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ABSTRACT

This paper describes an experiment aimed at determining whether
native and nonnative speaers of Dutch significantly differ ona
number of quantitative measures related to fluency and whether
these measures can be successully employed to predict fluency
scores. Read speed of 20 retive and 60 nonnative spedkers of
Dutch was scored for fluency by nine experts and was then
analyzed by means of an automatic speet reamgnizer in order to
cdculate nine quantitative measures of speed quality that are
known to berelated to percaved fluency. Theresults siow that the
natives scores on the fluency ratings and on the quantitative
measures significantly differ from thaose of the non-natives, with
the native spedkers being considered more fluent. Furthermore, it
appeas that quantitative variables guch as rate of speed,
phoretion-time ratio, number of pauses, and mean length of runs
are able to predict fluency scores with a high degreeof acaragy.

1.INTRODUCTION

The term fluency is commonly used by secondlanguage teaders
and reseachers to describe speeh production performance of
second language leaners. This suggests that there is general
agreament as to the predse meaning of fluency. However, areview
of relevant literature reveds that this term has been used to refer
to dfferent skill sin dfferent contexts[1, 2, 3, 4].

In an attempt to gain more insight into this concept, studies were
caried out [1, 2, 3] in which speet samples were scored for
fluency by experts and were then analyzed in terms of severa
temporal variables. These studies reved that perceaved fluency is
particularly affeced by fadors such as geed rate and pauses,
while self-repairs are apoa fluency indicator. Moreover, the
findings suggest that quantitative analysis may be useful in
distinguishing between more ad less fluent speed and in
determining fluency improvements. In turn thiswould suggest that
this type of reseach may contribute to developing objedive
fluency testing instruments and, posshbly, automatic fluency tests.

However, it must be pointed ou that the results of the studies
mentioned above only indicate trends that shoud be verified with
larger samples of spekers, asthe aithors themselves suggest [ 1,
2, 4], becaisein these investigations gnall numbers of spekers (4
in[1], 6,in[2] and 8in [3]) were involved. Furthermore, these
studies had some other shortcomings. For instance since
sportaneous speet was used, the speed samples could vary along
many dimensions (grammar, pronurtiation, vocabulary etc.).
These fadors are known to affed fluency ratings [2]. This might
in part explain the low degreeof reliability observed between the
raters[2, 3]. Moreover, only nonnative spegkers were involved,

while comparison with native speakers would be necessary to
establish nam ranges that are required for testing purposes [1].

The present research aims at gaining more insight into the fadors
that affea perceved fluency, while a the same time aldressng
some of the shortcomings of previous gudies. In thisinvestigation
read speet o 20 retive and 60 nornative spedkers of Dutch was
scored for fluency by nine experts and was then analyzed by means
of an automatic speet recgnizer in arder to cdculate quantitative
measures of speed quality that are known to be related to
percaved fluency. By using this dual approach we hopeto arrive
at a deaer definition o what constitutes fluency in read speed.

Ancther aim of the present study isto find ou whether natives and
non-natives sgnificantly differ on fluency ratings and ona number
of quantitative variables related to percaved fluency. Finaly, we
want to determine whether quantitative variables can be
successully used to predict fluency scores of read speed.

2.METHOD

2.1. Subedsand Speet Material

The spedkers involved in this experiment are 60 nonnative
spedkers (NNS) and 20 rative spe&kers of Dutch (NS). The 60
NNS were seleded so as to oltain a group that was aufficiently
varied with resped to language badground proficiency level and
sex. Similarly, the 20 NS were seleded in order to oltain a
heterogenous groupwith resped to region d origin and sex.

Ead speeker real two sets of five phoreticdly rich sentences. The
average duration d ead set is 30 s. With two sets this amounts to
one minute of speed per speker. All speed material was
orthographicdly transcribed before being used for the experiment.

The sentences were read over the telephore. As the recording
system was conreded to an ISDN line, theinpu signals consist of
8 kHz 8 hit A-law coded samples. The subjeds cdled from their
homes or from telephore boaths, so that the recording condtions
werefar fromided. Sinceone of the ams of this experiment was
to determine whether fluency can be aitomaticaly scored, becaise
this would be alvantageous for testing, we dedded to use
telephore speed so that we could also determine whether thistype
of testing would be possble through the telephore.

2.2. Expert Fluency Ratings

For the am of assessng non-native fluency diff erent experts could
be used as raters. Phoreticians are obvious candidates, becaise
they are expertson ronurtiationin genera. Teaders of Dutch as



a seand language would seem to be another obvious choice
However, it turned ou that, in pradice delivery problems of
leaners of Dutch are usualy addressed by spedally trained speed
therapists, who, therefore, would seem to better qualify as ‘non
native speet experts than language teaders. Findly, three
groups of raters were seleded. The first group consisted of three
expert phoreticians (ph) with considerable experiencein judging
pronurtiation and aher speed and spe&ker charaderistics. The
second and the third groups ead consisted o three speed
therapists (st1 and st2) who hed considerable experiencein treding
students of Dutch with pronurciation problems.

