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Synthetic speech is commonly used as the outputakig text-to-
speech synthesizers. The purpose of this study determine if high
quality synthetic speech, such as the type usedplegch-generating
devices, is perceived as well as natural humancspdsttle research
has looked at the comprehension of synthetic versisral speech
through the dimension of time compression. Thigaesh fills that gap
by comparing the comprehension of time-compresssdral speech
signals and time-compressed synthetic speech sighakecondary aim
is to determine the quality of current text-to-sgeéT TS) synthesizers
that come with current (as of 2010) computers. His &xperiment,
signal comprehension was tested with a speedeérsmnterification
task. Participants were able to verify natural shesentences faster
and more accurately than synthetic speech senteAdeditionally, as
the sentence compression rate was increased, cbhemzien became
more difficult for both speech conditions, with tigeeatest adverse
affect being found for synthetic speech compretwemsi

1 I ntroduction

Synthetic speech generators have become an imptotrin the lives of many
individuals. It is common for people with languadjeorders and delays to use
speech synthesizers to augment their communicadiod, within the past few
years, both Windows and Macintosh computers havdppgd their newest
models with pre-installed text-to-speech generatdise majority of these
devices use text-to-speech synthesis wherein gnagshedigits, and words are
entered using a keyboard or touch screen as imith is then converted into a
synthetic speech waveform by a set of algorithmies (Koul, 2003; Koul &
Clappsaddle, 2006). Studies investigating whatcefié any, speech generating
devices (SGDs) have on the lives of individualshwitild to severe intellectual
disabilities, visual impairments, and special comication needs have clearly
shown that SGDs make a profound difference. Thesizeés have been shown to
be more effective than vocalizations, gesturesramdelectronic communication
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boards in conveying information, and they lead to iacrease in positive

communicative interactions with peers and suppersgnnel (Koul, 2003; Koul

& Clapsaddle, 2006; Koul & Hester, 2006). Even tjou5GDs play such an
important role in the lives of many individualsetuality of the synthetic speech
is not guaranteed, and depending on the sophisticaf the device, the output
may vary greatly (Koul, 2003).

Since the middle to late 1980s, many researchess ¢t@mpared the quality
of synthetic versus natural speech (Hoover et @871 Logan et al., 1989;
Mitchel & Atkins, 1989; as cited in Koul, 2003; Minda & Beukelman, 1987).
Speech signal quality is discussed in terms ofligieility and comprehension,
where intelligibility refers to an individual's dlty to recognize phonemes and
words presented in isolation, while comprehensiequires that a listener
transform the linguistic message into a meaningfahtal representation (Koul,
2003). The present study tests for signal comprbarbecause it is important
that people are able to construct meaningful mergptesentations from the
synthetic speech used in speech generating deWWoes.(2003) suggests that,
for single word identification tasks conducted dieadl listening conditions, there
is no significant difference between the perceptadnhigh-quality synthetic
speech and natural speech. Other research hasrggfiee opposite view: that
digitized or synthetic speech is more difficultperceive than natural speech and
demands greater cognitive resources to processy(RUPisoni, 1992; Francis &
Nusbaum, 2009; Mirenda & Beukelman, 1987). Sineedtivent of the first text-
to-speech computer-based system in 1968, formamhesis technology has
greatly improved. One aim of the present study iagsess the quality of current
text-to-speech synthesizers that come pre-installeéw computers.

