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ABSTRACT 

This study presents an acoustical investigation of the 
melodic differences between Orkney and Shetland dialects. 
Typical melodic profiles of short statements and (yes/no) 
questions were derived for Orkney and Shetland. 
Differences were found in overall pitch (Orkney > Shetland, 
both valley and peak pivot points), and in the temporal 
alignment of the accent-lending rise-fall contours, which 
are located on the stressed syllable in Shetland but clearly 
shift to the next, i.e. post-stress, syllable in Orkney. Linear 
Discriminant Analysis was used to determine which of the 
two sets of cues affords the best separation of Orkney 
versus Shetland intonation patterns. Pitch level as a single 
parameter yielded no more than 70% correct. Peak 
alignment allowed 96% correct dialect classification; a 
mere 1%-increment was obtained when pitch level was 
added to the alignment cue. The results of this acoustic 
study correlate almost perfectly with our earlier perceptual 
data.  

1. INTRODUCTION 

The variety of Lowland Scots spoken on the islands of 
Orkney and Shetland – north of mainland Scotland – is a 
relatively recent development based on a shared parent 
language, Norn, which was introduced to the islands by 
Viking settlers from Norway. However, present-day 
Orkney and Shetland dialects differ markedly in their 
prosodic make-up. Differences in temporal structure 
between the two dialects were studied by [1]. In [2] it was 
demonstrated that native listeners proved quite able to 
distinguish Orkney from Shetland speech on the basis of 
the intonation contour only. We now present an acoustical 
investigation of the melodic differences between the 
Orkney and Shetland varieties. A systematic comparison of 
the acoustical measurements with the perceptual results in 
[2] may allow us to isolate potential cues in the melodic 
systems by which listeners differentiate the two dialects. 

2. METHOD 

The materials consisted of a corpus of 148 utterances, 
comprising tokens of two declarative sentences and two 
yes-no questions: There are many gardens/hooses in 
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n and Are there many gardens/hooses in Bergen?1 
entences were read out by eleven male and seven 
e speakers from Orkney and eleven male and eight 
e speakers from Shetland (i.e. 37 speakers all 
er); all speakers were aged between 30 and 50 years 
. The stimuli were printed individually on cue cards 
esented one at a time; the presentation order differed 
eaker. Subjects were instructed to read at a natural 

ing rate and to pronounce the sentences with a pitch 
t on gardens/hooses. Each speaker produced the 
 set of sentences twice. This resulted in 296 recorded 
ces: 37 (speakers) x 4 (stimuli) x 2 (repetitions). 
ver, for each of the subjects, only the second 
ing of the material was acoustically analysed. Only 
a speaker mispronounced a particular sentence, 

 happened in about five tokens, was the first recoding 

sing PRAAT [3] speech-processing software, F0 was 
ted (autocorrelation method) for each utterance. 
all configurations of the pitch accent on 
ns/hooses as well as the accent on many were 
ctively stylised by replacing the original F0 contour 
perceptually equivalent sequence of straight-line 

olations between selected pivot points (as in [4] using 
A analysis and resynthesis [5]). The time-frequency 
inates (in milliseconds and Hertz, respectively) of the 
points defining the pitch movements were stored 
er with the onsets of the syllables (and of the vocalic 
 within the syllables) with which the pitch move-
 were aligned. No values were entered in those cases 
 the expected rise-fall accent was omitted from a 
ular constituent by the speaker. 

3. RESULTS AND DISCUSSION 

 1 presents the basic intonation patterns that were 
d on the accents on many and gardens/hooses, with 
lotted in ERB as a function of linear time, in separate 
 for statements (top panel) and questions (bottom 
. The time scale is in seconds such that the 0 point has 
hosen to coincide with the onset of the first accented 
, i.e. the onset of /e/ in many. In each panel, the 
tion patterns of the male speakers are seen in the 
 half of the pitch range, typically between 3 and 5 

                                               
in other varieties of Lowland Scots, house is 

unced as /hus/ in both Orkney and Shetland, hence, 
alect spelling hoose. 



