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Merhod. The research began in late August 2001 with securing ad-
ministrative and parental permissions. Student participation began dur-
ing the last week in September and lasted through the last week in April.
A day was set aside to administer QEEGs (also called “brain maps”) to
the students in the experimental group. Protocols were developed by fol-
lowing the brain maps and by using clinical judgment after staffing the
students with their teachers on a regular basis; their psychoeducational
evaluations were also used to'plan the protocols. Following the statistics
on the biofeedback machines also influenced protocol decisions. Neuro-
feedback training was provided to the participants of the experimental
group only, Both the experimental group and the control group had their
Individualized Educational Plans (IEP) or 504 Plans plus their general
curriculum plans. Neurofeedback training lasted approximaiely 30 to 45
minutes within each one-hour time block. The sessions were conducted
weekly for the seven-month period. Some students received more ses-
sions than others because of absences, field trips, testing and other natu-
ral thythms of home and school life. The average number of sessions per
student was 28.

Results. Neuroleedback was more effective in improving scores on
reading tests than no neurofeedback training. There were significant in-
teractions between neurofeedback and time on basic reading. Wilks’
lambda ( A)=.69, F(1, 23) = 10.32, p < .0}, on reading comprehension,
A=.5F(1,23)=7.62, p= 0!, and on reading composite scores, A =
65, F(1,23)= 1259, p < Ol.

Neurofeedback training was more effective in improving both the
Verbal and Full Scale 1Q) scores than no neuroteedback training. There
was a significant interaction between neurofeedback and time on Verbal
1Q, A=.62, F(1,21)=12.71, p < .0}, and on Full Scale [Q, A = .56, F(1.
21)=16.50, p <.01. However, there was not a significant interaction be-
tween neurofeedback and time on Performance IQ, A = 87, F(1,21) =
3.00, p=10.

Discussion. The results support the hypothesis that biofeedback train-
ing is effective in improving reading quotients. Limitations of the study
and ideas for further research are presented. Neurofeedback may be an
effective supplement to special education in improving IQ and reading
performance. [Article copies available for a fee from The Haworth Document
Delivery  Service:  1-800-HAWORTH.  E-mail  address:  <docdelivery@
haworthpress.com> Website: <http #Avww. HaworthPress.com> © 2004 by The
Haworth Press, Inc. All vights reserved. ]

KEYWORDS. Neurofeedback. EEG biofeedback, learning problems,
reading scores, 1Q scores, school psychology
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INTRODUCTION

Most of the work of a school psychologist is to accurately diagnose chil-
dren who have learning and/or behavioral problems in order to see whether
they are eligible for special education. Psychologists make their recommenda-
tions for eligibility in the most effective and efficient manner possible. Accu-
rately diagnosing students impacts many things (e.g., the seif-concept of the
student, the type of support a student will receive and parental/community per-
ceptions of what a school is supposed to be doing).

Special education has used over $350 billion dollars in Federal money over
a twenty-year period. Many special education programs have lacked rigorous
scrutiny and research to ascertain whether they have been effective or not.
Nonetheless, most of them continue to be funded year after year. Moreover,
school psychologists are aware that re-evaluation data often indicates that
cognitive functioning frequently decreases in the re-evaluation process, espe-
cially six years after the initial evaluation.

The physical sciences have gone through technological evolutions, if not

“revolutions, in their ability to diagnose illnesses by directly viewing organs,

genes and brain functioning. School psychological assessment, however, is al-
most entirely dependent apon psychometric instruments. Of course, some ad-
vocates of statistical procedures justify the use of psychometric tests because
they consider that the powers of their mathematical formulas are capable of
overcoming the limitations of not being able to observe brain functioning di-
rectly.

School psychologists and neerofeedback professionals now have a way to
directly observe brain functioning in educational settings through quantitative
electroencephalogram and EEG biofeedback (neurofeedback). The capability
of quantitative electroencephalogram (QEEG) and EEG biofeedback has the
potential to transform school psychology into a whole different profession—
{from ‘test and place’ to ‘train and heal.’

Neurofeedback is a method that permits the student to pay attention to his
or her own brain activity, and then change it if he or she desires, and to eventu-
ally control it. The student is provided immediate feedback on what his or her
brain activity is like at any given moment through the use of high-speed com-
puters that provide both auditory and visual feedback.

