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Abstract

Past research has shown that the use of multimed@h as
pictures, audio narration, and video, can be beiagfin
computer aided instruction. We propose that spokends
generated by speech synthesis can be used torcainfoitten
text during L2 language instruction, and can leadatmore
robust learning experience than providing writtemguage
input alone. Two in-vivo studies were conductedhwlESL
(English as a second language) students to inedstithe
effect of providing spoken language produced byespe
synthesis during different instructional events REAP, a
computer based vocabulary tutor. Our results shbat t
students benefit from spoken language input, paatity
when they are strongly encouraged to listen to word
Furthermore, our studies seem to suggest that omawle
English text-to-speech synthesis may be good endwogh
provide added value during computer based L2 laggua
instruction.Index Terms: speech synthesis, language tutors,
computer assisted language learning, English agcand
language, L2 language learning

1. Introduction

Recent efforts in language learning have focused on
incorporating computer technology into classroostrirction.
One concern in the domain of language learningn@iclgy
has been how to best incorporate different mediesy such
as written words, spoken words, sounds, graphidgos and
animations, in various instructional events. Wiiile role of
spoken language input is important for L1 (firshdaage)
learning to read, its role in L2 (second langudegeyning is
less well known. We propose that two modes of inpately
written and spoken language generated by speedhesys,
during instructional events reinforce each othet eesult in a
more robust learning experience than written lagguiaput
alone.

In this paper we first discuss past work on multiso
learning, and describe the cognitive theory thativates our
claim that two modes of input can reinforce eacheptin
instructional events. Next, we describe two compaza
studies that tested our hypothesis and their assatresults.
Both studies were conducted using REAP, a vocapular
learning software tool that makes use of documbatsested
from the internet. Finally we offer a discussiontlé results
of the studies and suggest future research directio

2. Background

Past research work has shown that the approprisee of
multimedia can be beneficial in computer aidedriretton [1].
In multimedia instruction, the information in a des is
presented to students in different modes, or famsich as
text, images, or audio. An area of interest in cot@paided
instruction has been how the combination of diffénmodes
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affects learning. In the domain of scientific exgéon,
Moreno and Mayer showed that students comprehended
explanations best when words were presented ailglitord
visually as opposed to auditorily only, given that other
visual material was provided concurrently [2]. Thegsults
can be explained by the dual-processing theorywforking
memory, which states that since the auditory ansliali
processing channels are independent, “studentiaanboth
representations in working memory at the same &ntebuild
referential connections between them” [2].

With respect to L2 vocabulary learning, a few diéfet
multimedia formats and environments have been eagloA
study conducted by Snyder and Colon [3] showed that
providing students with more audio-visual aidstha form of
audio tapes, slides, fill-in pictures, and overhead
transparencies, than those in the standard cwrcdéad to
significantly better vocabulary retention. In arethstudy,
Neuman and Koskinen [4] compared learning vocalular
words through reading documents, reading and lisgeto
documents, and watching television. Their resuwisndl that
the participants learned and retained the vocapuwlards best
through watching television. Additionally, JonesddPass [5]
conducted a study with English speaking collegedestts
enrolled in a French course where students listemadrrench
passage using a computer program and were prowidtbd
either pictorial annotations, written text annaimf, or
pictorial and written text annotations. Their résushowed
that students who had both pictorial and writterxt te
annotations remembered the translations and treagasnore
effectively than students who were provided with no
annotations or just one type of annotation. LagtlySeghayer
found that using video clips provided in electromgjosses
coupled with printed text can be an effective wayeaching
unknown vocabulary words [6].

Oftentimes when spoken word input is provided to
students, it is produced manually by humans, wieh be a
laborious and expensive process. Text-to-speechSYTT
synthesis has the potential to replace human rewsdin
certain applications, and has the benefit of gemgrapeech
on demand. While TTS synthesis systems have noh bee
widely accepted in computer assisted language it&arn
(CALL) environments, an extensive evaluation by eaw [7]
suggests that the quality of current TTS systerssifiicient to
add value in French language learning environménisther
research should be done to determine whether Hgadle
results generalize to other languages.

