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- Ira w Cotton A
‘ IR This diSSertation addresses the me surement of
.- interactive" -computing, including both the. computer system
e ’.pr0viding servige and the users demanding dind receiving -
", w.it.  The focus'is on.:the. pérformance of tHe user and. the
S 'system in individual interaction sessions A{rather th

+the peT ror' nd—i—f;iu-.gwf .

10%d) . ’new measurement tooleeveloped at the ‘National ,,V"

. "Bureau of Standards islemployed to necbdrd ‘a large number
. sof ndiv1dua1 ipteractlve sessions-over a period of:three
. yeafs. The. basic data of interest-arge the number and. -
RO #ate of characters sent by pser ang system, ‘and latenc1esf
S oor delays prior. to and during dransmission by .either '
.- party. . 'These data are fit.to .a model of ‘user-computer .
'_-intkraction which distinguishes between stimpli from the
users; acknowledgements from- the system (whi, only - °
‘indicate ‘that. a gservice request has been received) and- -

responses from the system (wh ch contain meaningful :' \' s

information) -
'.b=~ Analys1s of the d&ta cons&sts of - group1ng according
- . to two independent criteria: -~ 1) max1mum operating line.
. .Speed- of the terminal - (either. 10, 15 or 30 characters per .
.- second)y - 2) type. of applicatlon (for each individgal -
"~ . service reque ) ./~.The, datavare gtrouped according.-to . . -
_“these criteria afd cumulative- -frequency distributions are-
- computed for eaCh of 14 parameters of the model. Non-

| 'lf$~sl_%;parametric tests are used to determine the significance

.of differences in the distributions for different sets of“

CRRS

-:.data. e o St S -
o - PRI , S K
e - The methodology itself is the maJor contributlon of : i
'f - the study, providing, as it does,_a quantitative way to ,
: ‘1nvestigate a variety of phenomena associated with -

,_u interactive computing. The most'interesting specific
finding from the the data collected is the increase:in -
Output data length as ‘the. terminal speed 1ncreases. L

¢ .
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" q-}=thﬁérﬁvery'ﬁatgré, include the users as a system qomponent. whose,- '
. per ormancgfaffectthhefpverallxsyStem,'anadiQional computer . -
'8ystem measurement.has failed to“chnsider ‘the needs of dndividual
- computer system users '(focusing instead on overall performance - ..
.. méasures), nor has¢1tﬁcdn§;denéd"the-impact.of.usefﬂpenforman¢e»-,;- o
.Qn:computer'system”peerrmanqed_s~ T : v o e

. - o . o Lo . f <y v ! . ]
@ " In this dissertation, a measurement approach is described T
. and.applied"that dbes_addhess'both'thebe meéasuremén , fdr--'}” -
- .interactive'cbmputingﬁ_ A.néw measurement tool devel ed: at he - ", ©
- ... Nattional Bureau Qf Standards is employed to measure actual.

. ._~-:interacfivefseSsions,or-conVersations'on.a timesharing computer T
. » i 8ystem .over "a periqd of ‘three 'years. 0Only suctessful and--
- Qrebresentative cofversations are considered in this study; - “. :
. ~aborted of—btherwfsefqrrbheous;danersatioh37wer%*discarded.'uTheq1
‘basic data‘gfsintérest for the "good" conversations are the '
.;'numpef_and.rate“of-QhéracterS'sentcby,user and sgystem," and _
~latencies aoridélays prior to and during transmission by either =~
- ,parpy.,'These'data~are'fit-to & model: of user-computer .. ' S
*  interaction which distinguishes’between stipuli or input from te. .
- user, acknowledgements from” the- system.(which only indicate that. - S
o - a service-request'hhs‘been_recéived)-and'responsesﬂfrom‘the SRRV
- system (wh{fh.containimeaningful information) . R ' L

. - ) J \
-8 Statistical procedures . are developed and]employgd«tgfahalyze Tt
+, . the significance of the results when the'data are 'fit to.this . ° .
B -»: Mmodel of user-computer interactign and then royped -adcording ‘to -
.1, various ‘eriteria’, Analysis.of the dath co 3sts..of grouping. =
- ‘actording’ to twq.independent, criteria: 1) max imum operating 1line
++ v~ -8peed of ‘the terminal (eitheﬁ'1p3.15 or 30 characters per, R
.77 .. .secpnd);. and 2) type of-application,: as indicated’ by the S
' ' 'soctwareﬁsubsystém;inVerd'By each individual service request’in
~ the conversation.' The data are grouped according te these R
.~ criteria and cumulative frequency distributions .are computed for L
- each of 14 parametérs. of ‘theemodel, both for all observations in- ¢
. thetgroup, and for the medisns of the S6t o allapplix "
.. - .observations in each cqnyersation (as-a way of batching the data
- toeliminate any, evident serial correlation between successive .
: observatjions in;%.convérsatidn).-'Non-parametric_tésts.ére.usedn
. /.- .to determine the significance of differenicesin the frequency:
~ .distributions for différent .sets.of -data. . .- Co

‘@ .a.

.:l-'

EtI L :

, ] ] . . . . oo
. " In the case of groupingfby-teﬁhihal~speed;»SigniTicaht.
-~ information is obtaibed characterizing ‘both-yser and system. . . il
_;penfdrmance;.'lnﬁthe cése of .groupjing. by application’, the data BRI TR PR
27 @re.not analyzed'so exhaustively;., rather,gthe potential types of . = .7, .-
©. -analyse's ane=41195trated_anj-motivated.- ghbriapplicabions for . - ' Ly

*this measurement approach:

. e also suggesteg., " ‘
~ ot AThe methodology ftself 1f ‘the major contribution’sf the PO
* st dQLfPr°Vid1"€'-as_it does, a quantitative why to investigate. g .

zVgriety ‘of phenoména associated with interactive.domputing. ' The -
s$05§;interestingﬁspebific ffnding_ﬁrom“thegdata collected is the

R ncrease in output data.length as the terminal speed ingreases. v
. }Iays observed increase,’ over- the range f-speeds;stpdied;'~ L
- R Y I, N6 | I Lt
N .' I. :...I
" ) ‘,.. .
e .




. ocontrasts: wiﬁh d5 observed 1ncreese 1n a, previousl{ reported‘»?;ﬁﬁ'_'g““‘
h

% . .study with a range .of speeds higher than'those in this study. ‘L”5;'~iet

47 . "These results lead to the postulation of an . upper 1imit on the e
Lo ). utility of terdinal. speed to uaers (with current modes of S L
. ‘~~<-Jinteraotipn). G R TR , S TR -
.... . . B '-' : ’ ) ’ o ! . N ,
S Figure i=1: serves to, outline thG organrzation of the thesds L
et h graggioal form. Chapter 1 is the current introduction and 3f¢ .
- overvi o

. e, . [ I . . -'.. .
L Y ) C. /. . e ) ‘. R ) » \

r1
DATA COLLECTION

Ly e T B

{“sar MooEL - | L S S

LR
P .
o e CHAP 2 e
N L RN AR b s .. T . ’ "'/ o e
n . o ‘ ... - '_‘.- h L " B A ,
' .

-nosps | / 150 BPS- 00 8ps ] gp"eczg”"{" 77
DATAL| - [ DATAT DWTA | _/‘ S
T CHAR, 5. d

".-m;y Tt e
‘ .. oo

¢ Doty g

" W ‘q"‘. PR T

.‘-a\{ °
. l. U

. . o i .'\—--.‘j\\x - GROUP BY V ‘. o
SIGNIFICANCE- N P
- ,suassrs " APPLICATIONT . =

_-prlFFER;N?ES RN i cHaps -

L phiee 11 Biperaahton ovling T

v . RN te o .
.y r‘ . N VUL ey

'S : _' .‘ | _.' ‘ "".

. Chapter 2 provides baekground on the measurement of P
.. interative computing. . The difference between: traditional T S
- mqasurement téchniQUGS»t at focus on overall-systém performagce - <~ -

“and new q§chniques that Tocus-.on the service provided to and the ... .
Lbehavior dndividual users is elarified Thqﬁimpprtance f the.
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B oARE L 1"¢°”a°tif4'svst§ms is stréssed; followgd by'a reviewof , . . ,
;.T-the ‘relevant system char

| Hcteristics .of users considered aa~sy$teg .
R components, Several;deglﬁ'ofﬁuser-computer{intenadtion~are "o -
"1"Npresqqted,fincluding‘a fedantly%gevqloped_one.tﬁat i used in the .
- -ranalysis ofwthe data cdllected iAn the study.* The chefter - - RS
.« .concludes with a consideration of the data.colle®tion . S .
; -‘mequip@ment340¥-the.modjl. , S AT, e ERTA ‘ ) "
R B R s -

S Chapter“3fdears.Mlbh,ﬁhe-actqal data goldection procedures. S
. ,for.thf;,investigatton;:.A.novel data coll%b%%on-1nstrUment;:the o .
e National Bureau of Staddardsﬁ"Netwonk_Meaﬂ ément. Machine, ig - Ty
DR .descriped aldng. with the dat analysis software.available for use ™ o
~owith 1t Thls “instrument. we ‘used to measureginteractive( use.of. o
.the NBS. Univac 1108 -over a ree.y§ﬁr'period,;_Only:"normal"* C e
N ‘recorded conversations .are ahalyze v . The fol me of data” " - F.
o . 7 collected and the screening criteria are d senibed. ="' . e
e Chapter U.d als.with the-analysis procedurds for the dat S
“. . after it hé$fbegg collected. WTwo,drfferent,ways of grouping Jthe - IR
..~v..-. data are described: " (1) accorddng ‘to the speed.of the interd . o
..+ lactive terminal, used (110 bits ‘per second, 150 'bps" or 300. bp Yy oo
'J;'ahd-(2)iaogording“to'the's:§%»are'39b3y3t6m~invokedby the user . - v
. a .

