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Attached 1g a report entitled The Effest of Dia-
action Lizht on Pexrforsense on the Mashburn Sorial Coerdination
Isst by Roy Dale Fance, Claude E. Buxton, and Kemnsth W, Spence.
Trle report ie pubmitted by the Commitise om Selection and Training
of Alreraft Pllets with the recommendation that 4t bve included in
the asiies of tevhnical reports lsgued by the Division of iesearah,
Civil Aeronautica Administration,

Thie report presemts an amlysis of performance on
the Maahburn appsratus with and withoul disiraotion lighte, supple-
monted bys (1) a study of ihe efifsot of lengihening tha tims limits
on the rellability of the {ezt, and (2) an svaluation of the effecin
of fatigue upona teet performence., These studies, invelving a small
number of qmaes, are exploratory in shuractsr. Apart from the find-
ings, the report is of intereat ss mn sxample of cooperstion betwesn
the Uommitiee on Selestion and Training of Alroraft Pllotz and the
Army Air Feroes im the investigailon of basie problems in the selce=
tiocn of pllotn,

Cordlally yours,

Yerris 5. Viteles, Chairuen
Sormsdttos on Selestion and

Traiving of Alroraft Filois
RNR-te Yational Resaareh Council
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EDTTOAIAL FOREWORD

in 1943, the Coummittee on Selsctlen end Training of
Alrorafy Pilots with the ocopsration of the Army Alr
Yorges and the U. 8. Navy, undericok further investige~
tion of the reliability and reletive validity of sartaln
of the psychomoior teats which wero being ourrenily emw
picysd in the gelaction of applicantsg for filight treining,
Theps aiudies wors underteken with the vlew ¢f determipvings
(1) the effeate of sxterding the time limits (or inoress-
ing the number of trisls) er the rellability and validiiy
of thess inetrumentu; (2) the effucts of sertain other
medifieations in the proosdures of adminigtration on the
religbility and waliditys and {3) the interrelationshipe
of thess myohomntor tests and certain peychomoter and
paper-and-pencil tests shioh are not balng employed in se-
lection batteries st {he present tims., The over-all goal
ig, of course, the oongtrustion ¢f & solectlon test bat-
tory of grealer walidity than those slresady in uss, Prior
to the inltietion of tha proersm sponaored by the Commite-
tue on Selection and Traimimg of Alreraft Pllots, the Stete
Undversity of Xowa was alroady ocoperating with the Army
Air Forces in an experimental anslysie of psychomotor tests.

The presert report repreesnts, to some extent, an incident- -

al atudy growlog oud of this earlier propram vndertakon ey
& resull of a oonfersute hald at the Stefte University of
Totm 4n April 1943. The atudy was degipgned through the
cooperztion of lb, Col. A, U, Nelton, and 3he awthore of
thie proport, and the gtafl of the Comnittses on Selnotlon end
Trasniag of Mreraft Pilota.
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SIERLARY

The Hashinrn Serdal Reaotlon Time Apparstus is being employod as &
celeoilon test for ths predistion of ultimats success or failurs in flight
treiniag., 14 conslols of a pansl on which are nmcunted three doudls rows
of lighte, and s pistform in fromt of the pancl on which are installed a
rudder bary aentrol etick, and seat, simulating the prineipal ocontrols
found in an eirplare oockpli.

&% any glven mement only one of the liphts 4s on in any glven row,
Tho pattesn of Lights appoaring in one rov of esch pair of rows 1z "eu~
lested™ by the apperatus. The lights ou the other vow of each palr of
Tovs can be "naved™ by muvements of the controlz, one row being comtrolled
by "rudder moversnte," ancther rsv by "aileron movementz" and the third by
"olevalor movemente." The task of the pubject taking the test is Lc'move"
the cordrol lightr so thal they are metohed with the lights "peleated® by
iho apparatues, As soon as a mebeh is mado, the apperstus selscts a new
pattsrn. The soore on the test s determined by the mumter of matchinme
ade by o enbieot in a piven imtarval of tims,

In addition to the "atimulus™ lighta and “eontrol™ lights, thove ig
en edditional vertical row of lights on ¢aoh side of the panel of the ap~
paretus. Thege lichte en be turned off or on at the experimenter's dig-
ereticn, and are intonded to be used primsrily as distradiors. However,
they have rot deen consistently omployed in the test situation. The pur=
pore of thie ezporiment waa o determine the effoet of these lights on
the parformence of eubjects tauking the test,

Two groups of subjects wors usad in this ressarch. The first group
composed of 50 service men, Was glven a “short test," scores being deter-
mized on the bdusia of eight minubes of continuous work. The distrastien
lightz were lipnted during alterrate mimries of this tept peried. Sep-
arnte soores, in torms of mumber of matalingn, wers determinsd for the
"dlstrartion lights on” end "distraction lights off" part of the toak.

The pecond group of pubjeots, cuompoped of 50 psrvice men, were glven
8 two-ginute pre~test on the lisshburn apparstus with the disiraotion lizhis
lighted, Pairs of rubjecits having squivalent pre-test scores were deter-
mined, ons mexber of easch palr belng pud into ench of two sub=groups, Cne
sub=greup wae thon aubmitisd to the test with distraction lighis off, and
the other pgroup with distraestion lightas Lighted. Thess groups tock ihe
“long tesi,” eonsdeting of three olght-minute perinda on the apparatus,
eeparated by twon-minube reat periods.

av whe complstion of the test all subjscis wore asked a wumher of
questions rogarding theisr opinlone im refevence 4o various aspects of
thelir performanogen,
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The repulte of the experimeunt indionted dthats

Xz The fazot that the ddetracilon lipghts are lighted or not lighted
mekes 1ittla or ne differencs in aversge scorss of nen taking the teownt
undei the two conditicns; and the relatioughlps betveen osores made under

the two conditiens arc high.

2. Both the long and the short tuets are highly "rellable," i.6.,
if the men ware tepted apain, ths roorae en the restssts wonld probdably
be gonsiglont with tho seorsa on the origimul test, Ths long test was
found to be more rellable %han the ahort $agh.

3o There la a high roloticnship betwsen soores on the firet half of
beth tests and the mcwres on the oamplete tasta.