One may conclude that providing more modes of input
will consistently lead to a better learning expecie, but the
cognitive theory of multimedia states that thisnt always
the case with redundant information [1]. Cautionsmbe
taken when presenting redundant information to walestt,
because providing multimedia information in the samode
could overload a student's visual or auditory ctendror
example, a student can be given a diagram expfainin
convection and an audio narration explaining theveotive
process. Naively, we may assume that providinge¢dendant



text for the narration will help the student, butniay in fact be
disadvantageous. Providing this additional infoioratcan
overload the student’s visual channel, effectisgiitting their
visual attention, since both the diagram and teastehto be
seen and must be simultaneously processed withirttied

cognitive resources of the visual channel while itlagration
enters the ears and is processed by the auditoapneh
whereas if we exclude the redundant text, the ¢ivgnioad is
more balanced and there is minimal chances of oadithg
either of the student’s channels.

3. Study Setup

In order to test our hypothesis, which claims tiaat modes of
input can reinforce each other in CALL instructibeaents,
we conducted two in-vivo studies at the Universiy
Pittsburgh’s English Language Institute, using tREAP
system, where the modes of input were varied indifferent
instructional events. The first study focused oe #ifect of
varying the mode of input during post-reading clqeestions.
The second study focused on assessing the effecrging
the available modes of input during in-class regslinBoth
studies were conducted using REAP, a language tutor
described in the next section.

3.1. Overview of REAP

REAP, which stands for REAder-specific Practicd, I8 a
web based language tutor developed at CarnegieoMell
University that makes use of documents harvesten fihe
internet for vocabulary learning and reading corhprsions.
REAP has the ability to provide reader-specificspags by
making use of user profiles that model a reade@sling level,
topic interests, and vocabulary goals.

REAP’s interface has a number of features that belp
enhance a student’s learning experience. A dictjomeord
lookup system is embedded in the interface whidbwal
students to look up the definition of any of therds they
encounter during readings. Another key feature EAR is
that it provides users with the ability to listem the spoken
version of any word that appears in a reading. REAdkes
use of Cepstral Text-to-Speech [9] to synthesizedamn
demand when they are clicked during reading awsjitor
when a button is clicked during dictionary lookugsnally,
REAP automatically highlights the focus words, whare the
words targeted for vocabulary acquisition in a ipatar
reading.

3.2. Study 1: Comparison of Written and Spoken
Input for Cloze Questions

In Study 1, we looked at the effect of providing thpoken
version of a word, generated by speech synthesis)oze
question instructional eventsFor this study we had a
population of 50 ESL college students, whose native
languages included Arabic, Chinese, Japanese, Kowsad
Spanish. Individualized readings were given as hoonk,
centered on 50 focus words from the Academic Woist L
whose written and spoken forms were available tmesits
during the readings, followed by practice cloze sfigas in
two conditions: answer choices in written form, aatswer
choices in spoken form.

A pre-test was administered at the beginning ofstiuely,
which asked students to self-assess their knowleéigeords
in their written and spoken form. A study by Heilmd0] has
shown that self-assessment tests that ask stutiensake
binary decisions about whether they know a wordair such
as the one used in the pre-test of this study ef@ctively be

used in language tutors to assess vocabulary kdgeleThe
post-test consisted of cloze questions with thevanghoices
provided in the two conditions.

3.3. Study 2: Comparison of Multimodal Input in
Readings

In Study 2, we looked at the effect of providingoken
versions of a word, generated by speech synthdsisng
reading activities Study 1 explored the impact on vocabulary
assessment tests when the mode of input duringtignes
instructional events were varied, while both modésnput,
written and spoken words, were consistently avéelaip
students during the practice readings. By contthss, study
varies the modes of input available to studentsnduthe
practice readings, while keeping the available mofienput
during questions constant. Since students in Sfutiad the
option to listen to certain words, but were not |exiy
required to listen to each word, the presentatibrspmken
word input was more passive than in Study 1, wiexplicitly
required students to listen to each answer chaicmgl audio
cloze questions. Therefore Study 2 was conducteadfaow
up to Study 1 to see if a more passive approachulimodal
input can lead to comparable gains in vocabulary
improvement.

For this study we had a population of 34 ESL calleg
students, whose native languages included ArabigneSe,
Japanese, Korean, and Spanish. Group readingsgivere as
class activities, centered on 30 focus words frone t
Academic Word List, followed by practice cloze qi@ss.
During the readings we presented the focus wordswm
different ways: written form and written + spokeorrh
provided. Students were randomly assigned to onehef
conditions for each word. We hypothesized that jgiog two
modes of input will provide a more robust learnigerience.