Past research has tested the quality of synthpBech by manipulating
variables such as background noise, age of listerieliectual ability of listener,
and experience with the signal (Koul, 2003; KouH&nners, 1997Mirenda &
Beukelman, 1987). However, to the best of our Kadge, no study has tested
the quality of synthetic speech by manipulatingesperate. For participants, fast
speech rates create an adverse listening condfidenk & Devlin, 2010; Adank
& Janse, 2009; Dupoux & Green, 1997; Golomb, PedlaVingfield, 2007;
Janse, 2004; Pallier & Sebastian-Gallés, 1998)chvis desirablavhen signal
quality is being tested. Additionally, Dupoux andeén (1997) have pointed to
time-compressed speech as being an ideal indepewaeable for a number of
reasons. Firstly, with linear time compression,egbpesignals can be altered in
quantifiable and measurable ways to create stithatiare outside the bounds of
everyday experience. Secondly, newer compressgoritims such as Praat’s
“Pitch Synchronous Overlap and Add” (PSOLA) funotio(Boersma & Weenik,
2009), used in the present study, allow speecte toompressed without deleting
segments of the original signal or creating disicaiities, which was common
with older compression techniques. Finally, compees speech affects the
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perceived rate at which the signal was produced¢ase of this, it has been
argued that any perceptual effects found for timengressed speech can be
compared with, and generalized to, more naturahgbsi in speech rate (Dupoux
& Green, 1997).

Adank and Janse’s (2009) study of perceptual legrmnechanisms used
naturally fast and linearly time-compressed spaedcitudy human adaptation to
atypical speech signals. Participants were askgubtform a speeded sentence
verification task for both naturally fast and adiilly time-compressed stimuli.
Surprisingly, the researchers found that time-ca@sged speech was easier to
adapt to — as measured by faster reaction timesoaeall higher verification
accuracy — than natural fast speech. This finduqgpsrts past research, which
had found that natural fast speech is difficuliattapt to because it is not only
temporally compressed, but it is also spectrallffedint from regular
conversational speech (Janse, 2004; Adank & Ja?8@9). The spectral
variation that occurs with fast speaking rates @&used by the increased
occurrence of coarticulation and segment deletmnghange in the overall
prosodic pattern of the speech stream, and a tepdenreduce the duration of
vowels and unstressed syllables.

The naturally fast stimuli used in Adank and Jas$2009) study were all
produced by a single individual. The speaker wastructed to read 180
experimental sentences aloud as declarative statena¢ his normal speaking
rate, while recordings were taken. He was therrungtd to produce all of the
stimuli again by reading each individual sententmuc four times in quick
succession so as to achieve a very fluent speakiteg It was found that, on
average, the fast versions of the sentences wempregsed to approximately
46% of the original sentence duration, with thedasitems being produced at
approximately 33% of the original sentence durafiddank & Janse, 2009).
Given that such fast speech rates are achievablaubyan articulation, we
predicted that our participants would be able tonprehend at least some
sentences presented at such fast rates, as thdyawé had experience with these
fast speech rates during their lifetime. Dupoud &reen (1997) also analyzed
perceptual adjustment mechanisms for highly consgeesatural speech. Their
fast stimuli were compressed to 38% and 45% ofottiginal speaking rate. It
was found that the sentences compressed to 38%einfdriginal duration were
difficult for participants to understand, and thhe adjustment process took
longer for stimuli that had been compressed to eatgr degree (Dupoux &
Green, 1997). The literature shows that increapedch rates are more difficult
to perceive and comprehend than conversationachpeg¢es (Adank & Devlin,
2010; Adank & Janse, 2009; Dupoux & Green, 1997jo@b, Peelle, &
Wingfield, 2007; Janse, 2004; Pallier & Sebastiai€s, 1998). For the present
study, it is predicted that, as the compressiore ret increased across
experimental blocks, signal comprehension will meeomore difficult in both
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the natural and synthetic stimuli conditions. Theeexch signal that facilitates
comprehension at a higher rate of compression gllconsidered to be the
higher quality signal because it allows for comemdion in the more difficult
listening condition. We predict that for a morefidiflt task such as the speeded
sentence verification task employed here, partigpavill not comprehend the
synthetic speech as well as they comprehend napesch. Furthermore, it is
predicted that an increased sentence compresg®mvilihave a more negative
effect on synthetic speech perception than on abspeech perception.

The overall findings in previous literature canduenmarized as follows. a)
Naturally spoken words and sentences have typidaln shown to be more
intelligible and comprehensible than synthetic speowever, depending on the
sophistication of the synthesizing device there imayo noticeable difference in
speech quality. b) Time-compressed speech is peefeover naturally fast
speech, and c) fast speech rates are more difficudbmprehend than normal,
conversational speech rates.