4; VWhile the msn prowarst diffsraotly %o questione regmerding their
opinion of the offest of the distraciicn lighta m their performanse, re=
garding their feelinge of fablgue; and tholr msthode 42 noving the con=
trolo, no signifiocent differsuges were fouwnd in mveragd sooresd of Zroups
of mon vho geve affirmstive and negative enswers to tha weriour questicas.
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Tils CFFR0T OF DISTRACTION LIGHTS UPON Pﬁwm ON THE
KASHBUAN JERIAL COORDINMATION TIST

IBTRODUCTION

Viith the reewskening of interest in aviatien psychology shortly pre-
ceding this war, ths development of testes and Losirumunts for the welsciion
of potentially suocessful ocandidetes for flight training was creatly ao-
soleratad. Oonsiderwble omphasis was plaosd on the developzent of payshoe
wotor tents on the grounds that flying an airplens demande wozplex and noe
osurntely coordinated mivaments of the hande and foet.

The Mashburn Serial Aeaction Time apparatus {sse Figurs 1) haa beoen
one of the most widely used Psychomotor tests in which the astual control
operationa of a plane are siwulsted. In the iarverd revislon of the grigi-
nal model a maber of "dletrastion lights™ wera added to the comtrol panel 2
Theas "dlstractors,” however, have not besn sonsistontly used in ths test
situation. In faot, nce provislon is mude for thelr use in the present {ogh-
ing procedurss. This study represomis e preliminary inwvestigstion of ths
effeot of these dlstractors on the tsst results.

APPARATUS

The Naghbury Seoriql Resction Tims epraratus aonsilets of an upright
pansl {sse Fipwre L) on whidh aro mouwnted thres doublo rows of jewsied uig-
nal lights, thirteen signal lights appearing in anoh rew,. One row ia sash
of the double rows consiste of groen "jewsls,” the vther of red "jJevelas,”
A rudder bar, cumtrol stiok, and seat, simulating the prineipal coutrols
found in an airplare sockpit, ere lnstalled dirsctly in front of thie panel
of liphts.

In the tegt situatlon ths eiimulus ohjecis are thres red lighta, one
in sach of the rows of red pilot lighte. 4t any glven moment only ouo rod
light is lighted in saoch of ihe rows; ths partioules pattern {loestion of
the three lights) being sutomatlcslly "gelested” by atepping relays buils
into the apparatus {ass Appendix A). Simdlarly, st any given mamout only
one gresn {(oontrol) light is liphted in esch of the rowe of gresn pillot
lights. The iocentlon of the groer jJewels which are lighied is, howvever,
dependant upon the position ¢f 4the controls (ruddsr bar and stisk), Right-
left moveuenta of the stlck ogause the grasn lighi in the vpper vew 4o
"move" from right to left. Forward movement of tho otick Ssusea the green
light in the psrpendisulur row to move down, and beokward movemsnt of the
stick moves it up, Hovement cf the rudder bar with Tight or left prezsurs
oanuess the agrasn light ln the Solton row 4o move right or left respecilively.

=2

1a thesie submitted by B. D. Nenco in partial fulfillment of the degree
of magter of arte in ths Department of Paycholozye State Univereity of lowa,
Towa City, Xown.

2“0?“1&“3 Re Ao and Charmell, B, Ge oL AT e & pas B
tua for Appraising Pilet Astitude. Bostont Harward Urdversliy, 1943,

in Gommittee Files.
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The task of the subjleat La to edjust the gresn (conirel) lighta by &p-
propriato movement of the sontrolde sc ihwl they are in direct alignment
with *he zed ldghts, {i.e., the pubjeci mugt srrange the gresn lgkde in
the sams pattern es tho pattern of red iighits whlch is avtometizaily ze-
leet=d by the steppiag relays of tha apraratus;. hen he zwosads in metoh-
ing pooitionz of groen lighte with rod ones, and in wmsintaining ths mmtohing
Zor aprrorimately (.5 gessnd, the apvaratus awkomailselly graaazxta L
ired) stimulve pattern, The whole eyele ip thea repoated.

In eddition to the rews of atimulus and “gontrol® lights a single row
ef five lights, altorastaly red and groen, ia loscated on waoh pide of the
®lightz" panel. Thses lighis ers independent of the stimulus pattorns and
of +the sonbrol movemsnis, and are latendsd to be used primerliiy as distres-
tors. Thoy san be turnsd on or off ab the experimenter’s dlsorstion (see
distreotlon iights, fgures 1).

A csontrol uval% placed on ths experimenter®s tatle Ze wired imto the
rapulsry elrouit of the sppavaius. This walt esomialng the master ewltoh for
the npoaraiug and aun emergensy btutton whish moetiwates the siepplapg relaye
sentrelling the presseuiaticn of petterns of lightu. A ocommercial "magnetic
measuige-rogl oter” rasords Ths numbsr of matohiage and makes it possidla,
therslore, for eaoh man's soore %o be rsad dlrestly for ony length ¢f the
test pariod. (For 2 mors eomplede degoription and wiring dlagrax of ihe
ecntrel ujit, sse Appendix A, Migure A-T,.)

STATEMEND OF THE PROBLEWM

Tha mashburn appsratus hes oomstinmes beon opsrated with $he distrec-
$tlon lights burndng comstantly and sometimes withoui, Although the toat
i being ompleysd quite susesgsfully in the selection of pilot persanusl,
the qusstlon might be rniged as Yo whelher presence of the distractiva
llghts Losrsares or dacrossss the valldity of the teet.? I the dlistrae-

3The amsver of astiings befors tho tset hegins to repest the patter:
is thirteen. Thapre are three suck repeated petiterze 1w esich revslutlon of
the sispping velay. In this experiment, 2 rest period way imssrted folloew-

ing & glven period of practice cn the taat. Whoen the subjesi resumsd his

a8k, hs began at whatsver setting had net been nomplated ay the momemt the
proceding practice triala wers halted.

YIn & proliminery study made im the apring of 1943, 20 sivilian men
and 40 Women werw used as S's. PRandomly golented halves of male and fermle
greupe wers given ths test with and witbout disiraetion lights, respestively.
The results were sontradigtory, j.e.; the womer in $hz without-dlatruotion~
lighte ercity made ellightly higher acorsas then did womsn in the with-diastrag-
tion~lighte group. Comverssly, the male group with~distrastion-lights made
slightly higher scores than did the wale group without-distireotion-iights.
In doth ozsom tho differsrnoce wore nut steblstically significanmt. It was
decided, thersfore, to mspeat ths expsriment using a larger group of male
athjoote omly. Ses Buxton, C. E. The effeot of distruction lights upou per-
formanse on the Uaghburn Seriul Coordinstion Tegh. Yowa City: State Univer-
sity of lows, 1543, (Unpublished.)
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tion lighte produce no sisnifiomat change in the rank order of subjecte .
taking the test, there 13 wo resson for the mrmed services to be conoernsd
with this aspect of the test, 1f such a changs does soom to ocour, the armed
services ean thon securs empirical walidation date to determine hov the tsut
might best be adminisrtersed,

Ths chief pwrpose of this experinent vas to dotermine the effsut of the
distraction lights on (1) the rank ordor of ihe jest subjecis and (2) the
lerel of their performence on the test.

