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MEWAVRENT. OFHTNTE'RAC 1VE COMPUTIRG4
-METHODOCOGY PLICATIOV

I .

ThIS diSsertation addresses the. measurement .of.
interActiVe-coMputing; including. both the,:.cOmput'er systeM
provid ing servic,ft and the'.users demand ing pnd rpceivingit The focus:.-is on::the, Performance of tHe user and: th
system in Individual interAction sesbions-.trather ,thqn:on,
tHe perforinnèof thesystem under varyin-geonditionsof .

1Ofd) A47new. meaUeement tooldeveloped at the National.
Bureau of,Standards i*emplOyeC to necbed:a.large number

-ipteractive sessions:over a peeiod. 6f:three
pais- The:basic data of interest- ar.e the 'number and,
eate. Of characterS sent by pser-. an0; system,. and latencies
or delays Aprior to and durfn& transmission-byeither-

-party.: These -data are fit . to a model of .user-computer ,

ntraction which distinguishes between stimpli from the
. -user; acknowledgements 'crOlm- the system ( whiplh only
'indicate:thgt a service requkSt 'ha's beenrecelv end.:
responsej frqm the syStem (.whIch contain; meaningful
infoemation) .

.

-
".

, Analysis of the 0116 conSIsts of grouping .adoordinv
to two. independent .criteria:.- .1) :maximum Operattng .line
.speed of the terminal-(eAher. 10, 15 or. 30 cheraoters per ..
Seeond)"; and\2) type , of application ( for each individ4a1
service. requeSt) fThe, data-are eouiSed :acdording to .

'these ceiteria'a 6. cuMulative .frequencY distribUtions are.
.computed for:- ea h of 14 parameters of' the model: NOn-
i)arametric tests aee *Used to deterMdAe, the significance
of differences in the distributiOns fo'r different setS o
data

SW
,

The 'methodology itself is the major contribution Of
the study, providing, es it does, a 'quantitative.u'ay to
inv.estrgate a variety, of phenomena asSociated with
interactive comnuting. The mott- interesting spècific
finding from the the data collected d.8 the increase. in
04put data length as the terminal 'speed increases'.

/
Key klords: Computee performance eyaluation; human
fActars; interactive computing; man-frachint
interaction; performance measorement; timesharing

,

1 , 01: INIRODOCTION ..
.1

. .

. .

. ThiS'dissertation .ad.dreês the measurefilent 'Of interagtive.
. opmputing:melisurement bot Of tile Computer system proiading :. .

the, Service (includihg ...the 'communiCations
. Wyseem deltvering it). '.

and 'Of the- humilins'Ihing it . Inter ktiV:e computer, AYatems ;:.!% by

r A

0



:

.:thcir-very riatyyd, intlude the":.Users as.a Oatem:qomponent.i;ihose
peerarmance.'-affents,theoveraa.sySteM.' :Traditional coMputer
.sYststh meaSurement-haSA'ailed t6Amsi'der'the need.s-of individual

- coMputer SyStem user0fodusing instead 6n oVerali perforMande
measures).; n6r has itf-cOnsidered-the. impact1ofuser4'.performanCe
orycompUter.systemerfgrmance..7--. .

. ,

In, this 4issertation, a measurement apProach'is described
. and.applied. that 'does address both the'se measuremen for.
.interactive'Computing. A.new Measurement tbol devel ed.at he..National Bureau 9f Standardi t6 employed to measure actual
interactive sessions,or conversations on.a timesharing.compUter

c.system.overa period of three years, 'Only sucCesSful and-.
'rebresentative cohversation& are considered in this stUdY;
abOrted or---6therwPse

errb'neous.cOnversations'wert.discarded, Thebasic data 'of,interest for the."god" conversations are the, .

number and: rate'of characters sent .by User and system,'andlaCenoies or:".delays prior to and during tranamission by.either
.part'Y. These d'ata are'fit to A model:of user-computer
interadtion 144ich dtistinguishes'between stiouli or input from tgle..,
user, acknowleagements fromr the-system.(w1;ich only 'indicate that.

:a service-request has been received) and.responses froethesYsteM (which contain meaningful information).
.

. v.

tatisti-cal procedutesjrt dev'eloped and :employed.tanalyze
.

1 : the Sipifidance. of the results'when the4data are'fit to,this-
4 .., model of user-dompUter interactiRn and tit4)rouped:a6cording:to

44

varioud:crtteria% Analysis.Of th,e_datb c stsHoX.'grouping..acbording to tWo,independent, criteria': 1). maximum operating line:-speed of .the_terminal (either'11(1, .i5 or.10 characters per, N
.sespnd). -and 2)-tyPe of.application,,as indicatece-by the -
software..164AbsystemiinvOkedliy each indiVidual service. request: the conversation.- Tht data are groURe4 addording tetheae'.criteria and cumulative freouenCY diqtributions -are computed foreach of 14 parameters.ofthe.,Rodel, both for'all observatIons in"':,the7group,and.for.the medians:of.the.set.or all.applicab e

. observation's ih each .conVeraatian (as.a Way of batChing the data
- tp.eliminate any:, eVident serial correlation between SudAessiveobserv:atiOns ina conversatiOn). 'Non-patametric tests,are used-:.to dbtermine the signiTicance of:differences'ih the.freclUeAdY:
,distributions.for 6ifferentetsof.data. -.

,-: . i ' f
. : In

1

the case. of grouPing,byteeMinal-speed; SigniTicant..inOrmation is dbtailhed
cheractenizing.'hoth-pse-r ared,sys,tern.

ADer.ferMance *Jni the Oise ofilgrou*ng.by.application the.dataare-not analyzeesp-ex.haustil9;., tiather,Athe potential ,tYpeis of
. -analyses are,41T6Strated.ang.motivated. Other: epplicatiohs fo-r .

..this.measprenkeht-approad'h:aee:,also :suggesteff.,
..

;.:

-pemethodology itself ifs:the major contri'bution'of the*st dy.,....providing, :,a,t it dOes, aquantitatiVe Way to inVestigate.a
..!.v iety'dq phenotena.ass6Ciated wfth interactiveAomputing. The-

mOstinteresting:spebifid ffnding from theAata collected is the-ncrease in Output datajength aS the terminal.speed inreaSe8..-fTpts observed increase', the r.. oven. ange f spee_ds',studied :.,.., --,.
.

.. . .
o::!;..



/ A.

contrasts :with:no-observed iricreqse a,prev iously reported
sttid-y with a range ot Speeds hiiher than. those in t,his Study.
'These resultS lead to the postulation of an upper limit on the'
utility of terrttinal..speed to us.ers (with current modes of.

. interactip'n)

F1ure 1-1 Seroves. to, orutline tht orgaritzatioh.00f the. thesis
grapioa1 form. ChapterV isttie curt'ent -introduction and e-

oVervi
4.

INTRODUCTIQN

. Chapter provides/ backgr;orynd on the Measurement :Or
interative computing. . The difference between traditional
mlasurement tOehni'ques ,t,Dat focus on overall,: syst.bm per formasce
and nevi tochniqUe's that 'Tocus.on the serv.ice. proVdded to an4 the
behavior lof individual users .16:Clarified Thimportanot df. the.

, , , .



. .

,

us,ait in. in,teraCti.44Seims is str;assed;. followyd by a review 'of" the ,relivant system char oteristics .,cf 'uSers oonsidered as systel .coMptpnents Several models- of user-computer. inte'raction 'pre ,.preslerrted, including a eecentl y,,,dev ejopect on'e. that 1.used in the.'analySis 'Oftikithe data ccIllicted :i.n the study. zl'he chffter . t, ,-conal,Odes with a Cohsi.diration ,of the data..e6114t1on','
'srequirements,o'f the.modll.

. . . ... \ .. .
, 4Chapter 3' deats with: Vhe actual data c1o.ect.ion proc.edures.for thip investig&itton.. A hovel. datb coll ion instrument,' 'theNational Bureau of Staridards' Netwonk Meas ement Machine, io -..j.,deScri;ted-41:8ng With th.e d'a enaly.sis soft'ware.aVailable for usewith .1.t.' Thic.inserument wJt used to measurelpinteractiv'e( use of-the N13S..0ivac '.1108 lov'er a ree yiar period._ Only "norMal"recorded cOnversationI'.are alyteT, The ol "me of. data.

'. ibed .collected and the screening criter.ia are d s
1 ,

. . .

. . --,..

I

.

Chapter 4 ,d2a.ls'. with the anallysis procedur s for the data
a.

.,:al,'ae.tive terininlused (110 bits Per secOnd, 150 bps o r 300. bp ),

after it ha\s, beell collected'. Two ,dilferent.ways. of grouping thetada are describ'ed.: (1) aecording to. the speed. of the inter.
and. (2). aepording to the soTt e subsystem invoked by the user %'at, each.. stage .in 'the intera ive seSsion. The issue of dataindeperldenc,,e betweetrSucct ing observatiOs in the sameonversatiori. (sert0416./P,Iiitutoorcorrelation).. is .addressed and t.estresult pre'. preserfted .1 The cyttewed nature of the data makes itimpasSible to app,ly stiltistical .testsbased on the normal.

..clistributlon...Two non-parametric. t_ebts; the Mann-tithitripeyU-testand the.. Kolmogorov-Smirnov test, 'appear to be suitable to analy.ze. ..d.at.a.,..o.f.ehis tYpe,. ., ttl,e bases of these tests 'are described.. . -..,.. .

. .., . . .In' n'apter 5 the nestrits.. of analyzing 'the data...according- to ,
. . .

.:the selected 'mpdel of user-computer ,initeraption, -grouped -according to terminal spe'ed, are presented.' , Median an,d-90-percentile statistics a e tabulatea- for each of fo teenparameters for the differe t speed terminals, and t e r sults..arec. disussl. The differences between, the 'paraMeter istr ti,ons 0for the ,30 bps and 300 -bps data are teSted tor gnific nceuSing the Mann-WhitneY U- and the Kolmogor Smiinnov est. and'ti,e 'reiul.ts.. presented .
- : - ..-- , .

\
r

k . 41;4? CYO) tte r 6. the reaultS of analyzing the data according to' the Satite:;idodel,, but 'grouped according to software system invokedby;...the .08e'r,,. are presented . Median and 90-percentile statisti.cia;r:ew tal6;ulated for each of.th0 fourteen parameters fpr the-/different software Sy'stems, *and the 'r'esvitts 'ar,e'disc4issed, ..

.Chapter concltides the study with a summary f methodo-.. logical contributions and' e'mpirical fijVings, discussion; of ar,Wasof;applicatton, identification' of litatations and suggestipns for,l'Uture work rn, the' area of interaCtive coMputing measureTent.Jritiary area.s,of possible. application include benehmarking insysteth .procuremen'ft, 'gathoring user- parameter`s for use IA'Specific system deSigh, and tuning interactive systems. An, fact,the approaCh has a,lready been applied in procurem4nt sitpaoons.
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REASUREMENT -10F, 'INTSRACIIVE .COMPUMP..
, A.

In recent_years,. inc'reapinunuM6ersof geople have-begun t
usecomputersthro.ugh'interactive terminals inIA conversation l

. 1
Hilod.e *Rather:than submittlnt:jobs in a'beta mode and whitin
hciprs'(or/day)0).f4the regultsiuses tnterapt:with-the clutpk
.tehtlnUoUsly.on a-.transaCtion..oriented basis; This trend.g.i es,
every aVidence ofcontinutngarid-it appear8 that thisWl]jibe.

YtAe predominakt 'f6111v)gf:.,,FO!iNter)access:in thee;futU're. -
.:The"historkaf', ii. bctiv,syStems has 'been marked vanT ,

inOility to. poMe .to -with.tpe:40bignproblems raised:by he
.% inter--relationsiftpS. e 'manydiNere-ComponeOtS.-that

constitute such syste s. .As',.ittprecttv.e.sy.stems have'bee9MO:
%largerand:mbre aMbitOWs, 0:;:tbc have the failures. becoMejarger
Andinor°6 notable..-141.retsei4)4t.ibn sys ems th'at SfroPircan not-
handle*.the Toad Th's,-thAre. is a need fOltipanitativp data
.describpg the..0 rMationships of tha.variOUs components of.
interactiveCcom0 Y44Ms ancLrelatin&the iperformsnce of
Oese coMponents, p. theI54rformance of.the. oveirall system. .This.,
.data ts needed'b0j emdesiigners'and implementer6.for.
setting deqign goals, ps well as Wusers;And systerif'prbOurer-
fpr use in.:SpeCifying requirementse

Jr) thiS chapter:, -we Consider the differ.ing gbai'S'of,.
traditional Ir.AXem measUrement.and evaluation ascompared to the

,meaauremenA appevaluation Of'interactive systems; We ,see that-
,

;the focus is, of nedeissity, uite dIfferent: ,Syitem manageri
_seek .tb opttmize*the'-overall 6perationof.the sxStem for maktmum
efficienbyi'while pldividual users are prtimariLy, concerned with
.the-level-,ofservihe they each.receive. Frequently, tradeffs:
mu#, be Made between effiCiancy.and leVel gq:ServiOejo
indiVidual:users Also; the perfbi-mance:offte. Liaers themselves.
AmPacts thel fUnctioning of-the'computer systeM,.. Thus, therei.S.
a need to:consideT the user as a_system,.com'ponent for-which'
"operating data" ts requirech .Hence., 'we review ths. relevant:
chariacteristtcs of. hurron'operators.-HWe then describe several .

_models "that can.be-employed .0..characterize.th'e interacttve :

sttuation, inciuding-:oné tJlat..willtflused for.the analysis'of,
the dat.acptiected studyi.: We conclude with an Intro-
daction to the measurementtectThiques-suitablesfor invettigating
interacttve computer. usage.

, 4 .

2.1 Meas.ures Of Service

Mubh.attention has been d regtedin receritylars at..
jeaSurement ancr,related quant tekt,iive,eviluatioteChniques
:important part'of:the-sele4 on pn0fiMOrbyement of 'the hardware
and software of :computer systiems. BOth hardware a'nd softwRre
!'..tuning"-:of the: gYstem can:be.undertakón in resOon4e t6 the
,Informatidn gathereck The-overall xesults Ofsuch tuntng may-be.'
quite

ydramatic increases-in System throughput.. :

;



4.
h.',. The' basis for Meitquring sugbess, in performance evaluAtion :, ciffy this type I.'S saMe theasur4 of:the qoie-etfeetiveness.'of' the.. System before and' after the changs. Ihe 'cast-effinti.v,(inesscalculations usually are bas'ed on the. time tO run some O'Veti set,o,f Joba (a "'benchmark") ,tiind the' bosi (purchase clr mont'hly rentalt..''... ofthe\pärticUlar cOnfiguration, Thus,: coste,tfectiveness ik *,really ay\rat,io of throughput to coat., ap.d, the measurtment a. plyst-: i-s presUme4 ,to be ind.ifferwit 'to the choice between '.a..redCic ion.'in cost, for idencal, throughput, 'or increased thyoUghpUt f iidentical cost.. The tl.'mtj 'to process the .13etichMark '1,6 important

.

.
'only as a, measure of..tliroUghput.. .,' .

Individtia users tohoiAVe'r I May' pot be indifferent to- this .tradeo? .41of cost verSus .tive. '. Ft:q themi. service is 'the' key-factor. not throughput. In -cofltrait to the' eValuation of..?, effict ncy, .whickY is,.p.oneerned ,,eith ihe time and cost to rum's .;group of. ,,jobs.', service *eValuation, ia concerned with. the ti.me andeoAst to eunifeach'inbividual job. Attually, the tites of conperp'are *of different types, Efficiency i's concerned. only with .:.running on executi,oh timies,'4thile service eval.dation.. is concernedwith total elapsed ,time.4 .(In most m'ultif.programming 'systems.,. t4e,
.,..

elapse?-tithe for e .job is .cohsiderdbly,ireater. than the run, ..ttime)*. ThUs , .theev,aluatipn'of, efficiency is based oti the .measurement of the irRernal fUnctioping of a computer system as..awhole, rather than of its external...manifestatiions, takenindjvidually , s

The goals of iMpeoved .efficienoy and. improved service maywell be at .odds with one an,other.. An improvement in inteirnal. performance does not necessarily imply an imprOvement in Ierv ice :Irideed, the opposite may be true. Frequently, i't is possible to/Improve service only at the 'expenSe of efficiency.
For m ing servicie, ,the methodology OT 'cost-bensefitanalysis is ore appr4Dpriate than that of 60.st-effectiveness(Cotton, 1974; Streeter , 197'2). Cost-ttenefit. analysis . .recognizes 'that jobs may have a time-value,- and, that a simple.averagv of throughput, an inadequate measure. In a sense.,m,easures of service also must be concerned with the standarddeviation' ofilrun or response time. When measuring perfOrmance,jobs run more< quickly than average cancel out.the effect of moreslowly run job.81. .in measuring service Oiere may be:only twotYpes. of 'Sobs, Atceptable' and unacceptable. No further meritis alcribed ,to jobs run more rapidly than- what is deemed ."acceptable"; there is no averaging between ,,jobs runexceptionally well :and exceptionally poorly,.1,

A
NThe.'mast common ,performance measure applied to 'conver-'sat'ional laystems is "responsit' time.", This measure is most,frequetnti4y defined to be the 'elapsed time from the end of the ,. user's ibnput to the beginning of the system's redponse CNational.Bureau of Standards, 1978)

* other meas.ures of the s em's respohsiveness have beenproposed' (Aktrams,. Lind indkPyke", 1973)..

6
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The,generalloel ofmdst syttem design.eyS ties.beet"L'
'7. achieve the be4,'(.01ortest). respOnse I1'00%11

chbwever', OstemsNhave been de4igned*.4ithattperticOl'ar!:.
-,..time.goal mind)possiblyteoauSe-itwas:not'knoWn..!1./N9

response'time,was:needed:. This deterMinatidn iS mosX'Pr perlr
APhe 'clomatr. ofjengine:pringoriented'psycholOgiSts', Some I fp'whOM-
have. begun t,,p address tht problem -in,r'ecent 'years. 111, the',
f011owIng6e8tign,We reliew the functional'oharactevistiesbf
utersthet:are.relegant to the analysis. ofinteractiVe SyStems.:,.

4.

2.2 :UseiChayaoteristics./..

II..

6

.Considering the im rtance of the user in.the sdesigh'a&h.
performance of:interact.ve computing-systems, surprjsinglylittle
t.isicnown.ebout user charactberistics. The treditiOnal apprbech of.
-'01.e, human factor engineer is to reward .the.usir as another
.Systegi oomponent ando seek to'Optimi'ze the t tal.system in
-consiterations of the capabiltties'end LimiAtions of the human-.'
:pomPonent (Van,Cott, 1972)-.. 'Too often-, :though, interactive..
systems-have been asseWed by hardware end software specialists':

-wtthoutgany:asSlstande from such human TectorS eng4nebro,
. I

- . : .1.
. -. .

Yrhe, role of:the LiserA.n interactive syS:teMs iS'toth aS7ia Ilf.
--source and Sink'fr ipformation. As.an .-information-soureWthe
user'is*.cheracterized byAhe.rate et. whiCh information 'isentered.
(including both mean and, burst pharacteristics)',:ey the latency

.'of new inputs f011owing:recefpt of a-computer-response, and by'.
the nature of Ihe'inforthation entered (e46-the software system.
:used).. The role of theuser as..awjnformation.Sink'is onqy
measured indirect4 in terMs of successivelatencies-and-chang,*.
irysoOrCe'inFormation;oontent.. _User dharacteritics.as a sink
are such as tO place demands'om.the gistem.in terms of AS
:responsiveness and the-volume af respens :-informati,on..

..-

- ....-......frp,,,,ncsimwaso %Sup cl ...V.. ,e;,. en. ma,* 41.

In-pbt

.USer4typing.oapabtlities.have been stud ed extensively,as"'
part, of'the.human factors of data'entry deyices and-prooedures,-.
(Sepeil 197,?). For high-yolume entry of redundant date'such at
Engli.sh t,ext çn typewriter7jike 4<eyboars, speI test Tates of'-60.

-:wOrds..(300 ch recters) Per Minute are';ouite's'q on,.Wit.ti:an Upper.
liMit of about .100 w.p.m. in'production sitUati'nsand",cheqpiOn-
ship" speeds epproaChing .156 ,W.p.m. Oevoe, 1967.)...This rapgeof .'
60 toi11,0 w,p.m..-cOrresponds/to:a)..renge .,op 5.to-12..-5.keystrokes
per'secDnd, Athese aresustained rates.WhiOh.ean be ex.ceected by
!'burst" rates'foribrief intervalc. AJhskflle.d typistS typically,.
..senter text atabOIt .4stroke per Seoond..

. .

k

'For keypunohivg, drate of 170'characters per trbinute'(2.8
chbracters per second) is repOrted.as a good estith*te of th'e mean'
,rate of daily entry for time s'pent at the machine ,(based on data.'

.

4
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i
kl

' ,
. ,

I. .6
1,',x'Y from, many different data entry 'job's 'at several different keypunchi.,

, .. . -instalhations) (Klemmer, 1960).' No consistent differencses are.
retiortedYbetween allihanumeric and straight.numeric kypunohing... .. _ To . . , ,

,N.
' Fon fnOut.to intleractive. OomPuter systemsl'the data. most. ..,-.vidgly cireulated,is 4ased'on'users of terminals 'constrained to a--, re).atstvely low ma4iimum ratefoi. 10 or 15 cWaraoters'per second.' '.%Wh711e.thmodels.ef.terminals used in the.6dmple were. not:., .

expl'icitry identified, it mgy be inferred fromthe date of thestudy (late 19.60's).and,the'spee4"Of th'e tetmihals' that they were. .,tele- typewriters, most lakely. M$del 33 or 37 Teletypes; :Suchtuoi6als have a keyboard'iaydut similar,to that of officetylPwriters tut quite different) in key type and'"feeIP: from ... ootventional typewrIterd.,

.
.

FroM.,the da'ta.on high-v.611mA typing given'above,*it can be., jeen that experienced typists,can often exceed-the capaCity.of. .the:terminal tto accept .keyst,rokesl.especially for short bursts of'datatentry,1 :Ihis data should not:be-applied blandly, since,. as. .'just noted, the keybOard "fpel" of a teletypewriter is not'the-same as a'conventional
typewriter-and doesl'in:fact, reduce the' achievable ma.ximum, typing rate of thOroperator.- In addftion, thejoading of,..t6e'compLiten syitem, and-ConseqUently its-failure toackowl'edge.input within*the required time (see section.2. 1.3) or' -theflimited size of itSa buffers for yet unprOcessed input

, ctaracters, 'may, also serve 6-6onstrairi ,ths. m ximbm Possible rate
.

. ,
. ... . of user input'. .i. .

. , .
.

. . . . .

ilryan (1967) rIported a medfan.input rate,of about 0.6
chara'ctersper,second and a ffiean of abou1'1.. characteri,perAcond fqr:timesharing -Users on interacpiv

/
e typewriters" with aIroxiMuM-input/output rate 'of 15-ops.

.

,

The folloWing results may be derived from data. reported .byJackson and Stubbs.(1969) of'Bell.Telephone LabdratoTieS. for',,..three differenttypes of:inter!.actie systems' (only.mean rates'.were giYen):
...

,
.

t
N.

,,.

..

...Terminal.Speed
-(chars./see...Y

.4.Np0.1.1cation

t"Lodd

10

'Moderate

0,

iVser Input.RateA,
(chars ,/seb,),

9-,1.Mer/yRing:Rates Irij
.

46
tv

Scientifido

Heavy
. .

:27
r.

ao'k s-dn

o

Stubbs Study

15

_Business

Moderate



Thsesie rates' include the effect of aset delay after computer:,
response .(user think time) as well as inter-eharacter
aft:er ini:tiation of User' input f

I .

I ,D

Input Volume And Sessism ,Duratton

T.he yolum'e of inptiCto be. 'expeCted .from p ech .user, is
.i-riiportan 't. to systetn dedignersc:;since it,..-along With 'the- rate
another factor .in.' the demand .Placed. on /the CoMputert.coMmuni-
catiOns 'system.. SesSion duration,. Or holding'.tiee,''is of. particular concern to: designers of communication.s Systems. wtiere.

..faCiliti.es are-dedicated' to' a' user for, the .duration cot.'e sedsion ,

'.( Or 'call) and. wher,e.billi.ng may De .on a per'. gall rather :than . a' :e,

metered 'basis.. "/ .. , 0 .

,

i Bryon: (1967) , reported' a median inPut length of. about' 8 .

choracters 'with e, mean' of /.about 13 characters.. The'distribution
of' input lengths 'for i'his study appears to be ..a negative

I,exponential when pl.o, test as percentages. (In dOntrast , median .

and, mean output line leligths were abckut 22 and 32 characters,
respectively, and .,w e more .uniforoay distributed...) The average ;
user entered 82 suc lines Ain a se'Rsion lasting 46 ;minutes':

" (medran .session dUr tibn was2abot4 20, minutes); .:
.

Jackson and S tbbs '1'1969) reported the ,mean !m,imber o.f in.put,
. .. ..

'haracters . per .int/raötin for each Of :the three systems listed
in Table 2-1. aboy4/as 9.2? 10.:7 and .13.8, respective.134.
(ReSponse lerigth,tAbnly cited as- a mean 'for the three _systems, wad,.
117 .char8pterp.) Afterage holding: times for the..three. Systems were
17; 34:and .21 .mittes, respectively.

i

' 14

f 1

.. .

2.2:3 ReSponse irne Requirem.ents

The semiria work i.n the area of re§ponse time requirements
is' the.' of:, R.'. Mr. ler (19648). The authof a behaviora scientist
.atterripted to l t and define the different classes of operator
acti.Vity at int; ractive terMinals along with the xrehp nse -e"ti.m.e
requirement fo ,eacii. type of activity. Sixteen specific
:categories of Olctiv.ities are discussed which can 'be s.ummaried
-by three gener,q. 'classes of actiVities (cptton, 1969)

The firstactivity class .is the inut,for..data. td tJe .system
Or control act vation oT..some. funCtion thrrou a eybo d or

I :Other, entry* 461 ice. 'An immediate response o longe ,.!than
7 0:2 SegOnds s said to be recitilred for; t is c IA order: to
indicate acc ance by the system. The s ond class is

,.chlirgcter1zed.1 y a.,uSer engaged in high-int-ensity'"brainstorming!"
rewiring the.,,dreadi Etccess, of ,(ata from' the user 's .own. shor..t-term

.memory. App1.01,Cations might -in ude short seatches of ?nes :;or
manipulation diting) 'of ,data . 8uoh activityts said .tcy, require
no longer thay about a .2 second response In order thatithe..chai,n



..'bjof. thought Rot b,e broken. .The final class:includes thoSe:activities w.hich domOlete 'a subjectiO, (*sub).task or .(sub)purposec-alled a t!clo:sure.",' Users are 'said ''to, tolerate Aare extended.'delays, (up too about. 15 seconds)., following such an activitycomOleOkon or clour'e than 'in .the process .o.f achievi;ng a:closure. iNo 13ctivities.iare citede fo'r which the user willtOlerate reispb.nse -dglays,.longer than 'abbut 15 eootlds.
These. ug,gestivns have'teen devel.oping A .per,formance specifi4atitins fOr ,interactive systems and,. in factmay 'even, have, influen`cesyatem design, itself,, insofar ,as ,responSes to different typeS: of ac:tivities' 0.an be Provided:bydiffierent 'system comppnenits .( suck ,..,.aa:.lodaT..;114,oe'ssO.rs: in'"intell:igent terminals").. ,FJOWeVerl, it, is' ATOrtunate.'that'thdiscussion, though 'canicnoing', ,was not .accompanfeci, by .;aney.sOpporting .eMpiri.cal eyidevCe: -'.

4e.

There is some data showing the effectS of' Anoreasi-ng 4.44 temrespense time on. SUbsequently inereased!'Lfser respRnse..times (Boies, 197/4-.) v.:and on. (predicted) dedrehSing eracceptability ratIngs (CarbOnnel .Elkind, & Nicke.,' 1968) .!Lancaster and Fyen (4973) t'eview similar cphStderations'..of..system response.time fromithe. point of v.iew o,f itlfol-Mationretrieval:
.

'
.. /

2..2.. Response, T Variabitity
.V'..'