:- 7 . ]at.each.stage in 'the ‘inter lve session, The 1ssue of data
N independence betweehtéUcce Uing observations in the sSame . L e
ﬁ ).. onverqabioﬁf(sen&ﬁ&?dﬁc&uﬁq&correlat;on)_is;addressed’and test ©~ '
0T résults @re*presen%éd.j.THeQS'ewgd.nature of the data makes it: T
. __\imgdsgiblq-tosapply statistical tests,.based on the nermal L
. .distribution. . Twoe non-parametric. tests;. the Mann-Whitney U-test - _
_ ;. . and theiKolmogorpv-Smirnov test, appear to be suitable to analyze . -
_~;{'.fdatg;pf@this-pypeg . The bases of-ﬁhgse.testsfaré-desoribed.l EE T

R InVChapper 5 phe;nesuitahof analyzingfthe'data,according-to -

the selécted madel of;userlcomputer‘in@eraotion,'groqped,- S
«- aécording to terminal “speed, are presented.”. Median and
rf”jlTgQerercentiie-staxiStics are- tabulated for each of fo en. c

- - parameters for the”differegt_spéed~terminalsi'and't'efr sults.are,
-+ dlseussey. .. The differences between the parateter : ‘
.. for the A0 bps-and 300 bps data are tested for
.07 using the Mann-Whitney U-tx t\and. the ‘Kolmogor
Voo the.results . presented., N\ | oA

S ] .

' .-‘-’_'»,’ .

L4

B SK InChapter 6 the results of analyzfng the data according to =
sl thd - damre ‘miodel', but grouped according to software system invoked - -1 - .
SR byfmhejnseY,,are pre$entedg Median and 90-percentile statistics Lo
" - gré; tabulated for each ‘of .thg fourteen. parameters fer the - ‘
s rdifferent software systems, “and the'rbsuitf}areﬁdisdysseda

— .. .
-

7~ 0 -Chapter 7 .concludes the study with a” summary of methodo- . ‘
"+ logical contributions and’ empirical findings, discussion of ay¥as o
S .of}applicabioﬁ,nidentificationfof-limitatgons and-SuggestLons.for:; o
| . future work fnutheiafea*ofninterabtive computing measurepent, = -
o sﬂrimary areas of possible application include‘bendhmarkiog in-
v systemﬂprocuremen!%,fgathqring,uSerhparameterB'fbr use im - - -
...nsﬁeCific'system‘desigﬁ,'and'tuning interactive systems. JAn fact,
ot € approac¢h-has already been applied inppnqcuremept situagions,

BRI ! N ':_'... - o ‘ ,’. .

‘
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o 2 0 MEASUREMENT OF INTERAC?IVE COMPUtING
:'f-%??,;uf- “ﬁ In recent years, increasing numbers of people have begun t
A use computers ‘through interactive terminals in' a conversation 1
oo 1;,fmode Rather than submitting. Jobs in a ‘bateh’ mode and whitin]

' L s)(or ,days) f

;*' Tl *co tinuously onh a’ transactionworiented basis.‘ This trend gl es’
-~ every evidence ofcontinutng, and 1t appears that this willy be
R -,-fthe predominant forh»of.pompdter)access 1n the.future. n"uf .

: N ' j‘..

P The’history of ! ,'.,ctiwe systems has been marked by ‘an
8 _inability to come to grip:
'_;5“.’1 inter~relationships qiut e ‘many  diverse componeuts that
P constitute such systetns,” As interactivé.systems have become:

)ypi__ 'j and .more notable (e gy redeVQtion systems. that simply'can not
™ - - handle the Ioad)» "This, -there is a need for: quantitative data
B 3'_describ ng the int.r‘re ationships of the various components of
. interac ive»comyu_ y’ﬁems and. relating. the performance of -
ghese componewts
ata is needed’ by‘sygxem designers and implementers for useg in.
. ‘setting. design goals, as wel
fpr use in specifying requirements.

-

_ In this chapter, we consider the differing goais of .
o traditional sya&em measurement and evaluation as compared to the.
"« measurement any evaluation of ‘interactive systems:. We see ‘that -
: .+, the focus is, of necessity, gite different,  System managérs
Lo ~ seek to optimize the ' overall
. efficienty, while individual users are primarily concerned with
++ .the -l1ével of servide they each. recetve: Frequently, tradeoffs
., ‘musf be made between efficiency and level of'service:to
', individualiusers. Also, the performance of ‘the usSers themselves

S a need té. consider the user as a system: component for which
BT "operating data" }s required- Hence, we review the. relevant’
;chagqcteristics of. human’ operators. We then describe several
. modéls that can be- employed .to characterize ‘the interactive :
o situation, including oné that will b@»used for.the analysis of
.y " the data- collected in this study:. We conclude with an {ntro-

_interactive computer usage. ‘_" Ly . ,
‘ LS : L S et
* -. ! I . S . : ' d: g
2. Measures of. Service '

W Mubh- attention has been d reqted in. recent.years at -
. ..~ meéasurement and’ related quant tative evﬁluation teohniques ‘as; an
A,u‘." - important part of: the selechfon and. imprbVement of the hardware
+. .~ and software of comput&r systems. Both hardware apd software -

o " M"tuning":of the System can:be undertaken in responge to the ,j-

quite 'ramatic increases in system throughput.

N v;j.‘- T SR L S .

S 5 ( LT L
I o % ”:I L e

-fN

-impacts thel functioning of" ‘the’ computer system, . Thus, there is:

.the redults, ‘users interact with the com uter

Qﬂ;:- Jlarger. and .more ambitﬁous, 80::500, 'have the failures. become larger

peration . of the system for maximum

with the design. problems raised. by the |

gi'the ‘pérformance of the. overall system, This‘ L

as by- users and system prbcurers,-uf_

o

"w  duction to the measurement-. techniques suitable for inve tigating ’

information gathered. The. overall results of’ such tuning mey be LN f_



. . ) ' . v,
% -~ . The basis for me quring success im performance evaluation ' . .. .
L Cr I this type rs'&nme'geasure'o?{tqe‘Qosﬁ;effeotivenesqufjthe"x;fﬂf‘ﬂg

-+ 3ystem before. and' after the changes. .mhe”oost#eTQpctivéness Y

. ‘calculations usually are bhased. on the-time to run some ‘given set, -~ .

' °‘*qfnjobs_(a-ﬂbenchmarﬁ")jand'bhevbosﬁ'(purchaserqr‘monthly rentamﬁn,v- ;
oAt of the‘particular configuration, Thus, cost-<effectiveness i¥ - S
"« . really asratlo’ of khrbuéhput to cost, and.the measuremgnt;agylystf~ﬁx?"__1

‘LsfpreSOMGd;tp'be;indifferqnt‘to'Qhe cholce between a.redic ion -
_cin_cost\fQﬁfﬁdenp@cal¢throughput, or ‘increased throughput fbr .~ = 7
--identical cost. "The t me to procesa“phe;BeNOhmark?ié.importént e

) f°, IpdiQiﬂﬁa\UUSeré,gﬁoﬁﬁng}fmaw&ﬁgf}be'indiffer”ptitb-ﬁhiS;;¢ ‘-. o
4rtradeogffoﬁ_cQSt'verSuSytime,4 For them{.service is the~key";'f;if 'ff, .

B}

factorf not th¥oughput, . In -contrast to the evaluation of . =
' ﬁtgfrict-ncy,"whiowais~poncerned;-1th the time'and,COSt-to.runfa;'__
- , Sroup'oﬁ‘Joba}*serVICeSeValuatidn(is'concernedxwith-the time .and .
C U dost bodhun@eéqhTinaividuai.Job; Actually, the times of congerp . .-
' 'are=of‘diffenent“tprsQ.<Efficiency.is concerned, only with.. _ -
running.onaéxeCUtiph tiﬁ%s,“While service‘evaiuétionais.gonCerned“; C
with tpﬁél'elapsed,time.f“(In most multiéprognamming’sygtems;wthe_ A
W eldpsed”time“for'aujob is}cqhsideréblyngreapen than the run, . .. S
3 time). ThUSyatherevaluatignfof;efficiency 1s based on..the e o
y measurement of the internal funetioping of a computer system as 'a .. = -
.. .-whole, rather than of i'ts external: mani est.abions, taken ol

b‘ﬁi-." The goals_of'imbnovedléfficienoy-andﬂimpﬁovedﬁservice*may S
' .- .Wwell be at odds-with dne another., fAn'improyement.in intgrnal . . e
performance:does nOt;neces§arily;imp1y;anvimprbVement“In- ervice? ”"§§Pﬁiu"
. Indeed, the opposite may be true. Frequently, 1% is possible . to
improve service only at the ‘expense of efficiency. ~ -

. For“mqugring Servicb3'the'methodology_bT cost<bemefit o e
- analysis is™MGre appropriate than that of'dqsha_ffeqtiveness; S
. “(Cotton, 1974 ‘Streeter, 1972). Cost~benefit analysis- . . -~
. _recognizes ‘that Jobs may have a time-value,uanq,that'a-simple.f -
" . average of'bhroughput,is'ahhinadequate measure, In a sense,. ~!.
measures of service also must. be concerned with the standard - T
~ deviation‘ofgrun or reaponse\time...When_meaauring performance, . “.*" ‘.
v+ Jobs run more: uickly than"average cancel out.fhe effect of more
“ slowly run job .. in measuring service there may be’only two .
S typestf.dbbs,~ gcceptab1e‘anq:unacceptabléf‘2No further merit
A i“'is'aqcribed»to=JobS‘nun more rapidly than what ‘is deemed”_'__ . .*
, '"acceptable"; " there is no.averaging between  jobs run - SRR Y A
__exgept;qnallyﬂwe}l,éndleXCéptlonally poorlyu; R ) Y AR

L ‘ - S X K
. ‘The.mast pommoh@performanoefmeasune]appliéd'tofcoanré“-ﬂff‘
- Sationallsystems.is "reapons‘ftime.",ThiS‘measure-is_most o
«. . frequent®y defined to be the elapsed time from the end -of the | . o '
.- user's jnput to - the ‘beginning of‘the-systemfs.reﬂppnse (National ., ' .. .. .
* Byresu of- Standards,"1978).% " S *;_‘T“‘u;”lf'iyr'4?* SR

s X *umu-n-—-ﬂnunﬁ o A
e ; . . e s ‘f.'.
L]

. .
R ¥ »