The ciasign of the experiment alss provides tho folloving infermation:

1. 4n estimation of the reliability of the lMeshburn Tast under iheas
particuler conditioms.

2. The correcletiocns botwesn varicus portions of the tesd and ths fotal
tost scoresz; i.¢., the determination of the minimum test leagth
possible under thess conditionz which provlidss the same rankings as
those obtaired by ueing tho tctal toest.

3. in evaluntion ¢f the offects of fatipuve upor performance on the
toot.

SUBJEDTS

The 100 service men serving as subjucts in thia experiment wera divided
almost eguelly betwoeen twp different age zroupap; the average of ono group
boing 19 yeers and the other, 25 years. The two age groups showed approxi-
wately the same performence during ths shorf test. It wes declded; therse-
fore, to rastain them both., The younger grovp showed w glightly higher anver-
eze acore on the longer test period but aven hers the diflerencs was not
sipnificant. Motivetion cf sublecto acenmsd to be uniforly high.

SXPERTMANWTAL FROQEDURE

General. The 100 gubjects wore dividod into two groupa of 50 each. One
of thess groups toeX the "short test” in which each aubjeet pasrformed for 8
minutes on the Mashbura, The other took ths "long tost™ amd performed s totsl
of 2¢ minutes., Test scores (number ef matchinss) were recerded for sach aab-
Joct &t the end of sash ons-minute period of work. At the bogimnipp of tha
testes tho svxperinentar earefully demonstrated how the apparstus werked end vhat
the subject ™ar eupposed te do. Oral directicnz vere glven explainingz ths test
and 'ghe desired performance {pee Appendiz B for exact instrustiona to the sub-
jﬂct .

The Short Teat (8 minutes work). The short %est may Ye deseribod as fol-
lownps Alter demonstration of ome setting of lights by the axperimenter, the
subjeet gat 1n the chaly, manipulated the ournbrsis,; and than removed hie hand
from the stick. At the appropriate sipgrml he then began the test.
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Twouty=five of the gsubjocke in one group startad the itost Tith the ver-
ticul side iights {distraction lights) Zltlumimetiod. Thie is $6 be referred
te as Drder A, short f3gh. The rosaining 25 men in the group bagan ths teed
with the veriieal sida liplis rot illuminsted. This is to ba roforred to ac

Yrder 3, ghort tegh.

&% the end of emch vae-winmitfe peried of wori, thesy lighis wore ewilchad
off {or on). Thes “A" grovp,; lhersfore, had the distreciion lights bturning
during their odi-mumbered miawas of worky chile the "B" group had the lights
turaing during thelr evensmunbavrsd minmies of werk. The subjects ware tesisd
in en ABUAABBA order.

Thg Long Tent (24 pimutes work). The Long test bogan (follewlng a dea-
onstretion by tha szporivensers ete.) with o Z-minuie pre-tosi perisd during
ghich the distraation 1ighis wers ilimtincied For al) svbjeciz. On the ba-
#lz of the pre-togh peores the 5C subjscis wers splil into 4wo matched growps.
The preups vers mabonod by solssting palrs of subjectia whe mades similer sourss.
Zeoh pairing vez made to vithin ono ostolimg (1 scors point) of lichts on ths
tost. One nembessr of each poiv of gubjects waz given the test with the side
igigtrastion) 2iphts 1llwninsied, the cther meuder with the sids licihs
surned off.

The "lighte" couditlen iz {s bs referred teo as Gondition 4, long tests

a1d the "no=1lizhts® senditicm ds 1o be reflarred %o ag g%gm. tong tosk.
A rezt peried uf 2 mimdes wng glven nffer the 8tk and 10tk mimitea, During

this Tegt pericd the subjoet wns ingiructod to0 removs hle hands and fest
Tronm the corbrals.

Tegt Conditigng. ALl of the tosiing was cerried out n the evening be-
tusan T uand 10 o'cloek ir a2 quiek rome. The windoew chode wag drawve,; and &
seiling idpht (50 weite) wes lef: buraing. In this modsrately dim $1lwmins-
tien the experlnsmter was sble t2 sbeerve ths subjecet's perlorusaes and yol
the pansl lirhta stosd oot oiecrly encugh Iop the eabjoolt to distinzuish
theme

Subjestiye Detes In order {6 gat an indication of the subjecia’ opla~
ions concerning theiy ¢&nr perlormencs for compariseon with thelr actual par.
formanoe records, a lisé of questions was drswn up for %oih the ghort and
the long text groupe.

The gasegtions for the lomg %ost vers mimsographed mnd presomted Lo eash
gibject afber the test wag soupletoed (soe Appendix ). He angwored these
without eny holn from the sxperlnerdier. Juegtlons for the S-winde tsst ware
rregenkal orally,

SESULTS
Effect of Dlztractiown Lighie Upon Rank Crder of Sudjects
lu order to approzximnbe thko trus corrslatioun Welween performance uwndess

the two condijicms {(lights and no-lighia) ¥% would be necsusery to run the
pama group cf men trice, cnse with liphts and onse withoul, «nd o slimirate

P L T
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the effscts of previous eaperienco. Dme %0 the learaing which iz Invulvad
thiz proesdure was impoasibis ik metwal faock,; for on the second test the
smbjeots prebably would have been ranked in a different fashiosn, both ts-
sauss gone of them mi;ht have »refited more Jrom practice than others snd
- bocanse tho two conditisng wight demand differont "abilitles." In the iight
of these conciderations; znsthor procedurs wus sumployed to provide en ap~
proach o the true corralstion.

For the yaort tegh: bvo scores were obtained for each nan -~ Lofal
acore with lighis, and tosal score without lights. Theae 5C padirs of scovos
wers corralatod. The procelure used here is rougnly analogous io sorralate
iag odd aud ewvun trials on a test, but tho "lights” factor exiiore In eo fhad
the two halves cunmot be asoumed to be emctly cosparable in Coder & end Op-

der B.

