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The purpose o this sludy was 1o delermine if soundhield amplification in the classroom improved spelling performance of upper alemen-
tary regular education studems. A otal of 145 (hird, founth, and fith grade students were adminisiersd two Wpe reconded Curriculum
Based Measurement speling tesis thal were balanced for difficulty, number of letlers in the words, and the number of phonemes ''s,
1, and1h". In one condition 1he Tes was presenied al a signakio-noise (5] ratic of 0 B, while in anciher condition the 15! was presented
&t gbout @ +12 dB SN ratio with & soundheld amplification sysiem. Statistically s)ynificant improvement i spalling scores was achisved

i e Deter S ratio for all grade levels.

Use of classroom soundfield amplification has been explored
for the purpose of providing a clearer suditory signal for elemen-
ary schood srudens with unasdable, mild, unilaeral. or emporary
hearing bosses. Inroduced 1o schools in southern Dlinois in the
1570's (MARRS Project), the school sysiems reponed improve-
ment in academic performance for third, fourth, and fifth grade
studens who had scademic delavs and makd hearing losses when
they were assignad o amplified classrooms (Sanff, 1981). These
sfudents made greater academic progress when compared 1o both
students in nop-amplified classrooms who neceived no special wreat-
ment and 1o sudents who received resource room assistance for
their scademic weaknesses. Another study (Flexer, Millin &
Brown, 1990) found that primary school students with developmen-
tal delays and mild hearing losses performed befter on word iden-
tification ks in an amplified classroom when compared 1o
unamplified clessrooms.

1o & studv of kinderganen swudents, Jones, Berg & Viehoeg
(IPE9) showed that students with mild beaning losses improved their
word discrimination in amplified over unamplified soundfield con-
ditions. In addition, this study reporied that when the verbal
sumulus was at a distance of rwelve feet from the studenis,
kindergamners with normal hearing also improved in word-
discriminasion abilities in the amplified condition.

The finding that srudents with norroal heaning also mproved
their auditory discrimination in an amplified soundfield prompied
the question: Does soundficld amplification improve academic per-
formance of regular education elementary students? The present
srudy was conducted 10 dewermine if regular education students
in third, fourth, and fifth grade would demonstrate improved
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spelling performance in amplified versus unamplified conditions
using a soundfield amplification system. It was hypothesized that
spelling tes1 scores would improve as conditions for auditory
discrimination improved.

The academuc area of spelling was selecied because jil was
thought 1o be sensitive 1o suditory discrimination and the most like-
Iy area 1o demonsiraie the immedine effect of amplificaten, Tests
could be adminisiered with a tape recorder 1o control for volume
and 10 MAINtn a conan! sumukus scross groups. Tests could also
be controlied for difficuley and the number of high frequency
phonemes (7's, {, and th") so thar rwo comparzble spelling liss
could be generated.

Student spelling performance wis assessed wtilizing Curmiculum
Based Messurement (CBM) sundardized presentation and scor-
ing procedures. CBM was designed 10 measure growth and in-
dividual differences in academic performance using students’ por-
mal areas of study. Spelling 1255 can be administered in a group
seming. CBM scoming procedures award points for consscurive ber-
TETS COMTect, it just for & correct whiole word making it a more
sensitive tool for measuring spelling (Shinn, 1989).

METHOD

Subjects

Subjects were M5 students in third, fourth, and fifth grades in
3 small midwestern elementary school. (See Table 1 for
characeeristics of the subject population.) Subjects were wesed,
in their norrmal class groupings with rwo classes per grade level.
Students had been randornly assipned wo the classes with eguivalent
numbers and sex distribution in each class at the beginning of the
school vear. Differences in class size a1 the tme of wsting were
due 1o pormal snEiton,
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Table 1. Student Demographic Information.