L a : Y ' R Yooy
* Other measures of the system's respohsiveness have been: \-x

fproposeﬂ“(Awréms,;Lind

_ ood’dnd Pyke, 1973). > . L .o

| ST




, °ﬁ\\ Theugenerel goal of most system designers has been
- va hieve the begt ($hortest) response time- possible. Too_‘ﬁxpaggyaw» ,
' : ‘however gystems ave been degigned- withant a, particulansd ofe ‘
o stime. goal in min\> possibly becauge- {t wasg’ not known. whath “ - - ’
S response time\ was needed. This determinatidn is mosy prh
4he domain of - ‘engineering-oriented psychologists, some v L
_ have begun, o address th’ problem in recent ‘years. :In. the , = f,.
L, Following jedtion, 'we refiew ‘the functional oharactqristics of - e
B users that are rele'ant to the analysis of interactive systems.; '._.{',*??
- R e T R SO
-4 User Characteristics VSRR a' ";” IR ;.ﬁi"‘.g
_ Considering the imybrtance of the user in the ﬁesign and “Qf ot
. "performance of interactive computing systems, surpnisingly little R
:1'8 known ‘about user charactreristics. - The traditional appraach of . '
i'the ‘human factors engineer is to reg@rd the -usdr as another . .
_'«systeg component and *to seek to optimize the tbtal. system in :
. ~.-consifierations of the capabilities ‘and limitétions of thé human . "
~ Y . 'gomponent (Van Cott, 1972).. Too often, though, interactive« e
systems ‘have been assembled by hardware and software specialists.

“without” any. asslstance from such human factors engdneers,;n
. 1 L] R 1 .

RIS The role of- the user in interactive systems is ‘both as‘a .
Lsource and sink’ for irformation. As dn 4information. source, the .
"user’ is.characterized by .the rate at which informati Is entered.’ .
. (including both mean and burst characteristics), by the 1atency s e
of new inputs following: receipt. of a- computer response, and by R
. the nature of the information entered (e.g., the softwars system. L

-uséd). 'The role of the user as.an- information 8ink is only .
‘measured.indirectly in terms of successive latencies and chan&pm :
- in ' source information: conterit. User characteri$tics as-: @ sink u_"

v dre such as to place demands on.the System. in terms of its -

;responsiveness'and the Volume of responsajinformation.

[T
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212 t Ihput Rate '\ S T T et

o - User¢typing Ldpabilitles have been studied extensively as ;7 e
'~ «.-part of the .human factors of data’ entry deviees and ‘procedures ., * -, =
.. - (Sejbel, 1972). For high-volume entry of redundant data such as j“]':.j'f‘
" English text on typewriter-1ike keyboar@s, spegd test ratgs of 60.-: - . .
© L eewords' (300 chgracters) per minute are.quite cqngon,.with an upper.. - g e
-+ 1imit of about\ 100 w.p.m. in-production situatidns..and "championufj .

- ship" speeds approaching 150 w.p.m. (Devoe, 1967)" " This rafge of ..

v 4

4" . .60 to®50 w,p.m. corresponds,to @ range of 5.to 12.5 keystrokes - o -
(~f " per second. .(These are sustained rates. which can be exceeded by R S
. "burst" rates*for brief intervald). Uhskilled typists typically S
'nenter texk at abth . stroke per Seoond ' o
“For keypunohiwg, a’rate of 170 characters per minute (2 8 o
characters per second)' is reported .a8 a good estiméte of the mean - foo
rato oT daily entry for time Spent at. the machine -(based on’ data',-_.fg.-




" , \

ﬁ’iﬁ ,peles*typewﬁiters,vmost likely M

T three_differengﬁtypes Qfginteracti%e_systems*(onlyymean rates‘;'j

e ,Fon'anut“to_intbractive;dqmpyter-sysbems,-the data most, .
q;luwidqu-ciroulaﬁedlis hased‘On:users of terminals constrained to a.

.i* cofventional typewriterd., S

5f;§§eh that.e%perienced'typisbs,qén,oftenrexceed?the capacity ‘of..

C.f Application w0 Belentifie . Selentifieh -

Pl Lqédy3“ Aol 3 'Mddefabé'

¢
|
|I
. . . L D f oLt

-1nqta1rétiohs)'(Klepmer351960);ﬁ No'consispéntbdifferenqbs are .
iréportedﬁbetgeen alphanumeric and straight. numeric keypunahing-. .
o ‘.'.p', L » - ' . e LI \' . .. B B " y Lt -'_,- : .

‘relati:vely low ma mumﬂhatezof‘1o'dr'15'chbraetéYs'per secaond..
‘While the models f terminals used in the .s#mple -were:not
.explicitly ldentified, it may be inferred from the date of the -

;stqdy“(laté_1960131.and,the‘speeg'qf,the‘teﬁmihalstthat they were
d

: A , édel 33:or 37 Teletypes, -Such
ty Himals-havefa'keyboard«laydut.similar,to that of office’
LyPEwriters but quite differént: in key type and*"feel™ from :

Lo f

" yFrom.the datd.on hiéhkvdlhﬁg'tybing gi&eh”above,fit,cah bé¢

“the' terminal 'to accept keystrokes, especially for short bursts of

i‘Qata,ehtry;‘VThis-déta should not-be appliedwaindly,.since,~as;-

Just noted, the keyboard "feel" of a teletypewriter is not  the -
‘Same as a 'conventional typeéwriter rand does, “in ‘fact, reduce the .

loading oqftﬁe‘COmpUten Syétem,'aﬁdudonsequently,its:failUre to

.

“theilimited size of “its buffers for yet ‘unprocessed input
<haracters, %ay_also-sérVe tOfCOWSUraiﬁ,thg
. of,user"nputi R A P - S
T R o e T NP S R
. f"ﬂBryan_(1967)'rqpohted-a mediéh.inpubjrapepdf'about 0.6
! Chahauters-per*second'and a mean of abouf ‘1. charactersd. per’
J.§eCOnd.fqrjtimeshahfng"USers~dn'interacbive‘jtypewriters" with a
'fmaximpmignputloubput-rate3o£ 15-cps. L, "l S A
":iihe.follbuing-resulﬁs ma'’y be'derived”frdm'datadreporteg-by-
Jackson and Stubbs’ (1969) of Bell' Telephone Laboratories. for .

e ’ “ | o N --‘_:'_ _ , T :
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VUser Input Rated = “.ug
{ehats./sec.) . "o
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mtximpm'pQSSIble rate

achievable maximum typing rate of theSoperator. - In addf'tion, the

“acknbwledge input.within “the required time (see section 2..1.3) or:

,;ﬁffr m™ mahy different data-entry jobs at several different keypunch

v
. -
' .
. 1 .
R ! . ]
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. The volume of input ‘to be- expeeted from. eaeh user is

- respectively, and .w

\'uff2f2:3 Response

~attenipted to-1
N “activity at intéractive terminals. along ‘with the resp

)

. or control activation of:-some function thraug

' “.re uiring theizeady decesgs of data-from the user's -own short- term
e

~no. longer tha

These rates include he efTect of user delay after computer~-
sponse (user think time) as well as inter eharaeter delaysb
a ter 1nitiation of USer input( o :
e ‘ . ,' ) “. o '\. Lo g . . S -.'. . A _' ’ . . ' . . ‘ .. ‘
- " N . ¢ . N - LN . Lr L. . e . r . .‘ Lo E R B . L .

s '._.r-.i‘~ Sy R

’l

’

.‘ . B . Cw LW . o R N

R - N -
2 2 2 Input Volume And Sessiqp Duration -...”j,' v4_~

important to system designere since -it, ‘along with the rate,'i '
.another fagtor in the demand “placed oh fthe. computer/communi—~ 735;='
“cations system. Session duration, or holding“time,*is of. -

‘particular ¢concern - to: designers of communications systems wgere

~facilities are-dedicated to a uder for the duration’ of 'a se sion .
. {or call) and. where billing may be on- a per oall rather than.a " ..~
o metered basis.'~~ . S N A e

i+,

/ Bryan (3967) reported a median input length of about:8 L
characters with a mean’ of about 13 characters. . The" distribution B}
" of input 1engths forjﬂhis study ‘appears to be:a negative ' ‘

-eXponential when plo, teg as percentages. (In contrast, median

and mean.output 1ine lengths were about 22. and 32 characters,' IR

re -more .uniforpily distributed.) The average. . .

“user-entered- 82 suc_ rlnes dn-a se@sion 1asting 46.minutes - ) '

. o S %;
Jackson and S'Lbbs 1969) reported the mean number of input '

characters .per intlgractidn for each of the three systems listed -

“in Table 2-1 above-as 9.2, 10.7 and 13.8, respectively. . S

(Resgonse 1ength !bnly cited as-a mean’ for the three- systems, Was

47 charagters,) %&erage holding times for the three systems were;

.
. N ’lll

.|.“‘ ' N . N C . . .. B . . ‘.
- .- PRI REE . |
.- .-

[ Tine ReQUirements'~f3:~. . 5’;ij L.