. The- degree' of. attenti.on that system .designerA tr.ad nally.nave devoted to , re sponee time. alone may.. be qUest.fonable.. .L. i... :M):11er` and-Thomas (19.76). suggest: that in .v.iew of.mthe.`": .,,profound technological ithprovem.ents (her...Ware and SoftWare) .that...'... permit-greatly improved sy-Stem 'resp nie. times., COncerns.... :abo.ut the abSolute Magnitude: of delays may no lbnger be...Afiarra.nted,...1" As 'Carbonell ..et; al': :c19.68) and others have obse-rved,. it'. is :the var iab:il ity..of delays ,. tiot their magnitude, which is ,'.. often msst d'IiTressing to the::uer. Unfortunately,. the res:ponse .:provided by compdter systeMs is quite 'often subject to, .. : .- . .....
.... _ .....con.siderable variability both Within and across, se.s.sions.,.i!..primari.1,. biat,t.pnot eXolUsively, due. to the: 'v.anh.ng load .placed ,n

.t...
'. InvestigatiOn 4nto the performan.ce of conrsole Operators as .afunCtion of re.sponse time variability hes a basis in the concern.::of .experimental psychol,,ogists with the reaction time of, Suqjects

,NI various "stimulus-,response 'settings. It. H. -Milleti(197/6)presents a brief review of the literature in U118 area, AliCh,generalli( .'sh-by that the 'reaction time indreases, s -the.
.variabillty intreaseS (Mackworth,:1970; MoSto0 t', 1910, 1 Al:.bavies., 1969): Miller deduces a theoy of reactti .n tirde tihicha: invb1,ves the expegtancy of the nex, signal on thetpart of the'subject': Ylt appearS tha,t subjects perform best)twhen the ntrtpignal ocetirs at a time aloproximantely 'equal tpi the Rean-,Ariter-arrival. rate of all, previous, signals. As .th. ihdc.brival o . th.) nex

..

'I



. .

signal oe-curs signVn1y beo.re or signif,icantly later t1-i17-m-1
. .

this ...mean arriNal. ra.Oof. 'previous 'si6gni15. f' the' suyject.'s argusal
iS.'debreued and .rie.d, bh*ser:SUkcarS

r,

Boe m;. Seven' and li,atson (1971) studied the eflect\s '
respdnse. time varia,1i1itY.1?ys .ntrodLtci41g6aaditiona1. de1ay;1."tO one
'group' of User's. l.,p tier eo requee the voriabiliq.. sTI,is groUp

received a 'longer an,,delay,Abut &F(011er vart.qbility in:response
tiMe thh a contr ,V1-g-ro,up working 'on: an i,dentical," set of test
problem . .The lo .delay, low variability grOmp*prodUced lye;tter

. or :faster sblt!itc.o's to- the 'problems -than the c:ontrol groupt .

...4h49,ugh')they e'xpreASed ;ess 'satIsfaOtion witb the computer :sy'Stem.
The .aUthors suggled 'ttie 'extra delay gave the' subjects time
'f:0' ref ect, on whi ;they were doing: ;god tO forMulate. their .

3,O1ut on Strateg%*4 al'are carefulay., . .

' ,. .

2.2 Respons*'transmis.siOn:11Ote

The rfSponse .rate of a .computer; .m.easured iin erms o
. ,characters per :.see.ond! .1haS., been found ,by..all the s udies

a .preiviolisly- cite0-.(e...g. , .aryan , 1967; ,Jackson; and_ tubbs 1969). .

. to be signifidO41,y. faster' t.han 'the user input. rat (perliaps even
by an order of .tile*gnitu0e) . The burst rate in 'most eases ...

aPpr,oaches thejimit of the terminal/communication line ...
capacity.. ,Th0e. (lat.? are .as im.portant as user' inp V.data rates

... in the design,.'of a communications .system Which,:-af er all , Must.
.carry Vraffic 'in tot directions; however, ; *in thi section ..we.

:transmission rate th n 'with .its.. impact .on the usser
orb' leS-s.con.cerned w th the .:design* implications of the response

. ..
e' .

It SeeMS to ; begen Nally acCeptedi as an article of faith
:that users.. pi.efer MO're rapid responst, transmksMons from the
computer. Empirical ide'nce to support 'this tfas been lacking,
-t.hou,gh

.....
There also hiss een a realizatiob that there is 'an Maper

pound on the improve ent in uq,etz'pe'r fo'rmance and/ar' satisaction
t esulting from incr ased response transmiSsion rates.' Jackson.
and Stubbs :(1 969)4. conjectUred that at high:dr transmission rates,
both theeuser think time ,and the volume of informatibn requested
ould incrqase, The premise for.the- f,..irs,t 1ncreas6 (think t e)

i.13 based Oi:i the observation that "in at least some instances the,.
'user utiltes computer' send time to .read ethe.output he receljes. .
Hence , it,the comptiter, outputs the Some Amber of char'acterj in a
much shor't'er time i'nterval , the user May increase hiss tht time
in .order bo*do the same amount .of reading a d thinking." s a
result, Ja,cksom and Stubbs 'suggest the exis ence of an upper .

bound On :.compute'r .transmission rat'e Hbeygrid. Which decreases in ,
.Ovomputer -send time are matched .by equal increas,es in user think

, time:" As ,1"egardS. output volume, the "authors only suggest that it
.
will "naturAlly increase."I'

. , , ,

.:
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L.:R..eller'(07t) r4.e9 ntly'provided.evidAnve'to:supp.O4,the fiSst. of Jackson, and_St. ba' ConjeCtUrea.. .In.thiS'atUdy;.ithe-effeCts of varYpig Clitdiaptay_rates and O,UfpUtdelayS!.uponA0er:'perfoinmance.and-attitudavin a seriek:of message:retrieval tOakS_,.;Were evaluatect'expevdmentally: . The'revaltesupportedtheir.:
wsomewhat:surprisinOsomeOnt evidentIy'unfamil4ar,.With the-Jackson and Stubb4L-paper) concluston that doulllirig the;display-irate froM 120-cbarlucters per setond,tP 240,dps-prot4wed-no :Hsigni.ficapt'pertOrmance or attitudectranges; th'e'include cperittents at'the7 lower rates 'of 10,i5. or:a0. cpS.

'.-.
2.,.3 Moder8,..Of User-Computer Inee:ractioll:. .0. :; ''' .... . . 1 .,

., ..i . . ' ! * '0.:. : ,IL- ..Complex phen ena are often best urider'stood in terms of.models' tvlodel making ahd: testin is a fundamental' part Of Ole: ..Voientif o method" which we, ar" seeking to ,applyto oie 4.2nvestiga l'on Of uSercomputer i teraction: For' the purposes of....this disc ssion it is suffilient to .note ,tt.fdpoints about..: oon.ceptual models'
.4' .

4t
( 1 ) The simplefs. model. that iricor;porates all ,the

.
.

.

obServationa describ.ing a phepoMenon i8 preferred.
!/ (2): When, interpretation of the ,data' according tot a model

.
. -

\. .- 1 produces results tnat are:',,at variance with realitY,. 1,,t :"is time "techange the model ' :4, -.
. f '

, \ .
.In this section , We- examine the mOdel on which most of tilecUrrent data.,uSesi by 'data .comMunications: syStems analySts Is_based, We then 'describe' a simpler mOdel that was propoSed fOr a ,folloW-on set of investigations intended to .update the data,-jand.show hOw that mOdel had ,to be modified wh'en interpretation of the'data led 'to anomalous results. The mOdified version is .presentedin detail, since it' waS lised to interpret all, Vie new empiric:al'data collected in thist investigati,on

.,

S.

.

2.3.1 Data St.ream M d
.

,AThe ,firSt pub.lished analytic model Of the cOmmunications4. .prodes8 bet9een a multiaccess IOMputer and a user 'at, a reipqteterminal was deV4loped at the ell Telephobe Laboratories?,(Jackson'. and Stubbs-,, 1969; Fuobst anfl;Jackson, 1,970; Dudick,, Fuchs and .JaCkson,, .1971 ) The Model desorifies the cOmMu.nicationisprooess in,.terms of random parameters basedi.on times between.' .;, characters. transmittied througli the 'communications network. AliOf the pirameters are 'measurable at either the communicaittonsinterface to the. 9othputetr or to thi terminal.
L %

The model was .developed by ommunicattions carPier organ:-
. .

1.zatiorr.to focu.s on the user-computer commUnications prodess and:..to show howl the characteristics of the .computt,er and of the user
A`

#



affect commUnicatl.ons regUirements. (It.' is also- used to. ,.

. . .

/. t'he ;.canverat, 1...e. , 'hoW the constraints of .the communieationi.".
inedium 'affect the, user and .the oomput0).. .. As .such; tte..model is

"fprMulated in terMs of ..detaileckInforMatiou on the ticiling.,, ..relationships.. within a call- or Iitteraotivelsession which iS used . .
to develoP an exApreSsion .libr the

) hol.ding time or .d-dration for the
: call. .. : 1 .1. .. 1.. ,

Figure. 2-1, .illu'strates the *dAta stream modiel"f-as It iscalled:. A "call" is' the total tittle: period durihg .which the usersends and receives,'Characters, including any idle time betWelen!.
. either ,,user ,or Computer -charactei* Thea model as developed is rahalf-duplex model ,, that. is, qt does' not account 'for the

s'imultaneoUs sending and receitving of chiaracters'.,. A. period ot-:
.Vransmiision, by e4her the Usfer Or the compOter is canoe). a burst:
segment., 'By de-finition, burst segments.begin at 'the end/..of the
3,aot character sent by theother party. .

1 .
COhNiCT

I

COMPUTER... USER
BURST BURST .

SEGMENT SWAPO

USiR
INTEMIURST:

. I

c u,
111 SI

DISCONNECT

COMPUTER. : ,
INTERBURST.

TIME

.1..

U U . C

N4 H .i .
'TIME

. .

. . 0

H. 1.::. F
. COMPUTER 'USER. . n !'-ICOMPUTER

BURST 'BURST.. .4-1-- CHARACTER
A

INT R-
. .lMPUTER

INTER- r'-'1 USER

' 0

CHARA TER . CHARACTER . _11.. : CRARACTER
TIME ' TIME

a THINK
TIME

Figore 2-1.. Data Stream(Model

'Withtn 'a 'iLiven burst segment, there are periods cif line.
ctiv ity and of line .inactivittY (idle time') . .The idle. time. .before the first user 'character in ea,ch .. burst segment is \

id.entiTied -as the "think", tittle; T e reWaining .inactive ,perpiods t
`wahin a burst 'Segment 'are Called tercharatter and interburst .

,each s tt'para.e.d by less-thn .one-hal character width. Obviously.,
times. 'A burst. is defilned as a st yg of, consecutive characters .

* . e the nfumber .of bursts in a4,brat segfnent i's lep4 tyfan or equal' to.
-the .numlier of oh.araCters in that segment.

.,

* Jack n and StUbbs "aasert.' that "simple modific.ations!, to the
model- would acCommodate full duplex operation. The problem ,maybe pore cOmPlex ttian..they realized, however. . See, for example, .

the dispUssion, by Abrams and otton (1975, PP.- 13-14).
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Data Streath Model ..Parantetdrs

The' twivlee 'parametOtseof thei'data stream model (Whj.ch areCI* in the expressiori for th'e .total. holding tiM'e,,pf a call) -as'

.S ='Rumbe'r of burst segments per All
'1' think time (user).
I = idlf time (coinuterq

= user interbur6t time
.

. 8c = cOMputer interburat time':
7 .Nu = nUmber of bursts per user burst segment':

NFu number .of bUrSts per cOMputer.!burst' segment= 'number of characters. per burst segmentc
M =. number .of characters per coMputer bur'st Segment%

7.Cu user intercharfficter timee. ,computer intercharacter time
TW character width ( in .seconces)* (Wu = .]

'

. 3 . 1 Model 'Dev.elopMent
*

An:expression for, the holding time: of a call was developed °by slumming, -expressions fat eight incliV idual -call. compipnents: (.1) :. total Us,er 'character time; (2), total, computer eharacer.(-3) tOtal user interoharaeter time; ) total compu.tqr inter,.eharacter 'time; (5) total user irinterburst tiMe; . (6) 'total .
. computer interburst tithe;.-17.) Aotal think time.; and .(8)` total"idle time', The resulting expressian is a complev foririula Kitt) -the eight terms 'each OUmmed/ over the appropriate numbser of .b.urks'egMente, ('appraxiMated br 5/2 :.each for user and:.computer)'Knowing the distributions for each of the twelve parameters:inthe moe1, 'the authors .state that it.is theoretieally possible'clout co putationally prohibibitiVe; to Solve directly -:for the.dist ution:'of:holding time. Instead , they .sOlve °for themean value of).the holding time which they obtain ,`.1.inder theassumption's tnat the random .v.alge,s are stationary and mutually,.--independent, Oy: kaking ,the expelted vaLue o.f the euression.This' result' i8.'.expresserr aS the sum of the following four,,,component parts,, eacii hs6iing its own fun,cticrnal significance:(the symbol fol.- each variable represe.nts ,its mean value)

;-
user send, time ,( the total amoOnt f time during Whix2huser characters are' being transmi .

(8/ )(NuM.141u)..

-computer send time' (ttie total a ()Lint of time during,.'whichs..cothputer characters are 'being transmitted)
.

r

Chareer widA,
A

1 )(character transmission rate)

4.5

*



user 'tlelay .( the 'sum o
burst segments)

- (S)2 )[T 4.1111(N"-,1 )

:

all sátive pericfcts dur4ng user

q.

d4. c.Omputer delay'. (the Sum o
computer bur at segnien.ta)*._

c(S/2)(I + B (N 1)

'2..3.2 Stimulus-Response ($R) Model

.NC

Inacti've,,,peripds d'uring

. For many. applic.ations, ',the data stream -model is
iInnecesSarily comp1e4. For .e.$amp'le,.-the identification 'of' .

individual; burSts ttirst segments from gather the user or
the computer is,..unnecesW'y i'f the conversatioll is to be vieWed
simply .as a se.quende of individual tRansations whose start and .-

'endpointa only neea -be'identified. :Thi& approah was 'taken by
,researchers at the National Bureau of Standard's: in the two. models
'deVeloped there 4'Abrarps and iitton., 1975 )'..

The .first of' theCse , the- stimulus-responSe (SR) mitdel , is the
mode7,... that can be .defined of ;user-comPuter interaCtion.

In this' model the human is casonsidered: to be in control'. User
inPuts.F. '(5 the coMputer are termed "stImuli"; outputs to the
:human, a:re t6rmed "responsel." The ,SimpleSt pattern Of computer
usage is A transaction in Which the user ;issues ,a stimulus ana

.1 waits until ,the computer ii.eturns a response'. -It 'may 'be asSumed :

that the nP'cxt sti.mUlus- iS dependent upon the contents of the,
preaeding. response, This trantaetion, or stiMulus-responSe pair,
is known as a .'.'message grOup."..

,.:

2.3.34: Stimulus*cknoWledgement-.Response (SAR )- Model -,
. , .. ,........-4--f, ,...L...

t. In-terpret:ation of data from. certain ssyqt.ems according4to- til,e,,.stimulus-response ,model led to the anomaly4 that computer conver-
I sations Whicch left ;the human 'user w1t4 a' subjectixe evaluation of i

verfy slow reSponSe appeared to have v,ery' fast response when 1,

analyzed ( AbraMs r'tindamood and Pyke , 1971). Study of the data
.:. revealed that commUnicatioos conventions had not beer considered

'adequatelY. The' American Standard Code fon /nforipation Inter-
changes( ASCII) specifies the format effector interpretatiOn of

..the carriage retOrn (CR), >bu,t.not 49s convOtional use .in eonver- i,sational` di pplicatioris Marii computers employ the cony trition thaq.1

LI
: by a CR. Since the CR (only) :returns the print position to the: ,s

a :lire. constitUtes a -IV it of input and that a line. is ftrminated
first t.14:.)1umn of the burre.nt line, t.h;e computer issues a line ':feed'.. . 10, , ,

I

25
a

: .4 11.01
L.... ! ..1
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* f '4, 4

.
, . , . .(LF) folloWing *receipt' Of a .CR to .mOv.e" the' print popitioh to the.following line. (Some computers require, that *the seqUepce CR LF.terminate the l.ine , t.htis obViating 'the: problem). Other controlcharaci/-, ters mily atcco any the LF, but.tVgir presence gentrally, is .not tv en recognited b the user .tince they cauie .no printing or ;,

, ' mOtion of tile:print. me hanisM.:,-,
:

a . , .
4 AcCordiniOito the stimulus-response mode', . these not4pr.inting.--charaeters constitute-:tiie begitining...:o.r."the responds; by sub,;. .

jective human .ju8gItlent :they 40 .not. i Their ,preOnOe s,hbwevker,, .in that they:provide feedbaok hiohe > 4, the.'user4.that: icitie ..com.putet.. is. still. ;fun b Viligneveti e liotr tkrietp..e 'CR is reassured thit the.'comptiteria Serthe action of the.' LF.. -NeverthelesS,"thigiV 'does n Onstitute.
. .a" mean ing.fulresponse. stiMul116.,:' In 'rpoycholOgl: termS:,the LF providds partial. cloture .(.R.. tMiller, 19.6.8)1 e. user .iS still waiting.for cOmplete ',closure t,O.. 'be :providedresponse

.1
.To account' for thi,sanomaly, the stimulus-:responge model vj'as:modified A new state..'waS introducedcalled the. acknowi.ttige-

.M.Ont"; this Model is. aeCordinglY :Calitchitht:) "itimulus4acknow-
..led.gement7response .('SA..R) model .0,perationaI the '4cknoWlege-:Ment was first sleji.ned: as .Q11,.,the inittar non-prin.ting Characters
1: which are output.'57y the .coMputer foll6Wing 'a at itni.41:41s As in. thecate ofl,the LF, -the .acknoWledgement proVideS a Ortial .C.lOsUre by:..r.eassbri.n.g. .thel'user,-Oft. the .System'..s.dontinuing ability to, .Sery,e.him.

.
Since .1e,'concept of th* 4

acknoWlediLement° is based cin psYcho-log,ical considerations', its content tliaat be defined4ubjectiyelY..
OnCe def ined , the -acknbwledgement can be recogntted ..by. an .
algorithm... ...There :Ore two lextenstons to thedefinition,of the

.ackowledgement. First, tije acknoWledgement is viewed as beingtim67,,ciepehdent .anlm.ay therefore be- termtnated by' the lapse of
some spec.ified time per i'od: during whibh there is .no transmisSionfrom ..the ComPuter SeCond , the-response may' be,,,defined astieg inn:41g :with the first meaningful character 'pr(inted by. the.com.pUter. partic.ular,, a fiied he.ading .on. all output may, be
consid.ered avjjart ,of the acknowledgeMent rather than as par!t ofthe response..: .

4. \

Some tnteractiVe .computer systems "appear% to construCt. anehttre output 'uffer before initiating, any output to the user.. .The buffer ,coptents are then all transMitted tO the user at themaximum network, transmission rate: In such a cqse, even. tbough
. the' formal efinition of an acknowledgement is- fulfilled , thepsychologic l..function. is not. In such c ses it is necessary., to
.suppreis the acknowrecigement state '( tidily vmrerlt,t1g 'the-SR model) . It sliould also.the noted that, in soms4 the oplyoutput Er om the computer consists of the LF and ao4ft ndnprintingcharactFrS. Olen this situatiod arises, the OutptYt s cOnsiOered.to be response rather than acknowledgement.-

.

-,



3.341. Oirameters Q1 :The .SAR Flo

i'he SAP 'model; sevePg{:- ariable's chafacterizing the
dialdg çn b,e tdentified. These itar4ables, identitted in

.:iigure pill into *.two..; broad clasbes: thQse concerned with
iiharactei count and 'those ctncerned :with 'eltapsed time:' 'The
character ,count is, Ole num0er of .characters occOrring in ech'
Message. grour-cbm'ponent. .

,:. . f.
Each 'ifreasage'grOpp Ovjement is' delimited .by tmo ..evfints

the arrival_tirnes of Ole first and' the lapi chafaCters:: Using
these two ey.erits'.to. Meastire elapsed time transmission' and delaY

..,tinfeS are calCulated. Transmission time ris- the .time betwe.en the
f1.14'st'Chhr-actei. 'measage .groyp component. and the last

. ,

.character of that tomponent.'
TIME

MESSAGE G.ROUP 1' ,

:A.,

STIMULUS ACKNOWLEDGEMENT
1 .1

RESPONSE
1

STIMULuS

I

DS

I .1 1

1

t

T. 1

. USER

SYSTEM .

*ICH $.1.6HARACTER CHARACTERS

Fi.gure -2. . SAR Mo:del

The dela time is title elapsed time betwedn the last*. .. '
charactero of 'a. essage ..groUp component and the- first charaater
the ti.xt conipon t (.WhiCti may occur in the same or the next .... ,

messege group) . timUlus. delay ,time is the elapsed., time between
..A the- last character .of.the network rsponse of. the prev.igut.,',.. ..."

mesSiige group and the, first Ofarac ter of thi stimUl,us' or ,the 4
: cOrrent -message group. 'Adknowledgment d_el.hy time i.s t,he 1,nterval

* beta4v.ee,Th the list' character' of the stiinul.m.e;::ine,the',7f4iS
. ch actor. of the acknOmkedgment , whil% re\Spo.nie- 0:03,,:tiy,-:t4in.e is...thp'":

interval betweasn' the' lhst character -of the ackno.'40411fent.:inb.;fhe
, . . .

first character Of the,*rensponse. TherilitervA,Alk.tivifen the laSt
haracter of the st*mulus hnd the f1., st...O'ha. litter- ,of the respon-se,

is the conventional A definirti!on of. ttesvontv itim -9 4.-..-..i 1.t.
. -,. ::th.: .1 :4 '

,
. . .

1

*



Rel,ationships Among SAR, /!14c1el Parameters...4.....
. ..1.to'' Let the following..notatsion be' introdu ed . illUstrated in_Figure 2-2:.

, 4 .

`
...2 St itilkdi us chitracter count

Ca .= Acknoyledgetnent charaoterscoun't
r. .Response character count' : ....\. ..

..,: .

:Ds' = StImuluS dela titne (user think , ame)
lic,knOwledgeme t dela,y time

..D" ...g.. Response del,a k *time
s i

,

...

.': T = 'Stimulus transmit time ..
T ; Acknowredgement transmit ti:the .r

s: ,
T. = Reaponse transnii,'; time..

; C'"'10.
.

. ; i .

.. A tress:4pr group consists Of' a' Stimulus-aclicwowledgement-...response 34tup1e. -A conversation consists of a.n ordered.pet of :message Eiroups. Let the subScript i be appelied to eaph of the'nitie component meajures o:f a msessa-g-e-,-group.5to. indicate the,Payttcular :messag,e group i.n a converaation... For example., C4 is .':.
.' the- .stimulps character -count for the LIth meaSageo grOUp..in. the.,

conversation'. . .
A

. k r - r
.Analyses may bp per:formed ac.ross Conver?satitns.. Let theadditional subscrl,pt -1 refer to thepoTversation, so that,. fOrsexgthple C refers tO the ,stini-CaU character count fortIi

.m '.;1essage gr p .,iri c 6'onversation J. - ?

r

2. 3. 3.2. 1--1"6ompound Delay ,TiVs..- .
4..' . ertifn othei latencies or' delay times of initerest may be%, computed from the .siX basic deLay or .4,ransmsit times. '.

'

. The-st.imulus-response delay time (correspdndtng to the delay :time eX4,er fenced V, terminal .operators frOm ,the completion of ,tAie. ..stilmplue to1 the .fit'st useful ,or'grintiogi character gf the .:. .

response.) may. be ...computed as: -- . 1 .
. I, . . I . .sr' a a "rD . = D T . D (5), k

i, Y .
0

,

1.1

.

,

The stimblus tterhartivai time, (correvonding to,.the timefrom t.he .stairt- ol one' sl,tmtAus to .the start of -the next', i&hiçh iinsome sense may be interOeted is the "duty cycle",:for the . 2int4r votive ystem) may lite oomputed:ati
,Dss a i r s

s.4.41.Di Ti .(6)

411114o..:684.6111411111111b.

4. 00A
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.

s:Th Ait is,ht stimulus inter-areival time is simply thelium
.,.of the dUeatiohs" thg stiMblUs,'ackhowledgement thd rtsponsi
portiOhs.of.'aliaiv.On message. group,,or alternatively.r.the sum'of
all the-transMIt times 6nd Si;l the delsy times in a given:mtSsage

. Voub- '

Tht.total elapsed time for'a cOnversttibh;is-thc.:Sumpf-:tht.
Stimulus inter.areival times for:all the mtssage:groups'ih_the.

-For a converviti%a with 0. messagtgroups, AJW
.elapSed

. . .

D44 -:1

2..3:3,2,2 ' Tegnsmissi.on Rates 71

The transthissiOn rate'of the lipt'or- the teirMinal determines.-
-rthe ximUM rate at which C-hara'cterS can be seneoreceied.

. Let
X =,line transmissionte-(characters per,stcohd)

Them-the'f011owirls bUrst#-trahMisSiohTates(measured f o
:the start of:the.firslIcharaCtpr:lhtht StimAdas.; acimowled.tment

or -C.response)'cah:b,e coMputed::

/ (T's* X ) stlmtlius transmission-rate
:(ustr typing speed)

/ (TP *.z...sd.k4owl.edgeMeht:-..

transMissiOn:rate
/Tr responst transMidipioh-rate

1 1

1

4
,

Average transm4ssion rates. must Anclude in the computet1on
the delay ttme'prior to thefirst character Thus, alera e
transmission rates are less tham bUrs,t rates due to te id e time.
when 'the tranSmiSsion-capedity isunused. Ayer.age transmission,.
'rates.Can be computed'a8 follows:.

-

=- [(DS:4. Ts)
R ua /.[(Da Ta)a

cr [(Dr 4: Tr)

A(;1
t:;e1

4114* Note that the deffhitvion oda "burst" Ahathe SAR mode):
corresOonds to the deffhition of a "burst segmentP in the data'
stream model,' In' the SAR modbl, inter-character idle' bime is,

, oonsid,tred as part o; the burst..

e,



42i 1\in.toractiv.°4 Agtivity 'Measurement..

Empirical researdt .into .ither wharacteristicS; in .inteirEictive
..'.compUter usage.,: suoh:aa the application- of the mOdels Just

discussed, requires .a*Means of col`lecting data abOut the user'saCtiviey 'at the. terminal , .and perhaps about :theactivities of thecOmputer as well (as. least., insofar as they affect; the user).. The.basic aativity on.the part.tofs the user 4 to epter charaCters by, ,
:mearts..,.Of keystrokes; the..gomputer then re.sponds With Charactersthat aeeither printed:"or.-displ.aye0 finallI'v.the user keads the:'respo'nse 'and begina the cycle again b'y entering more charlo.ters...

,
.The user' s activ.ities c.ould be measured and recordeddirectLy byk a number of. teChniques popttlar in' experimentalpsycholog*Y. These include observation by a human experimenterwith: a manual timing device {such as a stop watch) and TeCordingby film or' 'videataPe with, a timing. track. or split Scrée.n image of .the* sweep secon,d, hand of a. watih. Such techniqueq,. however, arecuktibersome to 'Use, subject to:timing and transcription errors,and generally unsuittble. fOr obtaining a large volUme .of

theasurements.

Stmilarly, the activity Of. the computer system beingexercisea tould b'e melisured by a variety of internal recordingtechniquea., generalry requiring Special., softwal"e running on-thesame system. This introduces "the 'problems ofl providing this':'..software for each Com er °system ito be measured, as well as.introducing *possible ertubations fto the .very system. being ,measured,. f st-

For these reasons, a, general, easy to Use, automatic'
recording technique is preferred which can be applied to a 'largen'umber o subjeCts without' perturbing either the user's or the ,system ey are using. Thit goal' can. be achieved by focuaing the.. measure ent attention on the communiCati9ns line between th'e.user' s termimal and the comp ter .

. .W en keys are struck by the .i.user , these are electronicallyencoeled into an internal digital representation by'the terminal.This aeqUence of bits is then .tranSmitted serially down the. line .to the waiting computer where they are, Ewembled back into theoriginal:* characters.) It is relatively .easyto construct apassive recording device that m.2..y. be connected to the samecomMunioations,circuit ( similatWo an extension telephone) sothat it receives the 'same signals. as the' destinatiop terminal or,o-omputer.. With prOl er synchronization of, the measuremerqinstrument' ( requiri 4knowledge otlike protocol and. trarOmission.,o,rate on the line) , these bit sequnces !Da be recognized and4recorded as cherac rs. along with each cIaractèr can be,.recorded its time of_11:1114 rrence. ( according to some Clock in the.
measurement instrument) d the source of the character (ukser or. .4

1ornrit er I

.1



,

.. ...considening he s ed, with-Vihich:character.s .are enoOded or -

rrinted/displayed'by .t. e 'terminal , the' ,tinie Of defection on .the
,, .conimuni&tions line is entirely' adequate tor ,the .desired. purpose,.

and .the t.iming reletionships between .succeisilte:.characterS-ls.:
:preserve&-exactly,*.Fuethermorej. such ffeadurements:cpri: be made ))'y
a. passive. connection .tO: the line without perturbing' e4ther the .'..

user pr, the Computer ssr's to:4. and the same method can be- used for
any .computer systeni emplaytng the same 'stqle440,rotocolfor whiCV
'the meesuremert Instrument is-erigineee,eC. ' j_ v

.