It moe asewied thet two half-seeros secaxsd ln this ranmer would s
more comparable to oach ohhor then would szorss on twe tests {ons with
" 1ights, one without) teken at diffsrent timos wiith no carry-cyuw of practice
affects, since, with tha cacsptlen of the mzjor varisbls, lights=-co-lighia,
such sxporimomiel conditions a3 the phyrlologicz) astate of the indlvidual
and othor sources of gretemails verintlon in level of psrformence ghay
nearly tho same for both halves of the test. The corveletica flgwre od-
tained botween the twn hnlfescores probably mey b congiderzd the upper lim-
it vhich the trus firurc cowld poaslbly resch.

For the lopes togk. scor:s 57 the 25 men on Condibign & (1igiis) wore
correloted with the scores of the 25 wmen on Jonditlen B (ro-~lights). These
two gzroups bad boen matehed as nearly ac piesible 30 tlal men in one group
would be 1ike the mea im thz ather ze regards irltial levol of perfarpance
on the test. It ¥as connidsrad lessitimste, therefors, to correlsts those
two sets of 3cores Jush es though thoy seprezemted ons growp ¢f sublscte.
inotead of two, =nd to arsums thal the ebtained coefficient would set a low-
er limit for the true figwre. It was arcuwsad that this coefficiemt would
s lower thmn the true Tigare since thoe {wo groeups wore not ddemtlcal.

Tre "licibe=<np=lighte” correlatlion casfficlent for the sherd toat
wag 04, and for the loug tewt, .62. If ze com ssgume thal these two valuae
pot the limits for the true vains then we may eonsliwds that the Lrue cor-
relaticn betwson the two tent oonditions ia rolatively high. The infroluce
tion of the distracticn Xiphls prebubly does not metorisliy disturb the
ravking of the ubjecbsaS

J— T T P by S

Siditor’y Nets. It should bo noted 6hat thegs limits ars sat vithout
regard to the differsnes in lemth ¢f ths tcsis. The corralsilon coel{i~
clemt of .84 for the chort teut ruprssenta the currslaiien botween tee 4
winute teuta; while the onrwslation coufficlexmt of .62 fur the loug test
repregenie the correlation between tve 24-zinule gcoras.
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Iavels of Psrformnas

Changes ip performengs uith different smounts of practics were deter-
minzd for beth $he short mnd the long test. Thoss chengess are pressnted
graphically in Figures 2 and 3. In both tests, ths curve for the "lights"
sondition startsd out higher than ths curve four the "no=lights” condition.
The istler. hsdsver, was higher teonrd the ond of the wractise pariodd

<hort Teet
1 1 Lighte  _ _ _ J—
Wo=14 d
1 o ghto ,/,
)/ N
210 - S -
£y 10 + -
= -t
-y -
'5 o ‘{-«P""""
%‘; 9’ -
&
0 L
E
2 o
el
@
= +
T4 /
’/
4 ‘ -
6 = i i e — + y
1 2 4 4 6 % §

Minutes of ‘Jork

Floure 2

Changes in Porformancs with Iractise

{3hort Teat)

6Data on whish tnese eurves are bnsed are presonted in Appendix D,

Tableg D=1 nnd D-2.
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Prazaried 2u Tabls I are the mssnu, standard devistiong, and t's for
the differsnce lu perlormancss undsr the Lighte and no-liputs ocnditions for
both the short aud tne leng taek., For ko short tact: the nean gcoerse made
with the lights was soupared with the monn seore male withouwt the llghiga
For ths long Yest, ween tobal coere msde on Sopdition A flighta) wos oome
persd Tith the menn tohal score made un mw&_nﬁ%"'lightﬁ)o

lLong Tens
Copditien A«Lighta

vondition B-Hp~dighta_,
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Changes in Performasse With Frastics!
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73?@&159 ir the lipss indleate ths tvo-wmlruto roet perlod whisn was
given afier avery oizhi-rinute perled of praotice.
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TABLE 1
U234 SCORES O LONG AND SHORT TISUS WITH AND ULTHOUr DISURACTION LIGHDS

Laen Twher of

Toebiend Sopddsd iakohines %
Shors Yests Lighte 36.5

Shart t0s8%, Wo=idpghis 3Tei 1.97
Long tost, Llgde 280,90 " 49,7

Long test; Vo-iights 286.0 43,4 o

Althouch Shere is o fuirly cousistert differsace in favor of the “ao-
Tighbo” oowliflion on bolh the shiord cud fhe long fost, nmolthar of these 4if-
ferongee apnronchsd stubistical signifizanss. Thersfore: the superiority
of tue perforsares in the Tao-llghts” sondition covid be sitriduted to chmase,
Tha prevoncy or sbounss ¢f ks oo ealled dietrnetion lights sesms 1o Do a
matier of liitle cunsequence gz far £3 the msan level of performanco on ihe
Haghburn 38 convornid.

Roiiabllity of 4he Tasls

R&liabili Gy sosifloients were occmpuiad fov pwi‘e}manw af the four
croups of subjests. In Lhe sess of the 4wo sonditions of the long test, odd-
gvon el ficiarts wure obialrad, A oors conpler procodurs Was necodspary In
ths cnae of thn ghert test. The Senditlen A subisviz hed had "Lights® on
ths odd miruioa ¢f work =nd Pno-lishite” on the oven mlmitoe. The Cendition
B subliseta hed had eanchily the reverze. 4An odd-sven cusffislozt La cisher
of thesz oapen would have zabehed "ilshts™ soores vith "ne-lights” scores
and would heve booe inflmscsed by the varisdle vhous offect was the maln
probisn of favsstigation, ihe begl that eonld be dens in this onaoe wus fo
obialn twoe "ligkbs® scorsz and tvo "no~lighis® acoren for each individeal.
Thezs scerss wers thon correlated Ia the Tollowing fushiems

dghts He-Liphig
Vinebes  dnaben Mphes — Iiautes
Al apd 5 AY erd ¥ , A2 and & A mnd o
B2end & B4 ang 8 BlLand 5° Bl amd T

The letter ™A™ gooompanicd by an o4l nunboer vrofors fo a miauts of wozk
when tho distreoticr liphl: vere twrpsd on. Acsorpeniod Ly an sven mumber,
it 3ipmifize that the dicteacticn Lipghts wers turned off . The opposite is
+true for "8". The effsol i thels in both {he sbove causez, the first snd
third "lizhte" assores srs Yelpg correlatad sgeinal the scoond wnd fourth
"1ipghts™ moores mnd thed tho Iiredt and third "wo-~lighta® zeorse are belng
correlated arainet the seecnd and fourth "noslirhts™ seores. lhese corra-

L 4



ernn,, [

= L.
s

lacioue are prosoented in Tebls 11,8
TABLE IX

SULIABILITIES OF LONC aND SEORT TI3T5 WITH AND Wfl‘HOUI‘ DISTRACTION LIGHIS

kdshta Ho=llehts

Short Tost 983 082
Long Teast <97 96

The lipghtg=-no=lichts wverieble apparawrtly produosd practioally no dif-
ferenos in reliability of porformancse. Only tha usual faoctor of lamgth of
work sample seaomed influgntial. It will be noted that hera, se in other
studlog, the estimated reliability of lUashburn performanoe is high.