ERB, whilst the female contours are located in the upper 
half of the range, typically between 5 and 7 ERB. Only the 
rise portions of the accents have been plotted. The dotted 
line connecting the end of the rise on many to the onset of 
the rise on gardens/hooses ignores the – highly variable – 
location of the endpoint of the pitch fall somewhere 
between the two rises.  
 The first difference between Orkney and Shetland 
patterns that strikes us in figure 1 is that, both in statements 
and in questions, the overall pitch in Orkney is substantially 
higher than in Shetland. Given the rather large number of 
speakers involved in this study it seems safe to rule out the 
possibility that the observed pitch differences are accidental. 
When individual distributions of F0 are compared, it 
appears that within the sexes the speakers of each dialect 
community are rather tightly clustered. Also, the fact that 
the lower pitch in Shetland recurs both in the male and in 
the female group indicates that the difference is not likely 
due to infelicitous speaker sampling. Rather, we would 
surmise that the overall higher pitch in Orcadian is a feature 
of the dialect.  
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Figure 1. Typical rise patterns for statement (top panel) 
and question (bottom panel) broken down by dialect and by 
sex. The dotted lines indicate the assumed slope of the fall. 
See text for further explanation. 
 
Secondly, we observe that, both in Orkney and in Shetland, 
the intonation contours have the same shapes (and 
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hird, in the statements the pitch rises are roughly 

y large (excursion sizes between 0.8 and 0.9 ERB) 
ny and for gardens/hooses, irrespective of the sex or 

alect of the speaker. In the question versions of these 
ces, the first accent (on many) is considerably 
r than its counterpart in the statement, while the 

d accent (in gardens/hooses) is roughly twice as large 
 when expressed in ERB) as the first. It has been 
 for other languages (notably Dutch) that the sizes of 

ssive accents increase over the course of the sentence 
stions but not in statements [4, 6]. In this respect 
y and Shetland intonation do not differ from each 
or from other languages. 
here is one final parameter that seems to differentiate 
atically between Orkney and Shetland intonation 

ns. It can be observed, very clearly, that the rise on 
in Shetland dialect straddles the CV-boundary 

en /m/ and /e/ of many, whereas onset of the rise is 
d after the CV boundary in Orkney. The relatively 
alignment (pitch rise begins at the syllable onset) is 
we normally find for languages such as English or 
 [7, 8]. Orkney has the accent-lending rise, and 

ably the entire rise-fall contour, shifted to a later 
on, such that the pitch peak does not occur on the 
ed syllable but is delayed to the unstressed syllable 
ing the stress. This alignment shift has also been 

 for a number of Danish dialects, including 
hagen Danish [9]. The same shift in segmental 
ent is observed in the rise on gardens/hooses. 

fore, the conclusion seems warranted that early 
 late alignment is an important parameter, next to low 
 high mean pitch, which differentiates between the 

h melodies of Shetland versus Orkney.  
n order to estimate how successful the two 
eters, mean pitch and segmental alignment, could be 
rceptual cues to the dialect difference, Linear 
minant Analysis [10, 11] was applied. LDA finds an 
al linear combination of weighted parameter values 
llows the separation of data points in pre-given 
ries. In our problem, the LDA was set up to 
rise the 148 sentence tokens into Shetland and 
y dialect on the basis of just the intonation 
eters that were found to characterise the difference in 
 1, i.e., the pitch values of the onset and end-point (i.e. 
 of the rise on many (R1) and on gardens/hooses (R2), 
he time coordinates of the pitch points expressed 
ely to the vowel onset of the stressed syllable that the 
 associated with. Since the pitch differs very strongly 
en male and female speakers, absolute pitch values 
RB) were z-transformed within the set of male 
ers (across the two dialects) and within the set of 
e speakers separately. For the relative timing of the 
rises, R1 and R2, a different normalisation procedure 
dopted. The onset of the stressed vowel was given the 
of 0% relative time, whilst the end of the stressed 
 (i.e., of /u/ in hooses and /Ar/ in gardens) was set at 