Calendar Age
Grade Number Female/Male Mean Range ITBS*
3 47 23/24 9:4.7 8:8-10:5 57%
4 53 27726 10:5.0 9:8-11:6 58%
5 45 22/23 11:4.3  10:8-12:5 46%

*lowa Test of Basic Skills; Jowa percentile

The student population had a typical distribution of mild, fluc-
tuating hearing loss with no student having 2 permanent loss. This
was documented by annual hearing screening at 20 dB at 500 Hz
and 15dB at 1K, 2K, and 4K Hz. Screening 100k place two months
prior to the experiment. Hearing rechecks which included tym-
panometry occurrred two weeks later for those students failing
the screening. In the third. fourth, and fifth grades, 11%, 10%,
and 7% failed the initial screening, respectively. At the time of
hearing rechecks, only one student at each grade level continued
to show a mild, condutive hearing loss. This pattern of fluctuating
hearing loss is common in elementary school students due to the
incidence of otiis media, with percent of incidence decreasing
with age (Harford, Bess. Bluestone, and Klein, 1978).

Apparatus and Stmuli

The room used for the experiment was a classroom within the
elementary school building which was chosen for its availability
on the day of the experiment. The configuration of this classroom
was tvpical of the general education classrooms within the building
(see Figure 1).
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Figure 1. Classroom arrangement for testing showing the posi-
tion of the tape recorder and amplification speakers in relation
10 the student’s seating positions. Note that those desks within 10’
of the tape recorder (‘*Close’’) are shaded. Factors affecting the
acoustical characteristics of the room are also described.

The soundfield amplification system used was a Lifeline
Classroom Amplification System consisting of a Samson VLP
wireless microphone transmitter and receiver, a Realistic MPA-25
amoplifier, and four Tandy 2.5 speakers, placed as noted in Figure
1, at a beight of one meter. Sound Jevel readings were taken on
the test day prior to testing and between each experimental group
at five sites (Appendix A) with a Quest (Model 155) sound level
meter using a white noise tape recorded signal set at 66 dB. This
signal level gave an average S/N ratio of + 12 dB with the Lifeline
System turned on as measured at the five sound level test sites.
White noise was used to produce a constant signal and to aid in
the accuracy of the measurement. All seats within the classroom
received the sound signal at equal volume (+2 dB) when the four
speakers were placed as noted in Figure 1. Speakers remained
in this position throughout the experiment.

Two spelling lists of twenty words each were generated for each
grade from grade-level spelling words specified in the Jowa Spell-
ing Scale (1954). They were selected from the final seven spell-
ing lists used within the schools for the school year so that none
of the words had been taught in spelling lessons at the time of this
experiment. Lists for each grade were balanced first for Jength
of word and degree of difficulty (Green, 1954), and then for
pumber of phonemes *s, f, and th"’. With the limited set of spell-
ing words to choose from the first two criteria were the most critical
for creating matched CBM spelling test lists. As it is presumed
that correct spelling depends partly on hearing all the phonemes
of the word, an atiempt was also made 10 balance for the same
pumber of three low power, high frequency phonemes (**s, f, and
th'') to make the listening task as equally difficult as possible be-
tween lists. With the limited set of words to select from, other
phoneme characteristics such as position within the word could
not be matched in both lists. Homonyms were not used. (See Ap-
pendix B for word lists.)

Student spelling test directions, based on the CBM administrz-
tion manual directions were recorded, followed by the twenty
world lists. (See Appendix C for test directions.) Each of the twenry
words was spoken twice with the initial presentations of the words
seven seconds apart (Shinn, 1989) A Sony tape recorder
(TC-153SD) using a Shure microphone (585SA) was used for the
recording in a Tracoustics acoustical enclosure (RE-142). Peak
dB Jevels were held constant for each word. The same female voice
was used on all recordings and the same tape recorder was used
to administer all spelling tests.