All raters listened to the speet materia and assgned scores
individualy. They could listen to the speed fragments as often as
they wanted. Fluency was rated ona scde ranging from 1 to 10
No spedfic instructions were given for fluency assesanent.
However, five sets of sentences goken by five diff erent speekers
were played to the raters before they started with the evaluation
proper, so asto help them anchor their ratings.

In order to limit the anourt of materia to be scored by ead rater,
the 80 spedkers were propationally asigned to the threeratersin
ead group. The scores asdgned by the three raters were then
combined to compute arrelations with the automatic scores and
between rater grougs. In order to compute intrarater and interrater
reliability, 12 sentence sets by different speakers were evaluated
twiceby ead rater whil e 44 sentence sets were scored by al three
ratersin eat group.

2.3. Automatic Assessnent of Fluency
In this experiment the aitomatic speed recognizer described in [6]
was used. This ASR was trained by using the phoreticdly rich
sentences of the Polyphore arpus [7]. By means of the ASR a
number of quantitative measures known to be related to perceived
fluency were caculated. On the basis of the results from the
literature on the use of temporal variables in studying speed
prodwction[1, 2, 3, 8, 9], the foll owing measures were seleded for
investigation:
« ros= rate of speed: # segments / total duration o
speet plus entence-internal pauses

e« ptr= phoration/time ratio: tota duration d speed
withou pauses / total duration o speed plus
sentence-interna pauses

e at= articulation rate : # segments/ total duration o
speet withou pauses

« tdp= tota duration o sentenceinterna pauses: al
silences longer than or equal to 0.2 sec

« ap= averagelength of pauses

e #p= # o slent pauses

« mir= mea length of runs: average number of phores
oceurring between urfill ed pauses of not lessthan
0.20secs

« #fp= #filled pauses: 9, om

o #dy= # dysfluencies (repetitions, restarts, repairs)

3.RESULTS

In this sdion the results of the present experiment are presented
in the following order. In sedion 31. we report the results
concerning the fluency ratings assgned by the three groups of

experts. In 32. we look at the results concerning the quantitative
measures of fluency. Findly, in 3.3 the crrelations between these
two types of results are mnsidered.

3.1. Expert Fluency Ratings

The fluency scores assgned by the three rater groups were

anadyzed to determine intrarater and interrater reli ability (seeTable
1).

intrarater reliability interrater reliabili ty
rater 1 |rater 2 | rater 3
ph 97 .94 .95 .96
stl .94 .97 .96 .93
st2 .90 .76 91 .90

Table 1 Intrarater and interrater reliability coefficients
(Cronbadch’s alpha) for the threerater groups, ph, st1, and st2.

Asisclea from Table 1, bath intrarater and interrater reli ability
are very high. Only for rater 2 of the second group d speed
therapists is intrarater reliability considerably lower than for all
other raters, but it is gill within accetable limits. These results
clearly differ from those of previous gudies, in which lower
degrees of reliability were reported, probably becaise raters
adopted dfferent definitions of fluency [2, 3].

Besides considering interrater reliability, we dso chedked the
degree of interrater agreement. Closer inspedion d the data
reveded that the means and standard deviations varied between the
raters in agroup, but also between the ratersin dfferent groups
whorated the same speed materia. The agreement within agroup
of raters has obvious consequences for the correlation coefficient
computed between the combined scores of the raters and ancther
set of data (i.e. the ratings by ancther group @ the quantitative
variables). Thisis 9, becaise straightforward combination d the
scores would amourt to poding measurements made with different
yardsticks. When such an inhomogeneous st of measurementsis
submitted to a crrelation analysis with hanogeneous measures,
the’jumps' at the splicing joints lower the crrelation. The same
is true when severa groups are @mpared: differences in
correlation may be observed, which are adired consequence of
differences in the degreeof agreement between the ratings.

Therefore, we dedded to namalize for the differences in the
values by using standard scores instead of raw scores. For this
normali zation we used the means and standard deviations of eah
rater in the overlap materia (44 scores), becaise in this case dl
raters scored the same samples. Within the individua raters the
values for the 44 overlapping samples hardly differed from the
means and standard deviationsfor the total materia. Table 2 shows
the @rrelation coefficients between the groups of raters before and
after normalization. It isknown that measurement errors affed the
size of the arrelation coefficient; therefore, the arredion for
attenuation formula was applied, so as to alow comparisons
between the various coefficients.