.$uch a me,asurement instrument has been designed af)d
constrUcted by a group of researchers at the NationaL Bureau of .

Standards to .record intera4tive conversations transmitted
.acCording to a start-stop (asynchronous) terminal protoCol
(Abrams, et, al., 1977). This instrivent and its supporttfig
software Eis Feen used in -the collection and ,analysis of data for
this dlssertatiOn. This data collection and analysis prOcess a*re
the subject of the next chapter

.

w Note that the propagation delay intrqdue by certair types
communications systems may 'influence the .c oice of. Where the
meastremsent in'strudient iS' attaahed \ to the irCu.it.

I

21



3 DATA. C01.,14CT '

'

. I the 'prievidus chapter we discOssed the nep.d for -empirr.calmeasur ment of interaCtive yaers arid systems, cleV-eloped a mOdelon whi h tci base this measurement, and' expressed the need fork an.automa ic , yet passlve,*mea utement instrument, In this chapterw* briefly describe the ins rOment meeting these' requireMents .,that wasi used is the colley ion of data or this -study, the ,interactI.Ve .environment in wheCh the lostsrument vat3 applied andthe t,ype and tiliantity of :datacollected.

3.1 MeasureM.ent Instrument,

The measurtment instrument js a combination hardVare andsog:ware system Consisting of a data aèquisition' cie,v ice cal.LedthciL,Network Meapurement 'Machine (NMM) .and a Data Analysis Package*(DAP) fbV gener'ating summary rePorts. This tf)tal system --*the..,
.icquisition .System and the.:.DAP -- is called' the Network

.'Measurement 'Syatem (NMS).- This system was de,..ieloped at theNational* Bureay of, Standards and .:is decribed :in detail in anumber *of repot.tis..( Abrams & Cotton, 1975; Rosenthal , Rippy &Wood., 1976; Watkips & 'Abrams, 1976). We only present enough
.s'ummary here for-an.underStanding of' the capabilities andLimitations of, the.. system and the type- of data :collected.

The Network Measurement .Machine (NMM) ie iMplemented On a.mini-computer em.ploying both regular and special pUrpose hardwarecontrolled by -a specially written s.eiftwa,re system. The regularhardware includes the processor, an operatbr 's console, disk and:mag-ne.tic tape storage, tWO -programmable clocks, and datacommunications interfaces.' Special purpose interface! hardware is..employed tolconnect the NMM to the interactive systeM that, iS to;be .measured.

/Data are'not structured or..analyzed during 'acquisition,.
. Rather , :all eharacterS, are' identified,. time-tagged andwfittenmagnetip tape with other .perttnent information for subsequent.

anal ysis . A sequenoae o*f interactive sessions fora number bfdifferent 'user's can be recorded on the same tape.
4

Oncre- recorded, the data are' prootessed bc.the DAP on a large,general-purpose computer system% .Briefl'y", the processing proceedsas follows: *, The multiple c.onversations on the tape are firstseparated 'into indiv iduai conversdtions. Each conver,sation isthen scanned to buil-d a structure file which contains ,pointers tO_the user and, compyter nsystem messages with their respective timetags according to the SAR model. Different grouping§s of tlie 'data(e.g. , by software proessor employed, by the user) can be noted-.in. the structure file. Analysis of a set of data yields dpstri-,buttons for up fourteen.Separate parameters of thft $AR 6nodelplugs statirAttcs: Conversations mall, be malyzedindividually or in reports generated and 'a filewritten for additions data processing by 'other analysis programs.
' 4
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... ANetwor4 Mea tement IlactiA4
-

The :p.utpo e'ofIthe'RWit tO Tecord,*.chiraCterize, and
time,tag.sele6 d,dale'dialoguesjor Subseguent. analysit
harciware systen4requred .for.thiA sPecialiled 60a,:accipirsit4on
'Proceas_consist.Of a.MiniCompUter (DEC RDP-11/20'*) emplgyillg
bothatabdard ad .specially'deaigned.communicationsperipheralS

-and-relaeted:equ,pment, Foil detailed infotMatiOns:On.the.NMM,'0*0
Tosenthl, Ripy & Wobd:(1976)..

'ThtAMM.d6t1 ectsto the commuhicatians line'betweeh.the
.

..-.1Aser!e 'terminal and. the.Co.pAer:.'thus, no modifiaation.s.mhia
night. perturb.th* intetact e process ate.made to the terminal .o.r.
to he computer.Ostem.

: i

.A11.1711111011.111MPONIMMILIHIW

.
,

jn.':generaL, ata,traPflt between a.terminal and a computer .
system.can be fulJ. or: half duple,ck.i.e.1 .tmo-way alternate'or
..twoway'simultane us).. Therefore,i4tWaS nelesSary to provid-
t'Ido'4eparate inte Xaces, .eath.,operatibg,..in mecelye-palymodel
capture the full 441ex data'dielOgue**. Each suth pa,i'r of

-Anterfate.s and th asSociated.Spetialized interconnection
. hardwarTe for inset4Irg the WHintb 'a selected data path is

toilectiiiely calle' a:4:ata prObe..*Ea'Oh. data7Ptobe is. "invisiblO.:
:Ittothe.ongoing'diai gue withfrespect to" the data, status and J
--c-ohtrol siOals in lvech Speed recognitiOn.software in'the NMM..
.4.e.t8 the orrect o tating..Speed of- program-settable .(in the,
...i'1enge.s..of-110-300. bp )4nterfaces::during.linttialiiation.

The.acqu.isitioW yetkm ttself eequireaSoftwa're:to control 2
and mangge theresdu. ea of the NMM-,-'the dat* prohes theAata'.
recordiNg device- (maghetk:.tape), and the 4perator'.s askisole:.

"The N.MM software is.ah interrupt-driven teal-time:Operating
systeM;I:neorpor.atingiarious'deyfce driversahd'interrupt_seryice.:.
ro-utines forthe,stan iwd and-special.purpose peripbetals !1
attached, to the systeq,

/Reg'ar'ditIg'tlip.Ute\ f the,NMW4s .edata t011ec on deyice fOt-

,

the breSent, investigati\ n, wemay:be'dobnpetped abOut the acCuracT
wlty whichAlme.tags ar asaigned.arld\thulto which-statistics
can.be oMpUted.' In thesoftWare, a Data Probe Intertupt gerviee
RoWtine.identifies', time4ttags, andhuffers communications

.

* The tdetifi ation'of:c ttain commercial equipeent., including..
.ehe.systems_ds cr'fot data ollectiion and:datO elalyais.arid-.the
sy-SteM thet'wasa. tually m Ureclo...,Wfb,n, thd,purpOtt tf." .2_

>
, completeky:Cutrib ng the. 15.r.torbanct 'orthe' study, 40-,does not-
implvfnyendiarse .ent on th part Vf the National'BUreau,of

..S.tegidard8-. .,.'., .:-. ..

,

,

W.
. . t -

v.

**:The 9apabi11ty tO.;'ecorb.4all AUplei tonliersatOna-Was built
'into the NMM .as,deadrieed her4, ThiS-tapptility was-not'
f17.equi eci,llowever:,..6r the ap0,,ication_of the NMIll'In 'this
.rese rth (sh.e. section 3.21.-..: M C



I..
ic -interrupts. The time-;tagl- clock rolutine serviCes the crystal

.. coritrolled took .ueed .to provide-'24 ,IpitS.' of timing cita.. The--v---4.clock. counts at al 10 kHZ rate,-'proiding an 'interval timer with/., ,-.:,,.. 1., ILO- nirC ro's eao.nti,,a; e so J. u t 1 an . HoWever; the .to.. . ,

characters are only -h9.1.1rate to the nearest mill, Ised ndll due to;--.,,critical non-interrup*abIe deide-''16-the ..,s.ar.vi'ce ro tine ,(Ab.ramS,LI.. -et.. al, , '1977); Thus; when- the data are analyzed , statistics .can.'be coMputed that are aceUr ate to,'at .least the nearests hundredthcif a second; ;in faet,.mo.st statistics,.: will,only 'be; presented to..the neareat tenth of a second, since finer differences do ncit .- seem relevent in an env pnment involv-ing human /users.'
#

,: 3 :. 1 .- 2 D a t a A n a l yP s P a c ka g e -
. 1

- *. ! " i,' ,. N .-The Data AnalYsis Package (.1),AP-.) .processes the *data- acquired...by the NM*§.. IndiAtidual conversations are 'isolated from the data
. tape' 0 nd summary statiatics are computed for .a. number 9fparametera of interest.. The DAP permits data' to be zrouped in.var4ety of ways,- both within and_ across conversation. Fblik"detailed -information on Che DAP see Watkins & Abrams.,(197).

., ....
Th.e. DAP is` implemented ,on a Digital Equipment Cgrponction'

"PEC,y41,em-10. nip magnetic tapee recorded by thIAMMIzeh , .-.. ,tranArp-rred to the analysis mactline for t,hiii processing.. 'Aihe .,.pi.'cc.,Osing .optionally prOduces fortatted data files., for 4 .,,additional analysis by, More sopAisticated .statistidal, packages,
i'

".
1 Records are ordered ion the magnetic tape in the pame. -se,(jurtee as they' arrive..at ,the NOM.' Each NM.M-generated magnetiC

tape may ciontain data acquir.d "on .on&sior severalh,days of NMM
...operation"; .or one day of operation\ may produce a multirreeil

, *,fi le i In any ctSe, the DAP creates an indepOdent file for eachindiqidUal conVersation represented on tIlle,:.tapes with a numbieringconvent on t)yit reflect:s the d6Y 6n which the conversation was recorde The data in these files are then fit 'to. the anal.ysis
. model , °a ter which the stat-isti-c$ 'may be: aggregoted across setsof converalitions.

I I
/ t -

N
./

,

[ \1. 1,-,?,. Th .Aniatysis Model-
,

,The DAP uses the: stiMuluS-ackhowledg'ment-response (81R)model discOssed in. Chapter 2 for 'structuring tht data. The'ty6,tem output must be tested to cjetermine 'the pTesence ah*.:
. ack,n9awl.gdgM'ent ...It aliould be nated'ithae differentiatiOh':betvieep
fripknowi.edgment, and response' iSvsemantIc and tiMe dependent, thar-,
aome4computer sYstems issue.,no ackno)rledgmenN hat some' systems .an,e inconsistent ip their,' acknowledgment td that .in some' cases

he .acknowipdgmerrt canstitytes'the Oray-re*onse.

A



'Po algorithms are used in combination to determin 'if qn i*

.. the analyst using- "DAP haa the bptiOn' to sp cifyi

acknailedgement is present. (At the beginning al an' an lysie.
session the
which- of theie acknOwledgment 'i,,s te :be useit or to

ib
.

, specify' a mew. definitn)*. The f rst tqgoriAhm is based on
timing information , 4 if a deiley in, the network. output is
encountered greater than a rixed multiple of the character

,duration
, then the outmt is divided into an acknowledgement, apd 1.; ) .

4 a response. The defaUlt parameter is set ,at 50 charaCter ,OY
'-durationt; however,, the:analyst maY 'rede/ine this parameter ..

. . -.

The second algorithm defines the existence of am
. acknowledgment based on network output begi.nning with nonprinting
ASCII cOntrcl characters rather than printing characters. All
nonprinting characters- occurring at the begilning of network
output' until the occurrence of a printing chdracter'.', are
considered within the doknowledgment (except v as -previously

'. noted ,- that iff such non-printing charact.ers' are the only system
'output , they are considered aa' the respo.nse)

....

. .

4
.4

The hard .copy representation of the cOnversatipn is that o
the &AR model , The format of the printed ,record is given in-

, FigLire 3-1.. EaCh message group in the conversation- is subdivided
into Its three components, and the characters belonging to eacti
one of, t,bese components appear to the right of 'the corresponding.
Tabel . ik

4 , "
. . .

. .,

Ontrol char aaters are optionally repreSented by their,

% standard abbreviatiOn emclosed i_ri corner bracicets... For example ,

, a cars iage. return would aftear as <CR>. Multiple occurrences. of
control chearacers 'are ildicated by printing an asteibisl"( followed

1....... by the count of rep:etitidns t followed boy a closing corner

k
bracke . .For example, sev'eri linefeeds would appear as <LF>*7>.

I

.,

'r

* A third 1 go r hm available Ah the DAR (bdsed on a searc11for
speol f tc character strings) As' not used in this study,

25
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.CONVEHSATION RECORD Of FILE 14196#1i1o8.Fmci1..

<E:STIMULUS, 11:RESPONSE,: AvACKNOWI,EDGE4ENT4 EAECHO>
. ,

,
.

<SO:STMODLY-.TIM,E STmSTMAMIT TIME°, SbaSTM CHAR COUNT,:7SR:STH AN8 RATE>-
. <AD:ACK DIXTIMK, AT=ACK.XMIT TI , AC:ACK.CRAR COUNT, AR.LIACK RANSRATE> . -,

F. <RD*RESP DLY TIME, 'RT:REEP..XMIT ME,..11C.i.REEP. OHAR_COOT,.RRRESP TRANS RTE>.i.
..KSRP:STR-RESP. DILI', SI:STKINTER ARRIVAL.TIME> ;... :

,

...- I . .

S 1 ' XXXXX
A '1 <CR><LFPIZ>

.

, 4 '

' R 1 U 1/AC 1108 ME/SHARING EXEC 1:SP>*2>VEHS 225 UPDATE B<CR>

ST: 22.0 t
SC: 63 SR: 2,9

AD: O.P AT: : 0.t .AC: 3 , AR: 17.5
. RD: .001 . HT: .1.8 RC: 51 .4,RR: 28.4,

; a ° SRD 0.4 SI: 0.0 ....

p 4 . ,

# RECORDING TIME: MON.DAY, JULY 15 ,---1-9-7-4----9:02AM-EDT '

1

')

a

,
S. 2 . @RUN AAAAA,BBB-CCC,Z<CR I

:

A 2 . <LF><CH> A.

R 2 DATE: 071574 S 11c.P>.6>TIME: 090315<lin><LF><DEt>.
SD: 4.4 ST: . 13.3 S : 31 A SR: 2.3
AD: .036 AT: 5.9 AQ: 2 Nli AR: 0.3
RD* 0..2 RT: 1.,1 RC: 33 . ,RR : 28.9
SRD: 6,1 SI: 28.6

4
'V

s 3 PED, U ELEMENT. LT1<CR>
A 3 <LF><`CRY,
R 3 ED 13.0Q-07/15-09:03-(27,28) <SP>112><CR>15,LF>EDIT <SP>112><CR>

<LF>0.:
SD: 0.7 ST: 4.6 SC: 19 Sli: 4.1
AD: .036 i AT: 3.0 AC: 2 AR: 0.7Y

a
HD: 0.2 RT: .1.9 42 RR: 22.5

.. .SRD: 3.3. SI:. 21.2 .

S 4 L OUT2<ft>
A 4 <LF><CR>

4 <SP>*9>J <sppv7ou'r2 <SP>1.3><CR><LF>101:
SD: 1 2.2, SC: 3.1

RD: O. RT: 1.2 RC: 3072 ASR1RiR;:: 214.1
AD: ..03 r AT: 0.5 AC:, 3.7

'IV SRI?: 0.7 SI: ,11.0 0



BasiC-8tatistics

A The characters with their pssociated tim igs\abtailled 1:0Y.

.
.

the .NMM .consti:tute the 411easursedF data. The DA 4pL4es .the SAR
.madel,. resulting. in. the following baSic .statis for each
Message group (see section 242.3'.2)t

. . .

6.har4oter,.;caunt:(cs)'
-.Acknowledge*ent charaCter :coUnt:tCa)
Response:character cOunt-:::(01
Stimulus deiay. tithe
ApAcnowledgemeht: delay ttme .(Da yi.
ReSponse delay time (.0r)'-
.Stimulus transmit time (T.$)' -

ACknoWl dgement transmU time. (TP)
,Respon transmit tilne' (Tr)

. In addition the following parameters are computed , based on
the arithmetic relationships given, in the indicated equations in
c-hapter 2:

Stimulus-Response delay, time' (Dsr).
Stimulus' plter-arrival time IDfs)
,Stimuius-'transmission rate (Rs)
AcknoWledgement transmission rate (Ra)

. Response tranvIssion rate.(Rr)

'The intent of this research is .the measurement of activity:
typical, of a dsdr/system dialogue not the measUrement of. :

anOmalies; .therefore , it is reasanable t el iMinate outlitns for,
the calculation of the statistics; For elample, it is possible
.foE an on-line network user to become dis acted by and involved
in' an activity totally unrelated .to networI usagek It its also -
possible for an inter actiVe system to "crash". at iny poAnt duriTtg
a conversation. .SUch events produce distorting data. To. .-

r ecogntzt the presence of 'these data o.ilpper ind lower limits are

63ta must fall. within .the. interval to be considered In Atie,

ed.. Mese limits dftermine the standard sampling interVal. .

.a

statistics.computed' by the' DAP.' The lower limit for all
parameters is set qt zer4'.i. Table 5-1 contains the upper limits
for the nine basic 'and four derived parameter's, which; twether
'with the lower'limit .bf zero, defines the standard Sampling.
it)tervans for these. parameters.

1

41 The file wr
contains all

en for procoising by other 'statistical
tncluding ,a iers.

.
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.Tarani

. Upper Limit

Stimulus o raCter count oharAters 60
Acknowledgement character count characters, 60
liesp.onse 'character count-: *4 character§: 300
Stimulus de.lay. time

... seconds .. : '..60
AcknoWledgernent delay time , secOnd'S' :20 .:

Response 'delay titne : seconds.' -.4,20
St imulu transm.it titne : : , seconds 50

i AcknoWl dgement. tr'ansMit time seconds 15.Responz transMit time
. seconds. .45

StimUlus inter-arrival time .., seconds 300
.Stimulus trahsmission rate cps*. 10, 15 .or .30'.

4csknoi4kedgement transmission rate cps 10, 15 Or 30 .ResponSe atertransmission
. Opp.. 104 15 or, 30..

.

.

'Table' .3 1-..fRarameter: .Upper Limits .

I! By dividing the staridarld sampling 'interva\ into a. number ofsubihtervals it is possible to characterize' the distribution of.
2, the 'derived paramelers by cOunting the number of bcCurrencei of .a.
parameter value in each of the subiltery alS. In addition to thehistograms1 statistical :measures of the data including the mean ,, standard dev iation , median (50th percentile). and the 90th ind
95th percent'ilfis are 'coalputed

1
The printed. outOut. Sor each co versation analyzed can

optionally include any of .the forlo ng: statistic& for selected
SAft Model parameters., histograms for thete parameters, a ,

'conversation SuMmary. end' line utilize io statistics'. The
'sunimary' begins with 9 rev ieW 4or thee st tistics associated with
each selegted parameter.. The speed of he connectiom (reco ded
in the coif figUration record) , the numbe of occureences Of

.anomalous data (values occurring outside the standard samplinginterval) and..the total . time of the cony sation are Pninted .

The line atilization !Statisties summariz e. activity ion the
communication line over which the Oonversati n took place. All
characters are generated bY either the user o the network; .,further,, they are either printing or nonpriiiti g e A variety.tf
percentages relative lo these charac.ter groupinL are calculatedwhich serve:.as a -pr.orfle descr:ibing usage of a. co nectiOn.,

: '.comnivinic. ations- 'channel. utilization ..i&frepresen
d.,as Ate ..i Tereentagl of actUal use relative to' the: potentiaL.us ... Tv/6

, Meesures of utiliOtion" areAgiven.... One defines the po ential
.timO interval' as beginning :With the first charaCterof a measagesemt . by the s iirpek,.-0d. engin& 'with the last:.tharacter pf. hatmessage. The other imeasuee AncorTorates tn' ita Calculatiab of.

. the potential time interval the delay time InipoSed:.-by the so rceThese .sta isticS.help to indicate if the User' has chosen :an :

i
unrealiSt c.Connection 'speed:. : -



.

. A sunimary file which cdrktains'the Itr.eqdency. distribution
.. array for the Standard Sampling interval' obtaine4,frOm the

analysis 1-.3 or4.ated:11,The analyss or multiple conversationst, is
perfornied. by ereatinva conlpostte' frequency distribution by
totalinf4 the conten4ts of the grcoUped OeqUency counts..in the,
stAimary files seleOted.. Suctr:.analysis results int the same type
of parame*r statistic's, histograms and .coraersation. -summaries,
that":ate pr6duced -for instividual conversations. - .

The Working unit in ttle..interaction between the user and.the
system is the' Mesasage group, which may,'be considered a '

.generalization Of :a transaction. Ernploiying set 'terminology,, the
converSation iS the ordered set of all,mes'Sage groups ,from logon

_to logoff. Many other' sets df meSsage groups cari be defined
The set eoncept may also be e:itended beyond *the boundary Of, a
single coniersation,. where 'the upper limit .is the entire data
base obtained by the. NMM. For example, when all of the usage of
a' given network during a' 'period,' of tinie such as a month As'
conSidered the 'set encompasses multiple conversatIons.

4 Tn the preaent context the interest :is in sets which
encompass less than a conversation. :Messages groups may, be
identified according to the functional 'objective with which they
.a're .associated For example, in. 'a programminA ,lanitironment the
Use of the variOuS language tOanslators, tho7ditor,,,-,!the liikig
'1Oader, and...the* execution O.fidebUgging tools could each 4,

constitute 'a' subset.. There Is no:requirement 'that the itil5let
definitionS be mUtually

. .

. Subset identification in-akeS it posSible to, take various
gamplings or cross, sections through the data base, depending uponk

: the objective or the analysis. Using the editor as an eXamplev :

s,it is possible td identify what percentage of the Message .groups
-or the elapsed time is 'spent in the use 'of this resource. It is
also possible to limit the attention to this editing resOurce and
to perform 'all of oue statistical ".an4ylysis on it.' Subsets may be
identiffed manually or y speCial :programs after the structure .

file has been built according to the SAW model. AsSigning a :

mesqage group to a subset is accom.plished by seting a, bit in a
subset .mask word"s..1W-the header for- each message group:.

*The:"statistiaal routines Ascribed earlier are..aVailable for
OPeration on .the .subsets. They .may be applied to individual

4

subSets or to loglical' combinations of *subsets, When 'subsets are
:analyzed; statistics are agg,regated for any mesA.ag:e: groups /
designated by the proper bits in the mask ord. Summary files-

* This is not the file optionally produced for
other. anal*Siiis routines.

pro e sipg by*



.. Jcontaining the Prequenay distribUtion array). are' cl,eitedt'for'each:subset. (or logical combinatiOn of subSetsf., so that subsets
.may be aggregated acrOss conversations., File5):(1,9ntPininV. an.array of' all the itdiv idual 'paraMeter values for each qualifying.,message group mayJalso be preated' for subse.qbent analysis by .,-",'.., ., other .programs. ....

"f
1

.11r.
..

, .;

1'.
ic.. pe

.it'''.3.1:3 ;4dditional ProceSsing -.? -... .

,"
555

5 j

.1Whenever the DAP- are uied to analyze a set of:Message *.'- .,,. 1 .. .group*, eitt-Ldr within a single ponV,ersation or."across ,c.OnverSationg't....( totally or by; subset) , all the lialues for. the 14parametert:;,for, each message group' ban optionallY :,b6 written intoa file.\ Thds capabUitY was nt included lin early verSions ofthe- DAP', but waS requested 'by :the autiabr.4 for additionalflexibilitY" in analysis: Th:ese.filea are v ery simply. formatted,and' rpay be- vieiNred as .data arrays of, 14 xr:N, where N -is the number
, of message g,roups, for ,which., values have bc,den computed; .Onde the..

data have bteen .written into :these. files;? ,there iS no wai. to
..'relate the Idata back to the speci'fic.. conferSation where, itt , x, originat.ed.

.Sev-eral routinestvere written by the aUthor tO snianiPulste: 'theSe data fdles. One routine simply computes' all. the ''cumulstive,,, percentiles frAom '15% to 99 at *5%; intervals, for selected'parameters:- Another routine)permits dAta.to be trimnigd atspecified high or low y alues or 'both, .prior-to 'these percentiles:being compUted. 'This routine,(perthits all the data for a rnessag6.group to ,be discarded based on trimming any single paraMetei".
, One rOutine was written. to ompute serial or jutoCorrelation coeTficients (See section 4.1 2)forall theparam.eters of a set:of data; This routine also wrote theievalues into :a new' file in the sante format. .This new file (ofCoefficients computed for-Sets of data) co'uld then itsele be ,analyzed"to deterMine the relative, d1stribution...04c coeTficiens..

Fin0.1y,, two routines were written which served- asinterfaces to library .sp`rograms fo.r the . Mann-Whitney and .
. Kolbmo.gorov-$mirnov "statistical- tests .(see section .. These* ."..interflace routines passed :data to 'the library programs, in theproper way to compare "two distributiOts;'.of a single parametV"r',.a_nd printed the test resulta..

1.s-ilf v I
. .

;Alt of theSe: programS .Were writite.ne. in F0I3TRAN end rUri on the,DECayStem 10 computer in the, Initituie for Computer Scienoes'andTechnology' Of ,the, National Bureau of !iStandards. They bave beenuseclei,ctensivel.y to proCess, the data .collegtbd in thislstUdy andto prepare the results prebented` in the following chaPterk.

e, tik. -4°4 -t

;
I 1
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3,2 iAteracti'Ve. Env irbnment .

., 'A.)1 ..the ideta coil ec'ted .'i.o. .t.hSp.' .a.tudij.weFig....dn. intiefOtive ':","-
user's', of*the' CeOtral lin.kfir -1.108 ins.i\alle.tlotrat- the'Natdonal .--..:. . . g

. Bur eau o f Standards, in
. ..

.... 'Opports both the s1ert1u1c ancf inistn4tCOA&V,A7i.' ,6ili-,-
ma* s.. o r' trre Bur esp.., In Veractiv, :terminalig.,...i4e:ra.:,..g.uil 't .-6:9-:....-0P.'.."...- ..

. .. system'.'onl y .1tPond,1 f.-',dupl,,e.x ..:m0.0.,-,....a.t...;:apeed,,s,,441:::..thenge..: '150---;...-:-.
300 *bits oper . Second (b Vriorl to 19746: l'inespe.ed.S.'..we ; :::

,pre7set. for different dOl-in lines; in ,-mid!-!1.971e-a*.-,:f.,e,ont-'en'd

.
PCPcessor was instalj_Pd.... Prq ed recognitIon lifrom .

al119ng th*se

lfl order -to eo,llect d eta:- on userq o'f this 9syi 'an
extension telepho.ne 1,.irvii..-conmactèd. to a porot the..
t)nivae fl0 was in.sttilte.d.:6V!'the.:.,site of the NMI1 ( in. nother

p:Xten-sibn j. te'rminated by two modeMs roperqting:,
' In recepie-AqII:-Mt.5-.0.0.-i.: wirod to never discOnnedt ( hang7up) dtOne.,:;
. Modem "-i'S.''.4.e,aP.P0d..--to 'Ahoy§ demotdulate the high band', the other

to always;demoAul'ate' the low-band .414 bata io accepted 6y...the NOM
cin 1 ic.ar;r,ier .pr esent ema ., The. conv-ersa-
tot rs . assumed to- begin whenkElrrier is dete'sted and the, sPe,ed
recognized .:by...the t\IMM,',:and....tio end.. wh'en...o'arrier iS lost.

The 'term.nal; population act the National. Bureau Of .Standards
includes:,a .wide yartety of:'-diffeir:ent terminals,inclOdingftRTs,..
and' Printing::: terminal s , from old .model te.letypewriters to the
neweSt CRT ;terMinals. .*linfdrtunately., there is no way to
determine aich typelof terminal was se d IT 6ny parttcul:ar'", I.

tcOnversatidn, thugh 'there ..are sOMe geheraliza.tions th,at can be .
made, Conv*.er'satio.ns. re,cO'rtied 'at' 10 .characers per second' were-'
unlikely to stiave ,oCcur*red oh .other thdn. model '33.6r older *tele-
type,writers sin9e.:riewer mOtiel teletypewriters and CRTs,.caji, *

operate at higher; :8qeeds.; and since. users;-...are Unlikely to operate*
th.etkr terminalf....at:-.leSs than :the max iitium supported 'rate,. Conver
sktiVns at. 15 cps *re mgst likely made withModil 37 !
tellIty.Pewriters-'or- 6eneral.; Electric. Terminet utermina,ls, si
this js. t:he maximum.ratt fOr these devices Conversatifli s..