Neurofeedback is an operant conditioning mode of intervention based on
the QEEG variables. Brain wave patterns are transmitted via clectrodes (sensi-
tive sensors) placed upon discrete sites on the scalp, These electrodes are then
connected (0 a computer. Subsequently, the brain waves respond to the re-
ward-inhibit information provided by the software. The more successful the
student is with the computer programs, the more control the student gains in
changing his or her brain wave patterns.

Neurofeedback equipment can both track an individual’s raw EEG patterns
and track how those patterns change. Raw EEG patterns can be collected and
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The original experimental group had seventeen students who were ran-
domly selected to participate in this study. Twelve subjects, whose parents
agreed to participate, actually finished the project. All students in the experi-
mental group had an Individualized Educational Plan (IEP} or a 504 Behav-
ioral Contract, plus their general curricalum and the experimental variable: the
neurofeedback, Two students in the experimental group with a behavioral
contract for ADHD did not have previous psychoeduocational evaluations on
record with requisite IQs documented and one did have this information avail-
able. All other students had previous psychoeducational evaluations on record
along with requisite cognitive and academic assessments in place. This left
only 10 students oimmn = 11.27 years, SD = 2.00) for the 1Q comparisons.
These students received no other intcrventions, at home or at school, other
than their IZP or behavioral plans, the neurofeedback and the general curricu-
lum. Two students in the experimental group and three in the control group
were using stimulant medication. No effort was made to control for this vari-
able.

Originally, the control group had seventeen students chosen. One student
was jailed just as the study started; another was removed from the school and
placed ina self-contained program for the mildly mentally retarded and one
student moved out of district. The remaining fourieen students (M ype = 13.14
years, D = .77y had their IEP plus their general curriculums. All the stndents
in_the control group had resource support (pull-out) with the exception of one
student who was on a monitor schedule within a mainstream environment. (A
monitor program is a system that requires a special education teacher to visit
the regular classroom to supervise how a special education student is doing

" rather than pulling the student out of the classroom for support in a separate
setting.)

The study was inittated in Angust 2001 after securing administrative and
parental permissions. Student participation began during the last week in Sep-
tember of 2001.. A day was scheduled for the quantitative electroencephalo-
gram (QEEG; brain mapping). After the results of the QEEG evaluation were
secured, student participation began with the use of the Lexicor NRS-2D ma-
chine. The BrainMaster Type 2E Module machine and its software were put
into place during the first week in January. The students were then free to
choose which machine they wanted to use. There was no control for this
choice. Protocols were chosen by following the QEEG map and by using clini-
cal judgments in conjunction with the equipments” statistics, consultation with
teachers as well as parents and the psychoeducational evaluations.

A neurofeedback practitioner in the community volunteered to do the
QEEG evaluations for the school using the Lexicor system. He did this on a
pro bono basis. He dedicated one day for doing those evaluations. Every stu-
dent in the experimental group had a QEEG done with the exception of three
students who were absent that day. For the nine students who had a QEEG
done, the brain maps were used as a protocol guide. The school psychologist

Scientific Articles 11

chose the locations using the QEEG data and information ohtained from the
student and the teacher about how the week was going for that particular stu-
dent.

For the three students who never received a QEEG, protocols were
developed based upon the clinicat decisions made by the psychologist and upon
mformation gained rom teachers andfor parents concerning the student’s behav-
ior for the week. The description of the student in the psychoeducational eval-
uation was also taken into consideration. Data was also studied from previous
and current sessions.

The training goals in all cases were directed to reduce any brain wave pat-
tern considered by the psychologist to interfere with focus and concentration.
Regrettably, brain maps were not done as a post project assessment because of
the lack of funds and time. Impedance levels were monitored for 5 K ohms for
the Lexicor instrument; the BrainMaster machine was self-monitoring inas-
much as the machine indicated when the impedance levels were workable or
not.