While past studies have compared fast natural speéh time-compressed
natural speech, there is a research gap with respebe comparison of time-
compressed natural speech with time-compressethetimispeech. The aim of
this study is to address this gap in the literat8pecifically, by manipulating the
variable of speech rate, we determine whether syictspeech is comprehended
as well as natural human speech. Secondly, we lisstatvhether or not
comprehension deteriorates equally for both spesghials as the speech rate
increases. Based on these results, we assessafitg qticurrent (2010) text-to-
speech generators that come pre-installed with @isd and Macintosh
computers. Since much of the research on syntliesjzeech took place over 20
years ago, we predict that the quality of synthebizpeech will have improved.
If the sophistication of text-to-speech generatws significantly improved, we
predict that the participants who are presenteth syinthetic time-compressed
speech will not perform significantly betteor worse than those who are
presented with natural time-compressed speech. éZsaly, if the quality of
speech synthesizers has not improved over théwastiecades, we predict that
the participants who are presented with synthéteicompressed speech will
perform worse than those who are presented withiraatime-compressed
speech.

! “Better” is quantified as a faster reaction timedehigher percent accuracy for the
speeded sentence verification task.
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2 Materials and methods
2.1 Participants

Twenty-five participants (12 male, 13 female) topkrt in the study. All
participants were native Canadian English speabetseen the ages of 18 and
30. They reported having limited linguistics traigj no major previous exposure
to time-compressed or synthesized speech and ningelass, although no
audiometric test was given. All participants gakeitt written informed consent
to participate in the study, and were not paidanpensated for their time.

2.2 Speech stimuli

This experiment included two sets of auditory slimone synthetic speech set
and one natural speech set. Each stimuli set cmttaiecordings of the same 96
true-or-false sentences adapted from Baddeley, iEmahd Nimmo-Smith’'s
(1992) Speech and Capacity of Language Processisiy dr SCOLP, which was
used by both Adank and Janse (2009) and Adank aadirD(2010). The
sentences were slightly altered from their origif@mat: new subjects and
predicates were substituted for the original canmtesrds. The substituted lexical
items were all common, high frequency English wor@sly high frequency
English words were used in order to avoid a possibinfound stemming from
lexical confusion. Although the sentential conteas altered, the general format
of the SCOLP sentences was preserved because SE€@itences have been
widely tested and have proven to be a reliable greasf language
comprehension (Adank & Janse, 2009). A completeolighe sentence stimuli
used in the present study is given in the Appendix.

The statements made in the sentences were all ugaooisly true or false
(e.g., “An ant is a small insect.” versus “Eleplsaate small insects.”) in order to
ensure that each statement was verifiable. Eaehsentence had a false sentence
counterpart, as demonstrated in the above exartipls, 48 pairs of sentences
were used in the experiment. All of the sentencesew or 8 syllables long, in
order to avoid a possible confound of variable esece# length. A number of past
studies have used syllables as the unit of measmemhen controlling for
sentence length or for the speed of sentence peatgen (Adank, & Devlin,
2010; Adank & Janse, 2009; Dupoux & Green, 1997sda2004).

Of the 96 sentences, 16 were used for pre-tasiriga The remaining 80
sentences were divided into 5 experimental bloskth, each block containing 16
trial sentences, as is shown below in Table 1. &h&8 trials were semi-
randomized within their respective blocks. Thergenan equal number of true
and false statements within each block, and seatpaics were distributed across
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blocks so pairs did not occur together. The semtenwere linearly time-
compressed to five different percentages of thegiral duration using Praat’s
Lengthen(Add-Overlap) function under “Synthesize > ConvgiBbersma and
Weenik, 2009). The compression rates used were:, 48%, 38%, 36%, and
34% of the original sentence durations.

Table 1. Experimental Design. Each block contaib@dentences, followed by 3000 m.s.
to respond. Once the answer was recorded, thera @€ m.s. silence before the next
sentence began. Compression rates (%) ranged #8trid 34%.