.hijvae been poduc'e1d on. 'any of a wid-e .vartety of
,..1.191711.'inala, but Olfv tot:181y. t. on' -any 'of:the ter.m4nars whose,

'0'414,xjdkum .spe.ed is -*LESS. than' 30_ Cps . .4;'
***:61,-: :

. .

A. , , t '
Equiv.a4lentito 10-15.-30 charaèters pe:r" sec ..(cpa),t*t,

, .

31 !I :4'.',.-4M.p.'11.rtell-tt8 ill Bel 1, 1.01 obmatibl-e. Modems , reque.ndY Shi t
.... ..

Keyipg' (FSIC").,-eNpl,W...,p0.frecti,lep.g, ; bands for dati ,transmisSion...
%The., IoW''' bliffd'i'Viluente_. modulate by the0 call orfriginator.:( mode

. 'of the o.l..irce devl e) and the highâpd 'is .Modulated:by the: call
oresponder :(mocloyip: 717q .d.qst, i ma t i on d vice)... ... :,..": 7

;

31

.



Mei)surtgents Taken-,

Ath the. Use of the remote:teleptione extensitm de&crir.edabove, interpctive'users on,the NS Univab 1108 were recOrd d otrandomly selleted days in the' three--Year period of 1974-197'Users were 'informed 'by a note in the regular instaLlation.newsl 'ter/ that d particular aidl-in number was subject 'to being./ montt ed. Thus , users with sensitive applicaiions or who, for-(' ' any re on, 'did not wish to be recorded , coul" have avoided .the: use of, his particular. port. Other than thi general notice,there was no speclfic. indication when recordiJg started or ended
.and dial-in qpert on the. line, subject to re rdipg had no :way of. knowing t.gither. they ore being reco'rded ar ot. 'Since, the. 0'recordIngs -and' assocrate& conversation lis ings include' userpaword,..1,- they have been guarded carefully/

Recording generally took plaae far, sette al hours at randomlyedted times' on randomly selected. days. No pecific techniquaemployed for Selecting tbese days; rathe necordihgS,wereep whenever the,'eqUipment was functioning an't personnel were*:a bilabtle to dperate it. In this manner data were successfullyredbrded .on the following rillipber oT days -ifv.each of the three-" years bp,veredl.

1974 11 daYS.
1975".-:.. 39 days
..1976..-: 5 days

days...Total 105

Table 3z..2. 1.1romirty f Data Recording
.

.3:4 .selectign..Of Conversations "-
./.

:

All- th,e data collected o.h. the: 105 days of'recording were'pi,oces§eio..-115;, the 'Data Ana1ysj,s..proriV4efs,.t4
;:.iSolate the in.!livi.tdual.. co'nVersetions, fit the . koctot,' /assign subsets, andweherate summary

statistiO,S;d\i'V,.he',-,01Pe.,:li..fkci.amental and'fiveder iv.ed .paremeter.s: ..rneebtIVS*0..-6,1h-6
e,ar..06411y..O'ulled to.reinove any whibfl Td id na..-; 'r ekei.enk.normal".....1:Oef,'act.ive

use of "the.
Thtis,i',cbp-Vereati wi*b 4her systems . 'trepot-40 On.' the same-tii:pj,...:: co,nii*sAqorpo, herott.s.spee,c1 had ..been,improprly 're-p.oaniOd:,,O. \wherenumerous parity, other typei.:ot:..errors occurred ó'i.:"tki'e'l.ine betéen th 44', .10,e;t: W9J.t.rs.. thp.:

anct conversationis.riddre. ifrter,att 1,ye ith.e' w.as' kW&to hp.v.,!3bOninterrupted. f4:).rOper ...ta..p.otis,',ihput e trott..p_on eider t \-AtS0. cony el.'sato.lar that' wet,a, h.aminutes in =diaration' Or .1,Vtildh did Pot'"1.0.0trcrei ,q-0.010.0g..rc..ups werTe-..0#0..ri:ated .:sihpi tiheySerEfl.tj:!e'.1114.airitat 6 'Of :^' .

2
.

77.

, ,.

1
0

t1.41 VA
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normal interactive sessions.* Ttie ratio of accept,able
conversations to total conversations recorded was' remarkably lei,

only about .one in. three c00,ersat1onS 'was, deemed 'suitable for
.furtiher,..processingt. Many conversatlons were discarded' because
the user. failed ,t,o! interact properly W1.0' tht sY.stem, short
conVersations consisting, entirely or mpropeF :and, thui
unsuccessful login attempts"..**

The result of thicUlling was l'the olloviing number 'of
"good" 'end n'repreientatave", conversations .fgr each of the
calendar years indicated:

.
. .
19714
1975

78 conversations:
- .119 convirsations

1976 -* 86 cony grsations
Total - 283 converaatiobs

T ble 3-3. Tabulation of "Good" Conversations by. Year

r .
;

.Folloving the processing to fit the conversateion datirto the'
SAR model , the speed of the Conversation and the 'duration, ;both
in 'terms of time and .number of message groups I was available.
Table 3-14 presents the results of .data cQllectlon, tabulateck by
terminal speed.

.

Grouping by terminal speed was accomplished by aggregating
the statistics for entire conversations identified as occUring at,.

e- 'the sanie speed. -The. results of- analyzing the ddta grouped in'', '`Lintls,

this way 'are discussed in. Chapter 5.

,
:// The lower limit of 10 'Ines:sage groUps to ian acceptable .

-converttori, is:admittedly seirnewh.at arbitrany, but was bhosen
nUmber''''o'r brief' cOnV4rsatflons

f,avt-al;ed 'repreSentative or errOr Conditions "rather'
-than 4ormal o 'eration,

%
.

.** 1544.ta 67ti -Aug neisuccessful login attempts may be interesting
, ,an,d useful ;in the .13tticly of the _ease ,of inter tive. systpm use..
.+10.weV sr, this ides 1-.Ot-the-..object,,o.th.tm.,:proi t 'Ot'ud so *these
data. were. n' tsburatod.



lerminal Speed (bits 2111 Second)

.,110 150 300Numb Ate!. of conversations
c.

,

197 LI : 7 8
40 1%151 23 5 91V.,

1976: 10 2 74 ,Total 33 7 243

Number of message groups; 2638. 361 7, 19706a

11Qtal time (mitiuteS) : '964.2 139.6 5364.8
Table 3-4. Tabulatio "Qooci" Conversations by Speed

. :
..

,

I

I/3. 3. 2 Subset' Athinment 0 '' -, . - %,,,, ....., _1
, .

1 'Ttle nature of subsets was discVssed it Section 3.14,3. Por'.the; Uni.v.ac 1108, stibSets may be assigned automatically by'll::: .

prOgram whi.ch scan.s for *the- "master space" character (@) that,. ,,,. ,begin.i..iall ex ecut'iv el.--1,ev el control statement's . .Such a program- ;'. .' was wtitten by a rese.arch assistant' under' the aOthor s direction.I

A d.i.fferen,t sutseilis defined 'for each distinctive claSs' of.., ,.. .,.,-e xec uttv e .. l ern' s t eitten4y:...a441, tha.k:e 4, tei, nit,,,,IL id its,1,3. sub_sp,tau eyi t -.., .message. groups, up to4 the Raft r'ecognrie'cr clut17-67-1-Wel
s-r '14.144'stateMent, ans assigned to heb subset,

t The gor'duping by appl tcation is accipmplistbed by. a Aregatingstatistics flor .all message groups assigned tothe sanfe subseilik,
. .Due to the relative paucity of data at othei. speeds, 'on1y,.t.he°300,' bps .data was^ assigned Q' Subsétb 'and so' analyzed . .- The results of .".' thistgrouping and ana ysiS .is. discussed in Chapter. 6..



4.0'. DATA ANALYSIS.

min Chapter ..3 .we outlined the exPerime.ntal, environment',- bhe 1
data collection' process; ...the .quantities ofd.ata collected. and-the ff
basic data analysis that. was considered part Of the data. *colleo-'
tion process' .( viz.., Ahe 'application *of. the SAR modelY. in this.
chapter., 'we discuss.. the sta-t4st1cal treatment of the d.ata
.colltected., including the' ek(perimental design for data analysi.s
and 'tests. of Significance; In succeeding cha.pters we will
discuss the re'sults 'of the-application of these .data analysis
procedures foe a .number of different experimental 'designs'.

...:

4..1 Review. Of Data Colledt'ed

As .explainei* in the previdouv two 'Chapters, the' basic events
recorded by the measurement instrument are the sburce; code and
time . tag for each chiracter ti-ansmitted-by either the user or the .

system; Groups of characters are fit to the SKR model , resulting
in a 'series of -stimulus-acIpowledgementresponse triplets for

..eich conversation. The statistics evailabLe for :analysis are in
teems of message groups, not. indiv'idtial .eharaclers. Fourteen'
paranieters are computed' for each message group as summarized in
Tab1#4-1. Thus, for each conversation, the available data

,:consiOts of a matrix of dimension 14 x N, Wherei N is the number
Of message groups in that cOnveesation,

Perameter Type

DS

Ts :
Cs

Da--
Ta
Ca
IRa

Tr
Cr

:DrDss

.

Basic,
Basic.
Batic
Derived
Basi,9.44, .

Besid
.Basic
Derived
Basic
Basic

'Basic.

Derived.
Derived

Response7Stiinulus :delay ( thipk)
.StiMulus transmit time.
Stimulus character count

..Stimulutraosmis'aion rate
Stimulus-acknowledgement delay time
Ac*knowledgement transmit time
Acknowledgement character count .

AcknoWledgeMent transmission rate:
AcknOwledgement-respc.pse delay. time.
'Reeponse trcansmit. timt, .

Response. character count
Response, transmission tr.atbe

*Stimulus-response delaNtithe
Stimulus inter-areival time

Table _1 i:Sury.of Mesmage Group 'Parameters

Possible Groupings

Compound tnalYses ma er formed by algregating :the dale(
-for all the message gfoups in a ingle .or &pup of'convee'sation
or by hggregating selected Mesa.age groups in a single e grodp .o.

`. conversations. These alternativfs are summariied bel in Tab 6
.

* I



412,'4.4ith a.suggestion
each.

If the mOst suitable research questim for

U. MESSAG GROUPS

COVVERSATIOS'
Jt

.

Multiple

Behavior of
one user

. w
Behavior of'
one.user on
selected tasks

,

T9pical 'behavior
, of all users,
(interactive
woi'kload)

'TyPical behavio
of all users on
se4ected tasks

. .

Table 4- ."Deta Analysia-Alternativ

The behavior of individual users is not the donFn7o f this
study; hence, the analysis of silhgle codversations, either
entirely or in part, has not.been undertaken. The ).ntent of thpStudy is to investigate the typical behavior of groaps of users
ir"general and On specific tasks, and..the performance of the
system to such typical OmandS. Thusb the types of analyses to
bedescribed in subsequent OlaTter14. Uinta, one-of the bottlm

.Iwo cells in Table 4-2. ,

. 4.1.2 DaCa Independence .

*dne.guestion that needs to-bq addressed when:Over ata are
.. batched'is whether the*individuallobservationa-arendependent'of
one. another... This-question iS particularly 'important in" the -caseOf. a. time series-ofobservations, such as we-have'in the sequenceof Message groCps:!cOmprising an indiy1..dual.conversationIf the-i".
obserVations prove :toj5e-highlyoorrelated in-a.serial fashion,:-'-Ahen we will.

nOtipejUstified,inaggregatint.thems"Andividual:.:YobServationa'..with data from:other:cotiVersations..-"':

\

- .. .. . .. : : .

Thequesti-InOf independence in a tive series can ibe
investigated:by 'means of the autocorrelaticop or lag-1 correlation.
*cpetricient which provides a measure of the-overall correlation
between eacji successiVe pair of oservatiOns. This statistio-i\
computed af,follows' Cfora series Of.N.Observations):.



where X is 'the mean rof the x4
. and s ts the standard 'deviation ot t'he. xt

Mam ak and°. DeRuyter (1977) suggest that ."a: reasonable rule
4' Gf thuhb f r d'ec iding if the data are independOnt" is to take

aa eVireice of no correIatiOnc.' 'They.' further suggest
batchin of data whert volume permits (e.g. takin& the mean 'of

; every n data items as the elementary datup) as a way
elimina ing autocorrelation.

S tistical techniques exist for determining the probable
. degree oftautocorrelation Within a single sample such as the p,

aucces iye mesaage groups in a cOnversation. However, , in a larYge.
set: of samples when , for, example; the aut000rrelation cpecficient
is tes ed to be less. than 0.1 to some confidence limit, we would .

still xpect some samples to fail- the test purely due to random
vartaot on If, the degree 'Of confidence for the ;test were chosen
to *be 5%, we would expect 5 out of -eVery .100-stimplea drawn from .

trul uncorelated underl10.-ng Population to fail the test.
Cansid ring' that tho .riUmber Of samples in' this study is in :the
hundre s, a procedure is required to aSse.ss the degriee -of auto-'
correl tion for eachprameter oVer the dompliate set of' 'samples;

. One Way- to do sthia sis to corksider the.distribution. of
aotocok!relation coefficients for ill conversations, A 6oMputer
prograM was writl.en under the author' s direction to compute pl.
'for all fourteen parameters fo'r, all 'conversations.. If tithe data
for -e.a.0- parameter are not :serially correlated., we might expect
p

1
to be normally distributed .ar'oUnd a mean of zero. To

determine this,' the. values of P1 'Tor eact? parameter were Sr

plfotted'\ in relatiue frequencyfhistogranis (Figures 14-1i,-a through,
Even Without formal te'sts f central tenden&y, it can 'be

r ad ily*'.seen. that Rost system7-relat d* -parameters do indeed have
zero as 'the central-tendency lbor f1'v. 'While he . uSer-Pelated

.

(stirriUlus)..: parameters have some Moder d gree of positive
autoporre\lation.-

For .those. parameters where autdoorrelativn las not eVident
.all theodata collected can safely -be used: ..'floWskier, .ffor

arafnetera wtiere autoeorrellation is ev.1.den4; u.se Of all:irthe. data g:
ould yield lialeading resuttsi. since all \the obserVations would

not' be-truly indepehdent.. For these .cases;.: a compression of the
nequired to. obtain 'independent observations.

Thne method 'suggested by Mamrak and De'Ruyt.er (1917) .for
. .

autocorTelation, is to' batch the d.ata (elg:., take t:he
mean of ever ' n 'data items aa the elementary. datum)'. They
obserVe that aie. batch size (n). can be ,increased (wh)re Volume
permits) untft tifle "serial-corTelation. is reduced o.,an adeeptable
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. itFOr ',the date'-collected in this ,study., it is reals7)nab.,101 to+. .'
. ,expect stir lel 'correlation between the Message groups,*.in each :inglividual conversation; ..biit not" across, conversationS. .For this:..re$son., each cdnyersation represents: a coltiven lent. batch fbr. the:. 'set- of mesSage. groups. :within it....: 'Thji mean is still alina.ppropriate 'choice. of te.st statistlic , since it is s,8' hig.hf Iv. .influe,nced .,by outlier S , so that the Medjan;can_b_eChbsert:'-aga-141-..aer-;-a- better'test --statTitTc.. ThuS.T; by forming-the distributions ,o'ts ... paraMeter medians- for each, conversation in a terminal Speed.class ,-,ithl. same .statisticat tests used- for all data, can be '... applied' wfthOut v,iolating the assurnp ion of independent . .obserVations.. HoWev:er, the sample. s ze is greatly reduced whenthis...;is' done, so that'-the signiifican e leVeli bf the tests-willnot be. as 'great as ..with all th.t.observations' uised:

. --..

11.2 tion-1;Parametric Tests Of Signif1cance .

.Inspection' of .the distributions, pbtetned emp.f.riCa ly for ,--each Cf. the rourteen par,ameters.reveels that none gif t. m .tappears .to b_e_distributed normely.5 Thus, the parametric tests Ofsignificance' that are ibrdiriarilt applied may not ipe usfi
.directly. It 'would b4. possible to seek a transfo'I'mat1p thatwould .resuit in a normal distribution; howeVer, if test.s Can befound that work adequately without the necessity for such atranslibtmation , they, would certainl y be preferable.. two,candidate tests are. the Mann-Wilitney U-teSt and the KolmdForov:-I .Smirnov. test , neither "of which depend, o.n any assumppions aboutthe shape' of the unterlying distribution (i.e., ther. are non-paraMetrfc tests)

.,

Mann-Whitney .0 test -

When at least' ordinal measurement' has,. been. achieVed , the':Mann-Wh'itney U t st may be Used to test whelhertwo independentgroups have been drawn from the same population, 'According ..to'Siegel (156) is is one of the most poWefful of th4 non-'pararn ric tests,- and "i.t -is a most ,useful 'alternative to' thepararnet c t-test when the researcher wishes to @void thessumptions ..." I

S.

..*
:

. The.Mann-Whitney U-test is :quitei simple i4 congept and easy.. to per flrm. the null hypothesis is th'at, given saml5lea frorA two; 'populattons , the populations have the same distributiOn.Alternat* hypotheses can eithet be orie-tailed (directional)z:-or .To' test the hypothesis, the samplesOare combifit d andranked, in' increasing order . The teSt statiStic U Its given 'by the '"total ,number of times.'that a scor in the sample 5roup with fewerobservations Preceeds a score in the group With tch,e larger numberof observations. Thf contribution of Mann and Whi.ktne (19L17) wasto 'show that 'for liirge sample .siz4s (>20) the distribution loT UrapIly .approaches,tho normial distribution, with :

'40
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/112

(1'6)

of-F-an--ro-bserv-ed.'-v al-ue -o f U. may-
. .

;be determined by ..
. i-

Z. .(1-1-fi6)1Jiu

. . .".
.: -1,.. ... '

which iS pract
)
cally noomally'dist/MbutEldMith zero Mean a d:unit

'variance, ' ii... -': :t. .

.

.. .. .

.

.

. -.' A subrdutine-ITor performinc the .14ann-Whitney. U-t#st is.
:provided in the IBM: Scientific' Subr.oufine Pacicage ,(IBMi. 1960
A Program. Was wnitten by the author to permit selected 'data..
_collected by .

the lletwor1( .14easuremenL SYstem..to: be tested',_by :the
Mann-Whitney. procedure. usfng the. subroutine. The :values of. U, :Z

and' the aSsociat-d peobability .are printed WheneVer the_programs

-bes.d'e nibed n Chapter. 5..
1.0:rUh .r 1,..a set of data. This' program was. ua'ed in the analyaes
to,

.

)
4-\

4.2.2 Kolmogorov-Smirnov Test

u
The Kolmoglrov,.'Smirnav two-.sample, test is' another test of

whether two independeptsamples have b:een drawn ProM the same.
populaition (or from populations with the:Same distribution)

_ (smirnov, 1948); '!;Pe-'twOtailed' test. is .sensi5iVe to any t.ype. o
difference-ih. the distributiOns from which the two samples re-

: ...drawn 1 e.g, , di.tferences in-.0enral tendency, dispers ion., higher -
moments. The one-tailedtesk is used tO decide: whetier or not
the values 0 e popUlation 'from .which one of the samples' was -

.
draWnHare st chastically larger than the 'values Of the.,population-
frOm" which t e Other 'sample. was:drawn...

.

,

The .actUaI teat: itconcerned e'VritK N.,aii'eement' between two
cunlulative distributions If the two :. samrfts have-been drewn-
froM- the -sate,population.08tribution, then. the .cumulativ .-

distributiOnsof:botb.samples teal/ be eicOected- tO be fairiy'.close
to. eachother 'sintethey both sho1d ship.w only' random 'deviations
front the population distribution. If 'the two- samplenuMulative:
distributions '.are 'wtoo, far apart!''
thia. indicates. tha-t.he'samplesf,lit1.<0.-y:'pet;$ trpm. Offerent '

, 1)o p01 1at1ons Ths, a 'large enOugh- dem iatiop bet'ween
osamPle: qumulativadistributions is .evidence toe. rej...ectinvR. '4 .4'.

- .

.To apply' the 'Kolmogorov-Smirnov two-sulple. test a .

UMUlatiye frequenipy, distribution, is constauctedfor,edth sa0ple,
uSing t saw& inebrvals: for both .d istributions. Then , .tne

Hd1fferenc6 beltween t(he two :distributions is. compOted_fot each:
interval The. teat foduses :on the ,largest bf-these iifferences.,.,



.L t S'n (X) the observed 'cumulative step funition of'
le of the sample's,' tha.t 1.s t (X ) '1(4n 4.4. where k th"1

nuMber at %cords equal toi or .le.as.thap X. Similarly for!n2
Then the_ _ ogor-o-m-Smir-no-v-- two-Saryrple---test-fo-c Ube s on" maximum IS (X.)...., S... (X) I

Tbe staIistit
.. .

limiting cumulative distributiori function L(z) s follows*:2:--/

D ' a random variable withn n
1 1' 2

Prob.)

-00 OO 7:

h2
<n

1. 2
. (19).

192',The protability (4asym.ptOtic) of tbejstati.atict.

0 . 1 .2 , .01.' 2
n 4.n Dn n

',being. not 'less than. its computed value., under the aSsumption:4( null 'hypothesis) of equality of the two 'theoretical distrib.utionfunctions from which-the tWO .samples were taKen, i.s computed.
.

.,,..

p 1 1,;(.z). '(20)

.4 4
. .V.Subroutine to pert': kolmogorov-Smirnov test is aliso.provided in. the IBM Sc.i4ent id''SubrOutine .Package, and the aut:hO'rprepared a Program t5Vuti1iz this: subroutine for the analysis of.-sets of data 'collepted by the NetwOrk. Measurement System. TheNalues of iz and Jets assodiated probability .are printed whenci.e.rthe program iSun fdr a .set o data. This program 'was :also usedrn the analy s. to be described. h Chapter 5./

.1.1..2.3. /Ranking And Sele,ptipn Techn ues -/ 0

. \ A/Whin tihe 'intent of statistical analysis is. to rank the .pet4formance of some kumber 'of differen't classes 'of, observationsf so e number of inIttikractive systems)\ in order to be able to,select the "best" wi,jh some level of co
0nfidence then a variety.dif rent techni es can be used , bas d .on sample means,reef') iles, or propor.tionv. These tech?) ques are basedinc ally on the work of Solpel. (1967), eneral deseriptipnsf

:



. / .

. oT. the procedures and their applicabtlity have recently ecome .

2 available, (Gibbons , Olkin and $obel 1977 ) .When ,appli d . to
sellc,tion problems', the procedures specify th'e number data%
ydints which must .be collected from each alternative i order to
gyarantee the's, the prdbability f a correct selection' is as least

. as\great as some predetermined. a.iue.

hese teChniqueshaverecently. been app1.4.ed tsy computer
on. StUdies, using data collected with the/Same..

urem n tool. depribed in the. previous 'chaptir Oamrak. and
..beRu 977; .

Amer ahd Mamrak , 4978; Mamrik- and Amer .

In a real s nse, thiS work. has: been go4ng on parallel with the,
preaent. study\ ( and , with some. contact ThetWeen the researchers),
.flowever,, the .

p rpOst of/theae studies..waSYmuch more spedific .

aimed at .proce eg. for .computeryseleptio0 than the....currtnt
. 'study ( aithed at i V estigating the' relevent factors in _interactive'.

CorpOuting- in tener. ) Ihus these .pr'ocedures .were. not /

APProl5riate for use: m the current stUdy., 'thoughlhey are
aVailable and now suf ciently :well,dtscribed (ancL with' the
needed' tableS). tO be us d -A4her.e. required'.
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55.0 EFFCTS OF DIFF.V.R:ENCES IN TERMINA :SPED
4 4

,

Previous chapte'ti-s have dealt wit
research, .the:.methodOlo.gy for data co the Moti.vation for tt4s

lec'tion and the; dataanalysis 040,0 c4rest In this chaptert we discuss the' results .ofanalyzing', tAe dafa according to terminal speed. This s,erves tp:proOde one4.examPle of .:4phe meUbdology aS well .7s .to obtLn S'omepractiCal 'result's, descriptive'data aboUt 'the 'performanceof users*(at terminal' rates highest.- than most studies preyiodslys:reported) and the pierfOrritincel Of 4.a representative ,interactive. .systeM.

As was ,exp] sidled "prey iously, datak were cellected .overthree year period'fat interac'tive uSert of the: UniVac 1108, syStemat the National Burem of Standards. ..0ue to.t'he Of.a Wide yariety of terminals during that time period ,t data werecollected' for users- operating terminals at 110,' 150 and 300 bitaper second .( 10, 15: and 30 characters per second)r The data .collected were aggregated according to terminal %ransmiSsion. rate'',and analyzed to i'solate the effects of varying the terminal rape .on user performance and on system perforMance (as evidenced by,:e.., .the-parameters oft the SAR"moded).

A'.

Exper,imental Design,

es

"-

The basic experiMental design forthis .chapter is to coMpare_the effects of different.treatments (terminal .speed) accdrding tO.a number, of parameters :( the 14 parametA.s of the' SAR model).Actually, the diatributipn of parameter-,valuks for each treatmentgroup will be compared .ror each parameter ; tI. n.ull hypothesis,
H iS that. there is.'no. 'difference in the difstribustiOns,

1, that th'e. samples were'-actUally dr-awns from sthe Same, populatio .The .1.ton-paraMetric tests dis'cussed. in ChApter 44 will be uSed'Votest the significance .of observed d.ifferences in' the .distrib.utions. a Although there Were actually' three different'terminal speeds for :Which -obserVations,were collected,, po fewdata were collected, et the 150 bp:s rate that these data are notteSted. ',(Many,:of the results fr.the 150 I;ps data. appear ti:5:, beanoinolous due. tO .t.ke rel4tively.low nurmber -Of obseryatiVhS)i7Th:us, only a pairwne test is perfOrmed cOmparing each of thetreatmentslit10 bpS .versus: 300 bpS) on_ each of the ,14.paramter°s,.Using :bot4t the, 'Mann-Whitney U-Test and the Kolmogoe'-ov7-Smirnby-,Test.. Tllese. tesks are ,applied both ,for the distributio'nS o,f allthe Observations and fOr the cListributions Of cohyersation ,es. wps discus,sed in- section 14 .:1.2..

'All of the usable data colkeoted in 'thi Study are' analyzedin this. chapter. A' simmany of'ne nuober of. 4:good" '0,6nversati6ns..recorded at .each data r'ste' and 'the total nymber of message .igrou.M.in each such set of abnyersationS:may'be foiond'fin Table 3.3.Howeyer, there a'r,e not 'as -M6ny dath- iterhs illOr each parameter asthe number o message.groups woUld indloate. Message groifps in.eagt7 liconversation <.Fatticularly those whiCh. initiate or terminate.,
t.

44

$h
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:44P SeTV at 1.0ns?.. t. hot were f(6'.und to1- ea.ch allagter. 6,3r
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In the "folioWing secti9,ns,-,tYre-00:irically ObServedi.A.i.'014S:'.!
_ ......

ireor- each. Of these fOurtPen parameterd 'are presented,'.4b4h4t1.,:q*Iv
e.graphipal `an.cft,abbroaated tbuiar 'form', . as ct4A1atkiYe -frOtienay:
'doistributioyys: It S. 'felt th .. tilts is the mfoSt meaninkfud.',Wfaj.
in* wh,i4sil4 to ,pr,;esent'and,...inte.r re 'the .relltil'tsf,' 'sine the 'Orcith.'ar:y
frecfuenbyllhistogram tor a]. 1 o these pafameter.Ssis..,dedlled1;t-,',:.
onienprkaupi..,,,TtfuO ,,,as just d cLig.sed in' .chapter !4.)::'.non-,.pa.rar.rk`et174.T"
psts arr Used to compare d.i fer-ences b.e ween'dtstr.ibutiohs.'

I'hese....teptS theMielyes are, b'ased :on, the se.: Of cumulative ,- ..
distribution's'. PresentAmg,cUmui:ative ihi*mati.bn 441.,So MiniMizes

he . b fleet ,61 .,,..outlferos, either 'at the 104.pr ...high-end:of the' '
149i.bikti 6 fu.nctfon, . ..- . .-'' *, ... e '

. . ,., *
' ''. f. ' 1

N

Whew. he.de .,paranietere.,arPHu$eal In practto (eog. .wheh .
. !, 4:qc tyg'-'desi-gp.,soal.s.).4,.der,tain:' points on the distrib*tion'''..

ecfu ing.-Ito, aertpin- oumu1at4ve..* perecentiles) ar-e. typiCally'...,!, .