QEEGs were obtained using Lexicor Medical Technology. Inc. recording
equipment {NRS-24}, The sampling rate was set to 128 o allow for examina-
tion of up to the 32 Hz range with a 60 Hz notch filter. In the system employed
i this study, filtering is accomplished in the software. The signals passed are
between .5 and 32 Hz (3 dB points). The signals which pass are then subjected
to a Fast Fourier Transform (FT) using Cosine-tapered windows, which output
speciral magnitude in microvolts as a function of frequency. The bandwidths
were divided according to the following divisions: Deha; .00-3.5 Hz, Theta:

-4-7.5 Hz, Alpha: 8-12.5 Hz, Beta: 13-31.5 Hz. This equipment provides for

the collection of data in the standard 10-20 system (ear linked references) for-
mat of EEG colleciion. Impedances below 5 K chms, and within 1.5 K of each
other, were obtained on all locations. Gain was set 1o 32000 and the high pass
filier was set to off. The earlobes and forehead were prepped with rubbing al-
cohol and Nu-Prep. An Electro-cap with the requisite 24 leads was employed
and spaces filled with Electro-gel. The data was visually analyzed and marked
for deletion when artifact was evident,

The school psychologist administered all the post academic and IQ testing.
He was also the psychologist who did more than half of the students’ previous
psychoeducational evalvations used for this study. Other district psycholo-
gists produced the remainder of the evaluation data used for pre-test analysis.

Instruments

The previous psychoeducational evaluation results were used as pre-test
data. These evaluations used the Wechsler Intelligence Scale for Children—
Third Edition (WISC-IIL 1991y for the cognitive (1)) assessment. For a
post-cognitive assessment, the Wechsler Abbreviated Scale of Intelligence
(WASI; 1999) was used. This instrument was chosen because of its high corre-
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TABLE 1. Means and Standard Deviations of Basic Reading, Reading Com-

prehension, and Composite Reading as a Function of Neurofeedback and
Time

Time
Pre-test Post-test
Neurofeedback M 5D M 5D
Basic Reading
Experimental {n = 11) 84.08 11.37 88.82 11.50
Control (n = 14) 87.00 11.58 B1.43 15.32
Reading Comprehension
Expetimental {n = 11) 83.45 7.71 89.91 11.95
Controf (n = 14) 88.386 16.95 84.50 14.99
Composite Reading
Experimental {(n= 11} 81.09 11.48 86.45 12.59
Control (n = 14) 86.43 13.72 81.43 15.38

Two paired-sample r-tests were computed to assess reading composite
mean differences between the pre-test and the post-test. We controlled for
family wise error rate between these tests using Holm’s sequential Bonferroni
approach. Within the neurofeedback group, the mean reading composite pre-
test score was signilicantly lower than the mean reading composite post-test
score, 1(10) = 2.37, p = .04. Within the control group the mean reading com-
posite post-test score was significantly lower than the reading composite
pre-test score, H(13) = —2.66, p = .02,

Verbal 10

A two-way between and within subjects ANOVA was conducted to evalu-
ate the effect of neurofeedback (neurofeedback and control) and time (pre-test
and post-test) on the dependent variable: Verbal [Q. The means and standard
deviations for the verbal IQ scores are reported in Table 2. The time main

-effect was significant. A = .74, F(1, 21) = 7.49, p = .01, partial n2 = .26.
Additionally, the Neurofeedback X Time interaction effect was also significant.
A=.62, F(1,21)=12.71, p < .01, partial 42 = .38. The significant interaction
supports the hypothesis that the neurofeedback group is more effective than
the control group.

Two paired-sample #-tests were compuled to assess verbal 1Q score mean
differences between the pre-test and the post-test. We controlled for family
wise error rate across these tests using Holm’s sequential Bonferroni ap-
proach. The results indicated that within the neurofeedback group, the mean

Scienrific Articles !

TABLE 2. Means and Standard Deviations of Verbal 1Q, Performance 1Q, anc
Full 1Q as a Function of Neurafeedback and Time

Time
Pre-tast " Post-test
Neurofeedback M SO M SD
Verbal 1Q
Experimental (n = 9) 82.00 16.45 92.33 20.95
Control {n = 14) 78.57 11.82 77.21 14,06
Performance 1Q
Experimental {n = 9} 87.33 19.29 89.22 15.21
Control (n = 14) 81.86 16.36 78.57 14.18
Full 1Q
Experimental (n = 9} 82.89 18.54 89.78 18.55
Control (n = 14) 75.79 14.83 72.71 15.41

verbal IQQ post-test score was significantly greater than the mean verbal 1Q
pre-test score, {8) = 3.04, p = .02, However, within the control group, the
mean verbal IQ score was not significantly different between the pre-test and
the post-test, 1(13) =-91, p = .38,