Procedure

Six classes of students (two at each of three grade levels) were
tested in their normal class groupings. Students were allowed to
choose their own seats in the test room. Response sheets and pen-
cils were placed at each seat. Students were instructed to write
their desk numbers on the back of each paper in the place provid-
ed. Because the CBM procedures were new to them, directions
were first given live-voice, followed by a five word practice list
presented via the tape recorder in the same experimental condi-
tion which was to be administered first. The tape recorded test
was then played for the class. Following the completion of the
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first test, students were told 1o pass in their response sheews, They
were allowed 19 relax while response sheets were collecied and
new ones distributed, which wok approximacely five minuss. Then
the second spelling test was given uilizing the same procedure.
The order of presentation of the amplified condition was counter-
balanced with each grade. In this way, both spelling list A and list
B were amplified one time at each grade jevel.

Unamplified lists were plaved from the wpe recorder placed on
the teacher’s stool (center front) and set at 53 dBA measured at
a2 diswnce of one meter (Desk 3A). This dB level was selected
because readings wken of weachers’ voices within this elemeniary
schoe] showed this 10 be the quiessst average voice level of a 1zacher
when addressing her class. (The range of lecturing voices was 53.72
dBA ) For the amplified condition, the spelling lists were broad-
cast through the soundficld system a1 a volume of 66 dBA for a
signal gain of +13 dB in 2 unoccupied room.

Background noise levels within the classroom were messured
with each experimental group while testing was in progress. They
sveraged 5010 53 dBA with memenwary peaks (maximum 62 dBA),
Primary contributors 10 this ambient noise level were playground
and gymnasium sounds. and fan noise. No iesting was done while
classes were in transition in the hallway. Appendix A presents a
summary of sound level measurements u selected seat positions.

All spelling resus were scored by two independent scorers who
had been trained in CBM procedures (see Appendix D). Interjudge
reliabiliry averaged (98 When there was a scoring disagreemen,

1sually due 1o handwriting claniny, a third scorer was psed,

RESULTS

A single factor analysis of variance was used 1o analvze 125
results for each prade level. Results indicated a sunistically signifi-
camt difference in spelling scores in each grade level with the
amplified soundfield condition (the values being: third grade,
F=88721, dim|-26. p<<.00l: fourth grade, F=8).047. df=1/52,
p<001; fifih grade. F=124.376, df= 1/44, p< .001), Figure 2A
compares means of the amplified and unamplified conditions a1
each grade level. Resulu were also analyzed by proximin 1o
speaker (Figure 2B). Within ten feer of the speech source (i.e.,
lape recorder), the students would be lisiening mainly to direct
speech. At @ further distance, students hear both direct and
reverberam speech which would interfere with discrimination
(Berg. 1987). Spelling scores improved with soundfield amplifica-
uon in both close and diswnt positions. This difference is signifi-
cant in the distant sear positions.

DISCUSSION

Previpus studies have indicated that classroom amplification can
enhance academic performance of students with a hearing Joss.
Personal amplification units have long been used for this purpose.

{ore recent studies have indicated that auditory discrimination
of students with no hearing losses as well as those with mild hear-
ing losses improved with soundfield amplification in a classroom
serting.
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Figure 2. Mean spelling 1251 scores comparing unamplified and
amplified listening conditions for (A) each grade and for (B) sear
position proximiry 1o the wape recorder. See Figure 1 for the 2r-
rangement of the desks,

The present srudy indicates that general education srudents” speli-
ing performance is improved in soundfield amplified conditions
With srudents present, the classroom in this srudy had background
noise levels of 30-33 dBA which is within normal limits (Berg.
1987). The teacher with a quier voice (53 dBA) would have
presented the spelling test ata 0 dB 5N ratio (unamplified condi-
tien). In this poor listening condition and with unfamiliar spelling
words being presented. the unamplified spelling 1est scores of
70-80% were remarkable. Even more remarkable. seundfizld
amplification (=12 dB S/N ratio) made a suaistically signfican:
difference in their academic performance. Benefit was realized b
srudents in both close and distant proximity 1o the signal, with more
improvemnen seen by stodents distant from the sound source, Those
students disant from the speaker had lower scores on the
unamplified lists than those nearer the speaker. Under amplified
conditions scores were nearly the same between the close and the
disuant groups. This suggesis that the soundfield amplification
system affords all srudents in the room equal oppormaniny for
learning.

