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Figure I .  Results of analysis of spectrograms. The histograms show the percentages of j-sounds (in 8 
duerent types of clusters) falling into specijic classes when evaluating the spectrograms. There are 5 
classes, from class I with the least amount of noise (glide) to class 5 with the greatest amount of noise 
picafive). Nj- = initial nasal + j, -Sj =Jinal sonorant + j. 



-0.00 1 I I I I I 

j- pj- bj- Nj- 

Figure 2. Result of LPC analysis. On the Y 
axis is the K value (see explanation in text), 
which is higher the more noise the j segment 
contains. On the X axis is type of cluster. Nj- = 
initial nasal + j. The central box comprises 
50% of the data, half above and half below the 
median which is marked by the center 
horizontal line. The H spread is the dzference 
between the hinges. The inner fences are 
defined as the lower hinge - (1.5 * H spread) 
and the upper hinge + (1.5 * H spread. 
Likewise, the outer fences are the lower hinge 
- (3 * H spread) and the upper hinge + (3 * H 
spread), respectively. Outside data values 
(marked by asterish) are any data values 
beyond either inner fence; far outside data 
values (marked by empty circles) are any data 
values beyond either outer fence. The 
outermost data value on each end that is still 
not beyond the corresponding inner fence is 
called an adjacent value. The whiskers are 
drawn @om each hinge to the corresponding 
adjacent value. 

in the relevant area and class 5 containing the 
most extensive blackness. Classes 2-4 were 
intermediary. Low classes were considered 
containing j with a glide articulation and high 
classes were considered containing j with a 
fricative articulation, but a boundary between 
the articulations was not established because 
there was a continuum between the two 
extremes. The classifications obtained by the 
two evaluators were similar (Spearman Rank- 
Order Correlation Coefficient rho = 0.662). 
The results of one of the evaluators are 
presented in Fig. 1. 
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Figure 3. Result of the perception test. On the Y 
axis is the class membership as determined by the 
subjects in the perception test. The values on the 
scale are the means of the 14 subjects. The higher 
the Y value ,the more ji-icative the j segment. On 
the X axis type of cluster. Nj- = initial nasal + j, 
-Sj = final sonorant + j. For an explanation of 
the box diagram, see Fig. 2. 

The reason for using this method was the 
possibility of getting the noise level of the j 
segment expressed as a numerical value so that 
the continuous nature of the variation between 
the different varieties of Ijl could be shown. LPC 
is a method of mathematically predicting the 
continuation of the signal. Two parameters, 
residual signal energy and signal energy, were 
calculated for overlapping frames (length: 20 ms 
overlap: 5 ms) during the entire length of the j 
segment. Signal energy described the total energy 
of the signal prior to preemphasis, residual signal 
energy described the amount of irregular energy 
(calculated after preemphasis) that could not be 
predicted. Such energy was here considered as 
noise. A factor K was then calculated, defined 
as : 

K= the mean of the logarithms of the ratios 
between residual signal energy and signal energy 
for each frame of the j segment 

K was taken to express the signal level (in bel) 
referring to the amount of noise present in the 
segment. A fricative j should have a higher K 
value than a glide j. The K values were found to 
correspond well with the amount of blackness of 
the spectrograms described above. The results are 
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shown in Fig. 2. Only initial clusters were 
studied with this method. 

Perception test 
The j-segments were cut out from all words 
whose spectrograms had been analysed, and a 
tape was prepared on which the segments 
appeared in random order. This tape was used 
for a perception test in which 14 phonetically 
trained persons participated. The subjects were 
asked to judge the auditory characters of the j 
segments and to assign them to 5 classes (1-5), 
where class 1 represented the most glide-like 
pronunciation, and class 5 the most fricative- 
like pronunciation, classes 2-4 being 
intermediary. The results are shown in Fig. 3. 

Results 
The results are most clearly seen in the 
spectrogram analysis, Fig. 1. The clusters can 
be divided into two groups: In the first group 
both high and low classes can be found which 
means that the realization of /j/ varies between 
a glide and a fricative pronunciation. To this 
group belong single initial j- and the initial 
clusters fj-, bj-, and pj-. In the second group 
virtually only low classes occur, which means 
that in these clusters j is pronounced as a glide. 
To this group belong the initial cluster type 
nasal + j and all syllable final occurrences of j 
, that is single final -j, -jd, and sonorant + j. 
These results are confirmed by LPC-analysis 
(Fig. 2) and the perception test (Fig. 3). Fig. 2 
shows that initial nasal + j clusters have the 
lowest noise levels ( only initial clusters 
studied). Fig. 3 shows that the four clusters 
that have the highest median values in the 
perception test belong to the group which 
show both glide and fricative pronunciation in 
the spectrogram analysis, while the four 
clusters that have the lowest medians belong to 
the group which shows only glide 
pronunciation. The results of all 3 analysis 
methods also hold for all 3 subjects 
individually. 

Discussion 
The sonority hierarchy, originally formulated 
by Jespersen (1926), is presented in a simple 

form by Katamba (1989). He uses 6 groups (from 
the least sonorous to the most sonorous): 1. 
Voiceless obstruents 2. Voiced obstruents 3. 
Nasals 4. Liquids 5. Glides 6. Vowels. This 
hierarchy can be used to describe the optimal 
syllabic structure, highly sonorous elements 
(usually vowels) forming the syllabic nucleus and 
the peripheral elements arranged according to 
sonority, with decreasing sonority as the distance 
to the nucleus increases. This means that, for 
instance, initial clusters of the type obstruent + 
liquid would be optimal and common in the 
languages of the world, whereas initial clusters of 
the opposite type (liquid + obstruent) would not. 
As it is shown in this study that /j/ in final nasal 
+ j and liquid + j clusters is realized as a glide, 
these clusters in Swedish do not conform to the 
sonority hierarchy. The other cluster types 
containing /if in Swedish do conform. 

The q;eition arises: are the glide and fricative 
allophones of /j/ manifestations of one or two 
underlying targets? The data here presented are 
compatible with either view. If a single glide 
target is assumed, the notion of strengthening 
(Kiparsky, 1988) could be evoked to account for 
the prevalence of fricative pronunciation of initial 
single j-. Strengthening processes are typical of 
syllable initial position and are intended to make 
perception easier. The prevalence of fricative j in 
initial clusters of the type obstruent + j could be 
explained through the effect of coarticulation, the 
noise of the initial obstruent spreading to the 
adjacent j segment. Alternatively, phonotactics 
could determine the distribution of two targets. 
These alternative hypothesises could be tested in 
future research. 
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