Performance 10

A two-way between and within subjects ANOVA was conducted to evalu-
ate the effect of neurofeedback (neurofeedback and control) and time (pre-test
and post-test) on the dependent variable: performance 1Q. The means and
standard deviations for the performance 1Q scores are reported in Table 2.
The time main effect was not significant. A = 99, F(1,21) = .22, p = .65, partial
n? =.01. Similarly, the Neurofeedback X Time interaction effect was not sig-
nificant. A = .87, F(1,21)=3.00, p =.10, partial 1> = _13. This result does not
support the hypothesis that EEG biofeedback is more effective than the con-

trol group. Since there were no significant effects, follow up analyses were not
conducted.

Full Scale IQ

A two-way between and within subjects ANOVA was conducted to evalu-
ate the effect of neurofeedback (neurofeedback and control) and time (pre-test
and post-test) on the dependent variable: Full-scale IQ. The means and stan-
dard deviations for the full-scale TQ scores are reported in Table 2. The time



panperd [eyifofoys
-Asd 100yas 112y oju1 31 s1e0dI00UI 01 B[qE 3G PINOM JORQPOAJOINAU UL PAUIRL)
sis1dopoyodsd ssow uay) *Fuias Jooyds B Ul YoeqpasjoInou Jo osm 2y 1od
-dns pnoas syynsaz ay JL ey syensnyf o3 sem asodund ay T, "1s13o10yoAsd [ooyos
 JO $aunp puT N0t [EULIOU SY) WL} pasnoxa 2q 10 ouodisod 03 pajurid 1o
14Enos asom suorssiwrad eroads oN ‘ssauFoad ur sem yoaloid 11 3[1Yam Py
-Ing 2q pInoa Is150joYaAsd [00Yds a1 Jo £1np £1ead Jei} USYTE sem it

suopvaydury

“sdew urerq Aprs 1sod pue Apmys-axd usamiag opeur
99 ued suosLEdwWos ou ‘310)aIaY ], Wowssasst Apms-1sod v SB 0P 10U 219/
SOHAQ TBY] 9[qEN2IFL SkM )1 “DA0gE pauoyusW Sy (Aojopoyietu § Yoo
31 10 N0 FULIDE SIUIPNIS JO UONDBNSIP A1) ST yons “F'9) WNMOLLND [Liouad
Y UL IO WOOT 20IN0SAI Y] Ul (SULLINIO0 10U Sem TRym JO) SUELINAD0 SEM TRgM
01 9hp U33( JABY PINOD §3I0DS UL ISEIIIIP Y} “IFA0AIOI "APNIS © (ons o1l
parerodioout aq dnois ogaded © 1By} POPUIWILIODIDT ST 1 SOPNIS Imn] Uy
FIRUULLL SUIOS U BIEP 21 PRdUAN[JUT 3ARY PInoa A3e[ougda) mau Sunio
-X2 BUISn JNpe Ur (i1 uotsiazadns SUO-u0-auo 1) SARY O PIP SIUSPNS sa)
TEY1198] DY [, ITI[2 10U ST JamSUE B, [ AUA "ISBAIOIP 01 PIpual Adu Te(j urew
-e1 Ajaraut 30U ptp dnoid fonuod iy ul s31095  sjuapms 2y, s1sa1-axd oy vey)
s3891-150d Q] 2[eag [[ng pue O [eqiea ‘onsodwos Surpeal ‘wossusyarduiod
Surpeas ‘Jurpear o1seq oY1 W1 Jomo] Apuraryudis paioos dnois jonuoes yg,
"POYIRMW BjqRljLIaA B 97ed1jdar pInod s1oya1easar 1ayjo ‘Aem siy) uf
‘SIaquinu Wopues Jo ajgel paysijqnd e asn o) Jo sapdwes aiy) Jo nonezZIIopUE]
a1 2onposd o1 1e1ndwios © 3sn 01 Ja19q Uoeq 2ATY pINoa 1] “dnoid fenswiiad
~X3 10 [OJIUOD Al] a1 o sjuspnls ugIsse 03 pasn sea axnpadord K1ano] v
"suone[ndod uoneonpa [eryeds reiuils o1 apew
9 P[N02 Sa0URIBIUY YY) OS APINS YOIe3saI SIY1 FO] STO0YDS IYI0 wWwed) sjuap
-ms arow pue dnoid oFe awes ay ul spuapms £juo wdedoe o ajqerejaxd uaaq
SABY PINOM 1L IYTispuny uj "Apmis 311 0] PIPPE AxdM S[00UDS 1IY)0 WO PaIId]
-2l 31om OUm “UIJ1) PUe NG) 1811} SOPRIS Wop ‘(SItak 7' = umﬁ\é siuapnis
128unoA sa1y [, ‘sonigesip Fulires] SutALy se paLnuapI alam oym (SIeak A
= P sjuepnis opeas JySIo PUB YIUSASS "YIXIS § [00YDS € 300) Apms si],
‘sjuatoa0dun ssarp
2UMSEAW 01 IPEUL 21IM SHOIFD OU ‘T3A0MOH “siusurudisse yaomoauiol] aajdmon
puE Op 0 ssoudui{lm 2y pue ‘SIaysed] 1oy Yita uoneiadood [00Y2s premo)
ApMMIE Sk Yons $JUIWIA0IdWI [RI0ASS portodar simapns a[durexa 104 Wwool
-SST[D 3 11 TUSWIAOIAWT HIRIDPEOR 10/PUR [EIOTABYA] O] PIYUI] 3q OS|E PINod
§153) PAZIpIEpUR]S JUIWSSISSR-180d U0 JUBWISA0IWT JOU IO JAIAYM 3INSEA
01 SpeL U2dq PEY 10J}2 pappe J1 [yd[ay alow u2aq aary pnod Apms sy,