17, 3N gnd 21 m1q¥tes, respectively. o " . RS

' The seminam 'work in the area of re ponse time requirements
‘is! that of. R. Wrzler (1968). The" authoi a behavioral scientist,
j_t and define the different classes ofloperator
nse"time
requirement forfleach. type of. activity. Sixteen. specific ,
categories of aktivities are discussed,: which can'be summarized
by three generag classes of- actiVities (Cotton, 1969) R

ot .
oA,
C

The finstﬂactivity class is .the. imputk:f data to. the system
- a %eybo d or ..
onger :than 0,1

‘other entry'de.ice. ‘An immediate responge

= 0.2 Segonds'§s said to be required for tfiis’ c 51 h order to ' _
“indicate age ,ance by the system. . The s ond class is - - P
ch rqcterized by - a user engaged in high- intensity "brainsterming" R

‘memory. - Applileations might infude shoré 8eafches 8f filesor- )
manipulation fediting) of . data. Such’ aotivity is said toprequire oy

abOut a 2 second responee in order that“the ohain ‘ -
hf,




‘% e . . - . . s ' ) . Q' _' ) ) o . . ..', R - . ': X
R 'pf'thoughtfnot‘bﬁ'brOKen..'The"final class.includes those - '-. .= .
U..cactivitles which complete a $ubjecti¢e_(5ubltask_onr(sub)purpose,f*,"

o

s

. called a'FcldsurétvﬂUsens-arefaaid’tQ tolerate more extended,
_"delays, (up to about,l5wsecogd$)ffollowing Such an activity - -
3{,completﬁpq.or_cloguﬁe, than'in the process .of achievihg a

ctivities are cited

in 0 elosure. }No'ﬁ | for which -the user will =
¥ tolerate response el ays .longer .than ‘abdut 15 geconds.’ -,

at Thesezﬁugsesti'néﬂhéve?been-widelYfusﬁa”fn.developing-:fj- R
- penformance“spe¢i£i_atidns for,interactiVe'syStemsgahd,-in*fact,f  T,
' .may~éveq_hanfihfIUEnbedﬁsystEm“Qeaignﬁitsélf, insofar .as .+
-~ responses to. diﬁﬁérentipypeﬁpor'agtiVit;es ¢an be ‘provided-by ~ . ¢ T,
.- different system comppnenys (such.as’ locat, pbce’ssors in. 5 , o .
- - "intelligent terminals"),'nHOWeverg-it@iSﬂJﬁT&Ftunatefthatﬁthégg%m&.“ Lo
€. discussion,_@hough“cqhﬁfnpihgk;wasjnotgaqumpanIg@'by}aqy.u" ST
o “ suppoﬁtinQ“empiYLea1,eyidgpce; T e e L

PRI
e A

© e

.'.jhpre;fsjso@é détéishowing thp:efﬁects'of;ihcreasing %ﬁ%g%mﬁﬁﬁﬁ;1,_.;
. rg3p0n3§¢timeﬂ—éfe;gp,'bn:SUbséquehtly inqreasedﬁuSeFateSQQnseL L
. times (Boies, 1974), -and onﬁ(predicted)‘dedré%Slng;ﬁéﬁbv'=.""hgqf:j'v";[
: .acceptability ratings (Caernhel;-Elkind,_&*Nicke.A_1,31968)§**“;¥fﬁh*'”'
Lancaster -and Fayen (4973)“feVieWﬂsimilar-qqnsiderationsﬁof_ﬂ; e

. system'respthertIme’fromﬁthg'poinb'of.view'Qfﬁinonmation'
Gretrieval. e o0 0 T TR R S

. . . . CE—- > . ..

- S L *“ ‘ o
e P e R e T aE

SOt e -TEE3~ SR R TR SR ot

L ot 202 Response: Timd Variability - . . . r. i |

[

.. h

oo : ..

, -“"-The'Hegreefof_attention”that'system.designéqé-tha;g@?kngliy_
. .havg.devdted'to,respohs% time alone ‘may be quespiﬂnableu'].‘"ﬁ;y
oL, Av Miller and Thomas (1976) suggest: that in view of "the™: ... .
'yy;;;profound teehnOlogical_improvements (hardware and SOftware)_thab-jL ﬁ.;
L permitfgreatlyfimproved,syStem~resp'n§e:t&més,'pOnCernsﬁ!J'H‘..5;,a,n
Ty about-thc’abgolute-magnitudé;of delays may no ldnger be. .~ . e
o m*warrantqu"_AstarbOhellﬂgE;'aI;:-1968) and others have observed, R
A ' .iﬁ.isjthe'vaniability]oﬂ dela?gyAAot-their'magnttude,wwhich~is- e
;~."ﬁ:J.often-m?st dfstressing.to-thejuSer; Unfortungtely, the response .. .

- ... provided by compdpef systems is quite often subject to - s TR
'”considerable'varipbilit&Abqth within and across sessions, T
C O wprimarily, butimot exelusively, due-to the varying load . placed on*:
~the syseem' (ReN1, 1974y - 0w SO NG A [T T

' ;;Invésﬁigéﬁibh_ddto thé:bérfopmancé oﬁ‘coh§OJe.

v

v, .
. t o

~ .function of response time variability has a basis in the concern -
~ . of experimehtal?psychoLogistsﬁwith the“reactionptimeA6f,Supjects.
; 1fﬂ_bhAvanious*stimuLussrgspphseﬂsettxngs} WE,AHi-Miller‘(1976) e o
oo presehts‘a'brLeﬁ'review'of'thé'1Lteratune in this ares,. ;;dn:jq-'-;,
';b,generalLishéw-that the reaction time increases..qs the P
_ - «.variabil- ty ‘intreages (Mackworth, “1970; ~"Mostogsky, 19 0;1& . SR
.- o Davies, 1969); Miller. deéduces a theofy of reactidn time iehg - o7 >
S i}rnvbbveS'the‘expeqtancy of;the.nexg signal on theipart of -the ™ LM
-r;”i_'subjequf'ﬁtgappeahS“th L subjects perform best swhen. the next.. oy,
.:_‘;}fiaignal-oméurs.at,a time gbprdximagely?equal toft the meaninter- ‘M~ ¢
- ¢ wvoarrival.rate of all previous, signals, As*ph

N B _ - Y A L
e Co ' o, . 7-.. 4.l ) " 'A]_&t’_?‘;q ) T - - EERE . RS . »
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o "'_. ) '.; N ' N ; . \
S 'rfsignal oecurs signiféoantly beﬁore or. significantly late‘ thﬁﬁd~
«+. " thig . mean” arrrual ratedof ‘previous signals, the Suunect's arousal 4
SRS £ deOreased and | res ohsezsquers AT m- ol S .
SR R L ' b ;e o JV'*i
S Boehm, Seven and Natson (1971) studied the effects \-3- o
S response7t1me Variaﬁility by. introducing, additionaL.delaylto one
.~ “group of/user's ip Qﬁder Yo reduce. the variabillty ‘This group
r,.received a~longer’m

c .. % time thah a contrgl” group working on .an identical-’ set - of test S
- :Vi_PrOblem . The lopg.delay, low variability group produced better. ...
~y.¢ .oor faster §bhﬁt10 , to the ‘problems ‘than the-contrQl group, - . ",
._'hwth ughfthey expreg ed ess’ satjsfaction with the computer: system. o
*“Q';' Thé& authors . suggé#t hat the ‘extra delay gave the' ‘subje¢ts time .

o to -reflect: on what), they were doing @nd to formulate theirl-u-, o
e, solut on strategTQs more carefubly, R _ RN

P . R
.'x,A*'.' A

P

:'z\ -3 Responék Transmissloanatei-._"Z"o':.";Afg- L ”ﬁ;\ ’
L | * ’ : o RN ) ) N &’ sl
o " | The response rate of -a. computer, measured in'&erms of P
; z-!‘"vcharacters persecond, ;,has been found. by .all the studies . Ny '

Coo # e Cpreéviously: cited (6. gz, Bryan, 1967; - :Jackson and. $tubbs), 1969:)

.w - to be significan@ly faster’ than ‘the user 1nput rat
' . -by.an order of. Tagnituge) - The burst rate in most
' . -approaches the,limit of the termlnal/communication
capacity. .. @hese data are as imporftant as user inp

. 7. in the design of a communications system which, af )
;:carry affic 'in bot directions, however, in. thi'_seotioniwe’ L
aré’le%¥s coneerned thh ‘the *‘design’ implications of thefrespoﬁSe el

Wtransmission rate ‘than w1th its: 1mpact‘on the user."' e T

oases

L data rates-_m_.
er.all, -fiust . -

_ It Seems’ to' be gen nally accepted as .an art1c1e of faith B
-..'that users: prefer more rapid response. transmi:sions from the

;Acomputer._ Emp1r1ca1 idence to support th1s HMas. been lacklng;”f'
-though 7 -y-u Lo R

T There also mas een a realization that there 1s -an- U)per
'_1_-_,*g£ound on the improvement inh uger: ‘per formance and/owr satisfaction -
... Tesulting from incr ased responsé transmission-rates. -Jackson
-2 and Stubbs (1969 conjectured ‘that ‘at highér transmission rates,
-f_;Lf_both .the, user think time -and the volume of information requested -
-iwil;?hould incidase,  The premise for. the- first "increasé (think time) ~
" “is based ¢i ‘the observation that "in at least-.somé’ instances
" user utilnzes computer send time to .read the. output he recei
‘Hence, 1f the computer, qutputs the s me- n mber of ¢haracterf i
much shorter time interval, the user ‘may incredse his: think ,
in order-t6*do the same amount of reading ago thinking." As a

-y_'result, Jackson~and Stubbs suggest the -exisfgence of an upper:-

. ybound on computer transmission rate "beyond which decreases in
" computér -gend time are matched - by equal increases in: uger think
. time:" As regards output volume, the authors only suggest that it
'='{w111 "naturﬁlly increase."”

: . .
' - . . e

an,delay,\but smalLer Varlability in’ responSenvffi/~ff

(perhaps. even . - -

Cline _: .-

es, o,
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Coe 0 bo He MPLler (1976) e ntly'pkqvided.evddéhoe'toisuppovﬂ Sl g
., .the fipst of Jackson ‘and .Stubbs! conjectures. - n.this'atudy;fthe -,

- effeets of varying CRT display rates and 6ﬁtput*delay32upon“qber" O
o penfqrmanpg;and'attipudgﬁ_in'a serieg.of message retrieval tagks .-
.. ;. Were evaluateq'expe@imen@aily;. The*resUlts’supported;the//fjw/f,"f',e
“'rff'ﬁ;”SqmawhataSurprising".{to_someone evidbntly'unfamiliarLWLth Ghe- "« 7 oo
“.: - Jagkson and  Stubbg paper) conclusion that doubling the,display. ° ‘... - 7
L " hate from 120”0hajhcteﬁs-per.sernd,tb EUO-Gpsfpro&ucg_“hp.:,q T T
. ~-Slgnificant ‘performance or abttitude changes. “The study did; not b
s ‘Include'axpergménts at 'the: lower rates of 10,-.15 or 30 cps. ..