A pre-test was administered at the beginning ofstiuely,
which asked students to self-assess their knowlefigeords
in their written and spoken form. Six pseudo-wondse also
presented with the focus words, to compensate desgwvork
and overestimation of the student’s vocabulary. Wged a
formula for the latter that penalizes a studendéw Iscore if
they claimed to know a pseudo-word [11]. The pest-t
consisted of cloze questions with the answer clsoinetheir
written form.

4, Results

In both studies, the general use of the REAP system
significantly helped students improve their perfance, as
made evident by the average overall gains betwezpre-test
and post-test (p < 0.01). Normalized gain is th@soee used
to measure improvement in both studies, whichusmby the
following:

If the post-test scorés greater than there-test scorethen

Normalized gairr (post-test score — pre-test scpfe
(maximum-possible-score — pre-test sgore
Otherwise,

Normalized gairr (post-test score — pre-test scptépre-test
scorg

For Study 1, the overall average normalized gaiween
the pre-test and post-test was 0.310 (+ 0.099). The
improvement in spoken word form performance was
significantly higher than improvement in writtenrifi;, as



shown in Figure 1, with average normalized gain.881 (+

0.097) and 0.397 (+ 0.124) for the written and spoknswer
choice conditions respectively (p < 0.01). Overtladi readings,
on average a student listened to 39.28 (+ 13.3@juenwords,

with a total of 52.14 (+ 17.03) synthesized wortlsypd. The

average time a student spent per question was {#2.9.61)

and 161.0 (+ 9.677) seconds for the written andkepavord

form answer choices respectively, with the avemifference

between the spoken and written form questions pefest

being 18.18 seconds (p <0.01). The overall avetiage spent
per question was 137.6 and 155.5 seconds for thieewand

spoken word form answer choices respectively.
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Figure 1:Study 1, Improvement between pre-test and post-test

Error bars are standard error.

For Study 2, the overall average normalized gaiwéen

the pre-test and post-test was 0.269 (+ 0.121). The
improvement in spoken + written word form condition

performance between the pre-test and post-testgeasrally
higher than improvement in written word form coratit as
shown in Figure 2, with average normalized gain8.809 (+
0.143) and 0.368 (+ 0.149) for the written only apobken +
written conditions respectively. Over all the rewyd, on
average a student listened to 11.53 (+ 2.05) unigoeds,
with a total of 27.26 (+ 6.48) synthesized wordsypd. Table
1 compares the number of times a real word anddesewrd
was listened to during the pre-test
Additionally, the pre-test was given to a smallgrf native
English speakers as well, to see if the overaldsein the
number of times words were listened to were theesasnwith
the native speakers; the results are shown in Table

5. Discussion

The results of our studies suggest that using tvedeas of
input, namely written text and spoken words produtteough
speech synthesis, in instructional events canfggnily help
students improve their vocabulary, as made evitigntheir
average normalized gains between the pre-test @stetgst. In
Study 1, the improvement gained from providing agrsw
choices in spoken form, was significantly higherarth
providing answer choices in written form. Additidigasince
both forms of the word were provided to the studeniboth
the pre-lesson instructions and during the readiagd since
in both of the answer choice condition students, hawa
average, statistically significant gains, providimg modes of
input seems to be beneficial.

One important thing to consider when providing stud
with the answer choices in spoken form is that wvarage
students take slightly longer to answer questioite spoken

form answer choices as opposed to written form answ

self-assessment

choices, as made evident by the fact that in Stldthe
average time spent on spoken form cloze questienstpdent
was 18.18 seconds longer than the average timet spen
written form cloze questions per student. In gelhevaether
the additional time spent on questions is critdapends on
the particular learning objectives of a given tutéherefore,
there seems to be a tradeoff between the total $ipemt on
task and improvement in auditory vocabulary perfomoe
when considering the usage of spoken word inputlaze
questions.

In Study 2, the improvement under the two mode itard
(spoken + written) was generally higher than thpromement
on the written form condition, though the resultsrevnot as
statistically significant as in Study 1. This weakesult may
be the result of having less dramatic conditionStindy 2 than
in Study 1, since people were not required to fiste the
spoken version of words, and the stronger resnliStudy 1
compared to Study 2 may suggest that strongly eaging
students to listen to words (or, in the case ofl$tl requiring
students to listen) can lead to better performance.
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Figure 2:Study 2, Improvement between pre-test and post-test
Error bars are standard error.