SUHOYDIUIT

Ll §9]IULY OHfI12108

"1971B U Y] OU1 YOIUASaT SI0W 238IN0D
-ua fjim Apms siy) sdeyaag ‘Sumonosuny aanugos Juuamof 01 amgnuod L|je
-njoe Aew sayorolidde vonesnpa [eads Juasald Ino jo swos ey voneonpdur
a3 s10yDJEasal 25Ny 2103q 20e]d 0 sem Apms s1y) Jo 1oadse wenodu ay T,
synsat O
9[Bag [[ng 2u3 ur afueyd wedyudis i) 10y pajuncaoe ‘dnoid eswnsdxs sy
ut Sui00s ) [BQI9 A JO asTAIOUL JURDIFIUSIS OY) [HIM PIUIGIOD “SIY T, "18a1-150d
3qy ut ApuesyruSis jou g paseadsp dnoid (01U 31 JO O] SOURULIOISY ],
-2mord m1apdwod ay) 9q jou ppnom STyl Ing "OJ °1ess [[nd 211 w a8uryd piem
-dn o[eas-[[ny 2y} [[& JOJ pAUN0dIE Iseaioul O] [eqiaA o1 ey Jeadde Kews 3y
“Bumuren yorgpa2Jonau ou uel) O] 9[edS [INg pue [BqIaA o) yioq Juiaoidur
m sapoape amow Apuedtjiudis sem Sururen ¥orwgpasjoinsu el S1ens
-UOWIAP PIP S)NSI S} ‘SSI[DYIGUON *$21008 O] 0ULWI0}Id] Julsoidwr ut 941
-33)J2 Apueoy SIS 10U sesm FUINTEN YoeqpaajoInoN “SUilien) Yoeqpaajoinau
yua Apuediudis paaordun syuanonb souaBi[joul St 10 |[B 10U “19AIMO]]

‘ ) ‘wergord uonesnps [eroads
a1 U1 $21008 (O] 2A01dUil 01 PRI S10M $SIAWSNE ON "WANILLIND [ENSN 3] GELY)
T340 §2100% SUIpEal 9SBIIOUL 0] OO0 IDIMOSAT oY) UT SULLINDIO0 SUONUDAINIL
19110 ou asam Y], *dnoi3 jenuod ay) 1oy 10u 1ng dnoad [ejuswLadxa s 10]
pasearut (ausedurio)y Suipeay pue ‘uorsusyardwo)) Suipeayy ‘Suipesy sseq)
sieanonb Surpear sa1y) oy 1, “Sututer YorgPosjoInau ou Uy sjuanionb Surpeal
uaoidwl ur 2An9)42 0w $1 Juiuren yoeqpasjoinsu jey sisaiodLy ay
panoddns synsaz 3599 2y, “swaqoxd Lpiqesip Sunuesy Smaey sv paynuapr
usIPjIYD 10) susnonb asuaBiaul pue saunseaw Fuipear saoidwi 01 2|qe aq
PINOM JORYPIDJOINDU JYIDYM DUILLIAIAP O) sean Apmis suy1 Jo asodmd oy,