Practice Block 1 Block 2 Block 3 Block 4 Block 5
(44%) (42%) (40%) (38%) (36%) (34%)

These compression rates were selected on the dfagast research and a
participant pre-test. It was decided that each Klshould include 16 trial
sentences because past research has demonstedtedrtiprehension of a rapid
or unusual signal improves over time, and that mdization typically stabilizes
after 14-18 sentences worth of experience withvargsignal (Adank & Devlin,
2010). The researchers wanted to allow participargafficient number of trials
at each compression rate so that participants caoablith near optimal
comprehension performance.

Because the aim of the present study is to comipb@&e&omprehension of
time-compressed synthesized speech with the compsam of time-compressed
normal speech, two versions of the same 96 serdemere created, one normal
speech version and one synthesized speech versfomonolingual female
speaker of English from Summerland, British ColumbCanada recorded the
natural speech stimuli. Her recordings were mada Bound-attenuated booth
using an M-Audio Luna microphone from the largeptiiagm condenser family.
The synthesized versions of the experimental stimalte generated using the
text-to-speech “Anna” (Microsoft Inc.) voice thaimes included with Windows
7- and Windows Vista-equipped computers. Thesehsgited sentences were
externally recorded with an M-Audio Microtrack sbistate recorder. Both the
natural and synthetic sentences were clipped t@ lz&vo seconds of silence
before and after the utterance and saved into é8&rate files. The files recorded
by “Anna” were time-compressed or enhanced to heldgngth to their natural
spoken counterpart.
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2.3 Procedure

The study was conducted in the University of VigdPhonetics Laboratory. All
participants received oral instructions read frorecept before the experiment
began. Participants were randomly assigned toreitigesynthetic or the natural
speech condition. Group A heard natural stimulijlevgroup B heard synthetic
stimuli. The tasks for each group were the sameayeae the sentences in each
set. This is in accordance with the atypical bldelsign taken directly from
Adank and Devlin (2010). The experiment was rurtten software program E-
Prime (Schneider et al., 2002a, 2002b). Particppdietard the sentence stimuli
through headphones at a comfortable sound levethwhey determined.

As previously mentioned, the current study willliregte the atypical block
design employed by Adank and Devlin (2010). An &igpblock design requires
that each participant be tested with only one eftito possible signal types. This
design is necessary because it has been showaoaihiiually alternating signal
type limits behavioral adaptation, thus prevenpagticipants from reaching their
optimal performance level (Adank & Devlin, 2010)edause the goal of this
experiment is to test the upper limits of syntheticd natural fast speech
comprehension, any inhibition of adaptation woudddetrimental to the study.
Thus, participants were tested on the normal orsthehesized speech signal
only.

The participants were first presented with 16 faaritation sentences. The
task of the participant was to decide on the vlidf each sentence statement
presented, and indicate their true-or-false respassquickly as they could with
a keyboard button press. Reaction times longer 338 m.s. were coded as ‘no
response’ and E-Prime automatically presented the sentence token in the
sequence. Both accuracy and reaction time measntemere recorded for each
sentence trial. Both measurements were recordexider to capture in greater
detail the cognitive processing costs requirecconprehending synthesized and
normal speech signals at different compression sratReaction time
measurements were taken from the end of the autiiofdllowing similar
previous research procedure (Adank & Janse, 200@nRk & Delvin, 2010).
Good signal comprehension is defined as a high lelveesponse accuracy and
short reaction times because these behaviors bedicat the participant was able
to easily comprehend and respond to the stimulasepted (Adank & Delvin,
2010).
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2.4 Dataanalyss

Both response accuracy and response time measuremene used as the
dependant measures in this study. A total of 2Egigantsx 96 trial sentences

x 2 measurements per trial = 4800 data tokens tlyzn&2400 accuracy tokens,
and 2400 response time tokens). Accuracy and resptime averages were
compared between the two speech type conditionsvene analyzed across the
five compression rate blocks.