Table 1:Study 2, Average number of times a word was
listened to during the pre-test self-assessment.

Known Unknown All
Words Words Words
Actual word 1.247 1.594 1.319
Pseudo-word 1.625 1.830 1.824
All words 1.253 1.693 1.403

Table 2:Average number of times a word was listened to
during the self-assessment for native English sgrsak

Known Unknown All
Words Words Words
Actual word 1.073 1.073
Pseudo-word 2.750 1.397 1.500
All words 1.098 1.397 1.144

As expected, during the pre-test students electdisten
to words they ultimately indicated as “unknown” marften
than the words they claimed to know. Additionakjidents
tended to listen to pseudo-words more often thausaevords.
Both of these trends were also observed when #west was
administered to a group of native English speakand,in fact
all native speakers were able to correctly identifg actual
words. These results suggest that the spoken weo$imords
generated by speech synthesis was good enoughlow al



people to discriminate words they knew and worag they

did not know, and that the speech synthesis for the
pseudo-words is most likelgiot the reason people selected
them as known. This result is encouraging for tieddfof
CALL, since it suggests that on demand text-to-spee
synthesizer systems may be good enough to giveiamuli
value to computer systems for L2 language learninder
certain conditions.

6. Conclusions

We proposed that the use of two modes of input, elam
written and spoken language generated by speedhesys,
can reinforce each other and result in a more toleasning
experience than written language input alone for

vocabulary learning. Our assertion that writtent tend
redundant spoken words would reinforce each otleer ased
on the cognitive theory of multimedia and the rethmcy
principle [1]. Two studies were conducted with E&hllege
students to test our hypothesis.

The results of our studies have shown that studentsto
benefit from spoken language input in vocabulastrirction
and assessments. We recommend its usage in vooabula
tutors used in language learning laboratories,ianmhrticular
we feel that students should be strongly encoursgésten to
words. Furthermore, our studies suggest that usimepch
synthesis to produce the spoken versions of woetts de
beneficial to non-native speakers during vocabulegayning
lessons, and that current text-to-speech synthasimay be
good enough for use in language learning software.
Additionally, there are many aspects involved iroking a
word, such as knowing its meaning, word forms, asamnd
lexical relations [12]. Our results contribute menedence to
the aspect of knowing the aural form of a wordg¢eiaxposure
to the spoken words during class readings and ipeact
questions led to gains in auditory vocabulary penémnce.
One possible caveat to using speech synthesiatistime rare
words may be synthesized incorrectly, particulaily
unrestricted texts; therefore special consideratioay need to
be taken in their use in L2 vocabulary learnindisgs.

One related future research problem is to see whétiere
is a relationship between a student’s native lagguand their
performance under visual and auditory learning .
We observed that when you break down the improvésrian
both studies by native language of the studenéstrénd that
spoken performance is higher than written perfogeadoes
not always hold. Another possible future researithction
would be to systematically evaluate the differehetween
manual human recordings of words by native spealiets
current text-to-speech synthesizers, with respeclearning
the aural form of vocabulary words. Lastly, oneenthossible
research problem is to investigate whether wordsh wi
complex grapheme-to-phoneme relations are hardéeaim
than words with simpler grapheme-to-phoneme relatio
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8. Appendix: Words used in Studies
For Study 1, the following words were used:

abandon, accumulate, assume, bond, cease, citd, cbllapse,

commence, comprise, conceive, conflict, consentraeersy, convert,
demonstrate, device, dimension, estimate, grarettagtee, identical,
incidence, incorporate, index, induce, legal, libleticense, minimal,
minimum, neutral, outcome, panel, participate, gecprime, refine,
restore, route, subsequent, technology, themerythtrace, transport,
undergo, visible, welfare, widespread

For Study 2, the following words were used, withe th
pseudo-words underlined

accompany, adequate, arpleoldrenite brief, bulk, circumstance,
commit, community, confine, core, debate, enormeusr, eventual,
exogle feature, final, framework, horfeimply, namlop network,
nevertheless, option, partner, phinoscopanciple, prior, schedule,
site, survive, task, ultimate, undertake, via
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