NOISSAOSTd

0 =4'897— =(¢1¥
9sa1-aud QI o{eos [[nJ ueaw ay; ueyl Jamo] Apuedtiudis sva 21008 1891-1s0d
DI 2[eas [0y uwa 9yl ‘dnoid [oIUOD Y] UMM “19A9MOY 'SZ0" = o ‘LT
= (R) 21038 153)-a1d )] 2yE$ [N} UBAW A1) Uey) 19jeard Apuesryiudis sem 21008
153)-180d ) aeos [jny uwaw o) ‘dnoid yoegpasjoinau sy U yoeordde
wouguog fenuanbas s wjoy Suisn $1591 25911 UAM)Rq LI JOLIO asim K[Ture)
10 paf[onuod ap 1s91-1sod ayy pue 159)-21d U} UIIMIAG SIOUIIIJPP URSwW
21005 Q) 2ess-{InJ ssasse 0] pandwoo aom 51897 sjdwes-pasred om],

“Suuren
Ou ey} JATIO0]]3 2I0W ST FuluIes] Yoeqpasjoinau jeyd ssayodAy oy siroddns
UONORIRIUL JURSTIUTIS UL, b = ¢l [ensed *1(° > d 0601 = (1T 1) ‘95" =V
TURDLJIUSIS STM 1091]2 UOHIDRIU] SWI], X YOLRGPaajOINaN 2] IsAaMmol 0]
=l enred ‘¢ =4 ‘7p'7 = (12 104 ‘06" = V IUedIuSIS 10U Seam 1095)0 UIRW

AdVHTHLOHNNAN A0 TVNHAOT o



cOVCT/LO “dHLIFODY
£0/C1/50

£0/91/€0 "AUSIATY
CO/0/01 *AFATLDFN

‘uoneiodio)y [eo180[oyoAsg oYL (¥
OO UG "20UB8 a3l f0 21038 PARNAGLGGD A2ISHIZM 2] (6661) (0 TASUIM
‘voneiodio)) zaiBojoyadsg oy,
XL COWIONY URS 782 [ JUIIUANAYIY [ORPIAIPUT 3]SYIB44 2] ZO6T) " "TAISUIIM,
: “uoteiodio]) [©o150j0yaksd sy, (X1, ‘Om
O URS ("pa ) uadppyd 10f 3(0as a0uaSai caisyaa, oy | 1661) A 1915422
. €CI-LP1 ‘£ WBojoipass g
40 jortop upirasny -Juines seand e oug Supuren Yoeqpagfol) DT tIA Saqe
-SIp Sujuies| Jo yuawiran) Furmofoy seBuetd (Y-ISTAAG FBISTID A (1661) T4 ‘Aasue],
65-8Y (1) [ Advaayromnapy
fo [rumoy “siapiosiy Aianovred A 1oga(y uonuaNy Funean ul suejninseyaisd
pue youqpasjolg DY jo vosuedwon v (ga61) T L “anbea BT % <y L ‘TNNSI0Y
"<IIIBUIOD WSTING
sz dng> wol o0z |01 Alenuep paalInay (DHLV) IS1y02y ) woumipag
O JUPNDBLT WSHINY "2IUNSU] YOUDaS2Y uistny (‘p'u) W S "U0sapyg % g ‘PUB[LURY

61 sy DRfitalog

*§521J UOSUOIY

N SppamoN {(96z-6eg dd) yovouddy saypaSapn uy spuadsaj0pp U v

Ul QH/AV Sunva pup SursouSvip ‘Suipupisiapur) “('Spi) JAWSSa ] (] 3 ‘UINSPIOD

SHCW CS g "BIRAIOOUT TV [ U[ "SISPIOSIP IOTARURQ sandnusip p:edr pue (@
/A 30] SUIITELY, :YORqPa2J0Iq OHH (6661) 'V ' JASIEY 2 ' °§ ToWyiQ 'S 1wy