100%. The onset and offset locations of the pitch rise were 
then expressed in terms of this relative time scale. Thus a 
rise onset at –50% reflects a rise the onset of which occurs 
at a point in time that finds itself half the length of the 
stressed rhyme before the vowel onset. Similarly, a rise 
offset at 200% relative time is located two rhyme lengths 
after the onset of the stressed vowel. 
 We ran three separate LDAs. In the first analysis, only 
the four F0 parameters were used to categorise the dialect of 
the speaker. These are the z-normalised ERB values of 
onset and peak of the pitch rise on the first (R1) and second 
(R2) accents in each sentence token. In the second LDA, 
only the alignment parameters were included, i.e. the 
location in relative time (expressed in percent rhyme 
duration) of the onset and peak of R1 and R2. In the third 
analysis, the pitch and alignment parameters were 
combined, yielding a set of eight predictors.  
 Since only two categories have to be discriminated, 
the LDA yields a single discriminant function, which is a 
sum of weighted normalised parameter values. Table 1 
presents the weights that are associated in each of the three 
analyses with each of the acoustic parameters that were 
entered. 
 
Table 1. Weights associated with acoustic predictors in 
three Linear Discriminant Analyses, and percent correct 
classification for each discriminant function. 

 Discriminant function 

Parameter Pitch only Align only Both 

R1 onset (Z-ERB) 1.003  0.335 
R1 peak (Z-ERB) – 0.266  – 0.206 
R2 onset (Z-ERB) 0.566  0.225 
R2 peak (Z-ERB) – 0.552  – 0.258 
R1 onset (alignment)  0.159 0.160 
R1 peak (alignment)  0.565 0.490 
R2 onset (alignment)  0.460 0.442 
R2 peak (alignment)  0.627 0.685 
% correct Orkney 
% correct Shetland 
% correct all 

66.7 
69.7 
68.2 

94.4 
97.4 
95.9 

94.4 
98.7 
96.6 

 
It is apparent from the results of the LDA that correct 
classification of the two dialects is moderate when only the 
frequency values of the onsets and peaks of the rises R1 and 
R2 are used as predictors. Percent correct stops at 67 for 
Orkney and at 70 for Shetland, i.e., it does not amount to 
more than 20 percent above chance level (which is 50%). 
The strongest predictors within the set of four frequency 
values is provided by the onsets the rises, especially R1, as 
is evidenced by the larger value of the weight coefficient 
for these parameters.  
 Much better classification is afforded by the set of 
alignment parameters, with percent correct scores between 
94 and 97. In fact, if the LDA is carried out for the 
statement utterances only, correct classification is 100% 
(results not presented here). The strongest alignment 
predictors are associated with the pitch peaks of R1 and R2.  
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 marginal improvement over the alignment-only 
is. Percent correct is not increased for the 

fication of Orkney intonation, and a mere 1 percent 
 classification is obtained for Shetland. 

4. CONCLUSIONS 
 present study we measured characteristic pitch/time 
inate values for the pitch patterns realised on the 
ted words in two lexically different sentences 
ced by 18 speakers of Orkney and 19 speakers of 
nd dialect. The results indicated that basically the 
melodic patterns were used by the male and female 
ers of each dialect. The only sex-related difference 
ne of overall pitch. This allowed us to normalise for 
fect of sex and to come up with a unified account of 
aracteristic difference between the sentence melodies 
 two dialects.  
wo sets of parameters were isolated, viz. (i) the pitch 
 at the onset and at the peak of the accent-lending 
and (ii) the corresponding segmental alignment of 
pitch points. Although both types of parameter seem 
ferentiate quite well between the two dialects when 
sually compare the (averaged) profiles (see figure 1), 
n-individual statistical analysis (LDA) unequivocally 
tes that the difference between the two dialects 
s with the alignment parameters rather than with the 
values. In fact, the alignment parameters, especially 
associated with the accent peaks, afford near-perfect 
ment of the utterances to the two dialects, whilst 
t classification did not exceed 70% correct (a mere 
bove chance) when only the pitch parameters were 