Corralsticons Prtween Segaento of the Teats

in attempt was mads t0 dizcover to what sxitent socrss on varlous pore
tiens of the test were osorrelatsd with the total test scores. On the busis
of such date it may ba poasidble to shorten the tesis,.ln the imterests of
svenomy of time and effori, without eubetuntislly shsnging velidity ocoeffl-
clsrmie praviously dsowred on tho hasis of the total ocores.

- It wag dieooversd that by the and of the first minute of work on the
two ordere of the short teet; the acores wore baginning to be diatridutasd
in .omovhat the seme merrer wi that sxisting st thke emd of aight minutos.
Ths oceffiolenis obtained for tke short teot are presented in Tnble Ill.

TABLE II1

GURRELATION BCTWER!T SCOREIS M END OF FIRST AND FOﬁRlTI
MINUTE , AND TUTAL SOQRES

Short Tess)
A ;)
(Lighta or oddenumbere {Lights on even-numbered
oiautes ) : ninutes)
First minute
with Tcial 252 oT2
Firat fouwr minuten
with Totnl «95 97

8:q1t.r's noke. It is not indicated whether those relisbilities have
been corrscted by means of the Spsarman=Brown foarmula. If they have noi,
the [iguras for the ehort test rspresent the correlation between twe 2~
minute scoreaj thoss for the long tsst ropresent the ocorselation betwsen
two 12-minute scores. It should be noted that the reliabllity figures for
the short test are approximately equal $o the correlation ocefficient of
.04 batween scnditions of distraction and non~disiraction, whereas the ro-
1iabilities for the long test mre much higher ${han the correlatione between

scorss of palred subjectsn,

R I
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It appears that for parposss of ranking u group of anblests aczording
to their perfurmance on this apparatus, e tout hulf as long 38 the cne used
hors would be sufficiont.

The osems dats obialiped for the long teit showed sligntly lover correla-
tionus. In this canse, gzsgreate of the long Lovt were compured whieh, in the
sarly atapgeo of practlse, orurlapped lsoe with the total soors than wag the
caze for the short tost. Tha resulis of this amlysiz ¢f the lonsg teel ave
pregexted in Tebls WV.

TABLS IV

QORRELATIONS DRTWIEH SEXENTS OF THL 7E3T8 V0 TOTAL SOORC
{Leng Tewt ) ‘
a

. & a
_ {Lightn) (Ho=lighta)

Fra-to8t asora

with Total «Ti + 3%
Fwﬂ"& 4 Eiﬁp ' _

witn Tobzd B 4
First O mise.

with Totel 2 295
Firet 12 min,

with Tokal oJF 39
First 16 aln.

with Totsl -99 o

" Firat 20 min.
with Total + 79 o TR

It will be noted shat by the end of the fTirset fouwr miwmles there iz &
correlntion of %4 with tho tetal score for the Uomdttion B {moev-iistvacticn)
sravps and that by the end of aight ninvdes, seares wnder Loth"A® and 78Y
aonditivrs shoved a suffiviently high relstionship with foial sceies for
mogt purposes. The scores sfter 12 piivies rarked the men iw almesi ézastly
the same order as they 7svrs ranked by tobal scores. Five of the scoffloisnls
wares .99, and ocue -97.

The oorrelations botwwen sosres on oach geppent of the long test itctel
aaors for sach of the S-pinute work perieds whick were gsperetad bty & tugs
mincte rest) also nre uniformly iigh: nll coafficlents beimg withir tha
rongs of .85 t0° .95, a8 ie evidert From Tasle W. 4 high desves o«f relstions
shipy, thersfore, is irzdicsted Doitwesn acoercs on one gsegmoul 5L ths tezh. amd
dogres on any other segment.
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TABLE ¥
INTERGURRELATION BOTUEREN SCORES ON S-1INUPE SEGENTS OF LONG 75T

S-minute A [}
Sopmants {Distraciion) {Ron-distraction)
1 we. 2 + 00 2894
L v8s 3 «BF4 N
2 va. 3 2 914

fusetiomalrs Data

Az wag indicated sarlisr (see experdments) proesedure), the eubjiects
ware ackod to answer n serles of quesilcas remrding thelr perforpance un-
der the different conditicns. 1hs Ffollewlng thros guestiocns were nsked
orslly te the men faking the short test:

1. "D3d you find 1t eny eaxsier %o maboh whon the sids 1lighic were
of f than when they ware ont" ‘

2. "Did the turning off end on of the olde lichts Itnelf bother you?™

3. "Did you get Lived enouch tovnrd the end to havs L alfact youwr
parformance?™

In spite of the leading mainrs of these ausations, less thaw half the
man answered questicons 1 and ) affirmetivelys 17 and 12 men respastivoly
giving “yss" answors. Thirty of the Tilty subjecbs ansversd question 2
affiroatively, stating that the turning of 7 and or of the dlstrasticn
lights bHuthered {hem.

da 4w evidoent from Table VI, thare was very litéle ralationshin be-
twoen the angyera to these questionn wnd acteal performmnun on the tesmt.
Tas msan totel scores of groups of subjacta anewaring each gussiion “yes™
or "ao" diffsred oaly alightly.? Iz no caze 4id the diffuruncs wpprouch
statistical aignifioznoce.