N Y B
A " :
Lo v - R CPA

i , N :

r s v_ ‘ . - ‘- , _‘-p‘: . .. L .‘. - '-' . '._.- ",.'._. R ' . Co - . - : ..*‘ ] .. - . ._' . ~" _.'-_'
T Lﬁ&:3. Models:of USer-Compuber‘lnagractioﬁ-; gty TR Ay S
'.; . o o .'_." . 6 P " - - n ’ : _'-.._.l-.. ’ o ) . - : ‘. e ’ ‘l" _‘ . -‘
e : '.Complex-pheh‘héné aré'qfteﬁ'be‘t'uﬁder§tood_ih terms Qf;*ﬁﬁy»"'i-'ﬁ_}
Tl omodel s, v odel making.ahdjtestiqi is a fundamentalﬁpart'Of'ﬁhqie“(-:

[ .

.’

"?sﬁienhif'c method" which we arqliseeking to apply-to our . v DR
‘. Investigagtion of USer%computer;i_teractiqn; For the purposes of. = .°. 93‘-
- this disclssjon it is suffigient ﬁo,nbte;devpointhgbout» L e b

\. [.:goqcépgual_modglsg;:.n,- ‘ ) SR e N
o f“g1X{Théﬁsimpiesgkppdéxfphat.1 corporates all the . T ..
L obSeryatioh describ;ng a.pheno@enon is preferred. S

] - °

N (2
I

I ! producesvresulﬁs%tnat gréT@%fVa;iance'withgrealihy; * S
"i’fﬁ. ;:_ L is timeftqfchange.the model, ™ -~ - .. ¢ G '

LA
A

o ?fﬂ”)?When,intérbretatipnrof-thé;datéfaccoréing'tolé mddéiiﬁ”=
Col : e i ' -

] I RN ' \ o :
" . 'In‘this section, we-examine the model. on which most of ‘thel; . i
- cuhrenthata;uSQﬁ'byfdata'oommunicatiohs;syStems analysts ts 77 ;o b
. .-based. We then'deSQribé“a_simbler“mcdel'that.wasfpropdSéd for a; = " -
‘follow-on set of'invbstigations intendedjtO‘update“the,data,“ nd. N
. -show how that. model hadQto,be"modifieduwHen interpretatidn of the " -
. data led "to.anomalous results.u'The_médifiednversion is presentéd’i-. _
.- in.detail, since 1t'was ysed to interpret alll?he_néw empirical " ¥ . .,
'ﬂdata;cbllected_ih'thiS’;nyestigatien,~5, L l- P R L

AR L ooy

ST SR o CT Feo
S e 2l 3 Data ‘Stream Moqg{ﬂa'. F e S T By T L
S 7 yThe'.ftrst pUQlished“analwtic-mogel,qf the communications o
 ':1f?JprQ¢ess'bgtgéehpa,mulxiacceSSﬁngputer.and-a user. ‘at a rewqtej_ ST
’ “'fte?mina1§was'deydloped at the .Bell Telephone Laboratordies! - R
. (Jackson. and Stubbs,. 1969; FUCHSrang;Jacksqn,-1970; Dudick, CUA
. Fuchs.apd"JECksonJ_t971).-gThe'modelddescmiS%s_th@*cbmmunicatipmsj;_;g%'“
+ ' process rn-terms.of.rahdom'parametérs based::on times between G
‘“ehapac;eﬁs.LranSmittéd“thrbugﬁ_the communications_netwgry. ALY -
. bfﬂthe”bgrameters-are”measurable at . either the communications o s’g"'_
. 1interfa0e:toﬂthe‘gomputér or to thfiterminax. S T I;
B . ' i L R T ' . . N : T : T E ot
‘. 7& '“'Thé_modelTwésﬂqueioped by ‘-communicqtions car?ier/orgéhgx_:___(”_1-~
- - 1zation'.to foqus on Lthe user~computer communications prodess and - " . i
gto“phowuhowlthe charaCtefistics.oflthe;compuper'a

nd of ‘the user .
" 'l'l__ L. L .

A - o L ’ * f_.' . ' ‘_ ) " I‘h"’-‘. .¢ e ' N r_l o ‘\. 'v; b‘“ o
T . et SR AN |
L] ) L . R ) l ) ]2 s o - LT . . .- .A: o . R
. , . .. E - A.. - ;‘. . . . . ,‘, . '92 S . ) . . ) ~




) i el LI . . L _."v - . . R ;
IRV : affect communications requirements., (IL is also used to study '{~‘ s;',
. . t-the: ‘converse, 1, e., how the constraints of .the communieations™ o 'H'~i'
medium affect the, user and ‘the computét) . - 'As ‘such, theé. model is.
'formulated in terms of- ‘detalled dnformation on the tiMiing. -
e relationshipsﬁwithin a.call or i‘teraotive session which is used
-0 vo develcp an?enpression hbr the holding time or duration for the
ORI :mcall . : . . AL Ry
Lo Figure 2 1 il&ustretes the "déta stream model" -as it is
z,-ﬂf‘{~jcalled A "call" is’ thé total time period durihg which the: user

g“_~ﬂ“'ﬂsends and" receives,characters, inoluding any idle time betwéen®

. . either .user or computer - characters» Theamodel as- developed ig:a -,

half- duplex model, that. is, Mt doeés-not acgount “for the. N LT
) ... Simultaneous sending and. reoe ving of" chgracters ® & period ofii . -
. ' transmission by either the ‘ugler or-the computer  is-called a burst

. ... segment. ‘By. definition, Burst segments, begin at the @nd of the
e f}ast character sent by the other party ﬂf /// .
B cnhuscf o U : " * ' R mscounscr e
v s . Y l . s . . . .Q.. . .. . ‘.- / - " : . o .. C ' .
I COMPUTEn ' USEH .. ‘ ; _. . , ’ & “sER GOMPUTH‘ 'I . !
: "I+ CBURST < .  BURST . - . . INTERQURST: lmmaunsr S '
, _l._ssqmm_ . ,_,sgcmm jl o "IIMEI e TIMET e
\' ' C: R u u e } -
oo n m HTJ H nm_m i HIFH rm N
.. ' ] T .. . TIME
- \‘l' . SR ) __. e hS - . “
Lo . . COMPUTER 'usm : _[l ‘COMPUTER -

SRS , e SN BURST nunst "CHARACTER
S S X #‘%%{‘ : .. cq?‘pgm R ey USE e
T CIIMIA TER. cuM}:' B _D. c AMCTER 'i:'
S 'F.iwre.“z.-J Data Stream‘Model ‘ .

. _‘ '-,»:1""-" @ .. . .‘_‘ L o .*..

Yy u—l; Within ‘a gjven burst segment there are periods of line
ctivity and of line.inactivi (1d1e time). The idle time "=
W - before the: first user character in eagh. burst segment is 9\n. T
- identified as the "th1nk" time. The remaining.inactive periods
Co “within. 3 burst: $egment are called,abtercharaeter and ‘interburst -
~times. A burst. is defined as a st ng of consecutive charagters - ' .
.7 each. separated by less- thlm one-halfl character width, Obvioysly, -
_;A=z; . -the fumber of bursts in a+~burst. seghent is leps than or equal to
L the numher of characters in that segment

e - . . . L . - '_.A . .. ’ S . . " .
[ 2 . ‘-"'"""'-'""‘-"1"" I3 G . —,, . N . Ce o . o

’ : . R

?;u-; .'* Jac%ﬁgn and ‘Stubbs® aSsert that "simple modifications" to the '-f, o

- 4 . 'model"'would accommodate full-duplex operation. ‘The ‘problem.may .
be more complex ‘than.they realized, however. .See, for example,,_i -
the discussion by Abrams and gotton (1975, pp. 13 1&) B

‘. ' \ . - ‘.._ _. . ) 'V l? e . ! | ;‘_ ;
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'ﬁﬁf2;3;1.1f[qua~StraambmddéljPérametérs5~'* B
SRV e e T TR AR e

;Mg.g;:fhe“ﬁﬁelv§ parémepa*s;Of?théfda;é'Stheéh'méaélTkﬁhiéh'éfe
1l Used in thé expression for the -total ' h
re g% fellowst oo r o n T

PRRE

lding ‘time, of a'call) ":°

=,

| -
\

w

y N
13

pumber of"burs@_segmengs-peracﬁllaw'“ ST e
._thin'k-_tj:me'_(.user‘_.'_). e T ST
‘idlg-time (cogmutéﬂ)' ;'33_‘-ﬂﬂ,'*‘A R
ruser-interbur

rcomputer-interburst“time? R
humber of bursts per user.burst segment v .
number;of'bursts;per-cdmguterdburst:segmengn
'number“of~charactehs:peﬁsuseﬁibqrst segment - B
- number of Chafattérsjper_comppteb,burbt,segmqhti?--“
user interchargcter time . ...l e T e
computer intercharacter time.- v ' '

-character‘width:(in.sgcohdﬁ)*fyfj_fwy~:1W91"'

TR
W T W

e,
TR B T TR TR R PR TR

L .2.3.1.2" Model Developrient - - T i e

'if'“(phe;Syﬁbol foﬁ;each'variabléVrepreaqusﬁits;mean'V%lue):ﬂ'>A.!

s b. -computer send.fime .(the. total smbuntof time during . ¢

. g . o L SO
An 'expression for the holdiﬁg:tfme;of'a call was developed*™
,l/'by_Summinglgxpressions5fQP*eighb”ihdiVidualfcallﬁcomb nent$; 1)
... total uger character time; “(2){£otalycomputer'characﬁer time;. T
(3) total .user intercharacter time; (4) total computqr inters .
_.:character .time; - (5) ‘total user “interburst time; . (6) 'total ~'

'ﬂ'fidle:time}- The resulting expressioh is. a complex formula with . ™ . ..°

..;chg ?1ght‘tehms'eaéh{sUmméd”over the appropriate number 0f:bur$£y; i)f.g-

'11=sbgmenqﬁrghpproximated_b&'S/?ﬁeach'fOr user. and.computer), ST
. Knowing the distributions for each of the twelve parameters.in '

i; (‘but co

! puta@ionhlly_prohibibitiVe;"to'301ve,dihectly;forrthe:.
. distrd

ution of holding time. . Instead, they .solve for the o

- the:.:n*'c:“éelhi"theﬂau.tho.rs-Sta'te that it is theoretically possible, -

. ~mean value of'ithe holdihg time which they obtain, under the -

' assumptions that the_réndom'vg13q3'are;stationary-and mutually, = ..