3 Results

Table 2 shows the average reaction times and agcyrarcentages for the
synthetic and natural speech conditions. Overaltigipants had shorter reaction
times in the normal speech condition versus theéhgyit speech condition. The
normal speech condition participants also had hdri¢evel of accuracy in their
sentence verification responses. Taken togethesgetitwo findings suggest that
there is a main effect of speech type on comprebensormal human speech is
easier to comprehend than synthetic speech.

Table 2. Average reaction times and percent acgwaaoss all five blocks.

Reaction time (m.< Accuracy (%
Norma Syntheti Norma Syntheti
Average 1015.0: 1370.0:¢ 85.4 62.5

Figure 1 plots participants’ average response acyufy axis) in making a true
or false decision as a function of the signal’'s poession rate/speea @xis).
Average response accuracy for participants in tienal speech condition (black
bar graphs), are plotted against the average respaccuracy of participants in
the synthetic speech condition (grey bar graphgure 1 shows that participants
responded more accurately in the normal speechittmmdhan in the synthetic
speech condition, for all of the five different cprassion rates. In the normal
speech condition, the lowest response accuracpgeeras 83.9% and occurred
in Block 3 at a 38% compression rate. In the syithgpeech condition, the
lowest response accuracy average was 62.5% andreddén Block 5, at a 34%
compression rate. In the normal speech conditieerage accuracy rose and fell
in random fashion across blocks; there did not appe be a main effect of
compression rate on response accuracy. In theaetjmpeech condition average
accuracy rose and fell as it did in the naturalespecondition, however, there
was a general trend that participants in the syiatlspeech group became less
accurate in their responses as the compressiowaaténcreased.
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Average response accuracy for normal vs.

o synthetic time compressed speech
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Figure 1. Average response accuracy plotted asnetifun of speech type and signal
speed (compression rate).

Figure 2 plots participants’ reaction timgsais) in making a true or false
decision as a function of the signal's compressair/speedxaxis). Reaction
times for participants in the normal speech coaodit{black bar graphs) are
plotted against the reaction times of participamtithe synthetic speech condition
(grey bar graphs). Figure 2 suggests that partitipén the synthetic speech
condition required a longer amount of time to makesentence verification
decision than did the participants of the normaéegih condition. When
analyzing reaction time performance across comjmmedsgocks, we see that in
the synthetic speech condition participants’ r@actimes became steadily slower
as the compression rate of the signal increased.deneral way, this effect was
also seen in the normal speech condition as wigllir€ 2 suggests that there is a
main effect of compression rate on decision respdimse, and that the normal
speech signal is easier to perceive than the syngmeech.
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Average response time for normal vs.
oo Synthetic time compressed speech
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Figure 2. Average reaction time plotted as a fumcf speech type and signal speed
(compression rate).

4  Discussion
4.1 Keyfindings

The results demonstrate two important points. Filgty show that listeners are
not able to comprehend synthetic speech as wethegs comprehend natural
speech. This goes against Koul (2003), who founithgfic speech to be of
comparable quality to natural speech, although rttzgority of the literature
supported the view that synthetic speech is mdfiewt to perceive and requires
greater cognitive resources to comprehend (DuffyPi&oni, 1992; Francis &
Nusbaum, 2009; Mirenda & Beukelman, 1987). Listeperformance in the
present experiment confirms that synthetic spesciore difficult to process
than natural speech. Individuals in the synthegieesh condition had longer
reaction times and lower response accuracy aver#dgms normal speech
participants for all five of the compression rates.

Secondly, the results show that the adverse listecondition of fast speech
makes comprehension more difficult for synthetiecesgh listeners than for
natural speech listeners. Both the average acgcuesalts and the reaction time
results support this finding. In both speech caodg, the average accuracy of
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participant responses rose and fell as the comipresste was increased. In the
normal speech condition, participants’ average r@wyu for Block 1 (42%
compression) was 86.5% and their average accuracyBfock 5 (34%
compression) was 85.4%. This indicates that inangathe speed of natural
speech does not have a large effect on participability to accurately verify
sentences. In the synthetic speech condition, hermvéwcreasing the speed of the
signal did affect comprehension performance. Theage response accuracy for
the synthetic speech group in Block 1 was 74.5%, this already low figure
dropped to 62.5% accuracy by Block 5, a differeoel0%. The reasons why
synthetic speech comprehension may have been susatly affected by a fast
signal presentation rate will be discussed in tbtdow.