'§5ald MRpEIY 1y 0l ues (01 ¢-cyg dd) yovgpaafounau pup

DFF 2anvnuonb of nopsnpo.guy *(*SpyY) 1UBQIEGY "V 3 SUBAT "W T UT “Raeoyye

1eqo[d s11 10§ [apour SuiSiowa uy orgPadFolq HHH (6661) °S IOWLIQ 3 S “1DWO

LTYT (y) £ oraofiip) fo &131008 yovgpaaforg oyt fo pouanor

“strajqoad 1anpuod paje1dosse pue ‘sanijiqesip Juiuia) oyoads JapIosip 1a1ap uoK
-uanye J0] 3uIuTen Y2eqpeajolq OFF (Z661) 'S D 'SHEI B ' S TaunQ g Jaunyi()

. €271 (1) 6 ‘uoupmBay-flag

PUD §o0qpazfold Bunas [EIIULD T UF SIIPIOSICE HALDC UONUSNY JO JUIUNEa)) Blaq
PUB IS JO yorgpasjolq AyderSojeydasusondald (p861) "d [ ‘1eqn % () [ Jrqn]

"STT10T (€)

91 ‘ucnvmEay-flag pub yongpaaforg s1ap1osi(] Ananoeiad SHALAC onuUsNY 10§
YITGP3JOIq pue SONSOUTLIP HYH JO UIWFO[DAAP Y U0 BSINOISKT ([ 661) " 'T “1eanT
"6v-S¢ (1} 17 ‘uonpinday-fiag puv 320qpasforg *somigesip Suiusea| pue 19p.0

-SICT DR UONUSNY Y1LA UIP[IYD JO To1AB3aq pur ueiuF00 uo youqpasjolq g

Jo s1533f3 241 Jo ApTus pafionuod v (9661) "A ‘01a2(0pRY W I ‘GIqRH “TA ‘Uspur]
"au] 'WnDadg DAY 1y OuouY SIAPIOSIP pairal

pup JIoHap |DHONUSID Y1 SIPD HO YIDgpaafo.mau Jo Kovanff LE661) "V (1 ‘1esImy]
'92-6 T) ¥ ‘Kdvaayiomap fo punop “3umss [ooyos & T SIaPFOSIP IOARYRG

10J Jusuneal] € sk welSold Waaienu [ensia-opny (000z) " 19A3S B W ‘0350f
‘o768 () 9 ‘Advaaposman fo prunoy -Apms yopd v swny

-oads ansnne ay) ur uaIp{Igd I0] JdeqpeajoInau Jo KMy (Z00z7) g ‘Zarmatsnuer
Tuny o -z il
AUDUINOlE10 Ul us mansyy:diyy WOIF *1O0T *C] 1SSy paAsmnay "1£-C0 ‘(h)
Z ‘Adpaaoanay fo ppuanof “Bunias 100yds € Ul (Y 1891 0) Yaeqpaajoug OIq

J0 35N 3, 15100Yds 3 ul Jorqpasjerq HHH (8661) “H 'S ‘Jlegdwre] 3 ( 'm, ‘phog

SHONTUHIHA

‘[19M se 3NSST ST 210[dXxo 0] Aresseoau st yareasal

Tayung JaaamoH “swergosd uonesnpa [e1oads uasard INo Jo wos uey) sourw

-10J12d Surpeal pue O] Sutaoidul o] poyIOlE JATIIIIYD VIOW USAS UL oq Keur
1] "uonEanpa Terads 0) usuwa(ddns 2amdajy0 Ue 3q Avw YorqpPo2JOINaN

‘sa1pnis aaneIuenb ainng wi patojdxs oq wed sajquLIrA D8N,

o A0U Apnis 03 9] | 191583 ST yre K[A],, ‘PICS JU9pMS ISUIOUY  "URY 310w Sur

-ABY UIe ] pue £3112q jooyds o[ 1snl | ~xonaq Sunum pue Juipeas we 1, ‘pouod

-o1 uapms 200 ‘o[dwexs 104 ‘woissardxs ushim 10 apmyme ‘sanEWAIEW

SE 4ons seale oo ul syuatwssordury juedodun poyodar sfenpralpur jriaass
“19A3OT] '$21025 (] pue 3uipear uodn A[10mms sem Apnys SH3 JO SNOOJ YT,

AdVHIHIOANIN A0 TYNINOT 87