as predictors. Adding the pitch parameters to the 
ent parameters resulted in no more than 1 percent 

vement of the dialect classification.  
he alignment difference between the two language 

ies can be characterised as a shift in the location of the 
 rise, i.e. both the onset and the peak. The Shetland 
ent is “early” as is normal in English and Dutch. The 

t-lending rise in Orkney is “late” and typically shifts 
to align with the unstressed syllable following the 

t, a pattern that has also been found in a number of 
inavian language varieties.  
he present study allows a straightforward account of 

sults of our perception study [2], in which we found 
rkney and Shetland listeners distinguished quite well 
en the speech melodies of their native dialect and that 
er varieties. Figure 2 plots the mean judgement score 
finitely from elsewhere’ to 10 ‘definitely own dialect’) 
d as a function of the strongest acoustic parameter 
ntiating between Orkney and Shetland intonation, i.e. 

lative timing of the accent peak. Of course, the mean 
ment scores in figure 2 were computed only for those 
li in which the original segmental information was 
ed by a buzz-like sound (sawtooth wave) that 
tly mimicked the timing and amplitude envelope of 
riginal speech, while obliterating the spectral 
ation. Therefore, the dialect authenticity judgements 
xclusively based on the prosodic cues in the stimuli. 



1

2

3

4

5

6

7

8

9

10

50 100 150 200 250
relative time of peak (%)

m
ea

n 
ju

dg
em

en
t s

co
re

Shetland listeners

Orkney listeners

 
Figure 2. Mean judgement score (1: ‘definitely from 
elsewhere – 10: ‘definitely own dialect’) plotted as a 
function of relative timing of the accent peak, broken down 
by listener group. 
 
The data are shown for the Orkney and Shetland listener 
groups separately. The leftmost two dots are the mean peak 
alignment values for the two Shetland speakers whose 
utterances were the basis of the stimuli for the perception 
experiment. The rightmost two dots represent the peak 
alignment values for the two Orkney speakers. We observe, 
first of all, the very large effect of the geographic origin of 
the speakers, showing that early peak alignment is deemed 
characteristic of Shetland dialect and late alignment is 
strongly associated with Orkney. But, crucially, also within 
the two pairs of speakers, the individuals are ordered such 
that the peak alignment corresponds with the authenticity of 
the intonation pattern. So, the effect of peak alignment is 
systematically found both between and within the speaker 
groups. Mean peak alignment correlates with the dialect 
judgment at r = –0.978 for the Shetland listeners, and at r = 
0.989 for the Orkney listeners (N = 4, p < 0.05). This, to us, 
convincingly indicates that the alignment is the strongest 
perceptual cue by far that allows the two listener groups to 
single out their fellow dialect speakers – even though the 
ultimate proof can only be given by an experiment 
systematically manipulating the accent alignment along a 
continuum running between early to late, synthesized on a 
single segmental utterance. 

Finally, one might be tempted to conclude that Orkney 
dialect is influenced by its Scandinavian substrate (Norn). 
Yet, such a conclusion might be false. If the melody of Norn 
should have survived until the present day, it is difficult to 
understand why the typically Scandinavian temporal 
organisation got lost in Orkney, while it is still found in 
Shetland [1], which does not boast the “Scandinavian” 
melody. The delayed rises may not be unique to 
Scandinavian languages and dialects; given that not only 
Orcadians, but also Welsh (and other Gaelic) speakers are 
commonly described as having lilting (sing-song) 
intonation, the phenomenon of delayed peaks might be 
responsible for this auditory impression. If so, delayed 
peaks might be common to both Scandinavian and Gaelic. 
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