The reaction time results also suggest that theposinension of synthetic
speech is more affected by an increased signaltmate normal speech. In the
normal speech condition, the average reaction tifngarticipants rose and fell
across blocks, although the general trend wasréaation times became longer
as the presentation rate increased. For the namegich condition, Block 2 (40%
compression) had the shortest average reactionafir@81.00 m.s. Block 5 (34%
compression) had the longest average reaction ©e204.89 m.s. The
difference between the fastest and slowest reattizn averages for participants
in the natural speech group was +323.89 m.s. Tbheesdt average reaction time
in the synthetic speech condition occurred in Bl@ck40% compression) and
was 1256.59 m.s.; the longest reaction time aveoagerred in Block 5 and was
1666.40 m.s., a total difference of +409.81m.s. Tdwt that there is a larger
reaction time difference for the synthetic speecup than for the natural speech
group suggests that participants in the synthgimesh condition were more
adversely affected by the increase in speech rate.

In sum, our results show that listeners are nat &dbkcomprehend synthetic
speech as well as they are able to comprehendahatpeech, and that an
increase in speech rate has a greater adverse @ffegnthetic speech perception
than on natural speech perception. These findingsraline with our original
hypotheses. Despite the technological advanceshtha greatly improved the
quality of synthetic speech in recent years, tlaeeea variety of possible reasons
why people are still unable to comprehend synthstieech as well as they
comprehend natural human speech. First, let usidemshe Windows 07’s
“Anna” voice that was used in the present studye Microsoft “Anna” voice
was created with formant synthesis technologyotmbant synthesis, the different
acoustic parameters of speech such as fundamestjakeicy, voicing, and signal
amplitude, et cetera, are produced by algorithmlies; which create the artificial
speech waveform. For this type of speech synthgds,common that only one
or two acoustic cues will be specified to distirgjua given phoneme, and often
the same acoustic cues are used for more thanhmmeme. Researchers Francis
and Nusbaum (2009) identify this impoverished ansleading cue structure as
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being the primary reason why synthetic speech pémecan be so difficult. In
natural speech, there are multiple acoustic cussirtkeract to create the percept
of a specific phoneme. In synthetic speech, on dtiteer hand, perceptual
ambiguity may be increased because (1) fewer descuges have been encoded,
so the relationships between the synthesized acausts may be uninformative
and misleading in comparison with the cue structfreatural speech, and (2)
the same patterns of acoustic cues appear in degrenge of contexts for
synthesized speech (Francis & Nusbaum, 2009). Tdgsustic-phonetic
ambiguity, which is found in synthetic speech, iseopossible reason why
synthetic speech comprehension is difficult. Albecause speech synthesizers
are engineered by humans, there is always thelldgsihat human engineering
errors could result in misleading cue structureafeis & Nusbaum, 2009). In
such circumstances, the listeners would need tm l@ainhibit their perceptual
intuitions for the poorly engineered contexts iresfion.

Another possible reason why the synthetic spedatutmay have been
more difficult to comprehend is that this studyteelsfor listeners’ comprehension
of synthetic speech rather than just the intelligyb of the signal itself.
Comprehension requires a higher level of cognifikecessing than does simple
perception because comprehension involves peregptacoustic-phonetic
mapping, and lexical access (Koul, 2003). In fagen for high quality synthetic
speech, a substantial portion of cognitive resauare allocated to deciphering
the acoustic-phonetic structure of the signal,ilegiewer resources available for
higher level semantic processing (Duffy & Pisorn®92). Because a speeded
sentence verification task is a relatively complesk, it is possible that
participants’ cognitive resources were focusedawm level perception and thus
unable to efficiently construct a mental represionaof the message. If this
were the case, such findings would have importamlications for speech-
generating-devices and for the individuals whothsen.