Further study should focus on which specific srudent popula-
tions in the regular education classroom (e.g., studenis with Ar-
wntion Deficit Disorder or students receiving Speech/Language
services) may benefit the most academically from the use of 2
soundfield amplifeation sysiem in their classroom. This would help
in making more specific recommendations 1o principals, teachers.
and parents. Classroom observations of students with ADD have
shown an improvement in on-usk behavior with soundfield
amplification. In a pilot CBM study, the only subgroup of students
to show signficant improvement in spelling west scores with <20
dB 5/N ratio compared 1o +10 dB §/N ratio in the unamplified
condition were the students receiving SLP services. About 0%
of these students had a history of chronic otitis media as
preschoolers, _

Further study could also address teacher voice level and S/N
ratio 1o determine a1 what 5/N ratio there is no longer a signifi-
cant improvement in speech discrimination.
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AFFENDIX &
SOUND LEVEL MEASUREMENTS (dBA)
WITHIN THE CLASSROOM
Signal Tvolse
Limning Condition Selecied Sest Posltion Ratio
ia 1B 5B AC 1D

UNAMPLIFIED
(Tape Recorder oaly)

= withoui stodenis

in rodm 53 50 3 &4 47 Q

= with srudents® Ml — = = =
AMPLIFIED
iAmplificadion Svsem +
Tape Resarder)

— withoul suders 67 66 65 &7 &R =13

— with sPudents B4 B 6 & & %10

*Linable 10 measure scourately at some seal positions dus 10 2
background neise level of 50-53 dBA with srudents present.

AFFEKDIX B

Third Grade Fourth Grade Fifth Grade

Spelling Lists Spelling Lists Spelling Lists
ListA LB List& ListB ListA LB
water cookies  thousand nesdless  organize  exencise
£ars bags thunder  gardens  poems ditch
spoon  wings  chapier  picture  existing  includes
file cuts differ flighs campus  couple
picked  kailled blanks floars VICTim author
$nap gray ipron helps happily  lemuce
filling  kimens  excep excuse  vemture  orchard
brass Irist worship  respond  reson blouse
cane cage frankly  kindest  welfare  credis
meved  drove  quan nable groups  chosen
crown  desks dining suffer eccupied  potified
Rear lefi sound bunch freight hurrisd
club leap olden member  cheek crawl
lad g blaze death selfish MAXTUTE
takes asked begging  harvest  aweid fault
shor fight couch Joint measure  further
POSIETS  SIMREE  wagE rige steady beaury
bakimg  grand express  conlim  stroke decads
jumps keeper  folks scrap distance  amgwered
flat mast kither honest proof zrkle

APFENDIX C

Directions for Administration of Spelling Tesws

1. Yeu should have a sheet of peperin from of vou. Wite vour desk
number a1 the top where 1l save desk”,

2. T want wou 19 write the words on the shas1 1n fronl of vou. Write
the first word on the first line, the second word on the second line,
and so.on. I'll give you 7 seconds 1o spell each word. When I say
the next word, iry to write it. even ifl vou haven't finished the last
ooe. Are there ary guestions?”

(Tape recorded spelling lists.)
3. 'Stop. P your pencils down.™
(Shinn, 1989

APFENDIX D
CBM Spelling Scoring Procedures
1. Mark a caret (™ ) for each Correct Lenier Sequence (CLS). (A lenet
sequence 15 8 betier pair that 15 sequenced correcily.)
Beginning and ending beniers are cormect if they are adjacent 1o
& COTTeCt emply Spice.
Example: is
2. Give one point for each correct lefier sequence.
Example: table = §
- Lener reversals ARE errors.
4, An omined letter will pot count in a0 SEqUERCES.
Example: becagee = §
because =6
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