41 skpc. 1ad.....1 The. mIlicst 'wthwtonVy speCiTied of: theze , the medlan's or
5740.46,endentil. e'' and t,he :96 percent-Ile,' ai'e ta.hullated-separatel'.y ,

... -_
...'.from*,,the. :coini:clete;...-gr.avhicial kresentation .

'7, - ,:;; ...., ....: ''''. : - ..n. 4. ' f .
. . 4

- ...,' An .adequpte. number. 'of ob6,erkiatiOn8 haS been obtaih:ed to:
' statiOtilcany %,compare, the distrIb'ution's ,oif Parimeters _for__
.,,terml,nal'S'eAt .-the.,..1-10 -bps' And 300' bps: rateS'. Thee numher of
ob'servtions for_the .15 0'. bps tArmitaals,does not Ap}Dear tp be:

!'adequp,e;rhence,lh-ese d'aita ar'fte not '. anaryzed and ar '6 or esen,ted
Tor *cO.4-b.yekenees.,-Only.: ..Many.of these diltribut,lons appear ,to...he,L. P .4. . .z.,,... . .

a Itain:ortio uso : . 4v74. -
. . .. .... ,
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..-.., .., ,, ..'..
...

. 1#,V.1-, .: aa-zef,-...01 teilly6d4frfer8:nces'l.
.-.-,.. ,--.0t4Opri*..t(he.:-Oi.A:t,r..A.:Izry_. ,... .:.:.00Ali:: littiM*V07.*:,...1."0 .:-.0aa h : Pas.0 -.4.safriAJA,P.010tq4440.':.... ..For-trepn, .:.',tholioh the. tests -resul,ts

re.: 454`.!....e*O.t0:4:14...ti-44-4..q.. ..:01,...*0-!0:..4r . ....,:tollpVing se.ctions,'.the .

',..4§44ealf.V.,0"1.:*ti-H1 AI#AIll. .. Is cLiousecI :.:,inf.. a , separate '.t_1o:ii :..(.5-15 )-' -Hi s ",-"4.....oriole:ksa , t1.1.:tS!haVe been,. discussed .. .,.,,.
1...s1.4.,movi;Ae.--;the.,..., -f. T01,144.,:*)..in:6h::,:'0T6 1v1a rIn -Whitney U-test and :

.

Ifkoi.O.r.O.W;15.41);.r.!:,44./,.:: ttire ::,:_00-1:Vgd,',..:6:_com.p.are the .di.stribu.t,ions,

15-.- .-4-143.45fii*K-0.t.e.ir-.0:',,',Is
...

...0' 1'0 ,!::1).1p$:-.;:.ae.. and the 300:bps, case -,*.
:.4.03:-.*if...,!::4_11:.::.::i:'-tla 4. li ,:', _bill i .6.Sp , all the diferenoes*.b* tween''',.:

1at:e_ifb."41b.lij.'!.":.4:.;-,...ign T.i....b.:ant'. at.. the- 1% 'ley el: or be t te, .
,

...,
- tio.k.v.,;,.;.:.42;:::-0..e.cto.).1.0,::.9.',P,.'serial..,,correlhtion Wes :noted for'some

.1'.:piiadne--ter7s:..:-..in::: S.:e00...oh '11-.1.2', When the-data .ar0 batched 'SO' that. ..

.imgle. stati s-i'-c: is I Use-d , for . each 'conversation (ttle .Median. of.:;;;;;;.''' 00h,,....paraMeter) ;in order t.o eliminate the -,serial. Correlation, the.-tiltferene'es .be.t'Ween: the dstributions. f4r a.:few parameters are '. . .

not "s:ignit.i.ofipi.,t -.at.even .the'5%..level, di

Yffects f Thrminal Speed, On -Usk 13erforirrance Paramete.rs
Thf uSer performance paraweters are those `ASociated* withth stimutu°4 .pO-rjton of' the message grou. TheS.e..parameters'tneluIe respons'e stimulus dclay ti.Mg, (also ,called "thin.k" time) ,;:St.:,tmulus transmit', timt; stiMulus -character count and stiMulUstransmiion rate. What is qf interest here is to ascertain the :

usey (changes ,in'suser perfQrmance aS (evidenced bythe eftecft oti# the four parameters descriptive of the stimujusportion 'of the message groUP) of an iicrease in the opèrat g '4?(!..e'(:t.: of 'the terminal.,

.r
5,2.1, fiesponse-:Stimulus Delay (Think) Time, "4

.

The ReSponse-Stimulus delay time (Os) is the %time . ins'econds between the lhst character 'in the response. portioh. P
.thessag.p :group N and the .first character in .the Stimufus portiof- meSsoge group Ntl,. It.- is characterized as the "think!'..tiMsin,ce it represent's the 'latency period during which ,the'.useN"digests" the responte to...the previous strimulus; and formul at sthe next.' stimulus,

,,

, I

Me,asurements f ReSponse-Stimulu's delay time far all m4SS'agggroups , cateted.rized by .terminal eèd , were dis.trib:uted as khowif:.
,

in Figure.5-1; The key , perc-entile' valuts for each class are .1....tabulated in' .Table 5-2,, both for the distribution .of all"observations. and for the distribution. of cortversgtion medians.,ThO differences betwea-rt'the distributiOns fOr the 110 bPs and the300 bps rlaSses are signiridant at the 1% level,, both with andwithdutibitchingA of the data (See section ,5.5).
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,A

:Operating. tpeed.Of the'terMintiS inoreOse0.. SinoetKe:Antervalifor user th'ink time does not -begln4until, the lest .oharcOter of.eithe
re9pOnseqfrom.the:protoua.message-groU0'nes been sent.,'this. reduction can-not_be attribute&A04!ttOe ability'of the 4

.operilior:to!read:chead*Ihi.re,the responSeAs-being printed. IfanytOlig, reading aheadwouldltend-to;rebuce:the t'hink time on_.ower speed termina,, sinoe.the. -text ofthe'response isdisOnyed:for,a,lcin r ' riod.of time before the think time,'interval bOAIns. -Thusi the:redutt.ion-in user think timemust be

.6,ttri.but4,to_pleneral increase in',tne.pace of operator aotton's:iio0,00,14.the opportunitv interact with the-:oorquter 4't q. .Aliglierr4k

..' ,P:d.-. ntimul6s,:fransmit Time .7..
.:', . .

, .
. .

't
..,... .Th.0 ..,imylus'transmit.time as) AS the-time An seOondsi..

. .
.A'rm he 11r t. to the,last character": of_the,stitulus. .Ti.iis.

'p,lrametor.refelototh.theuSer rate:.o.f.d.ata entry and te.he'44mber 'of (.:hdraterS.eatereW, By itself,' thisiYaremeter is en..indic:;!.t,On of th transOSsion time'requAred. by.'_the operatornit.n,e iiii.nn,e1 froM the.termidal tO the computer. Stem:, the'A
- iiit:i.multm.ohilrae.t.e:r :count.(parameter 3).. As divid d.by the stimOsus:tinnImit'tAme to' compute the'operator: input Or ty0ipg rate..:...

..

...
.,.

.
.

.

Me,,r,romontsof'stimulus transmit:time for -all message
'anupii, oategori2erf by terminal spped,. were distribUted as:shown.in Figure. .The key pereentne malUea-far each ctass. are'ta.bnIlted-in Table ri,3i. both for the distribution all.0H(TvAinn1 ;ind for't the distribution'af converSati n.medians:'Tho Awiffere'ncen-between -the Aistributlens fOri the- 11 bps and the.' :!,no t)!.i ola.:;s-es are significant;at'Ahe 1% level, both with and .:.,without. bAcilirw of-the 4.ata.(see seetton.-5.5)...

.1

Ali. observations ;COnversOtionMedians.,
..

.:
d fl " '150% 9.0% .50% \ ..90%

tin UI'
VI

/6..6 ...13.9

1.1111.3.
BPS P. 0 1.3.8

1 .

T4ble. Key POrcentiles for 5.0.mulusjranspit 111,mel.(Sadonda)

-;

a
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Figure 5-2. Cumulative FreqUenäy.,Distribution of StimU14us

fransthit Tine .

4i

St imultus transmit t ime 'sh ws an inbreaeef in the rned,ian. s:ralUe
.for all ci'ata aS the terminal s eed is Indreased from 110 to 300.
bps ..(0.1e .value. for '150 .bps s ntere.preted as bing angmolous)..
The 90 percentile .vallies are a out the, same.:. Flowevier 7, this
parameter exhibited .a certain egree, of serial cortelation' (as
ev ident in Figure 14-1-6) . When the se.ria.l. Q o-r r e N t:td n 'is

..0 e1tim1nate4 by taking the distHibutiona o.f. ConverSation median%,
different bicture ernergea., stimulus t,ranamit time is..k4en eo -
decrbase 'as. tfie terminal. peed 'increases.... ...

. .

TI-je change in stimulus transmit time aS a function 'p,f
terminal speed .rresents the net effect of two s parate tchanges
worki.ng" in, opposite dirActions. Any increase. Ion timulus
character count with inc)oeused terminal ,spedd wou d tend to
increase 'the stimulus tr:ansttit time, while any. inere4e in

;



stimulus-TtransmiSsion, rite 'would'. t,end .o derepse stimu,lustransmit .time. Both "of .theSe tehdrenOteS are ev.ident to.;sOme.degree' .( see the 'following two aections).; 'apparently, ,.theincrease in 'stimulus tjzansmitSion. rate, 'more ,than makes up' coy,: any.1.n6nease sttimul us ollaract4r .dount
.

Sti'mulus Character Count -.
f

The .stimulys character .c6unt (Cs) iS thu, number Of,characters entered by...the 'operator eas 'input to the. competersyStem,

Measuremerits of stimulus character-. count for all Messagegroups , categorizeq...-by terminali spOe'd , were distributed eS. shown!. in figure 5,3. The' keY f.ercenile values °for' each class are .tabOlatd ih'Table 5-4',.:both for the distribution of all. .observ atiohs and , fir the. distribUtiOn -of.. cOnversation" medians...'The differences be Weeh'.the 'distributions for.-:tne 110 bpS and the.
. 300 bps :classes are significant:.at, the ..14 leve.1. Without batching':of the cfatai however they are not signifidartt at, 4an .acceptab);e.lev.el when .9the .data. ar.e :tot:checl':(.see section 5'....5).

. ,
o.

. --r

All Observati'ons
Rate 50% 90%

B-P-Sr-7 1

150 BPS 7 21
30C BPS 6 '0 23 ,

CoriV,ersation Medians

.

7 4'
6 ., 8
7 1

Tptne Ke* Percentiles. 'for Siimulus aaraoter. Count
11.

6, The i:n9riase in stiMulus 'character c9unt Tor all... .obserVations .t.hat*.i.s .assooiated with higher speed trMinals is. ..one Of the more 'intereSting results..rrom the measureMent of user*, performance paratteters...-.: Apparently,, some user8 of higher :speed 'terminal 4. feel freer to e)tpress them,sells sametelat mOre . , " ',. verbosely . toe., the ..computer system..
4

.
.' ..

. .

0
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50

.

I.

7

;

.

!
---'04



I i f'S 4 km
5 .10 15 20 25 30 35 40.45 '55 16.0 66 70 7.5' 80 85 90 95

PEA.CENT
,
P3. Cumulative Frequency\Distrjbuton of :St4muqu4

Character Co'unt
,..

..d
, . .

. ..*
.: .:Flowever,.stimulus character'count eviden ed particOkerlY.,

illgh sert1 OOrreletion (see Figure:11.r1.-c)r s .14111s:IloV.
'surpriSing that. the.diSttibutlbn.bf:oonYerSe OnIMRdiani Ao hOt
.show:the seme ptienomenon:.' Thus, we must Conclude that thetr:end

:.:sOomn Tor' all pbservationsAs the result of e relatively few
.cOnvereations:with consibtently highersstimaus.ohar,ecter counts
at_the 300 bpS dete ra.te: .It might be the aiomithat.UsersiWith

.. :applAcationsregutrihg longer-stimultitOharactehoount.NtededAd
have 'longer sessions On'h.igher slated terMinals thap.on.lower":.

.

...:sPeed terminals, but:.thi,s wasinotexplicitly tASted.'.

ItAtas'subsequently.discOvered '(SeeSectioh*5 3.4). that a ,

number c4 users were inpatting:.papOr tepe on. lower Spsed
-terminals. that:were..s%equippeA.,' . This. oaused 'a: dramatic.ohange
'An pie 'resuitsfor st1Tm1u;transmiE44nx -necessited
ell ination,of.those message-groups rehresenting eper%tape.-7: ..

inp 1(t. TO determipe ifeliminatimg those message groups hp eny
elle t, On'stimulus.cheraCter count,) .theAata Were trimmed414 an

c Upter.limit:oftirsts40 charecters end then. SO charsoters, Th"is,

mlisvies. bald on the presumpti4n that ppel tape-input cbuld'Hbe.
.identiFied by. the.Lengt,h of the Ihput:'streeM,' ,In the first oasev..



110,'
.

.( v,alUe4. forl..stiMptui:.character co.iant. /longer than- it ignored) thenumber. of. obser.vations for1l0 ., bip.s dg.a.wes*.reduced *from 2618 tO:2577-..and. the 90%* V.A.'1,1,U.e. waS .reduced--0;m 21 tO 20.; (The median.*was...'.unchanged WhTly the. data -we.re 'trimmed at 8.0, the number ofobservations 'wpm reduc.ed .to *261.7:with simil.ar'effect-on *tklet'medien and 90%.'value. StriCe..th,e Irimm1ng w4s shown *to. hate,-Tlegligible' effect n the dittribution of. 'all -observaticzns, 'it we"'not:. performed -for _the di'stributions.'of*Qpnversation Medians; .

..... ,

5,2;4 -StimUlus Tran mission ,.Rate .
,

.,The stirturus transmission-''rate (0s.).sis* the rat inoharacterS .per sec-Dnd at whdch data are entered by the operator,,, .keasured after the .first Stimulus character has"..been entereti.- l'O:ls,, the .stimulus transmission rate is.;derived.-bY dividing thei Atirnul.us charaCter c6unt by the* stimulus transmit ..time'.' .(The'. respohse-st.imulus, delay-,time does not figure intO the.*,computations),
. , ..

f ,-; .

MeasUrements o stimulUs transmisSion° rate- for all messager.grQUps , cat.egor-ized by terminal speed,' were, distributed as shown,. . in Figure .5.-14. The key' peroentile values for each clgs$ are ..tabulted in ,Table,55, both far the distribution Of ellobscriatiops and for the distribution of' conversation IMedians.: Note :that '.the dat'a p esented in this, table are exprpSsed in. ..:characters" per .seco, d, in order that the extra bit;.transmitted .5-'1O-F7'eiTal -Character t.--the 11.0 bps rate not distort comparisons ofuser ,data entry rates& 'The differences between the distributionsfor the 1.10 bps: and teTte .300 bps classes are significant it the 1%.., leyel without 'batching of tfle data', and 'they are 6ignificant at51 level 'when the data are batChed (see seetion 5.5), thO'ugh. :testing 'this2data may not be relevehy (se.e discusS.ion below)..:

i ,..-., Al 01:?$ervat4ons' Conver Von ,friedianSfr

'Rate

I

'4b1I0.110S 5.2 )10.0 Z.3 9.9150 BPS , 3.0 6.0 3.0 3:11BPS 3.4' 30.0 3.0 5..7.!
f' .Table 5- . .Key Percentiles. for Stimulus Transmission Rate(Char/Sec) .., ..

A.

).
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Figure 5-4. ,CuiulatiVe. Frequency .DrstributIon Of Stimulys. .

Transmissi,on Rate
4:

T Vpom examinatiOn, Vitae resu/ts yere .0uite:startling,.since
they impliecL user ttping rates 'on lo4:apeed termitala tbAt are

11R Intuittvely- unachievable.. :Further inveitigatiOa led.'to the
.,. finding.plat ,( I) maly stimul4 Whose transmission rate 'was at the.'

Maximum line rOet (1.0'., 15., or. 30 cps) were single chara ..,,,,,_...,:

I
in uta.; -and q2). some .uscrs were 'inputting .papertape 44 .. also

.transffrission: rates at'Aor near the fitaxiMum of. 10 op :-

the Lrel.atively. high degree .of 'seribl correlation', as-note'd in
Figure 4-1-di indicates th@.t..users .entering extremely ahort-,
stiMuli or 'paper tape:inputs. tend-ed to do po throughout the

:, Oonoversatioh). Thus,. while the'paer .date ehtry. rates 'rrily .have -
.been distributed...as shoyn' in Figure-9-1$ and tabulated in-Table:
5.,.5,' the,- dso" bypirlg 'rates were not.'.. '. V

. The :aim.017..wil 'co.orrect for the effects-0f single

..

Oharacter stitp1i, end paper tape input tias to.. trim all dataabOve
.- i 'given' rate gand recompute,:tileligrcentiles Th*: decision. 0 trim.

Olothe,basia;of .rai)es is based CI ''the maximUm 041ovat1e human
.t.yptng rttez for simillOr siltions ..(set:4ection 2,1.1); :The,

. .
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alternative7'WoUl4 Ilavebeeh.to:exaMlne each.:meSsage grOup
Individually taAetermihfYif it waS.12apEkt tape-ihOut.
character:'stimuli can:readily- betrimmedNautomattcally).-4Examination .of thepereentlies:reVealed a3ump.from.5:.2.

-:between thei50-and)55.perdentiles.... Thu;,. it SeemecLreasonlble totrim:the.daaat.5 cps; i e. , all datalviaue*at..or.above
.cpS. mere eliminated-from_the:analysAsl and the'percentiles were.reáompiled.... This procedure Was fotiowedfor'all.three terMinal--.rateSp.reSulting'in the neW values shown'in lable 54.. (The.,columns for "converbation'medians" were computed.from the
listributions formed by.:trimMing:extreme values An.eaCh
.onVersation.prior tb taking.the,median Of the cOnversation).

4. !

All 0bservatio0 .Conversatton Medips -.--

kate .

. 50% :90% -50% ',.:90%*
.

.

110 BiPS 2.1 :4.0 2:1 3.1..,

150 BPS 2.6 4 . 1 ". 2.4, 2.8306 BPS
$ 2.5 4-,C2 2.4.. .3..5 .

Table 5-(t. :Xey Percentiles. for Stimulus Transhissionliate After
. .Elimlhetion of Paper Tape Input and SinglieCharacter-

Stimuli ,(Char/Sec)

.
.-

In theabove, table, 'the number of observationsigas redUced .from 263.8 to 1303 for 110 bps, from 361 to 295 .for 0 bps, and-rrom 19705.to .13211 -fur-30i0:-15ps. The number of observations for .

. the distributions of conVersation medians was naturallyunchanged: Statistrcal tests of the distributions of medians of
s'Arimmed c'onversationsnshowed the differences to 'be'signifioant at-the 1% level- Table5-2?).

,
.

.

These results are inore in keepihg withlprevious flndings .presented in seCtion 2.2.1* and show a moderate increate in uSer'typing rate with, increased terminal speed. There twopobsible explanations for this increese:'

- There is a genera. l increasein the pace of IperatOr
tnteraction with the computer associated wi h thel use of
'highgr speed. terminals.

* Noteillowever, :that if these data are CciMpared to Vile data
,reported. in-section, 2.2.1, At must be kept. in mind that these
dataare;:"bar$0:rate4:.(measured from the start of té.. first ,.

stimulv4.ch'aracter) while the .dita in-sectiOn:2.2i 43-re mean
rateincrUdingresponse-stimulusAelay)i4ee ctton.5.4,.r2J't
.moan re.tes that'can be compared.dlrectly'

4.

I I

.54



The. i(eybOards 'proVided with low spded..temilrals' (110 bps
_

.generally teletypwriters) is a 'libiting factar;
providing ,tyPewrIter-like keyboards resultst in higher
uSer . d'ata entry. rates,

There .is ho' mapwtth
4
th e Aesent data to attribute- theY-.

, . .

.

. ,..itncrease- in . stimulus .character:coUnt to elther of theSe
.ex planation s i al though an . inerease: in pace_ 4S1S- ialready bewn nOted
.1.41: the reSults for tesOonse-stimulus:dblay. time :(sectiOn .5.?.:1.):,

*
r--

4

. 5 3 E.f-fects Of. Terminail Speed ,.011 Sy Stem. Performande Parameter

. . . .

The,system '.perforManCe parameters:-are: thpseasSOciated w
the abknowledgeMeht,arA reSponSe -.portion .Of the Mesaage 'grOup.
Theseparallieter...s indlude the stiMulus.acknowledgeMent

..the acknowledgement character.. count and,transmtssion: ra.te:t 016:
ao knowl edgemen tl-respon se d elay time-, the respoflse charaeter count
and tranSmission rate, ..a'nd thestimulus!-respOnse.:1.40.).ay.timp. ,( AS -

;.previp-uSly noted:, the ackhgwledgementfand the %OeSponse:portion of
the mesae gropvare not .neCeSsartly.-bpthpresen

2 :Message grOup) :Th&-objed:t here is to:.dtermine:they;effectf,on
the 'computer .System ( as V eTlectd by ,Ali*:Se'...paraitleterS) 'if . Shy,
of VarSting the .terminal speed...

5.3.1 Stimulus,..Acknowledgeme t Deliy Time -

The stimulus-acknowledgement delay tfme '(De) is tWe
.ipterv al between the transoission of tfl'e last charater o thg-
stimulus and the receipt, oT the first character of the., "

aCknowledgement ( if any) . Since both the acknOwledgement and the
response are. genenated\--by the computer system, the" distinction.

by application the'SAR model,. as Ad s9ribed previous. .

between these two cOmadbent6 of the .rissage gPoup is determined
CI;

chapters .. This piram4per 'is not 'defined for d particular kessage.,
group' if there is no acknoWledgemeht

.

/t ., `. ".

Measurements of stimulus-cknowledgement delay time for ail
Mess e groups, categorized- by terminal t peed , were distributed .

as sho n in Figure 5-5. The .;key, percenttle values for each class
pre_ tabul.ated.. in Table, 5-7, ,b1th, for the distribUtion of all '
pbserva'cions and for the diStributiOn of conversation medians.
Ihe differencts between 'the distributions fOr the I1G bps and..the
00 bps classes are significant at the 1% leVel bothAwi .and.,
ithout *botching Ot the data (see' section 5..5).. However, the

.

ifferences between thes distributonp are all measured in 4141'its
' the order' of hundred s' of a second, wtlieh. are
distinguishable to us rs\

\ I
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liAer,v opversation. fieciiati..s
...,::.

.

, 50% .90% ."
,.

no .ops OwO 0,1 d;d. .6.0 ,

15 0 bP$ 0.0 0.1 ,
C) 4 0,..-01-7. 7,,

0,0-:'. 0.,.-0
3 BPS .

.

-.0.0.: '0.0
. ..

, .

Kesi...Percentiles -for Stimul.Us-Acknowledgement 0,4,py. Tiin-::(S:eeends)

.

5
. 1i0,4 90

'..

Table

cn
ca

.ae

'

391
isep

-, .. .... 4111'

,

,/

4
10 15 20 26 '30, .35- 40 '-45 50 56 00 65.70 75. 00 85 91) 95

PERCENT , .

gure 5;-.5 Cumulative Frequtney Distribution" of. OtiMuldiV'
-Acknowledgement Delay Time

Eqiently, tbmpilter 'system provided quite rapid
.

. ae nowledgemehta to 01q.i interacitive.u0erst'Aregardless of. terminal
ape '.The differences. between ,the AistributitheA of

tirlusackhowledgement:delay t.ime,' while stat:fiticaily
pig Afiban't-, haves no. praetleal

.

56 ---)
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5..1.2. .Acknowl,edgementyT,r*smit . 4
.

The acknoW1011rgement transmit time. :(Ta') is the tfme .from..the: first tot last dharaCter' of the .acknowledgeent an'y).
fil.s..parameter ..efi.e.c.t.*both the aysteln transmissispn.N\ratesco'r the.

ackn.owledgethent .ara thie. number of 'oharacters..in the
acknowledgement... This time by itself. is One coMponent, f the.".
-time 'require& by ithe computer sYstem for transMtssion .on
channel "to .the user's terminal (the .other comporient is th

... response ,-transmit .time) . The acknowled.gement transmisSidn ate.
is obtained. by .div id.ing the acknowledgement .charaOter :count
(parameteri..7) by ...the. 'acknowiledgement transmit time.. This . ,
pair:meter Es not defined for a partiduIar MesS'a!ge gro4 if .there

.is .no..ackndwledgement. .:

': Measurements of a vidknol,e0gement. transmit time for all
. .

.2-;:t eressag groups categorized by terminal' speed', were distritluted
.a.s, shown. in Figure51.6.' l'he' key 'percentile values for eaci cass .

ar tayulated. in. Table. 5-8., .both7 for the:distribUtion of' all
obse vations and for the *distribution 'of Conversation medians. 4

'Fne.d....fterences 'between -tr'je* distribUtions'fc; the 119. bps and the
300 bp "claases are :significant .at the:.1% 1ev 1, both with and-
withoutatching% of the.data '.(-see; seclion 5..) :

All

t

'ObservatiOns Conyersatiorvtle'd.ianst
.

Rate 50% 9Q% ..1` .50% 90%

HO BPS* 0.2 009. 0.2 0.9
150 'BPS 0.7 1.7 -0.3 0.711

-3oo }3PS 0.2 0.7 . 0.3 0.3

Table i)-8. Key;fercentiles for.. Acknowledgement Transmit -Time
,

. (.Seconds)\--' . . ..
4

As for Stimulus' transmit time, ackn.owledgement transmit time
re,fiedts two opposite faators: -acknowdedgement.. character count
and .acknowledgement transmission rate: For the -acknowledgement.' .
.portion of -the message: group (see section 5 the
transmissiOn rate was essentially always at the maximum .li`rie
rate,' thus ainoreasing directly with terminal' speed. .4;.The.
acknOwledgrment, character count (seCtion .inCreaskd aboOt
as much at the Median, but not:'at 901-percenti1e, .thus
eir plai-ning the results for abkn.owledgernent 'transmit, time.. In any
e'vent,te .differences at the median are not" likely .to.-be,
percdpt Cble to the -user.
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Figüre CUrbulbtiv'e Frequency DistribOion of-A.e.knowledgementTranSmit Time

k
.4ktiowlecigemerlt Char.acter Co.iant -

. The acknoWledgernehbobetiaracter count (Ca). is the hunker f'charactiers in the acknowledgeMent ( if arty): from the computersystem to tte: user terminal. This parameter :is:not. defined 'forparticular me,ssage group if .there is no ackngo.wledgerAnt. fi a 1 t
M e a s ul-em e p t s o.f .acknowIedgeMent Character cd'Unt. for .all,niessage groups, categorized by.terminal .speed , were distributed i. as shown ).'n Figure ...',7. The-key *Percentile values for eacti el; ` s

: are tabulated in .Table, 54, -ipoth for' th10. otiStributiln of all"'observ'ations and for.. thOlistribution of .dohver.saticih Medians. 1TIfte differences between the distributions for the 110 bPs and: the300 bpS classes are sigihiSicapt at' the 1% levtl, both with ancV..vithOut batiching of the -cqta -'(see section 5.5):.

I

4.
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.PriSgur'e ...Cuil'u1Ot.4.N0:::1retitieinaY',D):01:171? Pf:-.Aaka*OwLedgement'o.:

Cha:r..a.ct4r..Coliht '':-
I ObserYationA :Conyersati: .1.4e.diahs

.

%
.... A .

Re 50% 90% -*:*: 50.% 90%. ,._i___ ..,__......... ,..-...,- :
.....- i.

B.p's ; ,, .2 ' ,9 2 ..9
150 .13.0.3*. . . . ''' -19 ., .10 .4 10
309 BPS- 71 '-',.. 10- 7,

f" .
Tallre.,* ..Icey Percentiles for 'Ack:n;owl;..e,dgeipen,t character :Couptt,

II
- T tverittes 1..n 4icknoyfilkl.gempnt. ch.dracitr octint. PAPetat o 446,,'130:,.clue tp the ,daitianal.pOdirIOchataof-erd requit..064. ff.'oi.,s'ome , ,, r.,,..., . ;

( put 21,16.t- .:al.a) . termien8ls"...operat4mg .at,:reiteslikaher than .1.10 .608;,':. . .!".. . I
...to

, ., :



AoknowloOge ent Transmispioh Rate ,

The .ackhov&edgemerhHtransMission rate (Ra) is.the Tate in
..characters per second at which the acknowledgement (if.any) is .

transmitted'frOm the com'putersystem-to'the user. This rate is .-dbmputed by diid'inethe
ac*nowTedgement,cherscter'count by.the

nowledgpment transmit.time (the stimulus,acknoWledgeMent delay
me .ddes not figure into the carculation), Thfs parameter' is

inot deflned ,for:a.partqcuIar message group if there ls no
toaaknowled'g,ement.