“independent., by taking the expedted valye of the expression.

C '~fThis'reSulEfisﬁexpressedfas the sum of the following fOunéﬁa'“"

~cOmponent parts:, each:haVing”its-own,fqutional-signifiéanﬁe;,"

, agj‘user $énd'time'xfhe toEé1 aﬁ5ﬁhf3 f'timé.durihg-ﬂhi@h',;ii;['_;”
,:_ugep‘chgfacters;are'bgingAtnansmi ed) L e

L (872 (MY

| ,'7(1>' RER

-

~ .

%

'
h
-,

f“-” ‘‘‘‘‘ R 4 - . a,’. A / ' f‘
» o Charéatér_wﬁd%}‘:-1/¥bh§kéctér-transmissioh'fate). o - : .;:_ :

- gomputér interburst time;”*17) total think time; .and '(8)*total: * - .

‘which-cotiputer characters are being transmitted) - 7. :':jf-
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. '-'hfic . user delay {the sum of all ;hactive peridﬁs dur4ng user
IR burst segments) S . S
: '--"; . (S/2)['I‘ B (N“~1> ) c“(Mu '1>J Y (3-)--“0(
. ..v ..' _.-. K . ...(.._. Lo - S . ‘ . S L o . . . . ..
A R 'de, computer delay (the sum of all ihaotive periods during
Lo computer burst segmenxs) - T ._.
B (S/2)[I '+ B® (N ~1) ¥ N c (M 0. '.--t) (u)
) ”ﬂ 2 3 2 Stlmulus Response (SR) Model »-' - , '}
T o For many-appllcations, the data stream model is . ;“fuf .
S e onnecessarlly comple&. For example, the - identification of.

. *» individual; bursts with'iy 'burst ‘segments. from gither the user or
the. computer ishunneces ary if the- conversatio® is to be viewed:
simply as a sequence ‘of individual. trangations whose start ‘and -

~endpoints only need -be’idéntified. This’ approaéh was taken by . L

- researchers at the ‘National Bureau of" Standards in the two. models_' -

e developed there (Abrams and«@itton, 1975 N '

. The f1rst of these, the- stimulus- response (SR) quel, is the
simplest model*that can be.defined of .user-computer 1nteract10n.
In 'this:model the. human is. eonsidered to be in control: User ‘o
inputswto the computer: are térmed "stimull" X outpubs to the:
‘human. are termed "response ." The s1mplest pattern of computer
‘usage ‘is a transaction . in which ‘the user - 1ssues a stimulus and_
waits untll the computer-returns ‘a response, -It’ may-‘be assumed .
e “that the nkxt stimuluy is dependent upon the contents of the,
o P precedlng response, This transaetion, or stlmulus response pair,v
K is known as: a."message group " .‘ L .

. .o i - . \
')- ‘ ' . ' . BN - ’ ) .\".-. "I ) .” .‘ ‘. - . L P .‘

””

2 3 3¢ St1mulusjkcknowledgement Response (SAR) Model —'u.

e Interpretatlon of - data from: certain eystems accordlng to the
: j'stimulus response modél led to the anomaly that computer conver- _
. .sations which left ‘the human user with a subjectlve evaluation of
© - ..very slaow résponse appeared to . have “very" fast responseé.’'when . -
o .~analyzed (Abrams, Lindamood and-Pyke, 1973). " Study of the data ‘
¢ ... revealed that comminications conventions had not beeh“considered
C adequately The’ American Standard Code for Information Inter-
‘cHange (ASCII) specifies the format effector interpretation of
-the’ carriage return (CR), ‘but..not Jjds convéhtiohal use-.in conver-
.sational’ applications Many computers employ -the convention tha@
s a. lipe constitutes. a it'of input and that a line is rminated -
"by a GR., Since the. CR (onby) returns the print position to the:
' first hplumn of ‘the current line, the computer issues a line feed

o, f_._"- ' . . - Vo g_




-iﬂ“'kLFJ.fdlleiﬁg”receibt

.. .terminate the 1ine»ﬁthUs-obViatfﬁgﬁtheﬁproblem)w.~0thevfcontrol
.+ _charagters may. deco
' not'even récognized b

-3

j'}chaﬁactehsﬂconst;pUtéfﬁﬁe'begiﬁninggbf*the-rqsponéeq]fbyjsubéflf.

- ~.aCR, “is-reassured that the computer "fgﬁiil_Sén

T T e e
R N O I I AT

'-o " '.:'.::‘ . ) ’ N

"h‘followiﬁg.lineL;_(Some.computers_requirefthat“the sequence CR LF

 motion of the.print-mecharism., ", N

LA
& - .."_ . . .

- - According yto ‘the stimulus-résponsd model, theseé nonspr

Jective hUmanﬂjﬁdQMentjthey;do.noﬁ;3"The1r'pne$@hée

45 Amportant, -
5, the ‘uSer. v &

:hbwem€r;3ihrthat;they;pf0videbfeedback:whiohkﬁgé

that the computeb is st{ll functioning.t “WHehever s

';:the.églioh,of_the”LF;w-Nevertheless,”thi ‘LF ‘doés nolt-

a meahinnglj?esponse~td;the*strmulas}- In“psychologic
the LF proyides. partial' cloSure (R, IMiller; 1968), ¢ ‘

- 1s still waiting.for completd closure to be provided B
response.= ' .-, 0t ol T T Tt

ongtitute "

! .o RRERELN 4 I

”

T 5§éouné,foF thi§-ah6hély;:thé'stimuidserespOhSQVmédel was .

':-Hmbdified;p“A new'Statéfwas~ihtr0dUcedjmalled-thej”aqkndwleﬁge-,fﬂ='

:'ment";' thisvmodel“is-aséordingl?ﬂballquthéw"étimulus;acknow-- .
'ledgement-response" fSAR)ﬂmodel,*-Operationalyy;~the'acknowledged_

"ffment;wasffirst_nginedTas'élixthe initial non-pringing ¢haracters - -
Yy the computer following a stimulps. . 4s in the -

. :which are outputs

~ e . . B , oo / )

"of & CR'to .move the, print positiod to the .

any the LE,‘butprqir presenoe-gehehally,is-f,L1'1]5:
,the'USer*binQEchqy-qauégbné printing or - - ..

inting f;:ff';
e\user types . -

ving him-by -, .o

1 terms, i e

.. -case. of,.the LF, "the acknow¥edgement provides a partial closure byf{f:'

' 'lzréagshrihg]phegpsprfpﬁ{thg.system'gtdoptinuiﬁg,gbiiipyftq.sgrxe L

+ i -.ackowledgement. ' First, tHe ack
v, o timerdependent .and may therefor

4

~ him. .« S RN . : <o ks

» o

B Sincexghéfébncept_of 1 éékhohléhgeﬁenU ié;basedlgﬁfﬁsyéﬁo:gi

., logical corsiderations, its content myst be definedusubjectively.
» f..Once defined, the.acknowledgement can be recognized by an. - .

algorithm. -There :are two fextensions to the definition of the .
nowledgement is viewed as being -
| e be . terminated by the lapse of -
some specified. time peripd-during whith there is no transmission
- from the ¢omputer.’ Second, the response may'be.tefined ‘as, ., .
‘beginning ‘with the first meaningful character ‘printed. by the ~°
computer. ‘In particular, a fixed heading ‘on_all output may be

considered as'p

1 4 L] . ) : '..-\ ) .§ N : v N .- N .

" Some interactive computer systéms'éppearzto eonstruct an
entire output-buffer before initiating any output to the .user,. . .- .

- The buffer contents are then all transmitted to the user at the . -~
max imum nétwork transmission rate: In such a cgse, even. though -

© .the formal gefinition of an acknowledgeméntfiqj‘qlfilﬂed,-the

- .psychologjical function is not, 'In such ¢/ses,it”is;np¢essar%-to o

.suppress-the ‘acknowledgenent state *(: ntially oeveﬁﬁng-to the

"~ SR model). 1t should also*be thed.that.in"somég';uuﬁvthe oply

- output from-.the computer consists of the LF and;ofg ,uﬁénprig

“characters,” ‘When this situatioﬁ,arisés,-the-dbtpﬁ%'_§;consigereq.'J

~'to be response rather ¢&han aoknOwledggqut;%@”~{T Co T
P

Y o i

A .
- . . . ot 1 - . s .
. ST T . . ° .. ! . ! . . ' . . . to N
v LU . L ] SO A R sl ~y ) o ) ) Y T

.'..-. o al-'.: | L | B ';4" ]@ '.. .:.&. . | | ‘-.." ‘.'ie.._ .v (1'"-
SR T T

bing o " 7.