4.2 Limitations

A limitation of this study is that true-or-falseréence pairs were used for the
experiment stimuli. The 96 sentence pairs used wadlealtered SCOLP
sentences. SCOLP format sentences were chosenskettas SCOLP test has
been proven to be a reliable measure of languaggmhension (Adank &
Janse, 2009), and because similar studies invollirearly time-compressed
speech had used these sentences in the past (&ddakse, 2009; Adank &
Devlin, 2010). Unfortunately, many of our partiaips reported that after they
had gained some experience with the speeded sentemification task, they
realized that the sentence stimuli were arrangtedgairs, (e.g. “Governors work
in politics.” vs. “Strawberries work in politics.’§nd that one member in the pair
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would always be true and the other would alwaysfdise. This awareness
enabled some participants to respond faster fos#tend sentence in a pair —
they exhibited a repetition priming effect. The @&se in reaction time and
increase in accuracy, which accompanied their itapetpriming effect, meant
that some participants performed better as thegrhedncreasingly familiar with
the words used in the sentences, and with the reegehemselves. This effect
counter-acted the decrease in comprehension thatpvealicted to occur as the
speech signals became increasingly fast. If mamnyglsvare initially recognized,
then it is relatively easy to engage in a guessingtegy that reconstructs the
initially unintelligible words (Dupoux & Green, 199 Thus, for the second
sentence in a pair it is possible that guessingiegites had a larger effect on
response accuracy and reaction time than did asimgrel comprehension. Future
trials of this experiment could address this deficy by continuing to use
obviously true or false sentences for verificatibnt ensuring that each sentence
occurs in isolation with no semantically related gam.

Another possible limitation of this study is thhetcompression rates used
were not as widely distributed as they perhaps lshoave been. Recall the five
different linear time compression rates employethia study: 42%, 40%, 38%,
36% and 34% of the original sentence durations.dbypand Green (1997)
found that sentences compressed to 38% of thejmatiduration were difficult
for participants to understand, while Adank and li»e\{2010) found that
listener’s required 10-20 sentences to adapt tenmbthat had been compressed
to 35% of its original duration. In light of the mibadictory past research, a pre-
test was administered to 3 participants in ordeddtermine a suitable range of
compression rates. Participants in the pre-testheight sentences at each of the
seven possible compression rates: 44%, 42%, 40%, 38%, 34% and 32%.
Participants were seated in a quiet room and thiesees were played over a
loudspeaker for all to hear. The pre-test participaexhibited excellent
comprehension at the 44% compression rate and asiiadt difficulties in
sentence comprehension starting at the 36% congnesge. On the basis of the
pre-test participants’ performance, it was deciteat a 44% compression rate
would be used for the training stimuli and thai8&3compression rate should be
the median experimental compression value. We ciexdli that participant
comprehension in Blocks 1 and 2 (42% and 40% cossjor) should be quite
good as these two rates are slower than the m&dée value. We similarly
predicted that comprehension in Blocks 4 and 5 (26% 34% compression)
should be quite poor as these two rates were féstaer the selected median
value. Surprisingly, the experimental participais both speech conditions
exhibited high comprehension throughout the expemimEven in Block 5, the
fastest compression rate presented, participanteisynthetic speech group still
performed at above chance level (62.5%) for seeterarification accuracy.
Future trials of this experiment could address tlgBciency by using a broader
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range of compression rates so as to better dedintsat relationship between
compression rate and comprehension. Furthermoeepike-test is administered,
stimuli should be delivered in the same way (eogdbpeaker, headphones) as it
will be delivered in the experiment.