..Medsurçm-ertz of acknowledgement tranSmisston rate.for all
nessage ..groups1 bategorizedby.terbinal speed, were.,distribUted,

.-es,"hownA,n Figure 5-8. -; The key-perqent!ile.valUes for bath cla's.s
are tabulat0...in Table 5,10t'bOthfor,Ahe dlstribution.

.:obseriation.s.and Oor,Ahe'distribution of.cOnversation medians
'.:The,.01,fferencesbetWeenthe_distriPUtiOns for the 110 bps and the
-'300,:iLbleSseS.are-S.ignifant at the 1 level, bottwith ancL
witht.ut batçjiingof::theclata-lee section 5.5-Y,

r.Rate 01; 90%. 50%_: -90%
,,

'fad :9bSer.NatibpS Conversation Medians

.-

.110.13PS-: .10.0 , TO.OH 10,0 1.0,0
-150 BPS 15.0 15.O .

300 BPS; 30.0 30.-0' 30:0 304
rable 5,10., KeY1Dei...centilesf.'foreknOwledgement T'l^ansmisSia.n

Rate ,

. .
.

.

%

Evidently., .the'short,char-kter Strings in.lth9:
:ao.knowledgemynt were.hearlyalways:transmittWat burzt.Tate.
-This,extila0s:the.ftigh.degree of:serialcorril'ation fbr:this
AmraMeter.-(evlidenced.rw Figpre 4,.1-h) . The re19tiy;e1I 14recibent

.1:2oases-.:Where4he.transmission. was hot at the 'maxiMum rrate were
!probab1y'.06e-tooutput:queWip.rodessing:delays.1.6-the 'computer-.

dt of theseinfrequent de1as oncomppersystem
. .djscumed:in4ectOn.5.4.2...

_
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. , . .

i'.'5. AcknoWfedgement-Respon.se.Delay' Time - I.(. ...
. . ....."----;

7 The eknOwiedgement-response- delay time (O"). is., t:he i0.e,-
tine f.,r,pm\ the.transmission of the-..last aharacter of the:

- acknowledgeqient :(..if, any) -to: :the fitst :c.haracter. dr the. "epor,e..
Since,'both `;t'he .acknowlediment, and the reSPOnse ai.se genera-tedi..br:'
the computer;...system, the distinction', between' these two, comgonnts
of th"-:me.stage grOup, iS.d-dermined' by appl.ication of the SAW,.

..mo6e1, .a's desoribedin -previoUss ohapterd:.. This 'parameter is nb,t,:'
....A.efined for porticUlar: mess.age grOup i-f .. there' is .no 1. ,,;.

racknowledgemetitr. ' ,

.: 'I
... , .. .

k I.. .

Mealuremenks 'of SOknOI:d.edgement...responSe 'd.elay t-ime, fOr. a.11:

Merige',Igroups,, 'caedorlzed by t.erminal speld) were Idi,Atributed
as sillibWn in*Figure. 5-9, The ke perfentile values.' tem' eaoh olass

I are tabu).ated,. it) ..Tabe -.11';' bo 1.1 for the distribution, of. ail
obsrv.ati.,OnS .and for;the .distri1ution "Of conversation medians,

,.
...,- . .

C

6:1

7.er
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The difrerences %between t'j distributiO'ris foe:-.the 11.0 bps and the.:300 bps class* are signl. cant, at the'..1% level., both with andwithout betel-Ifni of the data (see -5.ectiori 5.5),

Rate 50% . 90% 50% 90%

110 BPS V.QL, 1..2., OO 0.1150 BPS' 0.410 1.4- 0.0 0.2
300 13.F..s 0.2 1.3 ' 0.2 0.5

Tablek5 111. Keg Percentile:5 for Acknqw1.edgemeht-R8p9d5 .DelayTtme .(Seconds)

4 -

gur..e 5 79. Cumuletive frequency DiStribution of
Acknotwastlgement-Response DeLar Time



Clearly, the_coM ute systedi. $n t 4his: *tudy wasraviding:
'quite rapid esponse to% theNinteracttve 'users ..( in addition tO the. -

nearly Ammediate ack owledgements: e.NOident 'in section 5.3;1). The:
.data 'indicate al ightly, moe rapid. resPonse to the users pf 110---i..' "
bpterthinals than to the users:of 3.00bps terminals;.' hoWeihr,,

;: the:Q .2 séconds difference at 'the. median is not liKtly to, be
perceptible to. usersi.; even though the 'difference bet:*een the
d istrib.utins, of delay time- "is .statiatically significiat This.

slight extra delay 'may .refiect, increased proceasing time'equired
to sett Up the: longer responea (noted .i.ri section, 5 3.n:or lt,Qre ,

. .

extensive application procesSAng balled for 'bvthe 11,4:erk,'
...requests. : . :.

.

HiespOns4'IranSmit, Tithe
4 .

4 . .

-The:response transmit time (Tr) is the time from the first .

*to the last/character Of the.response. This parameter reflects
bothj,he siystem transmission rate: for the response:and..the number,
of Chareoeter's in the_ resipnge. :By itself,: this parameter is One
component :of-the tranamilbion 'time require.cL by .bhe'--computer

HsYateth/on the cklanneli froth the -Computer system to the user-
termi,,nal(The , other componenti ib the acknowledgemlent transmit

..'tiMe'';)' The 'respanse..'dharacter count (parameter' (11) Is divided by
the .reapdnse transmit 'time to. Obtain.. the response transmission
rate..

. ,

Measurments 'of response transmit time ,f6r all ,m0-sage...
gr,oUps , categor i zed by terminal speed , were d 4stnibuted as shown.. .

in. The Key percentile values. )for eachclass are.
tabulated. An Table .5-12, both for the distributiott of :all
abservations 'and., for the.'dtstribution of conversation thied.i.anS.

,I.

rhe differencea betvwen, the distributions for- the ,110 bpsAnk the
bpn clltfrsen are-.Significant at.,the 1% leveil, bo,th witft'adb

.'wthiotrt batching Of ,the data..(aee séclion 5.f5 )

All ObservationS Converaatidm:.Medians;
-..

Rate,. -.' 90,% .:
.,..._...

-510%..

. .
110 _BPS- 0,2 9, 3

..1'50 BPS .. :7,8'
NO DI'S i'.2.1: '...-6,5 -

.. ti..
' :

,

TabDe '5-12. Key 7Pecentiles f r Resbonse'7randthit Time :.(SecOndd.)
., .),

2.5. 3..9.

2.1 2.7
1. ,2. 1
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.fleSpo4LiSe Charater

'The ,res.ponse .charabter covt. (tr) is the. nUmber-iof
.characilters'in the resi!onse transmitted from the oempuOr system

' to the user terminal...-. Since. both the eckhowledgtnentand..the .

..response are 'generated by the computer system, .tbe distinbtflon
between te,se.two components of the message group. is determinecr
-by -6f SAR rnoØel, asAestribed inpre.Vio.us
chapters, ..

.

.

. .

'Meas4p4ments of respohse charaCter ,coUnt for :all plessage
..groups, categori.zed by 'termtnal speed, were .distributet1 as .shown '

in Figure 5-121, The key pergeht1lrvalues for 'each cl,ass are
..tabulated ih f1at4e 5-7.1 1, both for' the-diStri$ution. of:all.
:obsehi.atiohs ind fo_r thedilstribution orconversation .median8'.
The .differencaS bween the distributlohsPor the' 110 bps ..and 'the.
300 bps' Classes are significan at. the Wlevel wtthoUt batching
of the.jdata,' and they are slg9iulcant at the 5%-..leyplwhen the
Ota...are batc hed ( see. section. 5.5)

.

\
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.........All ObserVatiOnS ' ConvprsateiOn .Medians/ .. ....., .7,
.Rste ',; ilial ..,90%...- '... ,4 .50%

-1.10 tP 2 :. 91i- ...5.150 .IDS ,. l 33,:. :1'17 -32300:.BPS . ;311.4 159' .. 30. '- .
i :,,...,.

3.. Key PerIcentil..eS.Tor Response'.-Character, COunt
Table

`.7:,The ,inCrease in response charaCter count noted for increasedterminar'Speed .is the t ey result of the inVestigati n intO the-effect of terminal Speitc/ on system performance paraeterj Thisincrease paralitels the previously :noted increase in stimu us !:'character count as a function of terminal speed when allpbserv,ations- are considered (No:increase. was found when the.data were batched) . ACtually) of -Cour.se, the increase' is notattribiAable tO the system itself
I but to the :natUre .of ,the:service 'requests generated by the user . Apparently,. at' 'higherspeeds some users are more verbose in their l.riputs, and most . ..request outputs in more verbose -form as' well._ To the extent thatlonger responses contain more or more, easily underStoodinforMation, this increase can be interPreted as an- iherease inresponse tivality',..as wellies quantity..

$ dne effect of, this inCrease in resjnsd dharadter count withincreaSed oterminal speed is 'that th'e 'respona transmjission time:does not .decrease as much as would be expecNd with inerkeased.line speed'. DiSregard of this phenomenon could lead: to.1 Iunder-estimation of required line capacity in terminalmultiplexor or, condentratoN.4esign.-

s .

-
.5'...,8 Response .TransmiSsion Rate..

.

4 The. response ;-transmig.sion, rat4 ...( V ) isIth rate 'inlk. chahieters. per ,seConci at which the respon.Se i transMitted fromlf.the '..cOMpu.ter ybtein.. to the uSer terminal , me Wed .after the .;..- first. r4spon
p

ohaacter has been transmitted I: thus', '.t..).,)eresponse Ilt;ransm:ission rate is derilved by d iv ing the responsecharacter count: b.Y. the respOnse t'anamit ti e... (The
time:, if. a dOes :.noits figur inhte .crputation),

'. .\ . - i
Measuremen.ts of-tes.ponse,transmiss n rate for, 'all; m Sage 'graups ;: 'categorized . by terminal.: speed i , err distributed as showin ,F i g ur'e 5.-12. The: key .perceti\tire ValUes 'for ;each 'class 'aret.abulated in -Table,'5111:;:. both, lOr the .distribut4on of all. .;obsetvations and. .f.Obr the distri-b.utiOn of conver4at1p-1 mediehs...t.- The .cil f. fgrencess between 1..he dist.' ibution.s. 1464. the 11t) .b -e.ps and lle'300' bps c*SSes ard. a igni fica.R. a thel% .10/011 b,oth-', With and,.without.batching of the. 4ata (see aecton '.5.5'). .

I

.14



All 04) XrV.ations 'i.ConYersation

,Rate 50% .90%. 0%
7-17-
110; BPSa, 10.0 leo
150 [PSI! 115.0 .:15.0
3.00 b-PS. 30.0 30%0.

.

Table 5 14'./ Key Percent.iles for RespOnse Transmission, Rate
(Char/.Sec)

1

50%. "90%

,
w

------ 300

150
110

5 10

F'igure '5-

.i.. is. i' 1- 1 IT
20 25 30 35 .40'. 45 50 55 60 65-. 70 75 00,

. ,

PERCENT -,,
umulatiVe Frequency Distribution of. ResponS.e
,ansmission ',Hate

. A
.

,

. Even wkth th longer character. strings in t response\ (a'
coMpared tb the ac nOwledgement) ,:the. speed of d ta transmi s n

correlation .for thi parameter (eyidenced by gure LI-2.1-.1.). i

of the respo'nse te ded to be the maximum poss ble for all-
,

terminal speeds. Ihis explains the high .degr e .of, serial.

Thus the; transmiss on of' neither the aoknawledgement rior the
respojise otended tb. e very bursty. This can be att,ribUted to. t
fact The int,eractlyt usage of the computer system .tinder" .
investigftio.n 'was li ited cLuring the 'period of the study
(coinciden.tly) so th t 6yseem responsiytness to-th6se users who
w6re permitted IT wa, quite .good .



.

- The stimU16.-responSe Aelay time (w) tiMe froM,the last charace. r of the stimulUs,to he first, oharacter:oT theresponse: I'f an adknowledgeMent is p sent in ohe message grouP,
this time is. theLsum oT the:stimUlUs7. knowledgeMent delay tiMe)
the .44(nowledgeirlent transmit time ind the acknoWledgementr'
response detily time cse.e eqUatiOn 5 , Section,2 If no

-acknowledgement is' present-in the message group, this time is
.1(1,1e timp.: As eiptained in prev;ious ..chapters, this parameter is
:P me.nsure of Ole 'service time fdr the computer systetiltp- deliver.inforMation relevant tip...the query .to the tertinal:bperator..

. -
,Reasurements of stimulus-nesponSe delay time for atl message

groups, categorized" by terminal s eed, were distributed as show111.
/t.. in Figu.re 5-13. The key perceptil values for' eaCh class are

tabulaed .i.n. Table 5-15, both for he distribution, of all
ob.serv a.tions and for the dlstribution of conversation medians .

The .dif_ferences.between the distributions Tor the 110 ,bps ar4 th
. 400 bps classes are significant at the I% level, both WitK-
without batching of the data (see section 5.5).

,

50% 90%

-300
150

110

Figure 5' Cumulative_FreqUeney .Distri6utiOn.
-§0On8e telay ir0 -



°Observationt

Rate

11/0:BPS 0.3 1.9
1$0 BPS 0.7 1.1
300 BPS 0.4 1.-8' .

Table/5-15..

0.

Ke.y Percentiles for, StimulUt -Response Pelay. Time
(Seconds) .

SinCe.the stiMulusaclowledgeMent delay tirrie-v, so ',sMall
. for' all cases., this .paramet r is effectively the suni of' the '

acknowledgement tr'aitsmit time and, the acknowledgement-resPOnse
delay.'time. The differences between the distributions, thoUgh
OtatiStioally significant , a.re' not likely tftc be perceptible \ to
the user As.noft,ediseveral times previously, the 'Service
proVided to inter ac ive tisers was remarkably good during .the
p.eriod of the' study since the interaative load was kept quite
limited during thil time

. 0
1

5 .4 /Overall: Effects Of .Varyin'g Terminal .Speed
'1 .

The overall effectS of varying the terminal speed on both
the user and the fOteractive computer system are reflected in, .the
StimUlusfinter-arriv'al time: 'parameter, of k he SAR Madel and id
line utilization stati.st.ics, that 'are accuMulated for the useri.

. -(Vr-TMu710-8)". and it Ot-eti çaeknowledgement ' and response) .portiorls ,af
tran'smission tra,Pfic oØ the .00mmunications line.

. '\
StimuluS Inter-arrival' Time -

The stimulus inter-arrival time (Dat).'.is a parameefr that
reflectso both user and systemolper formence parameters. This time .

is' measured fram the. time 'of,' dfltry of the first Character of a
*stimulus to the time of. entry -of.-then first charac rie'of the ,
successive stim lus. .(This, time ?is not defined f..r .the first
message, group ifi a converssation) . In a ..seriSe, IV is the: "cluty
cycle" for intejractive use of the .compuIer 'systrem, since.. it
,measures the tilme .hetwe n succesSive service 'r,equests.. The
stimulus inter-,arriVal time may '14e. Computed by adding the
s.timulits tran'sMit t1Tne, the stimdlUs-acknottredgement delay time
(if .arly).:, Ohe acknoAledgemeht ,transmit 'time (lc ant) , the:.

acknowledgemetnt.-r,eSponse delay, time. (if amyl; or else the
stimulus-TeSponse idelay timet);,- the r.espolsevtransmit 4time e.nd

:the respanse-stimulys delqy ,tithe (to the ciext suceesSie.:
stimulDs) (see eqUa.tion. 6,' sectiion

1. .



YY-

.:
. t" ,Measurenten, a 'of stimulu$ inter,arriyal ttme for al/ messagegroups.,..Categorlized;by terminal speed, were dist-rib tea, aS :shown..in 'Figure .5,114.. Tht Ikey perOent.ile values :for._..6ach class :are..:tab.U.lated in,:Table -5,16, broth.' for the' distribution

: f all ,observations 'and for the distribution Of convetsation medianS..The differences between, the distriAutions :fOr the .11.0.bpS 'and t300 bP1. ciaSsas: are significant :st .the 1; level:v b.oth with andwithout batching*of the data.( see, section 5..5) ..
All Obser'vatioAts

50% 90%'

5.5 37.8
10..7 3-2.5
.7.14 314.8

Ratq

110' BPS
150 BPS
300 BP.0

Conversation Medians

50%

.13.3 21.2
10.1 12.7
8.9 18.0

-KerPereelikilesjor
- '.(SecOtids).

."

(

10 'It

65

60

Stimulus Inter arrival:Time

300 .

150

110

I t -0 1- I 4i
5 10 '15 20 26' 30 .35 40 411ii 60 55 10 i.S 4,0 n 80 85
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Figure 5-114, Cumulativ,e Frequency Distribt4tian of: StiInter.ykArivalf Time



. StimuluS i,nter -arrival exhibit!sipme degree. ofserijbar:.i. -.1: correlation '(,see. Figure 1.1-n) After reMoval of this
aer relation, there is evidetce of an increase in the pace

*.O.f interaction w.ith increased terminal speed. .

. . ../
It may 'be of interest to ex.amin.e the comppnents of 'StiMulus

ipter-arriyal time. to determine -their relatlive impact .011 the .

..'",tota1 time. We co,nsider the mean: values here, sin.de., 'for an:
: equal number (lc ..observaticks 'for all aomponent's.,, the sum of..the .:.
;i'ndividuaI Means shuld, equal the mean of the sum, (or atimurus
inter.arriva1 time itself).. The !wean val.ues of the .components af

'tstimulus .inter7arrivai . time -are tabulated '.in Table 5r17, 4.

HO:weVer.t ssin'ee extreMe value's 'can:- undue)ly affect. the mean, the.
:cFaba:'for° each paratheter have .been triMmed... to 'elim.inape`
observations...greater. than. 60.: se.cands1 .; The .empi.eicallmean :values
of trimMed) stimulus in.,t;er-ar;rival time .presented, in? Table .5-171
do not eqUal.;the sup Of he ..mean of,, all the....mi

...stimulus inte?-arriv.al tfirne due o the : Urfeq-ual effects,' ofthe
trimming operatian. on tFje means: f all the coni.p,oti,ents.

I.
evider.4. from .Table 51.114 that for the ,prepent

investigation., tht Con ribution ,c1 the computer 'S. acknawledgeMent
(Da; Ta) and del y..bef re. reSponst (De) are ,inconsequential.
'User think time (23)°.and stimulu0 entry. timei(Ts) 'are the'
major coMponent thoUgh th.e compter: response :(Tr)...

:occupies signi.ficAnt

110:BPS 152 BPS. -300 BPs

1,

6.0
\I 7.2. 14.3 Ay.

6.3 14.8
.. 0 .41 0.2 . 0,1

.

0.14. \ .0.B 0 t/I
1. 0.7 . 'o..9 0..8

, . 30 1 38 2.8
(Totlal) 9.2 ; 1.13.6 .10.9

Table 5 Melan ..Values of' .Components of St irridlUs Inter-Arrival
Time ;

. ,

,

Line
. .

The 'Data. AnalySis _Paakage includes the pappbility to compute
pert in line 'utilization statiatics for sets Of data , including i

' the t, tai number of printing and non-printing charaters
trpnsm tt by 'the 'user and the 'system, .and the' perceiltage of
itransmi si capacity u.ti.lized by the .,.uSer and by the'lystetho:,
both inctuding 04, excliiding delay times poiOr tq transmfssiOn.
Thesç staiitics %re tultecT fia., the 11,D bps 150:, bps and 3(0.,0
bps ata in Tables 5-1 5-19 end 5.-20 retpec.tively.

t.



Number. of -characters
tiser

Pr.inting
,Non7printing..:

. System ;
'Printing,.

-.,11On7print1ng

total) % (pubt9ti)1)

,

.S.ubtot$ of printiing ,oheracters:
Uses
System

Subtota.1 of nonpr.inting chars
11.. -User .

'1°' Sy Stem

210)49'9
43182
38902

167317
150025
..,17292

18892'7
38902.. .

150025!

.21572'
--4240

17292
1

100.0
0.$
18.5

100. 0
90.1.

. 2.0' 99
71.3,
79.5 .

89)7
8.2

89.8
18.5 20.6.
71.3 . 79.4

10.2 100.0
2.0 19.8 .

8.2

.. Stimulus
. .acknyeledgement

respd`nse'

ine Ulization.
stimulus.
system

-Rate
.Cha'r./.Sec

2.1
9.2

.8.1,
0

17 `." .'tne UtilizatiOn.af 110 ARS COIVer6 lon6

1

Comparing the 'p'eroentage of total ctraraoters sent by.the'
user,. 'a deorease. from 20.5% at 110 bps to 11.5%'at 300 bps may be-

.noteci; (The/ 1-50 bps data are anomolous due to the. small 'number,of obserlations), This refrectS the more. VerbOse responses .

CdUed fTr by the Users df:.higher speed: term'inelsi.(since' the
ratiO of sygtem -characters to total charabter8 sent ,i,noreases
with the speed of' the terminal) .. °

.1

E:xamining the :ratio Of: printing; to non-pr1fltinharaotéra
fon, biser .iari'd the .system, we find that while it has hot
chave'd !nub+) for the ;users, there is a noticeab.le.- iner.eilse
p.preentage. of .nop-printing'icharaeters ovtput )ity the 0011)0 Or
This may be indicative' of less densly" Peckedtoutpuf to'.le' to use.,.-- Moré dding,

mbre 1. era. Use-of blank ipaces and ."bl'ank..1.1:n s
nhance reada br need

kfiara p.t e t s (to allow 'time for physioal ear.riage'eetu ns.) the
..hig:her. 'speed terminals.; . Prrobably, blth:fadors!Co'ntr bqte.

' ,.1.' ,1111,', '
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'Number, . % (tOtal.) i. % ..(subot
, -,

I .

. 0
Total niimber, of -characters,. . 2190 i.. A 100.0user ., , :152 i,.0,) ik

II 11.5 100.0"
_. Prtnting , , 2242 10.2 89.0

. Non,..printitng 277 4 1.3 .11.0.System 1338223 .88.5 100.0
, . . *0- Prn.ting .. 11493903 68.2. ' .7.7,14 Non rinting 44.4320 29.3 ' 22.3

.4 .,
.140.5ubtotal of pti ingich,dractere.' 1118178 78,4 ,1., 100,.0... User 4:, 1 C. 224.275 10.2 13,1.,-System 1493903 .68.2'. l'..9.

. '

r ;4" : 4.,r'e.t

C. Subtotal rtr noK-pi-intinEv eh6rs .,,,412054 2I.:6: 100...0i Ueer .. ' 27734 1:3 .5.9'' System
1 444320 20.3 .

.94.1
'

..,.

'' Ret0-.:., ,

1i'ar/Sec
.-,-'

2..3.
.

53.6%', 7 16.1.
61.5% ..18.5

.-

a.%

rs...t. Line. Utiaization
sSEirliUtUs .

acknOwle4geillent
jesppase''

1,1!,

Mean,' ine Otilizatti
stiMultis

..ks:ys tem ,

'Table 5-20 . Line 'Utilization of .30d BPS :Conv4sations

.4

"LoOk<ling at bursts sttdsti.d f-or eystem; 64put, fi`nd aincreasing actual rats but ..w.,:dedreasing Utilizationt,-of lirfecapacity. as we ,progre from the -tower th higher,speed terfnin61:$11.(5Again ; it: May' b-e7 irite eating- comOre: these rates with e
avknowledgetnertt--Arans.mi ra'kes.gitten in seotiori. 5 3 4 .,endik the,Pepp9n,8e.'ran5.m1ssion_r :Oven in .secktion 5.3...8, keePing iT .aft.nd -that, ctimulat1v5e'.0e entile valpep .are ..presente41 there inovntrast to seam rotes .11, re)s. Apparent1y,..t1A.Aervicing of .out1jt queue8s 'Perform so spbradicilly th'at .the 'computer i$unable ..f$o; outbtat, dontinu s 14 at' til'e wiximUm line rate .-

c. .0

hFxn OtitCon et4143i0.e. !do inblude t4e 'lattOcies (Vhinkt'Irrire :Or procesferrio time) prior to. (actual transmis,lion. For the,User.; *we fin'e,, the rates tO, be 1,.1 cps , 1.1 cos an& 1.3 cps, for.the 11.0 ,bps , 150 ops encl 300 bPd torminalS, iwgpectively. .Thesears.-the apriropriate rates' to cdmpere4ithathe ilaya .preseelted t '.sectiop 2.2,1 .(partiou,lorty the 13:eitt:Lai,boratorkee.'4ata Table2,1 )4. si,n,ce that data elso $nolwdeci -User delat lhze 'inPotittatIts? observed in the preteetitt ,etu'dy ere hi4her thi BellLa srettpriets' stu.dy sat the .1.bweP., soefc4 of 140. bpe., b'ut. ere ,

,.
.

,.. ,

-
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"..rat;

411 tly at' the 150 bpS r ate ajid are':411:ightly h:igher
. 3O0bps phoygh no .dirept parviSo% ,*c,On. 'be.: Made, st.. the
1aot ,er ratel . The results: are con.clusive.,'..butk- the. inarease,

"the 110 bps \rate may:be attributable tt . the_ relitIVely.
loadln g.. for intbractiveuserS on the NtiSe nip tern .during the st

I is wouid be in keeptng witt thenell Labbratories'period
finding ULM, user typing rabes were highex on a' moderately Ibaded
Ystem lha.n ,p.ki hoavily .loaded.. system.

1 ,

Mean: utc:lization data for., the s,ystem show alsi,mil,sr t.renVa4
..

for system burst.-utilization nereasIng 'absolute transmisSion
with,hipaher speed term i s , but'-decreasing. Line,

'The mean transmission :raties, Werp ciSg...,!'1:10 3. cps...'
iin;d 15..9 cpS fo'r tAe 1,10; 150 dnd 300 bpseltses, itespectiAly..

'Line shar i.ng te:chniilueS are most .indleateq 'fOr higher. si)eedterthindis (in, f)ri4k examp1e', th 00V4ffisi otse .had ofil,y-
utilizatioro,t' the Jine by. the Sy'Stkin kid 49nly 14..2%. by: the. u_ser)

,

'it...;,,,talt.i.o.al -.Si gn 1..ficinc,e-
, .

-: ..%'.. . In t,h'is2Seetion, we.- discu.ss in somewhat-greater.. dOotail ..the :

.appli.uot.tojr.c f.yt,he ,statisticar-.procedures ,desCribed in .Chapter 14..
tko ..the param .t.er distri.but4iOns pres.ented: in this .chapter.i,- As

-0 . . .,

..... discusst_sd..i. .Soc.:.tion li ..2 , commonly usedtteSts of-eignificance are .

appropr late for.' usp. ''With these daa., 3inCe the. Ss s U m p t fe-11 :of an .f
underlying nbrm Aal fs.tribut-ioir is invalid. *For -this re.aSoni.'t.'
.com_put,dr progroms'.were wrttten,i.by thetauthor (using. subroutines-
int the.. U M J Scf.v.itific..Suprimatine Pa.Okag.e) to appl:y .'.two '' .

parameerfe te.sts: .i(3 tMalo!blata. Thes.e testg are -tile
"Mann.71tibt.tney'.0-teSt .(t9i.SoUssd in'Seetion..14..2,1) ...and the

IcolmokditoV.-Smi,rpov' TeSt: .(diScusSedin .Seettithi 1-1'. a. 2).. jableip-21
-presents:. the:: resul ta. of'applying,,,thbse two tests to deterigiii the\

.

.:s;igni...ficanoe bf :the d if fe'renCes.:b0t,we n Ahe. distribUtionsio.f.'i' s..... .

parametr 'v:alues (..)f.. the 'lac) bps dita .'and Ch'e -110 bp9. data I. 'for;
. each ,SAR in'ed-e.1.. par'aMe.6er ; The sfgnificahae levels .assotiated ..s ...

with th'e.,,.v a.r i(?..us, yie s 'or -z i.11 ..ttits -table' are: not pcesen.ted t. ... ,
...fiinv.e,.they. ,iire' 431.1,.. 't.er than. 'ci < ,00k.' This is .1 robabli 'due to'__,..... . ...

the 'Latta .sam e slzes invol.vbd .,,- with st.tich leirg samples t even,... _,_
. Small .;,difif.ere es'. betweenc'the sample...distribittion's' ndicate .a.
1.conSistefilt.).dlifferenve ir the tjn4er1y1nt distr.ibu.tion A

, - ....) -
1,':.' r. i: s. t ' ./ , ..' jib 4

#

...;r: The-sample, siier fo the 150.'bps *dpa .was tot considered'.
. 1.. adeclp,abe'and c!:Onsecruegtly these. data weep nmt..tee"ed at ainst,vi.. .... . .