Raw scores Standard scores
ph - st1 92 94
ph - st2 .82 .90
stl-st2 .83 .90

Table 2 Correlations between the rater groups before
and after normalizion

From Table 2 it appeas that normdizaion hes the dfed of
enhancing the degreeof correlation between the groups, aswasto
be expeaed. Given the advantages of normdlizaion, standard
scores will be used in therest of the analysesin this gudy.

In order to determine whether natives and nonnatives sgnificantly
differ onthe expert fluency ratings, the standard scores of the three
rater groups were submitted to at-test for equality of means. The
results of thistest are shown in Table 3.

xns | sdns | xnns |sd nns |t-value| df p
ph .88 .39 -.32 .70 9.55 | 59.98 | .000
st1] 91 A3 -.27 .79 | 1107 | 67.55 | .000
st2 | .86 .33 -.30 .83 8.90 | 75.77 | .000

Table 3 Results of t-test for the fluency ratings of the three
rater groups.

As appeas from Table 3, the mean scores assgned to the two
speker groups are very similar for the three rater groups.
Furthermore, the two groups of NS and NNS significantly differ
on the ratings assgned by the threerater groups, with the native
speakers being considered more fluent than the non-natives. It is
clea that not only the mean scores differ considerably between the
two speeker groups, but aso the standard deviations, thus
indicaing that the group d NS is more homogeneous in this
resped than the group d NNS.

3.2. Quantitative measures of fluency

Similarly, the quantitative measures of fluency were analyzed to
determine whether significant differences could be ohserved
between the two groups of natives and nonnatives. Table 4 shows
that the two groups doindeed dffer significantly on all measures.
These results may contribute to the discusson onthe usefulnessof
temporal variables in distinguishing between natives and non
natives. Althouwgh it is true that native speed is not aways
perfectly smooth and continuows [2], it appeas that, on average,
native speed exhibits fewer pauses and dysfluencies, whil e speed
of délivery is higher than in nonnative speed. Moreover, these
results arein line with those of previous gudies that investigated
the speed performance of the same speakersin bah L1 and L2
and that were based onsmall er samples|[5, 9].

Table 4 reveds that the number of fill ed pauses and dysfluencies
isextremely low. Thisisnot surprising if we cnsider that we ae
deding with real speed and that these phenomena ae known to

oceur rarely in oral reading [9]. This suggests that these feaures
may be no goodindicaors of fluency in read speed.

xns | sdns | xnns |sd nns [t-value| df p
ros| 1274 135 | 968 | 194 | 6.54 78 .000
ptr | 9317 | 279 | 8266 | 857 | 11.07 | 67.55 | .000
art | 1365 | 1.19 | 1161 | 137 | 597 78 .000
#p | 142 | 1.23 | 7.20 | 547 | -7.62 73 .000
tdp [ 045 | 042 | 310 | 276 | -7.18 | 66.68 | .000
ap| 020 | 013 | 0.38 | 0.13 |-5.236| 78 .000
mir [ 3426 | 5.85 | 21.52 | 877 | 7.359 | 49.20 | .000
#p | 0.00 | 0.00 | 024 | 035 | -3.18 59 .002
#dy | 0.12 | 0.22 | 0.62 | 0.76 | -449 | 774 | .000

Table 4 Results of t-tests for the nine quantitative measures.

3.3. Fluency Ratings and

Measures

Quantitative

In the precaling sedions we have shown that natives and non
natives differ significantly both onfluency ratings and ona set of
quantitative variables that are suppased to be related to perceved
fluency. However, these results are nat sufficient to conclude that
the machine-derived variables are indeed good fluency indicators.
To find ou whether this is the cae, the degree of correlation
between the fluency ratings and the quantitative variableshasto be
cdculated. The results of these analyses are shown in Table 5.

Phoneticians Speedt Speed
therapists 1 therapists 2
ros .93 91 .90
ptr .86 .88 .89
art .88 .84 .81
#p -84 -89 -.89
tdp -.81 -.86 -.86
alp -.65 -.62 -.65
mir .85 .86 .88
#ip .34 .33 .38
#dy 42 48 40

Table5 Correlations (correded for attenuation) between
the fluency ratings by the threerater groups and the
guantitative measures.



From Table 5 it appeas that all tempo-related variables are
strongly correlated with fluency ratings, with the exception o ap.
On the other hand, hesitation plenomena such asfill ed pauses and
dysfluencies show no strong correlation with fluency scores. This
latter finding is probably related to the fad that these phenomena
are o rare in the type of speech under investigation (seeTable 4).