The subjecte taklng the long ¢est wors given a mimsographad shewt con~
toining six questions {mee Appesndix G). The ansvers to questions 1, 2, and
4 are tabulated in Tabls ¥II,

1y the 25 man iaking the test uuder Qordiftlcn A onswered question 1
Do you think the lipghte ox the sldes hed sny effect on your pesrlorrance?

e group of men who stated that ikey found the test casier when the
distraption Ughtes wero off actually chowed & hicher moan soofe than did
the group of mon Who answsred Juestion 1 regatively. The differsnod, hows
evers was suall and wot simgndificant.
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TABIE TI

MEAN BORES ON SHORT TEST OF CROUPS OF MEN GIVING AFFIRML.OUIVE AND
REGATIVE] ANSWERS 70 QUESTIONHAIRE ITEIS

¥een Ho,
Sueation 1 H Mntehingg 550
Tee - 15 75.0 11.4
e 33 '[2 199 14,4
Jugwtion 2
Yes - 30 73.5 11.2
lo 20 T1.9 16,3
Susstign 3
Yoo 1?2 72.8 15.9
Ne 3?3 73»9 12.6

if su, vhat?™ Uen whe anawersd “'yes” mentioned the glere and the repultant
sdded fatigue. Some confnaion was reoported when the top snd bottom "“work-
iag™ or teat lighte wers ai the oxtremes within their rowe and thvs clogo
to the distrachilon colvaaus bul o mentlon was made of tho ligite as & gy~
dope influense. The difference in performmnes, although not statistically
sippificant, 7ua in fevor ol the group who said that the sids lights hed

nd effsol uwpon thelr performance-

A1l 5O men anewered guastion twor "Did you notics yoursalf petting
tirsd? 1If po, Mow did this affect your performmmee?® Thirty~pins of the
non reoported pubjeciive cvidenue of fatigue, but eight of these said it had
littie or no affsot on their performense. Hontion was made of unsteadiness;
of decramplng accuraoy snd soility to soordinate, and slowing up of reas-
tion. The difference, though net statizilcally signiflsent , wes in favor
of the men who reported fabigee. The standard deviation of the distridbu~
tion of mean ncoree for the 'vas® croup wms markedly smallsr than thet for
the "no" distribution, although sgnin the difference lacks statistical sip~
nificenss. It might bs tentatively hypothesized thet the men whe raperied
fatipue were more highly mativated, worked harder,; ard thus ylelded more
homopensvus parlormeEnces.

quegtion four conserned the method of matehing the lighie: 7Did you
makes the matchings ome right sftesr the nther for the three diffsvent rows
of lighte, and hold sach one; or d1d you sttempt to make all three matchings
et the same time™ Tebulation irdicmted that 26 mon matched sucssseively,
or “one after the other,” 6 simulianeously or "at the sams time." and 18
men uged both mothods,

A3 is eridont from Table VI1, the differences in mean sesres bstwsan
ths proups metching "sucaessively” and “simulimnecusly,®and "succesusively"
and "all others™ were the largest omes found., Ths group vhoe mptehed sue-
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ossaivaly or “ona after the other” hed lower moen scoren. These differoncea
although relstivel { large wers rot siznificant, ylelding £ waloes of .83 and

1.16 respesiively.i?

TABIE VII

MEAN SCORES ON LONG TEST OF CROUPS GIVING AFPILTIVE A
WIGATIVE ANSTHRS TO QUESTIONNATRE ITENS 1, 2, and 4

Beun Moo
Sugetlon N lotshiges B4l
Yan ? 2’{0«? 42.4
No 18 283.6 39.4
Ruesztion g
You 39 28“&2‘ 3?4‘
No n 279.0 557
sucoessivaly 26 276.3 44.8
pimuitnneouzly st
lsast pard of the
Lime 24 2903 378
alveys simultancously & 2923 3%

Juewtion thres was phrasedr “Did the rest perled affect your perform=
anee? If so, how!" Thres subjects claimed g harmful efTect from the rest
poriod, irplying thut it “threw them ¢ff their sirlde.” Ons ethor subject
spoks of an izmedimke harmful sffect but & gevoral bsmefiedal one. (11
cthers were falrly definite esbout the bopefivizl effesis of tle rest psr-
iod. They gseoks in torms of “relaxation,” “escaps from tension,” "resting
of the eyea.”

103%%. 1t differwnses of this magnitude wore foumd in a
large sample, slterantions in thae dirgctiions glven to subjents bDefors the
teot night well be indloatad. The dirscticns tw the subject contaln the
gtatozont, "Tou will do best Af you maish the top and middie lights with
the stick first.” (See Appendix B.} In view of the fuci that the mean
saores of men who ignorsd this supgesticn and natohed gi ANAoUA LY
sonaiderably higher thao the mean scores of the wen who mged in aacm*
anse with this euggestion, it is conoceivable ihat ep extrsnsous warieble,
"Pollowing instructicns.” rolated negatively to perfosmeres, might have
baen inmertsd inmte the test aitumiion by the retwre of the directions te

the subjest.
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‘Thare wes no divigisn of spinten regarding question five, "Did ths lit-
tie Jewelw (1iahts) wlong the sllss have uny sffact on your performance ever
though they wero pot turoed on?™ The 25 men in the "BY or pon-distrastiou~
iights pgproup weres vnunirows in denylag awy affesi-

wusstion 8ix, also answared by only the 25 msn in the *B" greap,; was
phimgad: "Did the chappe from having the Iights on the pides turnsd om during
the praciies period 4o Laring then twwed off during the wotwal t~ot bother
youz? That is, 414 it heve muy effect o youwr perfurmmnce’ Xf so, Thet "
One mow statsd that hils perflormanes srumed bebteor after ths practics perlod,
bul thet prewenre or absencs of the lighis probably hed 1ittle to do with
it The raminder of the men sluply ensversd "no" o the vuesilon-

SURART 24D CORCLUSIONS

Thie rspert has proseriel s sxparimental lavestipgetisa izvolviag the
wifect of Aatraciion Iiyhte sn werformonse onn The Mashbwrn Serisl Goordi-
agtion Togt, The epesdlis nroblow was to test the affest of Lhe two ver~
tiezl rowz of red ani greexw dlztraciion lighte appeering on esch side of
the stimnluns panal of thet ilceirmicrt on the subjest's perfersance in the
tewt .

Twe greups of subjects wers enpicyed. The firat groap. cempowsd of
5G zervice man, wers gleows o shosd tewt.  Scoros oa the tust were detore
mingd From the nvaber of *matchings" of shimlng axd ecorbrol 1ighds during
za eipdd-mianuts poried of sexiiousus work. The distraction lights were
illuninated durlag alterneis minubes of this test perind, ') Separste moores
in sevmy 2f nunber of metehilups., ware determirad for tiw “dietraction ligits
on" axd "ddetruetlon lzits of2™ paote of the tset.