. either' the,..114,:bpS 'or`the. .300 bps daba. *..
.... -. .. .: . o:.

:

#

.
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..1 , 4 ?

4 t .
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S rnoy Mann- i:tfly \.1.- ---r
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\ "p \

i N) 1 C)" 'j5 II

'lXI
1, R I '

) ?Lt < 1 () - 1 1 .\
(

) '

: ' 1 9 x 1-0' -19,70
' '

t)

I ? ' I' I X 1 0
"

'
-

I " , A I 11C I

) 09 c 1 () - 6 3J r
I
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()
1 . 1 x 10! - 9,I6(::l

; .: .;19,I8 :. fli7 )ç io! .
i.zio.

I, () Lf x 10 -'19 ?0Ut
1 b') ' ' 0 It x -18 ? *
it) '1 ?U x -9.l6
18 iQ \ 1 1c 10' 37

0410 x iot -8570
. . w.. .1 , ...

I
I 1 o -1

lib l.I,
J' IuI t o ipE rantr I Te4s 110 0PSind,i) PI' Fo Al I Faimtrs iJnt 1 Data (Number of

t v t on vU iv4n in able 5-1 )

Hilt' ito I ion V I (I cit t Md CpetI(i rfl(' c wi s di c ussed In sect Ion
I 1 01 i1 tLnvcttgnte Othe potbil it.y of eril

t:rcI :i ivrt bt'twt'u sSVO o4rvnttons in the sametç.) cat on * t hc. 1.ueore1 nt.Jon (o.(kci c 1ens. Ior 1U pararne.ters
..t np0 t c I ' i ori'' o it Ion, orid t h' dl 'tr ibuti on of'I (Ill I eIt t çt I tj iIcflt1 (ovt dli eonver'satlon) wasdi p I\ n Ii ('rtne11cr rho e r asU1t, supp,eted the

x t \i)ui( (I(4I'('O of cer %. it ( O't ('lOt iOfl n om0 tr p it t iii it y t ho ot ed w th the tirnul ts ,,
I U°1 I lit i' r OUP

1
$4 *

A r .iitli ly .dctftcd., hatch] n of observations is
.in. Ihol 10 L 14flott1iM to! C'Ot rolotion, Ihe median I eachoiv.0 , il on t hue an iippt ON I oLe sttltic for thl8pm p \ I ,t e th med I an 5 01 all por arneter s for eachOltV 1 41 1W) iiI 0 ! 1.1 th K() Imo'orov-m irnoy t'st ond te.M nit- t I in y Il 4 c 1 w r t R'r, tin on the di 1 dhut loris of tlenieiI,n:; ct ih pIi1jnk('ter i1or t4h 1() bp and 300. ps clãsss.:ftt r 01 tO te )t ore sumtnr tied iii Fb1e 5-2\'.'.°:: '\. .

. .
I

,: I. ) t , b 1 p thO lh.c d Ifferences betweenth. (11ct i but i'çti of most pirinetrrs 1 still Stdtistical1y'

I t nI it ysi,ry high I Ev'e13 a < 01) tIoever , twop s o'( h"tt iLer e5t, Umulu5 c,ho icter coun& and
I 'h it Itt c vtiht

,

foil to be sIpn1f1citIy enoughd itt r enX (or t h null hype the.si ni to be rej cc ted jtt the 1% level( tiopyh r 'pori.niç J .r*ctr count did not seem to xhtbit a Mgh'dpr PTJ1iI (0i ('lOtion, iAohkiwn in I Lpure L(_1_()4 \. -

'I
,uI a
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$4.
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Kolmogorov-Srnirnov

Z T(Z)

Mann-Whitney

U Z .PCZ)

Ds 1.65 .009 2699 -3.05 .001

T6 1.69 .t. 007 3198 -1.09 .030

CS .a 1,01., .257. -3673 -0.79 -.216

Ilt 1.46 4028 3089 -2,14 .016

it # A*, 1.47 .026 2900 -2.58- v.005

Da l n , .000 300.8 -2.05 .020

:Fa P.11* .000 . 2366 3..82 .000

CP 00 .000. 2102' -4,71 .000
31Ra 4.84 '.000 a07 -7.91 .000

*Dr 1,65 .009 2699 -3.1Q,5 .001
Tr 2.90 .000 "2547 .-3.LN ,.000
r

C
r

,0.94 .340 3137 -2,03 .021

R 0 -1.0.2 .0005.39 .000
2.11 ,000

Dss 2.35 '',00041
, lips

Table 5-22. Re'su1t4f Non-Par&metrie Tests Between 110 BPS and,

,

300 BPS for All PaTa(neters Using Medians of Each --
Message Croup (Number,of Observations as:Given in

Table 2-3) , .

.. .

Q:3044., -2.24
.2607 -3.26 .00'c

..

11 7: TY2---
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6.:0 DIfURENCES-IMATIOM:.

,

- .3n thischapter we.Oisats the result"S:of analy2ing the.d taccordinCtO appl.iwtion or tYpe of use.of-each.medslage .group,'Thts is anAndepe01'ent grouping scheme from.that.employed inChapter.4 and ii princlple, a.two-way analysiScOuld.be,.p0forthedto deberMine thec:effecta of each,.class-or treatment"
;

,.simultanedusly. .11Owe,veri-1..6 order'to g1m01"ify the:analysis.,'not the maWthrust Of this diSsertatlon),:pnly the'
3006bps meregrouped..andanalyzed bY.';:appilcatOn,'.Since' the volume of.da,tacollOtecl.for:terMinas

-p.perating.at 100 ibps Mas-.eonsiderably greater than fOr 4ate :4
H.collected-forterMiinalS operilting at.other speeds', such a 14Mited

,still:adequate 4oillustrate. hom this measur'ementand.analy.sis approach may be aprtied to compare-tnuantitative,may.:differeades-injwier andzsystem'iverfOrmanAemhen the:004)14er,s'ystem..is:Lisedfifridrfferent tasks..

.

:6-1 .sPlYsetefined- -q?
.

ri .t J.,

::,.. .,

,. The nature of subsetqs and' the subset assignment procesa meredtsd.ussedin Sections 3.:1.2.3 and. 3...3.2, respeCtively. Thesortciare that'Sc:afts the.text of the message groups (actually thel..stimulus ..portion'oply) to 'assign them to subsets can identi.fy.the'follOwing suOpts
. for use of.the Uni'Vac 1.1_08-compUter.:

:Ab.lincludeS. 0--f.i'le ththe cOmMand stream
11,C1,-.inyokeS:the ALGOCcOMpiler
AS.ct 7 assignsiperipheral.dev:ices
ASM.:.- iftokesythe'as4mblers-
:BASTC:..-A,nvokes'the E.IASIC-interpreter
JAM .-break-point .(wrfteS a core.memoni. imager estart).CFOR ,,tifnvokes the:converSatiorial FORTRAN interpr
COB - Invokes the ,(,OBOOM:Olor
yRKE '.... deallocate-s a file or:peripheral device.

, FOR --v-priolisFile Vtility:Routines',commands.
DATA.c- inserts a data file.into the command.±stream.

.TA) - t.nvokesthe 'conversational editor ,

.ELT... creates.a ftIe'
-\ FOR .-..invokes the FORT6N. compiler .7

II":1N -.terminates a run
.L.IST.'- Cau6es a file.to te'print0:2

.MAP -'invOkes the:link:-ed-itor
'TM- 'C'auses.a post4mOrtuM dum:p.(.in. 'event of a .job'"crash",):.
RAUH .--invOkes:theRALPH '(dialect'of. FORTRAWinterpretr

.

,
,-RFOR .,.'invOkes the reentrant FORTR*AN interPreter_

.,,'.R,UN -. initiates:a job!or conVersational-sessiOn;
START -!-ekecutes a user programstored in ajile .

,.. .STAT-- .causessyStem Status' Message to:_berinte'CL
,

;;YM,...direqsjiles'to peripheralAevices.''Ain -assIgns..adbitional:.naMeS to files
:

-pits -AnvolOS.the.0030..(dlalectof.BAS.C) interPreter.
. ,..XQT ;ellicyteS'.a progrm

1. .

I

4-



.§S.ub.set Assignment;

*The subset assignvient program- aaCumulates gitatisticd
the riuMber Of i ssage groups and,- thenumber of characters
those message g oups (Ancluding stimulus, acknowledgement

4. and responSe portions) for eadh subset. These statiStios
include \all the conversations' for which assignment's axe

a Single processing run. -.By as;ii.1,;gninr subSe.ts for al.1
versations at ttle samei 1,41e spebna.n three sepat'at l. runS,1,'

summary statistics!' of subsetlusage by speed grod.p.thay,
readilY be obtained. 'Tables , '.6-2 and 6.3 present2th.ese
sumfpary statistics of subset assignment for :conVersations at
110 bps, 150 bps and 300 bps, respectivety, vTkid sUmmary :of
subset aSsignments for 4.10; bps and 1.50 bps da.tai are
presented here for information and 'comparison; howeVer.1.,
these qiata are not analyzed 'f'urther..

. is. interesting. to note that 'th4' perchtag: ot
mesSae :greups on taskS., reOufring sustain'edi "intimate"
,interaCtitin with the.:coMputer systeM,Pstich as editing 1,trr is wth the increaSe in-terminal speed, .whi le the
percentage of message groups charaCteristic of setting up
emote batch-typo jobs, such as .program. execution, .decr'ease
with the increase in terMinal speed.; ,This may be
interpretee asfurther eVfdence that user .prefer higher

-'sPeed te,rminals for, highly.,interactive tasks.' .'

6.\3 .Tabillat'llon Of Summarily
.sTable 644 tabuia.tes':the .50-Percentile':(medisan') and

..90-percentile ,values for each of the foUrteln SAR model :

paraMeters fttr all' .300 BPS conversatiOns;:gtouped. by
application subset. The *.number of ob:serv.ations:. (mesSage

; 0.6.upp.). for, each parameter:: for. each SubSetare includ'ed in
the table:

Sample :*Analyses %

.
T data apresented in'"Table 6-14 ar110 rich, in

.possib tiesfor arvaly.sip; so rich, in fact, that ,no
single chapter would suffice to discuss even a good
percerftage.of the pos-sibilities'. Since the. .concern here i
kore with* illustribting the methodology and the posSible

' range of of its- application', ,onlY a.' few of the; mOre.
'interesting possible analyses are cli.seils.s.ed'. .

,.
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.S'UB Ei CHARACTERS
.# .,

44 MEISAn GROUPS

ADp' 1 866 1 :,64% : ,*101
, '3.83%1 .,

.A St . 776 .1 . 4.7% 44 1, 67% ,

1313KFT -193 0.37% 9 . 0*.-34%
FUR 1570 2 .9,7%. 16k 2..88%
DATA 0..6..95% : ., 694: 26. 31%,
ED . Ma88. 11 .15%. :.363 '.1.3 . 76%
ELT *616 ' .1 .17% *la .:048%
FIN .. ,1017 ...: 1..23%* *29 ;1..10%
FOR. !!,96".6, 5 :61% 7.:. 87 . 3. 30%

__FREE
,i 93 ,.. 0..18% 6 0.23

MAP '995 1 i 88% 6.3 2: 39
:RALPH 33.' ... :,)6% 1- 0. 04
..RUN .1.447 .714: 37: :1.40%
:START 91 0.17% : ,14. 0: 15%
STAT: ,.279' : 0 .53%. ri 0.53%.
.SYM 72 0.114% , It 6.-15%
..,.USE" 'A . 72 .14% : 3
ABAS 09' . . 0.'21% 6 O. 23%
XOT. 28.062' .53 '. 12% .7,67 2g. 0.8%
NO SUBSET 4011.; ' 7 ..5g% 312 '11. 83%

Total '52830.f

, .6-1'. -Sub:set Assignment

SUBSET

AIM*
4SG
BRKPT
'FUR
*ED

ELT
FIN
FOR
*FREE.

*RUN,

SYM
XOT

2638.

Summdry. for 110 BPS*4donversaions

1 *1

CHARA.CTERS . MESSAGE ,GROUPS
No

182 1.49%
340. 2.78%
438 :3.58%
_134 6,81%'

17 .27%
525 4 .29%
.296 2 .42%

.1.16 0.95%
225 . ..84%

312%, , 3.04%
.24 0,20%
354 2.89%
243 1.99%

5740
18:1A, SUBSET 4.37

Total 12240

6

.1:66%12 9. 32%
14 '3; 88%

10.80%
86 23.801.
2.0 5 . 541%.

-1.914%

.4*

2.22%
13 ::3.60%.

0.28%
8 .2.22% ..

8 22%
46.90% . 105,0 29..09%
3 5.57% .30- 8.'1%

361 .

#6

Table '6 2 \Subset 'Assignment Summary for 150 BPS CotwesAtiOn.s



:SU8SET

.

,ASG..
ASM

BRKPT
.00B.
'DATA,'

.1.

. FIN

'FREE
FUR,.

.MAR.:
PtID
Rtri.,PH-
.13E013' -

RUN'
'START
STAT
SIM
USE

CHARACTERS. 'MESSAGE'. GROUPS;

. 9261 /1.92% 497 *. 2.52%
10663 '2.21% 396 , 2,01%

141 ;0.03% . 7 , 0,04%
014 0..19%. 28 0,14%,

0,61% . 1.31
69 0.14%. '2.9 0.15%

475) : 0.99% 247 1.25%
122808. 25,44% 5846 29.167%.

6894' -1.43% .186 0,94%
10596 227 1,15%

9;3. ,0:47%
: 4617 0.96% 215 1.09%
26578 5..51% .1036 5.26%

. :

163 0.83%
93 . 0.47%
20* 0,10%
10', 0.05%

238 1.21%
98 : 0..50%

294 1.49%
37 O. 19%

3936- . 0.82% 131 0:66%

FOR . 2712 0.56%

113* 0.01%
3613 .0,. 75%

70.3 0: 15%
.52.0 . O. 11%

. 213 .

10007 2. 07%
3091 ,0164%

680 0.14%

XBAS 112008
XQT 216757

. NO SUBSET 21,870
,

2.119% 670
90%__:_7 929

4. 53% -1082

19705;'4V11.1)

LIO .24%'
.49%'

Tilblc. 6,3 ..Subset/.,,As.si

"!'"*""i*".4'.'

,

...,v ... ...
. 4

'4 xi öYM
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. SUBSET.'
............ -,

ii 0 50 90% #0b10.: I. ..... .s........... _ .7-,__... ........-4- ,..,..,.9.0.% .. .110.bs 50% .90%
. . ...

A DI) ./456 ,0,2 2;142. ....1197 . /I 7 it .497...-.... 2 18 .A SG 393 . 0 , 3..9., 3.96' .-3. 15.8 39. .. 15.. 22.... .

Anti ., ...,.7% 0 . 0: .
.... :,

-7.11.: 9...3 ::. 7- .114. *19.BAS I c.'., .29 .3.0 27..8 .- 28 -21 .? '47-.7 . .-28 20 . 25131 0,2 .2.9 ., .131 5.3', .9., 14 : .r131. ' 111 . 2.0.COB .1 '7 A- :0 .4..4 ''? . 9. -..i '7 3 12.8 17 -111 '...16...3. .: Dkr A ... ';..160 * ,. 0 ... ,..1...8 ..,.f.?47 0 .... 13:,.0 V 2147 .. 16-FA? 1)70.T. , 1 .:6..... 12..7 .5.846 * 2 2:: -.11 : 6 .5846 6 21 ...fj,...T. ..:!..,. 186 : 1 .r.1. '.6. ..1. . 1.86.... .. 0.7. i10:.8.: : 186 20, 327 F: LN .227:... '0 :. 0 ... .227 1 ..?. .... :3.2. 227. '.. :5 :5---;:17.0R. ''.. .9 0 .. 0 1,5 .... 93 .. 6,2 114..9 .., .- 93 .. 16 .27,0F ....'REE '.. y914.. .o .:. - 215 .3....8.: .7.8 ..215 . -.11 :. 17.-:- FUli 976... 1 ..C1 .. 13,....11 ... 1036 .508 ....19.5 10.36.,..14.. 27... II SI... i. 2. .0 .. 0.. 2 2 8.. 8 . 8.8 ., 2. H.. ..16 .16..-M.AP .i, .161 .... 0;7' ' .2'...7 163 . .5 .2 ..11.9... .1-63 .... 1' : .21.1.140.-. .-:12 , : .1:. 6 . : 6 , 41 .
. .93 0 ' 8.0.-

. RALPH .. 18 `0 .0.7 8., 20 7., 9 16.7 19 1, 3.1 ..;
; HFOH. .10 '0 :0 .10- 26.9 9 ..1 .10 18 18,. R (lig.. 236... - P.': 3.5 . 23.8 1.1.0 -23:2 238 '31 'i.11sirART -. '98 0.. 0..8 ....9.8 -8.9.. 25;0 98 19 .28S'IAT 2,51). 0 63.6 *- 2911 ,ix 2.3 ....5..1. 2911 6. 1.14SYJI -37 . . .0. : :1.2.. .. .37 3.6 10.'2. 37 10 21;;'11;;F: 131 .0 0:8 131.. .7,0 .13.9,.. 131 17 .. 26X'F1An 653 2.0 . 1.1 . a 670 1 ...0 7.5 670: ..11 14: X91. ' 6.940 .1 .1 11--.6 ' - 79_29 1.11-..- 11...3' 7929 : 5 .. 22

:.

. k .. ..-Key.: Pe'roenti le :Values 'for. All : Pararneers for. 'All
.. NO. BPS CohArtrs.at.i.ohs , . Grouped ty ApplAcation..:



SUBSET

. Alt
ASG

..,BASIC
BRKPT
COB

.DATIc
ED
FIT

, r TIN' :, 227 3.2. 5.8
FOR 193 ,.2...5 .30.0

ilob s

S

OP.
.50% 9-0%

497. 5.t 30.0
.396 2.6 4...3

.1.9
28, 0:9 1.9

111 2.9 5.7
17 '3.2 30.0'

247 ' 30.0 30.0
5846 . 30.0 3.0.0
186. 30.0 30.0.

FREE,... '215 !,3:'1 6.1k1036 2...5
LIST' , 2 1.7 .7

,MAP ,. ,...1a63 2 '.'*3 5.7
PMD 93 .i0.0. 30.0
RALPH 20 21,5. -3.9

-iRFOR 't- 10.... 2.6. 2.8
,.
'I RUN 238. 2..7 5.8

. .

TART. 98. 2.2. 3.8:
....STAT 29)1`

SYM .37
t., USE F.,

XBAB 67.O.
X,QT. 792,3

4.

IP

3. 2 30.0'
. ti

4.8.
i).3 14.2
LI , 0 7.-4.
.i.,9 30.0

488.
396

.3.

1 3 1

239
'5809

.186 .

.227
93...t.:

209C
.1 b21!, .

91
20' .'
10

236
98

290.
37

1,31.
669

772.1
.

Tab....1.e.6.-11.. (C. ntinue.61.)

.:1

0.... 0

0 .

0
0-

0.1.
0 '0
0 . 0

..0 0
0, 0
0 .Q

o .0
:.O 0

Q

.'. O.0. 0.
.'0 ... 0

0 '0..5
0 . 0

:0 0
0 0
0 0

0. 0

50.% 90 #Obs

396 \.0.2 . 1.0
7 ' .0 0.9

26 0.2 .0.6
131 04 1 0.4

17 . 0. ".2
0' 0.2

5846
186 0.3'
227 1:3:, 93 0.3. 1;..6 .'
215. .0.'2

1036' 0.2
2 0,1 p.1

463 0,. 2 1 .0
4' 9-3 0 0.2
(?0 0.2 0.9
10 0.11 10

238 0.2 1.2
.98 0.2 .

2911 -0.2 0:8
37 0.1 0.3

.131 fY2 0.4
670 b.2 '1.2

7.929 ;0..2 ..0.5

:

/)
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A DP .4155: 7,..... 7 
..ASG 386 

. :.1.; .A.SM 7 .1.: 2 
BASC 27 - '.10: A 

BRKPT 124,:. ..14 9 
-COB. -.15.: 7. 7 
DATA 70 3. '1.0 

ED .5593 7 " 1.0. -ELT 
.. 

9 
FIN.. ....226. -23. 36.. 

-FOR 91 7 .10 
.10 

2:.,. .2 - 

5. .:7-' 
14- 
2 3 

2- "2 -7.. ..10 
.7 10 
-7 10" 

s. 
. 

..2 
; M AP . 158 

.4.30:D 
RALPH 19 

..RFOR .#1-0 7 

. 

RUN 217 
START. 914 

, STAT .251.. 
36.. *. 

114.. 
. 

12.6. 

XQT'. 678$ 
)(RAS - 652 

--. 

7... -10 
7.. 9 

7 10 
. 

:50% : /lobs 5.2%, -90%' 
" 497 :30.0 

.. 

30.0., 206 0.0 f611.0 
396 29..0 30.0 292.; -0..2 

. :7. .. 2.4 30.0 - .28 30.0 30.0 
131 30,0, . 30,0" .2'17 30.0 30.0 
:.247 ' 30..0 - 
,5846 30.;:0 30.0 

7 .0.2 
15 0 

. 
4:5 

. 11 '"s;) 

183 
3603 0 2 0.8. - 1.86 30.0...e. 3P 

. 0 
, 

60 
ci .227 21.6 

:6 93 1.1..1 

, 

215 29;0 
1036... 29.3: 

. 2' 
. 5.9- : 

163 30.02 
93 .. .0 
20 6.9 
10 4.4 
238 (1 30.0 
98 '..30.0 
2914 276 
37 *30.0 
4131 30.0 
670 
7929 30 0 

. 

T61216 6,74 
. !(cent 

30..0:: 0: 
30.0 63 0.2, 1.9 

: 30.9 150 0 
30.0 790 ..0 1.6 
5.9 

. 135 -0.2 
'130.4 1:4 0 :0 
:.30.0. '19. 

. 
.:; 

. 
10 0.5 

30 814 
. 

G .1. 6 
. 30.0 183 '0.1 0.8 30.0' 33 0.5 

' 74 0.i 0.5 
30,0 14,0 0.2.... 0.g. 
30.0 ,4472 o 

.. 



SUPSEtc,

ADO
A.S0
ASM

BASIC
BRKiT
00Eij
0-ATA

Wr.
'Pqp
FIN
F

,.F UR
LiSf.

PMD
RA.LPH

FOR
RuN
sT.4RT

slim

USE.XPAS
,XQT

.9o!, 1101.)

.6

90%

, , II

56%'; p.

\,:1497 0.7: .110.6 451 24 299. 497 30.0 30.0
3196 :0.5 1,5). :350 16 .44 396 29.9 5000

. 7 .30 30 \ 7 ¼ Q'. 23:5
-28. ;0 2.0 28 : 1 59 \ 28% 30.0 30.0

131 0 .1.1 53'. 2 33... \c131 0
17 0 ;,15 1 95'; . 17 30.0 30,0

247 'c() 1.1 219 35 kLt7 .:30.0 3040
;42 55'7,2 33 1.11 5 146 .

'186
,...3.7

1.5 186 2: . 1414. 86. ,30.40;
27 13 : 2 9 215 40 . 67 !. 227 29.0 .3000

1304 26'.3 ,,.$,75 1403 787 93f. 30.0 /30.0
'215 :0 1"..,3 .1/4 193 16. 149) ;',15.i s..30.

1V36 16 . 1 27 59 1-.1701 ith6., 28'. 9 30 G
2 : 0 - L. 2 0 . :0

163' 4.5 ,131 .36 i125 .1.63 . 289 30.0 .:
(86. 1. 93 30..0. 30.0

20 . 7. '. 3.2 .13: 50
.196

66 20 207 26.2
1.0 .0 '2.6 10 44 4'5.7 .10 21.6 21.6 .

238 1-.3 . 213 ,.40 71 238 30.0 .30.0-
98: .0: . 64: 1 35 '98 30.0 30.

294
7

6.9.4.
0

'22.2
1.1

. 287
17

206
.

622
42

2947-50.0:
37 .4. 0

30.04.
30-1 0

1 .0.5 0,7 118
.19

.26
23 131 ..30.;.0 30.'0

9..8 8,7 629' 2$0. 670 300
.7.1)29

30'.0
7.9,79 0.8 LI . 7. 6742 30 *02 :6.0.0' 30.0.

,

TabAe. 6-4. (continud)
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SUBSET b5r.

k

.# 0 b..6 5o% 9o%,

°1

ADD.. 497 0..3 0.9
ASG ....... "396 05*. :1.4 ii

ASM... i'..,............. 7...1......:0 . I .1,. 4:

;BASIC , 28 0.3, 0.7 '1:f

..,BRKPT. 131.. .. 0 : 1.2 ;1310*. 0,- C013 .17 C1.3 0.7'.. 7 2.4
DATA 247 :` '0 2. 00' ' '247., . 0.-,1EQ 846 .0.4 1 .,3-.."' .58#.6 .1:704.

1.86 0.3., 0.57. *186 2,.4 ,

./i6bs' 5o% 921

..: LI97 1.4 '12.1
4396., 0..0 11.5

7 *0 o.;d:
28 24.8 .522.3-....

'

,

4

9.6--

18.2
17.3
31.-`5
,9.2 "

..

' e

IN 227 ' 1:5 5.0 227 0 O
, i.93 ....11.0 2,2, '93 0, 11.3':FRE :215 0..3 '.. Q. 215 ,so- b . c.,-.6.. 4FuR .. :1036 0..4 '. 2:5:i: .,... .6... '1 7 °' 37 8 0.

LIST. : 0 ..-.?!.. 0.;.:',:'2 ....1..-....mAp. 163.: 0 .5. 3. :
..., .163 ,.1,I,.:LI, .15..7'..PMD : ......,...,:' 93 .::6.- -:::..,. 93 '''..'0 .18,;. 7

. ,

".-:..

.:RALPH:''..,,...'.- ?cf.!: .:0', '.,:'...20 : : o 7...fr.:.Wr.pri-0, : . 1.13 ,, -.19., ..1.0' : Q. ',: 01.41 ',,.. 238,.:. 0 . If ...3,,0: 8' '0 - .8.;5 . -
.. " s'prr14-, -9,6 ...c.Y, LI , 21;:j.-'.. .... :,.o 6..,7*:-,:ST'AT-..::.. -294-'':. 0..5 *.-1..2 :0'.

.- . , .. .

.50.1.,;,SYM '' 37, ,:', b. : , , 0 .... ':-::-.0 ' Li.,;1-:.'. s
., -,..1

ASE 131 '''....--. O.. 4 .0-... - 1: 0: "',. 8 ..8.-
-.x.BA,q:*-- .zo. .O.;11:: ,- :

;.-6:3.;.......2.6. 0
tp..t.... . ,79.;0-,.'2.-..0'.....':,... 4 24.: I,r;-6..: 2 8.,611v

a -4','''(.Coh.r Luded) .

,. .

. N '0 .ri.. -s iariiii;14.;s:Li.46..y '..t6:::'analyze the data.. Ili .Tal3te.. 6,71.C. is to.-Art,... . a " ,

l. .. , .
t.he atOciset.s aocord'ITit'tO.Ythecv aliue's of-One .or.mo,re pai-..argetert,...-So'rtingprio*ipcies, a.- qui0k,',Way' flot?.,..the..,,a'nelt.y.st* tOH.determine-the.. I

rahWel,of-cf:iffesreAces b.0'1.weeb :sUb.set8; .Furthermor.e-,,,,,,seeing' the.. . .

..

. . . ...
,, .-Sp.bsets.....,which. eithVD il;it .ii.imar.'Param.eter values. apd.:wideTY'die- ''' !

....,.. ferent parameter v-alues.-..in.. this organized way may lead:to'. ..-.hypotheseS .explaining:the-:961.milaritie.6 .:and.diffeythoe$ whi'oh'ani'..:Ve te.sted;;I:n;', other (4 aYs,... .4 : .,- LY .- i..". .:,,,' ... *. ': .. . ,*,,, ..., .

One interesting pair; Of parameter's:to, a.nalyze ,in this waY
.--are.stimul.os,trOnsmission rate and stinwlys..,',9haractbr count.. ..11'.nTabILe 6-5 below; the Subsetts are sorted in AnCreasing. order .,112.accOrding 'to thei,r values tr stimuluS.transtnission rate, (firSt .at the 30%* leyel. :and..tiheti'-atatti'i.e 90% level ...w.bere 50% vallyes wereParamet* values :for §Simulus 'character odun.t' ar'e.

,.also shown at bhe 50% and., 9P,%' ley eir,,

(t*.

1
"O.