‘ art of the ackﬁowlédgehent.rather,thah“as.paﬁﬁ*of;Ti [ _1'j
. . the responseli N T, L L S C
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'¢°' sing the SAR ‘mode] , seve’ai ariables chaﬂhcterizing the - .
'dial ghe can be identified. -These varjables, identified in - .
: .Eigure Z-2 fqll into "two: broad classes: ‘those concerned with
G'.~characte§ count, and ‘those congerned ‘with elapsed time. - 'The .~ *
- ..» character count 1s_ the" number of oharacters occurring 1n each L
o Message group component ..;~ S I :_wa‘ L 3-
*". ‘. "‘ x T 'J C ‘ ' ‘- ' .
o "ﬂf Each’ message gropx cqmﬂonent is delimited by two events -
o the arrival times of the first and the lagt charfacters: Using
éy‘j} s these two everts to measure elapsed time, transmission and delay..

fLrst” tharacter in.a message group component and the last
character of that component P ot 141\<;

w e e TlME B

S T ¢ MESSAGE GROUPI O

5 . STIMULUS ACKNOWLEDGEMENT RESPONSEI .. STIMULUS -, -t
- I T R 1 L oL T i L
: ( :j“ A lﬁ'if i Ty
el O s pal i sart o er LRSS U
: e LT A LR G
PR o gl .
- '-\,,' r[ ‘.',1 4-.'k " o - .'4_‘,‘ N ., : Q“
7 useR - i AN R S | ATRAR
o osvstem NI o
.‘. S . " \-\\ o N e :" N _._‘Y“_./, ’ . . T .' N . . .
) .- nCH n”‘ms e ».c’uAnAcfe‘nx PR «cuAnAchs o .
i T\ . - __F'i.guré';-_2~2'. SAR Model S AR
) | ,LJ o o I L T I
T The dela time is the elapsed time betwedn the last” SATRNTRR
.character,of a\message group component and the first: character of

<" the néxt compondnt (which may occur in the: same or the next .-
. . messmpge group).. . timulus: delay time is the: elapsed time between
o{)4%q~f.thevlast character of the network response of. the prev us. SRR
_-5~,v~’message group _and the first dﬁaracter of 'th stimuLus o] the,,"f”;
j",;, feurrent -message’ group. Aéknowledgment delay }me is the 1nterva1
© T h _bet eemathe last character :.of the stimulus? and the~first FEE
S .. cheracter. of the acknowledgment, whil rd@ponse delay thme islthe
4. %, “loterval-betwedh the’ last charaater+of the- acknow;ﬁdgment ‘and. the
O first character ¢f the Fesponse, Thd itfitervai. bEkiigen the last

tharacter of the st®mulus and the fi#s.“'ha acter‘of the response\'

24

. is the conventional defini,t:lon of T ey
SRRt S
b,
S o
, W"" ot o4 ‘
,‘". i _i-:}.

2. 3 3 1 Parameters Qf The SAR Mo el “'-%';"“:tw fﬂgﬁilﬂf;v ‘l”-'nff:f;:i‘

times are . calculated Transmission timeris: the .time.between the e
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H‘Jj:fT*.2.353;2':n91;t10nshrpsinm o
N Let the followtng notation beintroduged, as 1llustrated tn
.'..Fig“qre‘a"'e“ ST [ O -.'(\ . PO T )

ong SKA oo Paranerers, ..

mree

A Y

Sl e "Siimﬁiua~ch,raéter-count**‘-‘\y?" SN
\

. N
. . NN

- : SOV P P e - .
-Acknowledgehent charaoter.qount_ Sl o L
x . . ' . e ‘ ] o . . L \_' Love s

e

&
[ 2
(@]
) T
Hou 8

‘ Response character. count *.

Stimulus dela tiﬁ;i(usarfthink :ume):  Lo te T
qkndwledgemegt_delay time ...+ % v L . o
- Response.delay time R \
Stimulus tran¥mit time TR (U
: 'Acknowl'edgement transmit timef".Q.fj\&. no

) S

iR IR I |

S R

L

—3
)
M un

B .

S e o A hessggd group consists of a"étimulus-aéﬁnowledgeﬁgnt;f"
4. .-response 34tuple. ~.A conversation consists of an ordered- set of "
,’~g; message groups. . Let the_subscript_i,bé'apg}ied-tb'eaph_of the o
- . nirfe comporent meagures of a message. group “to. indicate the's;'f_“- e
7 partieular message group in a conversation, For example, Cy is -
o )khe-stimulus character count for the 4th messages group..in the
., . -conversatiton, . " . ~ , e e B S
-“n,J'- . . . s _ . L L ; . L . : L.

IR . AnalySes may"be pér}kaed aoroés”éonvérﬁétions.“ Let the LJ;?ﬁjg;f' 
o _'*_}additiqnalssupscript'i-refer to “the versation, -so that,:for . ‘.-
"'r ;gxampIe,-Cij'regers:tOche‘ﬁtimﬁlu;*gﬁghacper:couhtﬁfor}thezf'_ ;

RN ﬁ-",m_es_s'ag'e ‘.g'"'QP An conversatign j o . v T e
e B L R

. . L.

. o T A
' *_2.343.2,1\“fompound Delay JTimes - . Coe R

L TN e 2ertainother 1g;enciés or-delay-times of interest may be. ¢
,i“'-g;p‘qomputEdjfrom the.qix_basiqfdeLay-orwtrgnsqit,times.» oo IR

P The -stimulus-response delay time (corresponding to the delay:
R .'time.ek’erieneed_b'.termIﬁal.Operators frbm,the,completion'gfz&he LY
- - stimulu ~tofthe.fi'St'uséful.ok'qrinth§g1charadter of the -°= = =

.~ .~ responsé) may. be -computed .as:-l' N S

B e T R AR
- - . - o " K . R e "._‘ s . L : I .
' - ST T s e

b The;étimﬁlﬁs.iﬁteﬁgéfflVélﬂtimé_(cobreqﬁonéihgfgguhhe'ﬁime Co

_};rf:from:Qhe‘startﬁdF one stimulus td-tﬁe.start?of‘thé.nex%}'whiquvn¥ff

| mulus _ o
. Some-sense may be interpreted as the "duty cycle&ﬂxorzphg S R DR
o .int_:éra'ctive Aystem) may ?e.«'com'put-ed B I i R AR !(
Lo A <. e B s . ¢ :
’ a. 3 o r -
Ti T'Di +;Ti fiDi+1%‘-' ‘6)

! . .
'e . . =
. . .
.- - - - . ‘. ) B A
P : . . FRE PR ¢

- E ' : 3 .o : REERY SR ...-:j' . - & e L
. : _‘." I . N e ’ . L .. s .« R . N T
E Ce : . RN DN . . ) A RS ;o L : ' N A
oo . * . : . ¢ o ) - - .."' . . . [P i g . ) : .
B e . S - . R 0 ) - e . per ) , ‘ t ;
e e e S L e s g
W g G N v . . . o . A . R -t . Y
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- o e

_ That is,wthe stimulus inter arrival time is simply the sum N

,of the durations of the stimulus, acknowledgement and response '
portions of amqiven message group, or altennativelyf.the sum of 4 -
all the trans t times and all the delay times in a given message‘ﬁdt e

.;gnoup .i s _ T R

o \’\

- "The. total elapsed time for a conversetion is- the sum. of the
~'8timulus. inter-arrival times for all the message groups-in the = ... . -
> .conversation. -For a oonversatiq& with n message groups, the o ;»ff"

.elapsed tipe is S LN KRS

T | ¥ L ) v

e A e e e ;
CE =2, off - (7) 5 v
Vo i=1" . ’ ' .

2 3 3 2, P Transmission Rates - :@-3‘-' S [v' L _""'t'

o "'ﬂ' ) : ‘ - ’ - i
The transmission rate of the line or. the tqrminal determines o

the me‘imum rate - at. which characters ean be sent or reoe&%ed., ;*ij'-. B

_ . _ '..“ y
. cLet’ . L o 4
S SR _.x line transmission rate (oharaoters per seoond) :
L .' : P . -, v
‘\ Then the’ followi burst# transmission rates (measured fﬁ\m AT
.'the. start of the firs character. in- the stimulus, acknowledkement :
.or, response) can . be oomputed.; § o _‘, .;w LT
I SR LR R : D
QL }PRS': c* / (TS * l ) =.stimuius transmission rate- e
3 »'“5“ p ~(user typing speed) o e AB) -
© R = / (T * l ) =. acknowledgement - _-f ST / PERE
ok r transmission rate . . - o (9) e
R = / (tr L )~) 3 .response: transmigsion rate ©(1e) .
. e o IR ._’ oA
4 Average transmission rates must intlude in the compu tion = .,

“the delay time prior to .the ‘first character. . Thus, ayerage - ~ "7
. transmission rates are less than burst rates due to the idle time E
uhen the transmission. capacity iSeunused. Average transmission

"_rates can . be computed as follows ; :

SN ;7,38 = ca / L(D3 4+ T®) #x ] . & -.f]=-(123
S A LN ST SO0 B “;(13>

‘ A N T L - ..'.;

. “u . . . . ) ) . .

b ', o , .}_",_;i B ) ..~‘ e.ﬁ" . S :._us
oo e n, L . - K _ Lo e 0
R Note that the definit on of a "burst":n'the SAR model ‘ '_ . _.{ |
. cnrresgonds to the defimition of a "burst segment" in the data S o
stream model, In the SAR mod&l, interw- oharaoter idle bime is R o
; oonsidered as part ofy the.burstu';'_, | . SRy

, . . _ R
' ‘I
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e 208 Intgractivie AQtivity Measurement . ° . " i

o IR _ S - R T -
PR : Empirical research into .user charagteristics in .intérdctive
) - %-computer usage, such.as the application~of“the'MOQQIS,JUSb - ;
.. ., dliscussed, requires a ieans of coliecting_datafab0ut the user's

v .. activity ‘at the terminal, and perhaps about :the:activities of the -~ . .
* . computer as well (as. least insofar as they affect the user). The. =+ &
. .. ,basic activity on:the parttof the user 13 to epter characters by . . =

\  ]_Lméansgbf‘keysbrokes; 'theﬁgompUter:tnenrresponds with characters. .

. ;¢ that afle. either printed.'or"displayed; -finally-the user N;ads.thei‘g;
:;g-_-‘Jfrespdnse"andlbegins.the?cycle again Hy"enteringimore_ohah,qtera;ﬁw o
SR R S . .o A e VR
oo ~ The User's activities Tould be measured-and recorded e
- directly by.a number of* techniques popyflar in experimental S
“ :psychology. These include observation by a human experimenter C '
... Mith a manual timing device (such as a stop watch) and recording
" by film or videotape with a timing.track or split screen image of
- .the“sweep second. hand of a watgh, Such-techniqueq,»however;'are_
.. cupbersome to Use, .subject to - timing and transcription errors
and generally unsuitéble for obtaining a. large volime of .
‘measuremén}s. e E - A

’

) . . E . . 'v.'.'; . ) o . ..“ .‘.* ‘ ’ - T " . sy A
.. ‘Stmilarly, the activity’dfﬁthﬁfCOmputer'Systém_being B v
A ;';exercised;éoulq,be_meésunédrby'a-variety of internal regording = . " "
. 'i#}...techniques;}gengralfy_requiring'Special,software running on-the - .. .

