F0range, family = 
"binomial") 
Null deviance: 348.06  on 251  degrees of freedom 
Residual deviance: 114.25  on 245  degrees of freedom 
(54 observations deleted due to missingness) 
AIC: 128.25 
Number of Fisher Scoring iterations: 7 

 

 Since syllable 1 was the reference category for this comparison (so the model predicts the 

log-odds of items being in syllable 2) an examination of the estimated coefficients of the significant 

predictors reveals that while Duration and F0 range have a negative value, other significant 

predictors have a positive value. The negative coefficient indicates that syllable 1 has a longer 

duration (mean = 0.55, sd = 0.87) compared to syllable 2 (mean = -0.55, sd = 0.81) and is also 

supported by an odds-ratio < 1. The z-scores were reconverted into original units using the mean 

and standard deviation of one speaker, 1687 and syllable 1 (mean = 97.41 ms) is on average 17 

ms longer than syllable 2 (mean = 80.4 ms). 

F0 range also has a negative coefficient which indicates that syllable 1 has a wider F0 range 

(mean = 0.26, sd = 0.96) compared to syllable 2 (mean = -0.49, sd = 0.8). The z-scores were 

reconverted into original units using the mean and standard deviation of one speaker, 1687 and the 

difference between the max F0 (mean = 221 Hz) and min F0 (mean = 207.07 Hz) 13.93 Hz is 

greater compared to the difference seen on syllable 2 max F0 (mean = 223.4 Hz) and min F0 (mean 
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7.10 Summary and discussion of the results 

The analysis in this chapter was specifically to answer research questions (i) and (ii). Statistical 

analysis of the data in baseline condition that compared the syllable positions to one another 

showed that in the baseline (pre-focus) condition, syllable 1 is longer in terms of duration 

compared to syllable 2 and also has a low falling F0 contour, while syllable 2 has a higher F0 

compared to syllable 1. Syllable 3 has a higher F0 compared to syllable 2. Syllable 3 also has a 

higher F0 compared to syllable 1 making it the syllable with highest F0 in a word compared to 

syllables 1 and 2, and it also has a high rising or a flat high F0 contour compared to the low falling 

on syllable 1. Syllable 1 on the other hand is longer compared to syllable 3, making it the longest 

syllable in a word compared to syllables 2 and 3 which are similar in duration.  

From the results it can be seen that the prosodic pattern seen on Garo words is that the final 

syllable has the highest F0 in a word which means that the stressed syllable has the highest F0. In 

addition to the high F0 on the final syllable, the initial syllable also has an F0 event. The initial 

syllable has a low falling F0 contour such that the lowest F0 point is reached on the initial syllable. 

Duration pattern is different from the F0 pattern, since the initial syllable is the longest in a word. 

Duration is not a cue of stress in Garo however, as it can be interpreted as a boundary phenomenon 

(more extensive discussion of duration is done in the General discussion chapter). 
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Figure 14: Pitch track of a sentence in focus condition. The word "banoba" is the target word. 

 

 The first section of the chapter includes a description of the prosodic pattern in the focus 

condition using graphs. The description is based on the graphs of F0, Duration, Intensity, and 

Formants (F1 & F2) and gives both an overall description of the word prosodic pattern in focus 

condition and also the comparison of the pattern in the focus and the baseline focal conditions. The 

description identifies which of the syllables differ from other syllables and if focus condition 

differs from the baseline condition based on the aforementioned acoustic properties. The second 

section of the chapter includes statistical analyses which tests whether the differences seen between 

the syllables and the focal conditions in terms of acoustic properties are statistically significant. 

This section also includes the results of the statistical tests, the description of the results and also 

their interpretation. The third section of the chapter includes the discussion of the statistical results 

and connects it back to the pattern seen in the graphs. This chapter also includes the pattern to state 

what the effect of focus in on the word prosody in Garo. 
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8.1 Descriptive statistics 

The descriptive statistics examines the pattern of the aforementioned acoustic properties by using 

graphs. The F0 graphs are made using the mean of the normalized F0 at Q1 and Q4 of the vowel. 

Duration and Intensity graphs are also made using the normalized Duration. Vowel quality graphs 

are made using the normalized mean F1 and F2 in the Q2 and Q3 of the vowel. 

8.2 F0 pattern 

 
Figure 15: F0 track of focus and baseline conditions together made with mean of normalized F0 
at Q1 and Q4 of each syllable. Syllable positions are on x-axis and z-scores (F0) on y-axis. 
Baseline F0 track is in orange and focus blue. 

 

The vowel duration is split into four equal quarters so the F0 graph is made using the 

normalized mean F0 in the Q1 and the Q4 of the vowel. 

The F0 track in Figure 13 shows that there is a low falling F0 on syllable 1 where the F0 

falls slightly from the Q1 to Q4 of syllable 1. Conversely, there is a rising F0 on syllable 2 with 

the F0 rising from Q1 to Q4 of syllable 2. The rise in F0 on syllable 2 follows from the fall seen 

on syllable 1. The F0 peak is reached however on syllable 3, which has a relatively flat high F0. 
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There is very little change in the F0 from the Q1 to Q4 of syllable 3. To summarize the F0 pattern, 

the lowest point is reached on syllable 1 which has a low falling F0 pattern, and the highest F0 

point is reached on syllable 3 which has a flat high F0. Crucially, this is identical to the F0 pattern 

seen in the baseline condition.  