:

J

.,

4
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.. Ø
. 4

. It is evide-nt even .froM a cursory examtnation ofTable- 6-
thlt hitgher stimulus.tranamission' rates are ..generally asiociat'e

- w.ith ,shorter sttmuli. This is in keeping with 'previously
\ reported (aedt,ion 2:62:..1) ihunitn factOrt,,findings tHat "burht" '

rates for short character.. sequen,ces' den greatly exbeed. average
. .

\ rates .for.l'Anger sequS
.

nces.
\

SUBSET

II

CS'

-\ I/ Ob a'. 50% 90% 50% ')0%

LIST
3 ASIC/ ( 28

2 1,7\ .71. 16 16
0.9\ 1.,9 , 20 25

.

STARt
-7 1.9 ,2.5 14 19ASM

USE' , '' 17
98 2.2 3.8

26
28

i31 2.3 42
MApi 163 2,.3 5.7 12 21
'RALPH 20. . 2' 5 8.9 ' 19 34
FOR 93 2.,5 0.0 16 27
FUR 1036 2. 30.0 ill 427
RFOR . 10 2. 2.8 . 18 18
ASG 396 2.6, 443 15. 22
SYM 37 4 2.6 4.8 10 21
RUN 238 2.7" 5.8 31 41
BRKPT .131 2.9 , 5,7 ,-14 20
FREE 215 3.11\ 6.1 11 /17
FIN 227 '3.2 ' 5.8 5 5

COB 1'7 3.2 0.0 14 16'
STAT 2 LI 3.2 0.0' 6 14

XQT 79 9 3,9 3,0,0 ,5 22
XBAS 670 : 4.0 (1.4 , .4 14

497 5.1 3 .0 a 18\
DATA 247 30.0 3' .0 1

I

16
ED .5846' 30.0 3p.o. .6 0 21
ELT 186 3,0.0 30 0. 20 32
PMD . 93 30.,0 3040 1' ;15.,

Table ;6-5
(., w

StimulUs Transmission4Rate and Stlmulus'Charaoter"
\ Count by Appljcatiop, SOrted, by IncreaSing ValUes of
$timulus TransmisztonAlatev

% % f

4 6.4. Analysis Of Particurar Aubsets
.. .

An ,alti naive type 'of -anaoly.ii's thaV calf' be. performed' with
tlie data in able 6!LI is ,tia.. compare' the' c'hracteristics pt a, few
particular su iets. ;Thi.'s poniparlson may' involves. all the ..
parameters .of the 'the mod4l, or juat a-few; ''de ending ,on tke:
reason,:fornth compar.ison% 4.

%, \

43
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For
4

examp,1* the author was called li$Q some time ao toicohd'uct a comparisoh betOseen the Untvpc 'standar0;pASIC
interprbter a9d XBASIC, an enhancqd tnterprtter offered by a 4.bpriyatd softwere housq., Of necessity,:the oomparisot fscused on ..
uilitativefO.turös SUch as ditWences ih the command

vocab.ulary. Without considering the further imgicatiOns of the'results tor even their.dt.atistical validtty) at thts time, 41
simply note,that the pmpirical'dtto 011ected during this strUdy
.and.analaed'accorpIng to'aPplicatioWreveal that the user think'time, the stimpVus t.ransmissidn rat'e,'and the stimulus character

.coupt.'were all cOnsiderably4ess far XBASIC than-for BASIC, whilethe reaponse .cparacter.coumt*was conitderbly.greater.. This might
sugilest greater ease of Use ahq.uttility for )(BASIC/ though'-
obvio0sly. .6 more detailed iovestigatton would be required to..confirm or den.rsuch interpretations. Howeven,, obsbrved Lsers,who w.ere.free to 'choose either interpreterohowed a clear .prfTerence for NBASIC ihdicated by the mucitlargeithciden0

. of observed messaire:.groupt-tor
. .



7.0 SUMMARi AND CONCLUSION

In this chapter .we review the *results of the StudY 'as
describ.ed jin the .previQusix chapters. '.No raew. information' is
pre;ented, but* some cpnc15sions bas\ed on previously presented
nfbormation are offered .that help to( tie :together some of he
seethingly disparate .findings. *Ar'eas` of applicability for ethe
reaults (particularlY the methodology) are discussed, °and the
limitationsIbf the c'urrent stud'y are candidly .1..dentified "Th.e

-Chapter and the, disse'rtatioji concludes tiith some suggestions" for
future 'work in this area. .

, :Boav:i.om .Df, Reeareh 'And, Findiings

:.This:tudy Map ieait b.oth- 'tlhe develbpment of a
..me.thodoltlicy fOr..the quantibatiwe OValua'.4on of interactiVe
compbting .,and with (khe appl,icatiorl 'of that. methodology 'to
specific Tnter:active systen). I.r1 the following:, se.ctionsHde 'review'
the Nethodology 'which Is.'the most significgnt 'contribution *Of .-.
this study.... The' emOrical...*results from the, data colleoted on the.
partieular'siysteM. under test are also summariZed: These ,i'.esults.

' are interesting 4/11.t01.eir own .right, 31h1 when- 064aredwitt,h
.

'preVlOusly 'published re'sults.'.

. 1. Methodology
. .

Tn this dis3ortatfOn we.-have developed:.and- applied a. -new

m4hodology.Or therneasurebient and 7evaIuption of. interactive:
coatputing This methodology .Maybe ...pplied to .either the Users:
!of an iteraotive:computing system. (in w ich..case the. uSers,are
co,nsiOered. as, a ,sys tem component in the rad ,human- factors
'ap'01:oac1) or to the interaetive coMPutin - sYstem-, incuding- the
.erv ice computer and anvcommuOtcations network t;hrough wh,itch the
ilerv icy iS del ivered. The ._met146do1ogy May be used- for a Airipty...
of:...44feerent appl kattgns.,.. some ot which will besUggested. in

- lection below liere we' r"eview the methodologY itself and.
id.entfyhe 'cohtribptionof :th:e dis:sertation

Tbe ethc5dology is based:on the pplicd of 'a .dato'

tchholegvaeveloped t the NtittOrial:Dureau of
. .

-Standhrds,' /18 explained in Cha'r) er .0cordIng ,deikide
ri. cA:be At:ached 'tb,the dAi path betwqn: the user aild 'the:

eomput ink. 3yst.erri. Sa.that.,i.t can icl,entiVy and trine tag .41.;
'pharacter!flowinvin -either' direction': :In. this all the-
fundameelt.arAata'abdut triteractive cohversatiohs arecoklecheo..

:for 4pb3 e'queWanalY8 is...
. .

... , ,

.

ThR basicl proceSsin $. gpftwarg developdd, for tho collected
d4kp appiVed -.0 new model or. USer-computer. interaction that
dhtingui'shed between the "acknowledgern'ent" and "response!"
poetions of thje computier sy3tem's. trahtmissions. What wos

,

4
..



available when the 4iswtation-work began was the ability to ..ycollect data, apOly he. ,mOder, ahd ,have-Oertain law:wary.statist ick-'computbd or the' foArtten Model parametera forrwarious: sets .of meOsege
grthl s'Pggregatedi,both within 610, across'4 Cdnversations:..

0
, As 'explained in peCtior;..3.1.3i tl!Ke adthor tad .an oAlion.

,
add .toi the DAP to A4ritp to a ,fil .:the values 'of all thel$0'6'.model 01..ameyrs for each 'message roup in- a set. ,ROutirie*.wert .then britter by thb autho.r to comp e. CuMul atiye frequeneperdentilea. for each parameter', to prm the distribUtiprisLor the .

: median.& of the parameters for- thdRiffilissage groups in each.:.,:-.conversation' and. to compute the cumulative frequency percentile&fdr these distributions to trim the Jistributions abd.ve or elowspeciieddat.a A imits , toHoomppte auto-cpfelation Coeffioients. and 'form their: distributioris, and tó pea% . the .distribUtiOna,of.. s' .. -

,twO sets of, .any single' p rameter to library progrems,for: the,: MannWhitney and Kolmogo OvT!Sinirnov statiatiCal.,teSts, -.These. ,.additional. routine provi ed the a0,0, y s is e.apability used in thisStudyl .aa described. in Chapter 4.

The 'data _.collectioh
procedures and the extent of the data', -actually .collecteq, were despribed tn Chapter 3. - Briefly, data

.were collected on,randomly, selected days and at randomly: selected. tinies over a period of three years. Worded conversations were .
culled to .identi.fy those that Oere representative of. "normal"'operation op the interactive system. These conversationS werethen aggregpted by terminal. speed and the results analyzed. Twok sets of results were presented in Chapter''.5 for -each paramettr ofthe SAR model:

.

.

. -'" ,

;

1 Graphi:cal and tabular prepentation of the diStributi5in
'of the model parameter'fore all ,obaervations; ' .,

,

.. .2 Tabular. presentatipn of the distrfblAtion o 'cony rsationr
,

, medians for the. model parameter .

'. .'Both distributions ("ll" and "medianS" or "batched") for the 110bps and .300 bps' terminal classes were .compared Oing 'the'

Mann-Whitney U,test an'U-Kolthogorov-Smirnov test , arid the es ' s
I

'were tabulated
.

.1.;
- f

0 Th'e ianversatioha recorded at 300 :bps' we're also 'Net Ir.

to this': grOuN.ng
: ;A' 'complete table of r,eSd.lts or this.'

'aggregated :by apcalcationlf anssa'a .briel analysis perfomedadcord ing/
., -. grouping as. prov- d*d., but .no statiSticalh teqs :mere '.0e\rt. .

.'
. ,

esults -Of '6falirs0 BY Terminal Speed -, 1.
. \ . , ,

.

Chapter .5 prese tad the r'esul,ts of'
grouping*the 'data,''''.

aclordi.n.g ...to the* Iin speed .`us d by the interaaive tcrmi al...Data were colleCted f r t4reë ifferant ago spee s:. -,110 1,,p00,150 bps 61E! . 300' bps. oeThallied cAul,atiye reolu rE.95'

.

.
.

/
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:

ditr ibut ions .were.lo'rmed 'for all the observations for eacAl.
1.

paratieter., and for the medianiAalueS within .6.ah .donversation
'each. parameter.. . .

. .

L king first .at the-parameters assodiated,,Vith the pacrsl
inputs to the interactive. system, .an increase 'in th.e "input 6r
stImulus character. Count was evident when all observations were.
considered , ..bu ot when the distrtbi4tons of conversation
medians:Were examined..iThis refle.ct the' effects of-jof kign .*.
.seriAl. -Qorrelation for this p.ü'ametef, and. indicated that a
subset -of users tended to have long system _inputs throughout..
their conversations.. . .4 t

, e. The user rate of data entry (bur,St rate, measUred from when
r,he, in.put :began) increased WitOthe.fncrease in trMinal Speed..
This. trend became clearestikwhen. a 'correction was made for paper.'
tai5e input and single .chareicter inpUts;\ which were transmitted at.-
the maximum data ,rate and thus distort.ed' the distributions.
CoMparisOn' with previously repOtted dat'a (described in seCtiOn

*. 2 . kk.1.) I, particularly tile Bell.-Laboratories' data LJackson and
Stub,bs., 196:9) showed arhigher , user data vate for NBS users' at 110
bps; a. slightly lower data rate at 150 bps '(thoughthe number of

'observations waa sMall).1 and a 'higherdata rate at 300 bps than
any :reported previously (though the previous stUdy did not

the,/ .300. bps case) ; The generalay, higher'iuser data rates
soUnd in the present study kay reflect a More r.api,d' pace ofs
ti nter action due to the extremely good 'response of.the -interactive
system.. This would bp in keeping .with .the previous datd that

..sliowed a lowe user- Oat'a rate on a' more heaVily loaded System
(irable

k

Th.e respon8'estialli us d(slay time, or tfle user "think!' tine;. .

was found tovdOreaSe w th 'increased terminal sipeed (after; the
effects ,of.-sefAial correlation in.the observations was 'removed .by
batchilng)., indicating 'a* increase in.:page an the part of . the
user's of higher speed terminals.. . 4'.4,

Looking'.at the com.puter output, the .ength of the responseS '
'Were .found to .inorease significantly With terminal1speed. Thug,.
'it is -avident that teNnindl speed is a bottleneck for\computer

, output, and that userS wilcl adapt "their :behavior in trms of .the
t4ypes 'of .r ponses they requeSt according to the speed of: the
tefminal . us d. (ye must_conclude that it is. the users, not the

.-computer sy t 4rrt, who are ad'aptibg to the speed..of..the terminal,
Since t;he Sciftware providing'. the resPonse ib'the- same regardless

4 4 . ,Of the terminal speed. , " :...'. .,

, If we can 'make the assuMption'thatiuffers are more satisfie41.
.with longer responses (.s nce they, request sUch ilesponses when
they are able)., we can m ke. an' intereitiong 'comp
data reported by It*, H. Mililer..(deseribed Sec
Miller 'foehid no sfgnif.icant perforrnanpe or.74Eitti:

rAson, with 'o4er.,
lon .1,5).. F., ,

mike ange ,

associated with an incregse in termitnal speed to,n1 12 cps-to: 240'
o'ps. ,We f6'un61 a significant increae in inp.ut' tond ouVut volume, . : ' r(with a PreitumencreaSe..in user satisfaetion', "t,houg user

k;,..,

.',/
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-
attttudes Were . not 'r,neas.ur ed. directly) .witji

an ncrease i'n.terki.f.ial speed 'frOm. 10 qpeto 30 cps..* This leads us tO stiggestte'...,ationship between terminal speed and .use.r satia.factionshoWn'.4nu Figure We suggest that an elbew in the curve mustesist \iblewhere betwee3q. cpis and 120 cps; ..Further, experiment'swith w wider range..of. thal speeds would be .re. .ed tO locateit 'precisely., ''

..........
..0

..1°

110- .300 1200 ,

SpEED IN' Bill/SECOND

/
-

..Figure 7,1, U&er atisfactidn asaFunctionof Termimal Speed..

Response transmission rate 'is one 6araimeter'for,whioh,the'mean,values are more enlightening
than, the'percentAles. :Responsetran.sMission rat.e clearly increeses with terminal speed; -the,.Tiedfan values pep to indicate that responses' were always #transmitted at the.maximum rate. However, the mean .,va1u6s (from. the line utilikation aatist'ics) were considerably:Iass,reflecting the effects..ora

mOderate'numberof.relativelvslovilytransmitted responses. .Mush.of these,delays,can.probobly be'%attributed' to output queue. processing in the compute, rsystemafter It has beguh: the transmission 61 long response . the idle,time Ocuring Orin the response portion of the con ersation.-.represent oPportun-i ies to regain the.bse of otherwise wasted *-transmtssion cepaCtythrough,d'some line sharirig technology suchas statistical 'm tipleSing or:concentration. This study

\.., ... . ..
0 . 4...^

.
. .

,

... .-
4

t Difteren'ce.e: between the distributions-Of all. obtervations of .......stimulus :character Count and...response character 'count .for the npibps ,.class :and ,. the, 300 tip.s classes Were significeant at the ..1% .; ....leVel; tiowever, the .differences4 between. the distribUtions of.

.
.

...conversation me,dians for the: same..paraineters: and cl.asses were not
.sign i:ft6ant ,at ' that level,....' Stimulus charactdr count seethed tQ iexhibit considera0e. :Serial correlation (Figu /4-1 -c) :while.

., .

:response4targtercouht did Aot,(.17Ague 11.4..1

..4.
....:..

...e ..



highliOts the 'apP6rtunities for sharing that exist..ev0. pn
relativeiy, slow' transmissiom Linei.,

. ,

., Response delay)times were found to be slightly longer. fo
\

.
. , .higher Speed terminals; howevex, the level of the System :

\,, response to .the users,was So good °in all cases., and. the :
.'4ifferênces so imperceptible_as to 'ma)(e this 'finding relatively

. , , ,

Ultimportant. . ,
..

The acknowledgement portion .of the message group was. -al.$4.
found :t4o be insignifiCant: toe the -interactive system under
,lnvesligation, °This can :bee.. attributed:to:,the relativeLy light

.

,interactive lOad .dh .the, systern during: the stlidy period. .burini.:

.

this
.

pertott;:th6-impapf;:ofin-terdctiVe. uabrs on the syst4em .was
0:being evaluated and acceSs was limited. to ai number' of-
simultaneSus useri. In'retrospectit seems clear/that the
simpler .B.-.R.'Model* could: indeed 'have beep% used for this stUdy

. withapi iMpairlOg thesreults. ,Ths in no...way invalidates' the.
..SAR.Model; but rAthera demO)strates that 'the added. detail (and...

. .

complexity) is pot .necessary in all CaSest.

7;1.3_ Results Of. Analysis'.By Application

Chapter"6 presented the eesults'of' grouping 'the dat'a by .p.s,er
.apiplication prior to analysis (only data Collected for. 300 'bps'
teTminAls was used; so that terminal ispeed was not a factor in
this .analysis) . The 50%. and 90% values of all parai4ters are .

presented for all subsets; .however, only some of the. data ,

presanted was discussed.
if

4

8kamples were given' of two types of .analyses: Analysis of
parlicular parameeers and analysis of particular subsets. , In the
analysis of partimilar pararheters., the stimulus transmission rate
and stimulus charactbr coUnt were examined for 'all application
Subsets. . The subsets were sorted by ,stimulut transmission rate,
and then both/. paraMeters were.displayed, in tabular Torm. This
'permitted Rasy recognition of which applications had '?

, ,ah dra ag risti b*a 1 1 4 higher ,or-"lower 'stimulus: tranSmissioh rates'.
4t was also easy t o notice that "high stimuTus.;pransmission rates
we re generally asioc 6 ted with. shorter St imuliffs, ohar ac ter coun t
and, vice Arse.

, .1n he an4ysis Of particular sbsets, it' was demonstrated
t WO imilartlangUage ProCesors (BASI and xjimIc were the

twotchose for .the example) could be -clImpared quantitativelY.
Sin e the nteht was. Only to illustrate -additional applications
fox the methodology:, stati,stical tedtin& was not performed for
the two classfs of data. t.

:



Applicabijity Of Resylts
sThe general approach that'.has been. deOloped. in this' dis7..sertation ihould be Useful for a iariety of applications. IA.partiCul'ar', the ability to test for significance .of differenCesbetween seta of nbn-normally distributed data is :essehstial if bb-jedtive comparisons, are to be made .between performance Variables

. interactive computint,. The follOwing hectiosis present sever.alex-aMples of.sposSible .areas of application for the Methodology.

. 7. 2.1' Procuremen.t
.

, The analysia techniques which -hav-e been developep may beused in the design, selection, ptocurement and iMproyement,ofcomputer ',systems end remotely provided cOmputer services. In thedesign of a computer .syStem or rietworK, the ability to measure' external ,"performanCe i,. useful in speCifying. service'design *goaA.sand in, d.etermining how well-'these. gOals are met (Kamerman ,Objecti.ve'v'easurement will alldw the direct comparison 0.r.. _alternatives by imflementers. 'and users alike. Thus, service .provider can impl, ment Systems with apeCific design goals forservice and users' c an *specify, :perhaps contraOtUally, the .level. .of hervi e th'eY expect (Grubb4,ancr, CottOn 1 1575).... -.
.

.i. .'
,

: Spe ific_ation of the anticipated workload 'is an essentialpart of :ny. request,' for *propoiAl (Ferrari., 1972). KnOwledge of.current semend provides a' starting ,point for forecasting future *-deMand b prov idi,ng a profile of user characteriatics.: Knowledge.of curre t responSiveness, .togethert with .current User' eval.uatiOns,prOvides the .basis for' strengthening 'or relax,ing such requirementsin* t.he 'f ture. Both buyer and seller shoUld benefit froM havinga straig tforward way to .deteroine if.Hc-ontract terma are being.met ,s Ft ally, theSe measurement and analysis, techniques can be. ,applied to itstalled systems to `determiline :the level. of :service*:t5eings pr vided , identify whaere iMpro'veilents ..arel needed-, and"to- -....evaluate the effedts of ;changes/ made:to . the syStemi. 1, .
.. .

.V.'i Application of the- ethodology to.1)ropoed aystems could be.,Pirl of any benchmarkino evaluation to ,:determine if responsive-nesa is as Claimed in- Vhe bid .* After .Selection and procur!ement, ..the methodolOgy could continUally b4.u.sled: to ensure compliance,t :with contractual provisions. This wopld requira.tha% perfor- .*mance requirements b44speciffed in the terms of the -contraCt -:-a .practice th.at is not too common :today. The statis,tical toOls-, ,tideyelo-ped- -as vert of this .diSsertation could ufabe ecl to.
. clemons.ratte 'non-CompliNde with conttur'al.. sB:ririce.: specifio tions.

tWO IM eN 60 MO OM - NO

/ 4, '

J

.*:'In fact., spiilair techniques (baSed on tile same measurementdeAce .used :'in this jstudy) haile.alread .been epplie4 in the .pinocurementf process (Abrams and Hay. en, 1978), but without: thi.a'full Istati4it1cal. t.igor f t4i methodology titerrelopéd here..
.

4 4
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'.
7. 2 User:IParadeters _rot' Stem lie,sigiv,

Considerable data .c.b4r- ter izing terminal Users has been
.collected. Khpwledge 'of 'the distributions 'for such parameters as t,
tyPing rate and length of message are essential to the design of
modPrn 'computer '.communication6 sYste s. 'nose current ' :

communications'lletworks and timesharing systems are:designed. for
'shared use under the:, prinaiple that : sers are pot' active:all the
time.--Thlinoqber 'ofr-interactive -user who:'can "simultaneouSly"-.
be served in this fashion (withoUt, extr le degradation: .Of ,.
service) iS a 'statistic aI function-of the ehavior patterds of
thp users.. - .

Descriptive -clat,a .has been
-'obtained" for ; sample populbt;ion

of scientific imesharing users emPloying m.. ern. terminals. This
data has tieen 6Ompared 4ith widely Circula -d, data co;lected by
Jacksoh, Stubbs and Fuas . (Jackson and St bbs, 1969; Fuc and-
Jackson 1970) and differences hve been noted . Howe ne ther
of these 's&s of data should be taken as epresentative of el
interactive applications: qesign of ystems for- particula
applicatiW coulid to employ .a mile ethodology to collect
data descriptive of .uters engaged in. tasks:more typical of their
appliation .

Other tYpes of user-oriented factors could also' be
investigated with these technique8. 'For example, the, error

' Conditions 'that led' to: many of the recorded iconv ersationsw being
discarded could be analyzed in detail . . With greater cOntrli

. and/or knowledge of the users lleing measured , a variety of human
factors experimeniv can be' concructed, -including investigation of .

the effects of user 'experience (Walther' and VNeil, 104) ,-User
learning rate (Jut.ila and Bar am , 1971) , or different terminal
types (Walther. ahd O'Neal 1970) A

='

.7,2.3 -,TUning Interactive 'SyStems ,

, 'Sys teittimi qg refers' to. the Pjactice Of .making Small Oanges
in-systilem liardware -or software...in the effort to'optinize. System:,
performance ( such' as by eliminating hOttnecks) . For- tuning
-.interactive. sYstems 1. installation managers need a waY:to. .assess

,...the impact of slistem .modificationa,on Iry ipe to Users:. These
teChniques cah...be apPlied::to eValualknin a quantitative..4velrie
effects:.of'.systen. Changes' on system performance. .By taking
meaAureMentS: before- and after- a systeM Modification which,is

...exRected. tcx..impOove..perforMenbe,. the level: of. iMprovement 'that
rellized 'canbe''measured. 'ThOs.,: In .objective;,,,m4asure of serv$ct-
imOrvveinent.can be provided' to i)AtallatiOn managementl fat their
use.-ih'.determining:'whethP.n. the..;r0sOurces expended were.j0stified
ty the .r:esulta. realized.

The, evalua t ion techniq4es: can be .applied for ither hard wate
oroftware Changes, and .evin to deAermine- :poftvere' .

proVement efforts seem .warrantee..:-By measuring thEr diffeHent
,



.'.subsyst)sms (e.g., the various language compilers) w.tthin a .singled1.fference8 in levels of service-can be detected. Theser/ibe characteristics of 'the difrerent, subsystems 'can.;,be .expec,ted to have- an e.ffect On their value 'to risers, and*,,may help .to explain usei- preferences. This tYpe of tnforMation shouldalso be of value to installation oanagemeht in allOcating'availablesourcesdifor. uSer training and _for softwar-e c;.:.;.makintqnanOe and 'improvement'.
,,

Si
,1

raei ly, .knowledge of the relative utilizatiOn cit various) facilit otisny users ,cari proVIde. guidance .as. to where 'optimization.. .

efforts. shoUld be directed. 4 ,

ev

4

. IF

7;. 3 LiMitations:

In 'View .of differences that haye been n tecrbetween the.results of this stuly. and the results. of studies ith terMinals .at far greater transmission :speeds (L. H. MI ler, I976*, 1977) , it'is' clear that the relatively narrow range of 1.ermiral meeds'studies is one limitation of the study. It would,rbe desirable toperform a stUdy:_that applied a ponsistent methodol'ogy tA, a Widerange f terthinalspeeds, so' that condluOve .results c4551d be

) . ,A second limitatiOn its that the measurement approachdescribed here 'offers no direct explanations aS to the level ofserf/ice provided bY.,tih.e. computer system being tested,..)- All theMeasurementa are strid.tly exterval to the system under .investigati9n.) 'Whitle these measurements qOuld be correlated 'With.measuremeritii taker) 'internally (e.g.., from'software mon'itors) inorder to gain sotne additional insight aS to the tonctioni*the' hioat , nd suchi correlations are propoSedherte." .

Also , no attempt is mad-e to group users according' to aty..43chema such as experNnce with the system .or7,1..mer day of.'usage. Rather,; the experi'mental design Called for .large4ampiesof typical usage. In' this way, the...peculiarities or any
4individual user should ...not heave had any. signAficant effect on theresults,

Relianee on responso:time as the prikary measyre of servicecculd :be viewed as a linittation of the study'. .,(For example,..Abrams and Treu (1977) idehtitie'd More than fifty differentmeasures relating. to ser-compute:r interactive ,behaVior),..Howev-e-f. , the chata coaaected ih th.e study clan be used toin!vesOigate, a nufnber of different'. service measures. Furthgermore,,some 'selec-tion had' to be made as to which meastires to consider,order to. proviq bounds to the Study.
A. fi.nal comment is appropr.iate regarding the measurem:vysystem employed. This is csurrently a unique tool' only avaflablewithio the Tiederal 'overnment, where these tech.oisqpes areCurrently being recoMmended "(Watic5nal 'Bureau of:Standards, 1978) .
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- ,

However,, this. Theasurem apat approch co d be fep icated wi3
current technology at nOminal dOstd he program's t,hat, irtipl'ement...the 'SAR model. arie written in'fortran nd '-hould. be. pontabie:AlternatiVety, th y could be re.written for d.: different t ystewfrop 1the,a1.gorittnrs developed. Thug., application°. of 'the.
met obolygy qlsew ere. is feasible.,

.T .

'1

. 7.4 $uggestions -For Futu're...Work .0 .

The type:.or data 4c:fleeted" and analyzed in his', study isriCh with poSsibilities for further' esearch. By providing a,.methodology.to gnd §nalyze large Volum'es of data on bas,ic,eVentS (such as the transmilsion oT indiv ithial 9haracters and
.-CharacteristrIngs .by tjie users .and the cOmPuter) , Many aspe4s ofinteraFtite compUter IA a e that 'were prey io4ly only dealt with
in qualitative terms ma be ...analAzed,:q'uantitatsively,

.

A number of the li.mitations just obse.rved. could ,be remedied
by subsequent tudieS.::. that covered a wider range olf terminal,
speeds Or contr 111ed. more variables. We. have alrlady .noted the
desirability d,f4. correlating internal measurement data wi.th
ek.ternal data Of the sost't reported here. Studies 'which
repeatedly recorded data from a single or *nowt) group of users'
could identify trends over ttime as well as d!ifferenees,betwenan

between'gr'aupV. .By i'andOmly 'forming groups from .a r-.,homoterieotiS population and then, varying one Or more of ,the .

:experimental c"onditions (:such as terminal' type .in 'addition to' '
ferMinal. Speed) a. wide variety of different' ex'per'iMental
questions can be ,inyestligated.

.

type- of quantitativ*Aata.wi4h-qualitativei.,:;such informat4ion
on ilser-perC'eived.".'servsice qUality:.(bzida., Herda and .Itzfeldt,
19(8) ....-1h4..WoUld ;sery e .validat4f.4.he ...uAe!'of 't4se..; A .

cfuantitati r. me.asureS a determlharAS :of interactive ..performane.e..:
The Wide' range'. of- .'applic,ationS deserihed aboVe. shOuld 'also serve.
t:o.:.suggeSt. future .wprk based on"t4e: methodblogy,develdped; here-..

It would also be quite interesting Ao try .tO combine4 thiS o

6'

. .
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