5 Conclusion

In conclusion, our results have shown that desmgitent advances in formant
synthesis technology, listeners are still unableaimprehend synthetic speech as
well as they comprehend natural human speech. iaddity, the comprehension
of synthetic speech is more affected by adversenlisg conditions such as
increased speech rate than is natural speech. 8etaxt-to-speech generators
play an important helpful role in the lives of védly and communicatively
impaired individuals, and are widely used in theld$ of language translation,
business, and entertainment, these results aréyhiglevant. They indicate that
further work is needed to improve the quality ofitsxetic speech for the sake of
all individuals who use such signals. Our resuitsstadd to the sizable body of
research on synthetic speech perception. The psrarsuggest that a similar
study, which uses time-compressed speech to contparequality of many
different text-to-speech generators, would be beiaéto this field.
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Appendix

The number of syllables in each sentence is ligtede right of the sentence.

Setl

Set 2

10.

11.

12.

13.

14.

15.
16.

Beavers build dams inthe 8
river.

2. A tomato grows on a 8
plant.

3. Telephones can be boughs
in stores.

4. Motorcycles drive on the 8
road.

Fish breathe oxygen througtv
gills.

Donkeys carry heavy loads.

Carrots grow in a garden.
An architect has a job.

A camel is a kind of bird.

Dishwasher fluid walks the 8
streets.
Fathers are stored inthe 8
toolbox.

Biking is slower than 8
walking.

Buddhism is a pencil box.
Backpacks are always 7
women.

Elephants are small insects.
April is a summer month.

1. Governors work in politics. 8
2. Monks live in a monastery. 8

3. Shovels are used in the 8

garden.

4. Sirloin steaks are sold by 8
butchers.

5. Aleopard has a fur coat. 7

7 6. Butterflies haviennae. 7

7 7. A butcher worka shop. 7
7 8. Wool is made frosheep's 7
coat.
3 9. Eagles build daimthe 8
river.
10. A rainbow trout grows ona 8
plant.
11. Oxygen can be boughtin 8
stores.
12. Fresh lemonade drives on 8
the road.
8 13. Pigs breathger through 7
gills.
14. Babies carry heavy loads. 7
7 15. Beavers gr@angarden. 7
7 16. A vegetable &hfsh. 7
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Set 3 Set 4
1. A cake is baked in an oven. 8 1. Atankis apoa of war. 8
2. Elephants are living beings. |8 2. A minuteix$ysseconds. 8
3. Tables and chairs are 8| 3. Exerciseisgoodforyour 8
furniture. health.
4. Wooden chairs are for sitting8 | 4. A trout is a species of fish. 8
on.
5. Geese can flylong distances. | 7 5. A melontigpa of fruit. 8
6. Bees fly around looking for 7 | 6. Spoons are used for eating 7
food. soup.
7. Acaptaincommandsthe 7| 7. A shedis used for storage. 7
ship.
8. Knives are used in the 7 8. Wine bottles are made of 7
kitchen. glass.
9. A bike is a weapon of war. 8 9. Strawberrieskaor 8
politics.
10. An hour is forty minutes. 8 10. Donkeys liveain 8
monastery.
11. Smokingis very good for 8| 11. A cakeis used inthe garden. 8
your health.
12. An antis a species of fish. 8 12. Architentssold by 8
butchers.
13. Acabbage is atype of fruit. |8 13. A goldfteks a fur coat. 7
14. Forks are used for eating 7 | 14. Bathroom sinks have 7
soup. antennae.
15. Nurses are used for storage. | 7 15. A lion worlsshop. 7
16. Policemen are made of 7| 16. Inkis made from a sheep's 7
glass. coat.
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Set 5
1. A pelicanis a bird species. 8
2. Police officers walk the streets. 8
3. Hammers are stored in the toolbox. 8
4. Walking is slower than biking. 8
5. Buddhism is a religion. 8
6. Mothers are always women. 7
7. Anantis a small insect. 7
8. August is a summer month. 7
9. Dentists are baked in the oven. 8
10. Cabinets are living beings. 8
11. The plastic doll is furniture. 8
12. Computers are for sitting on. 8
13. Grapes can fly long distances. 7
14. Flies walk around looking for food. 7
15. A leopard commands the ship. 7
16. Snakes are used in the kitchen. 7
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