The caeond gesuy of subjlsoia, sempesed of 50 sorviuo men, wers adwiais-
Lerad & Zemimiis pre-test on ths eshdurn epparsiue with {to dietractiom
ilghte lightsd. On {the basig 3l theme pre-tesl cgcoren, twe matched sub-
grovps of 25 men sccoh were obhalued, One of these sub-groups wos glwen tze
lomg test with dimbreedion 1ligidts burning, the other eub-group was giwven
tha loug test Fithout sisirastion lipgd=z2. The long test oocneisted cf
three oight-mimite pericds on the Hashburn, separated by Lvo-admie rest
pericdn. ALl sonres, zgxin, vere 1ln derms of munbdesr of neichinge of whime-

ivm oxé soptrol Lighis.

2 the soupleticm of the tzsh perled queetionmaires wore sutmitied <o
gli subjevts. The svbiects fakiag the shourt teglt were requirsd to expreas
thelr opinfons oxn the alfent of {Iw distrastiea lighta on thelr performaences .
and on tho effes® of foliges am their parformances. In additiov the aub-
josts teking tne lowmg test Furs Questioenad regardlug their oplalem <f tho
sftfect of the rews pardodn ca $hair purformansy, ani regarding their mathead
of hatdilng ths somtrels ¢ {he Usthbwn spresratus.

LU T S -

iLip3¢ of the mem ic this n'oup begsr the tost with lights off, %.e.,

the ligts wers off durluog the oid minutes in the pericd. Fer szsiher half
of the mea the lights wers oIl during the gyay wiastee of the pariod.
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(s che basis of the reevlia ottained in this expsriment, the folloring
tensaiive conclueiops nay be dramns .

s

3

%o

The Past that vertisml rom of distraction lighte ers lighted or
not ligited rakes 11%tle or no differsnce in the mean lewel of
perfovmance wader the two conditions and ths corrslation betwesn
saorec rudy under the tve conditicms s high. The truwe ¢orrela-
4ion betwasn performance under the twe comditiozns probabdly lies
within the limdts .62 and .34. Tha coefficient .84 represents the
relat ionshlp bebveen scores with 1iphte and wilhout lights fur the
samo group of individuals. The csefficlomt .62 represonmts the re«
lntieaship belmsen woores of paired merbers ¢f two sub-groups, one
sub=greup taking the test vith diztraction lichts burming, the other
with digtraciion lights not burnlng.

Both shert and long 4eghe showad a high splif-half reliasbillvy, the
latter, &8 expeatcd; beln: the me reiiable. The rellisbility co-
efficieste for *he short tost unader the d4lstrmeticn lights and-
roa=iisirastion 1iznte conditions were respestively .33 and .82,
The somperaodlo roliabilily ccefficients for the long test wers .57
nnd a?ﬁa .

{n the short test, socrcs at the end of the first four minutes cor-
rojated -97 ard 97 with tha total soerea, for the distractlion and
nan=diztrection condstions respeatively. On ths long tezt, scores
at tha oud of eight mirmsSon undsr the tvo comditlons correlated .94
snd .96 with their vesporilve tobal scores. ihen scores for pro-
graselvoly longer po:iods wera oorrolated with total soore; pro-
preneive incroases in She ocorreistion coefficlents wore noled.

Ka gtatistically sigzpificent difforences in m acorea were eovl-
dozt betweon groups of mea enswering glven questionnalrs itams af-

‘firmmtively apd msgpiively. I3 is of inberest, however, that:

ne At leagt ome~third ¢f the subjecte 2iated that the side lipghts
had beon o dictrasticn.

b. Over half the subjecte takiag the short teat stoted that the
change in $ho dlstractiom lighis {the faot that thay weore lighted
and unlighted during eltornete minwtes of work} vns distracting.

8. it lepwt helf the sublects in both proups reperted that they be~
an to feel tirsd duving tho courss of the testi.

¢: Iwomty=pix of the subjuvtz taking the long test revoried that
ihey made conbtrol sdivsimesis first with ene scmirol and then
with the others Lcs.. Shot thoy moved ths conmtrols "one after
ancther”™ or snocsesively. The remeining 24 reported that they
moved stlak and rudder plmultanevusly et least a part of the
time. The mean scorae of this latier group was markedly highes
than the Deon genre of the soeup who noved tha eamirols “pus
segsively " buh the differonss woa not abetlstienlly wignifiecant,

Che

) G
AT A AN

et |

oy T



L]

]l ?«.a

APPLHDIE A

Hasnwrn Jowstor Clirevil
ard ;
Vephiwr Copteal Unis

'}:
s
-

e
b

Fat

St e

PR S



RSk SuwEe

mzla

This device oonuigts of u Wagtern Lleotric 124 rmesasege
rogigber and sultsblc voltage aupply.

A restifier clrouit suppliss 25 volts for the rsgister
coil, This oo0il is in gerleg with the norwnlly made oontaot
"of B relay., The ooll of this relay is in parallel with ihe
stowping relay coll of the laghburn apparstus. When a “matoh”
en the llashburn has bosn sucsessfully completad, 110 volts
fas6. ars applied to the 20il of the stepping relays and oonae~
quertly to the coil of the counter oirsult yelay. The relay
operates, breaking the normsily wede contaci in series with
the musssge register aoil puttling the register into operation.
s soon as the lashburn stspring relay also operates, the voit-
agé aupply to iteslf and to the sounter sirouit velay 1s re-
moveds Lthus, the movsage reploter lucks up agein in reasdiness
for the next watahe.

. It was found neowssary to use s break rather than a make
odeoult for the memsagas register coll becoause of the laeg in
eperation in msking.
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AFFENDIX ©

D $ Yagnbura: HNange, l?_‘i‘r
Ingtruotione for 8-min. test

& Lt rned ¢

* ' ion by examiner. “This is a scordlimtlon tesi.
hen yor alt in (exzminer tskes a sent in apparatms)s push your
pipht foot forward on the rudder tur so far ss possible (demonstrate) to
ses if the shair meeds sdiusting for you. Keop your feel well up on the

rodder Ler so thet your haels do not touch the Liopr.”