 The two pre-focus and the focus conditions have the same overall F0 pattern and almost 

identical F0 levels. The falling low contour on syllable 1 is very similar in the two conditions. Both 

the high point and the low point of the fall is similar in the two conditions, i.e., the low F0 point 

does not get lower under focus. The F0 contour of syllable 2 is also almost identical as both the 

conditions have a rise on the syllable. The rise starts after the lowest F0 point seen on syllable 1 

and the rise continues from Q1 to Q4 of syllable 2 in both the conditions. The highest F0 point on 

syllable 3 is also almost identical. In both the conditions the contour on syllable 3 is flat high as 

there is very little change in the F0 from Q1 to Q4 of the syllable. From these graphs it seems to 

be the case that focus does not affect the F0 pattern seen in the baseline condition. 

8.3 Duration pattern 

 
Figure 16: Duration patterns of the focus and baseline conditions made with means of normalized 
Duration. Syllable positions are on x-axis and z-score (Duration) on y-axis. Focus condition is in 
blue and baseline in orange. 
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The Duration graph is made with the normalized mean Durations of vowels. The Duration 

graph in Figure 14 shows that syllable 1 is the longest in the word in the focus condition compared 

to the other syllables. Syllable 2 is the shortest compared to syllable 1 and 3, but the difference 

between syllables 2 and 3 is not very big. The difference between syllable 1 and 2 is however 

substantial. Finally, syllable 3 is slightly longer compared to syllable 2, but the difference is very 

small. The difference between syllable 3 and syllable 1 looks to be substantial however, as syllable 

1 is much longer compared to syllable 3. Crucially, the duration pattern seen in the graph is similar 

to the one seen in the baseline condition. 

Although the pre-focus and the focus conditions have the same overall pattern, there is a 

slight increase in duration under focus. All of the syllables are lengthened under focus compared 

to the baseline condition. The basic pattern however is identical between the two conditions since 

syllable 1 is longest in both the conditions. Crucially, it has to be noted that although there is an 

increase in duration under focus, it was not a particular syllable that was targeted for lengthening. 

All of the syllables increased in length under focus. 
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8.4 Intensity pattern 

 
Figure 17: Intensity patterns of the focus and baseline conditions made with means of normalized 
Intensity. Syllable positions are on x-axis and z-score (Intensity) on y-axis. Focus condition is 
plotted in blue and baseline is plotted in orange. 

 

The intensity graphs were made using the normalized mean Intensity in the middle portion 

of the vowels, i.e., the Q2 and Q3 of the vowel. The intensity graph in Figure 15 shows that syllable 

3 is the loudest syllable in a word compared to syllable 1 and 2. Syllable 2 is louder compared to 

syllable 1, but syllable 3 still seems to be longer than syllable 2. Syllable 1 has the least intensity 

in a word. It has to be noted that this is slightly different from the pattern seen in the baseline 

condition where syllable 1 has higher intensity than syllable 2. 

 There is a slight change in the intensity under focus. Syllable 1 remains more or less the 

same in terms of loudness from the baseline condition. Syllable 2 and 3 however are seen to 

increase in loudness under focus. Syllable 2 of the focus condition seems to be significantly louder 

compared to the syllable 2 of the baseline condition. Syllable 3 also increases in Intensity under 

focus with syllable 3 of focus being louder than the syllable 3 of the baseline condition. 
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the vowel space compared to syllables 2 and 3. The two vowels differ in terms of whether syllable 

2 or syllable 3 is more peripheral. For /i/ vowel, syllable 3 seems to be the most centralized 

compared to syllables 1 and 2. Syllable 2 lies somewhere in between syllables 1 and 3 in that while 

it is not as centralized as syllable 3, syllable 1 is overall relatively more peripheral. For /a/ vowel, 

there is no clear pattern for the syllable 2 and 3 in that they are equally centralized compared to 

syllable 1. Importantly however, there is no clustering of the vowel qualities (/i/ and /a/) in any of 

the syllable positions, i.e., the distinction between the vowel qualities is still maintained even 

though there is some centralization in syllable 2 and 3.  

There is no drastic difference between the focus and the baseline condition. The overall 

pattern is similar between the two focal conditions and the vowels are not more peripheral under 

focus. Syllable 1 is the most peripheral in both conditions compared to syllable 2 and 3. 

8.6 Statistical analysis 

The statistical analysis of the data tests whether the differences seen between the syllables in terms 

of the acoustic properties seen in the graphs above are statistically significant. The statistical test 

conducted is the binary logistic regression, so, the models will test how successful the acoustic 

properties (predictors) are in predicting the syllable positions (categorical variable). 

 Since the goal of this testing focus was to see its effect on word-prosody, two kinds of 

comparisons were made with the focus data. First of the comparisons compared the syllables in 

the focus condition to one another, i.e., the first model compared syllable 1 to syllable 2, the second 

model compared syllable 2 vs syllable 3, and the third models compared syllable 1 vs syllable 3. 

This test was intended to see if the basic word-prosodic pattern seen in the baseline condition 

changed in any way under focus. 
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 The statistical analysis comparing the syllable positions between the focus and the baseline 

conditions showed that the focus condition did not differ much in terms of the acoustic properties 

compared to the baseline condition. There was an increase in the duration under focus compared 

to the baseline condition, but it crucially increased on all of the syllables and did not only increase 

on syllable 1 which is the longest in the baseline condition. 

 The prosodic pattern under focus is identical to what is seen in the baseline condition. The 

final stressed syllable still has the highest F0 and initial syllable is still the longest in a word due 

to boundary effects. The initial syllable also still has a low falling contour under focus, identical 

to what is seen in the baseline condition. There is no real enhancement of the acoustic property of 

stress under focus since the F0 range is not increased. Duration did increase under focus, but it did 

not increase on only the first syllable as all of the syllables increased in duration in the focus 

condition. 

  


















































































































































































































































































































































































































































































































































































































































































































