4.DISCUSS ON AND CONCLUSIONS

In this paper we have presented the results of astudy on fluency in
which adua approach was adopted: fluency ratings assgned by
expertsto read speet produced by natives and nonnatives were
compared with a number of temporal measures cdculated for the
same speed fragments. The innovations of this gudy are the
following. First, more subjeds were involved than in previous
investigations. Second automatic speed recognition techndogy
was used to compute the quantitative measures, which has
important advantages concerning the objedivity of the
measurements and the anourt of data that can be handed. Third,
bath native and nonnative spekers were involved. Fourth, the use
of read speed made it possble to rule out the influence of some
linguistic fadors known to affed fluency ratings [2], while
concentrating exclusively on puely acoustic variables.

The results show that reliability was high for al threegroups of
experts (Cronbachs' « varied between .90 and .96), while high
agreament was obtained by using standard scores. On the one
hand, this may be surprising if we consider that theraters involved
in this experiment were given nospedfic instructions for assessng
fluency andthat in previous gudies low degreeof reliability were
obtained [2, 3]. On the other, we had deliberately chosen read
speetr material so that the raters would na be distraded by
differencesin grammar and vocabulary, which are known to affed
fluency ratings[2]. So, the mntrast with previous studies might be
dueto adifferencein the type of speed material being evaluated:
read speed vs. sportaneous, conversational speed.

Native and nonnative speers appea to dffer significantly onthe
fluency ratings and onall quantitative measures. Thesefindings are
interesting in the light of the discusson onthe dfediveness of
temporal variablesin dstinguishing between netive and nonnative
speakers. Although it is true that not al native spekers are
completely fluent [2], these results show that, on average, they are
more fluent, produce fewer pauses and dysfluencies, and speek
faster than nonnative speaers. In turn this suggests that the
quantitative variables employed in this experiment may be
successully used to dstinguish between natives and nonnatives.

With resped to the definition d fluency, these results show that,
at least for read sentences, speed of delivery, as expresed by
measures such asrate of speed, articulation rate, phoretiontime
ratio and mean length of runs, is avery goodfluency indicator.

The results presented above dso show that automatic scoring of
fluency in real speed isposshle: asthe wrrelations between five
of the tempo-related measures and the expert ratings vary between
-.81 and .93, it can be concluded that fluency scores can be
predicted with ahigh degreeof acaracy. This conclusion seems
to be even more warranted if we @nsider that the crrelations
between the fluency ratings of the experts varied between .90 and
.94. In ather words, the arrelations between the expert ratings and
the automatic fluency scores are very similar to those between

ratings of different expert grougs.

To conclude, these findings suggest that the use of tempora
measures of speed production together with automatic speeth
recognition techniques may contribute to developing automatic
tests of fluency, at least for read speed. If we then consider that
these results were obtained with telephore speed, it may be
legitimate to conclude that this approach has enormous potentials
for the future of fluency asesament.

5. ACKNOWLEDGEMENTS

Thisreseach was suppated byt he Ministry of Econamic Affairs
(SENTER), the Dutch National Institute for Educaiona
Meaurement (CITO), Swetsand Zeitli nger and PTT Telemm. The
reseach o Dr. H. Strik hasbeen made possble by afellowship of
the Roya Netherlands Academy of Arts and Sciences.

6. REFERENCES

1. Lennon, P. “Investigating fluency in EFL: a quantitative
approach”, Language Learning 40: 387-417, 199Q

2. RiggenbachH. “Toward an understanding o fluency: a
microanalysis of nonretive spesker conversations’,
Discourse processes 14: 423-441, 1991.

3. Fred, B.F. “What makes us think that students who study
abroad bemme fluent?”, in: Freed, B.F., (ed.) Second
language aqquisition in a study-abroad context, John
Benjamins, Amsterdam, 123-148 1995

4. Chambers, F. “What do we mean by fluency?”, System,
Vol. 25, No. 4: 535544, 1997.

5. Towell, R., Hawkins, R., and Bazegui, N., “The
development of fluency in advanced leaners of French”,
Applied Linguistics, 17: 84-119, 1996

6. Strik, H., Russ, A., Van den Heuvel, H., Cucchiarini, C.,
Boves, L., “A spoken daogue system for the Dutch pubic
transport information service”, International Journal of
Speech Technology, 121-13, 1997,

7. denOs, E.A., Boogaat, T.l., Boves, L., and Klabbers, E.,
“The Dutch Polyphore rpus’, Proc. Eurospeech95,
Madrid: 825-8281995

8. Grogean,F., “Tempora variables within and ketween
languages”.In: Dedchert, HW. & M. Raupad, (eds.),
Towards a crosslinguistic assessment of speech
production, Lang,Frankfurt, 39-53, 1980.

9. Mohe, D.,"A comparison d the second language speech

production of different native speers’, in: Dednert,
H.W., M6hle, D., & Raupac, M., (eds.) Second language
productions, Narr, Tiibingen, 26-49, 1984.