2, "Your task iz to match each of thesa three red liphte (podut} with
2 groen cns. The red lighte are stationary,; bul you can move the green
liphts by oporatimg the stick and the rudder bar. If ihke grsem light goos
off nlbupsther, it memne that you ars between elogirieal sontect pointa.
Xeop moving until you find out vhere you are. vhen you have matshed all
three of the lighte, you must hold it far & half~seconds and then & now gel-
ting of red lighie will sppear (demonstromte slowly with setting FEoo 1).”

B *

Aftar somplsting setting Mo. 1, gay:

3o "The nev setiing is then te be meilohed na quickly as posoills in
the sume way, Yom will hear a buzsing sound from my comirol box at lmter-
vales but pay mo atiention to it. The vertiael lights on the sides (polumt)
will be alternately turnod off and ony bub you are to keep right on verking.”

4. ¥bile oandidets i3 pesteds and afner sdlvaimoss of seat: "Usa caly
your proferred hand on the siiek throughout ihe test. Uo not match the lizhis
ot bub move the conmtreldo us I direct veu. lsve the green Light in the top
row by moving the stick to right and Ieofs. Ixy k. Move the middle groen
light by noving the ghick tuward end awey from you. Ipp dit- Love the gresn
light in the bottom row by moving the rudder bar. Iry ik. llow Zet po of the
gtiak. You %ill do bogt 1f voo match tho top and niddia liphts with the siick
firet."

S. "Now we are ready for the tesh, It vill bo x lithle lesa i‘.han tsn
mimies leng. Mabtch me mmny patterns of lights am yon cen. TYour socrs will

be the nuubsr of potieras you match. You gwe aot o talk during ths test.
(Remd counten) Romdy (siari olock). Begin,”
6. AL snd of eight minutes,; stov epparetus. -

tlote 1: Voltmedisr must resd abt lsast 115 volia.
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: Q.L%kmimi Unghburnt _?.,1
Insgtructions for 24-min. test

it tu

when you s.'.:r. 1n the cha..‘r.r ami"mr takes peat in a\ppars.tua)a push your
right foot forward on the cudder bter as far as possibls (dewonstrate) tc pos
if the chalr nesds adjust!.ng for yuuo Keap your foat well up on ths rudder
bar 8¢ that your he 29 Agb % .

2. "four iamsk is t¢ match each of thess three red lights {point) with
a green one. The red lighis are stationary, bui you can move the green lightuy
by operating thy wtiock and the rudder bar. 1f ths green light goes off al-
Logether; it means that you ars betwesn slecirical comtaot pointe. Keep mov=
ing wntil you find out whors you ars., ihon you have matohed all thres of the
lighta, you nmual hold it for a halfegecond; and then a new satting of red
1izhte will eppear (demonstrats slowly with setting Moo 1)."

After completing melting No. 1, say:

3. “The nsw setting 1s thon toc be matched as quickly as possible in the
sane tay. TYou will heer e buzszing sound from my comirel box at imtervalas,
but pay no stteaiion to it.”

4. Vhile cundidate 1s seated; and after adjustment of seat: "Use only
your preforred hand on the stick through o tesl. Do not match the lights
now, but move the contrels ae I direct you. Hove the green light in the top
row by moving the stick to the right and lefi. Iy it. love the middle gresn
light by meving the stick iowerd end awey from you. Iry ii. lNove the green
light in the bottom row by moving the rudder bar, Try it. HNow let go of the
gtick. You will do best if you matoh the top and middle lights with the sticsk
first and then ths bottam light.”

5. "low we are ready for thae $est. There will be firat o praciice per~
iod of twy ninutes followed by thres irinls, emch = 1little leozs than ten min-
wtes long, with a btrief resi pesrlod betweon triels. During this rest pariod,
you are to simply lean back in youwr chair and relaz. After such rest, yon ave
to wait until I %ell you to go before starting to operate the controls again.
kgt oh as many patterna of lights as you 0N Your acore will be the number of
patterns you match. You are pot 11k durine the tegt.” (Read countsr.)
"Ready {start clock). Begin."

6. Stop apparatus according to plan outlined in instractions.

Hote 1: Voltmeter must romd at least 115 wvalts.
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Name

Group

Digtractigqs Laphburn: Npnce, 1343
Jneghiong —~ Lonc Tegt

Subjocts for whom lights on sides wers turaed on during the actual test,
answer quastions 1-~4,

Subjects for vhom lighte on sldes wers not turned on during fho actual test,
arsver questions 2-6,

Jueostionss

1. Do you think the lighis on the sides hed any effect on your perform
ance? Yos Ho + If 30; That?

2, Dd you notice yourssli getting tirsd? Yes Yo o 1L oo,
how did this affeqt your performancs?

3. Did the rest period sffeot your performmnce?! Yes _ _ _ No « XL
903 houl

4, Did you make the maichings cne right siter the other for the three
differsnt rowa of lights and h0ld each one, or did yun attendl to make all
three patchings at the same time? One efler ancther Saxe time__ __ .

5. Did the 1ittle jJewelu (lighta) along tho sides have smy oifeot on
your performancs even though they were not turned offY Yes_ - lio - If
a0y what?

6, Did the ohangs from haviag the liphis on the sidss turned ¢n during
the practice period t¢ having tham turnod off duwring the actual test vothor
you? That ise did it have any «ifect on your performeanse. Yea Ha o
If 9oy vhat?
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AYPENDIX D

Masn Scores for Successive Minutes of York
on the 3tort and long Teuts
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TALLE Dl

HEAYN SCORES FOR SUSCISSIVE LIIMUIES OF UORK

{Short Teet)
idnete of ilork Liphts Ue-1irits

1 6.6 6.3
2 Te9 8.0
3 9.2 8,9
3 e 9.5
5 9.6 9.8
6 949 10.1
7 10,2 10.8
8 10,2 10.8

THEBLE D2

AN SCORES FCR SUCCESSIVE MINUTES OF 'TORK
(Long Teet)

Hipute of Verk Ldrhts No=)irhts
1 8.8 8.4
2 9.1 902
3 905 994
4 10.0 10.0
5 9.7 . 10.4
6 10,4 4 10,5
7 10,2 10,7
8 10,6 10.6
9 1l.6 11.4

10 11.8 12.1
11 12,2 12.4
12 12,2 12.8
13 11.9 12.3
14 12.2 12.4
15 12.1 12.3
16 12.2 12,7
17 12,2 13.1
18 13.2 14.1
19 13.0 13.7
20 13.3 13.5
21 13.1 134
22 13.8 13.1
23 12,8 13,6
24

14,0 139