L ~ -same -system, This‘introduces'thefproblems-of‘providing'thng”‘r IR
‘.. ‘80ftware for each com er system to be measured, as well as. -,
o 1ntroducing possible Pertubations ho the very system being - .. -

. measured. . L L R

20 o For'these reasons,.a general, easy to use, automatic : >
“{zw'v-recording-technique is preferred which can be applied to a large"
number ‘of subjects without’ perturbing either the users or the N
- system they are using. - Thi% goal can. be achieved by focusing the . -
.- measureMment attention on the\communications line between the . - Y
. user's{terminal, and.the com?%ter; R v e C

. . .
... . - WNen keys are struck by the iuser, these are electronically - :
b - encoded into an internal digital "representation by .the terminal, LT
"~ .+ .. This Sequence of bits 1s then transmitted serially down the line . "+ o
'+ to the waiting computer where ‘they are agsembled back -into the -
I 'originalfcharacters . It ds relatively easy‘to construct a.
- ' passive recording device that -may .be connected to the same o
o , oomﬁupiaat;onsycircuit‘(simila 0 -an extension telephone) so: L
"“that‘it_receive3<théisame'signalsfas'phe“destinatfon terminal or . - .-
v -eomputer., With pro er'synchronizﬁtyon of, the measureméng e T
., instrument” (requirigg sknowledge o{"@e-pr'otoqol-_-and. transmission’ . -
"'jate on the line), fhese bit sequences magbe recognized: and . '
““recorded as characters, Along with each ¢ aractér can be, : - L
- recorded its time of . "Erenoe_(accordihg”to some clock in the. - ' .

... . measurement instrument) §nd the source of"thg.charagteh_(uber’@k“ v
: 9 . 'v computer )(\.'. . - R . © - . - . " . .‘ . e e L - ,




..oommuni&btions ling 1s

7;-Standards to.record interadtive conversations transmitted
.according to a start—stop (asynchronous) terminal protocol

- this dtssertation.
the. subJect of the next chapter.

d ?* Jote that the propagation delay intrqduc

. oo o L
P R 7 "
] - . . - C A \
s . " C i . X ) S > e

4 o‘l . o '-.. " e ’ [ )

g . . o R . .‘..

Considening the seg dewith—which characters ‘are encoded’ or -
e terminal, the time of defection on the -

printed/displayed by t

entirely- adequate for the desired purpose,
and -the %iming relationships between succejsf%e characters is
‘preserved. exactly ,* Furthermore, such measurements can-be made by

such a measurement instrument has been designed and .
constructed by a group of researchers at the NationallBureau of

(Abrams, et, al., 1977). This. instryment and its- supporting
software has been used in ‘the collection and analysis of data for.
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by certain types of
.. /communicationg systems may influence. the.cfoice of, Where the
e measurempnt instrument is attached to the .

ircuit

~a passive connection to, the line without perturbing either the -1;’“
- user or:the computer system, and the same method ¢an' be used’ for

“any computer system employing the same speed/p otocol for whioh
_ﬂjithe measurement instrument is engineered o

-

This data collection and ahalysis process are
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. I -the*phevfdus<qhaptefﬂwé;disp053ed‘the'nqgﬁ for empirieal ..
measurgment of 1nteract1vé'Maer3'aﬂd systems,_queloped a model .
. on whikh 'to base this measurjement, and expressed the need for§an-..
automatic, yet passlve,fmea,urement-instrUment,..In?this chapter ... -
- We briefly describe the ins riment meeting these requirements . - .-
‘that wasgused in the}colleg_tqp;of'data=f0r-this study, the - 7
- .,.1nteract-yéhenvironment-In-whfch the'@psbtumenbfVﬂe-appligdyjand_ SRR

. the't%pgﬂandvdﬁantityfofjdat@{@011eqpedyp*___m¢_: _ ; L

E 3}1; Mea$urément”Insbrument‘ Lo , S
S -~ The measurément instrumehtWXs a-combination hardware and . I
o soggwdre system consisting of a data abquisition'deyice called - - .
"% = the'-Network ‘Measurement Machine (NMM) .and a ‘Data Analysis Package == .
...+ " (DAP) fat* gener tiﬁg-summary'repoﬁts.' This_t6ta1-system---fthéﬂf o
' T acquisition system and -the DAP -- is called* the Network ~ =~ " .
‘Measurement System (NMS) .- This system was developed at the :
) National Burea of Standards and is deécribed;in'detail'in~a S,
number of hepo?Qg;(Abrams & Cotton; 1975;  Rosenthal, Rippy & -
Wood, 1976;-" Watkins & Abrams, 1976).  We only present enough of
~. % . .o .a summary here .for-an understanding of the capabilities and = “." =

" Climitations of the system and the. type of data collected. - "

S The Network-Measurement*Machine_(NMM}“ie*implémented on a "o
ST mini-computer employing both regular .and special purpose hardware .
;f) © .controlled by -a specially written seftware system, .The regular P
i . hardware - ineludes the processor, an operatbr's console, disk and -
~magnetic tape Storagé,'th~pn03rammab1e clocks, and data .
- \" “communications interfaces. Special purpose interface' hardware is
o+, employed to#connect the NMM to the interactive system that is to -
T be .measured. - . - o e ' -

v o
T . . .

) 1Data are'not stkucturedgorﬁanalyzeﬁ'during'achisitionp;~ N
_'.,Hathcr,Jallgéharaéters_are'identified-7time—tagged'ahd~wfitten on' .
magnetic tape with'other_pertfnent'ih?ormation for subsequent * o
7 analysis. A sequence of.interactive sessions for 'a number bf [ v 0
"! " o different ‘users can be_recorded_on-the'game%tape.‘ Sl e o '

-4
\d

e T Onde-recornéd,*the'dataaaré processed. bysthe DAR on a large,- N
I - - general-purpose computer system:  Briefly’, the processing proceeds ’
as follows: y The multiple conversations on tke tape are first. = . ..

- Separated into individual conversdtions. ' Each convergation ‘is . 7 b

~then scanned to- build a-siructuré.file.which.containsipointerS'tof@ o
. ..the user and}compyter”system messages with their res ective time. =~ . e
- tags according to the SAR model. ~Different groupingdiof. the data * &

_ (e.g., by software pi oessorfemployeqﬂby the user) can be noted ° L
- % dn’the structure f{le. Analysis of a set .of data yields %ﬁstri:'f

' butions for up to fourteennaeparate'parameters of the SAR dnodel -
Plud Itne. utilization statistics, Conversations may be apalyzed®

- individually or in aggregate, rebortsjgenenated,,ahd“a file =~
writtentfor.agditionai_data.processing by ‘other analysis programs.
. e C g e e T T e R T

v
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SETIE P ok B Networ%

:_time~tag selec’

fprocess consist

' both: standarrd ‘abd -specially ‘designed. communications peripherals . ' R
.+ -and-related equipment. For detailed information 'on_the oM, “gee
TR Rosenthal Rippy & WOod (1976) : LN

-fuser 's- terminal lind. the . co$§uter._ Thus, no - modificationsowhich
o to the computer qystem A o :_o.’-

:'system can be ful .
" -two-way simultane us).. Therefore,.it was nedessary ‘to provide
.two ‘separate inte faces, each operatihg in meceive-only mode, to

. “capture the full uplex data’ dialogue** .Each such pair of
..interfaces and th

ﬁ_hardware for insen

.. control signals iny
_..3ets ‘the correct o
'\_,nange of 110 300 bp

'fqand mangge the. resdu
'w\ﬂThe NMM software is ah interrupt driven real-time operating - ' "f'\f

" ‘routines for t ',stan&frd and - special purpose peripherals
R attached to the system: .

‘the present tnvestigati
“ withh which time. tags ar:

'-'..-'.-7-—-__a-~-e-~-'~—'-'~e-*' _ o " e e e ' B
_the systems used'for data ollecuﬂon and dat analysis and the

"-imply gny en

"‘?complete 3Scrib ng the p rformance of ‘the stud
T,St dards.. . L

'into the NMM as descriBed her¥. This-capgbility was not .
‘requiped, however,.for the app@ication of the NMM'in Bhis R
|, resefreh (sée section 3 2w L S

The - purpo e of ! the NMM is to record, characterizo, and o DN
ded daia ditalogues, for subseguent apalysig. Thé . - "o

'required for. thi speciali dqba acqu sitdon ';fif' i

of a. minicomputer (DEC PDP-11/20%) employlng I EER

hardware "syste;

The -NMM don ects to the communications line between the :

DN

might. perturb. thb interact®ve process are made to the terminal or -

Ln general ata traffic between ‘a terminal and a computer
‘or: half duplex' (i. e., two-way alternate or .

: associated Specialized interconnection s
ning the NMM into a selected data path is =~ = . _
‘h a: data probe., Each data probe 1is "invisible"
ﬁ gue with respect to the data,'status, and. .. 7
olved. Speed recognition software in‘the NMM 4
rating speed of program-settable (in the: S

}) interfaces during initialization. : _.u.,h”.:"“

. The acquisition4§ystem tself requires software to control N
ntes of the NMM --‘'thé data probes, the data._
recordiMg device (ma@netic tape), and the aperator's cdhsole. -

system incorpo ating various ‘device drivers and * interrupt senvice

.
Sk

f the NMM as a* data collec on'device for. R
n, we may be* e®ngerped about the accuracy- & .

.assigned  ard: thusf%o which -statisties At':.»\ .
can’ be gomputed In the\'software, a Data Probe Interrupt Service
Rowtine: 1dentifies, time»tags, and- buffers communiCations B

Vd . . ) \ . . y ) - c"

Regarding the uSe

s
e

* The identifi ation of. c'rtain commercial equipment including

bsdred,,is for, the purpest of " . ‘_5 .
% -and” does not N P
. part bf the National Bureau of T
\ L ‘ "
\ .. e . .

** The qapability to record fbll duplex conversations Was built i

system that was* a:ﬁually mi

rseent on th



=" interrupts, f The time-tag-clock r%ubinelservideS;the‘crysgaluw L

... ...~ controlled &lock used to provide-24 pits'of timing data. The -

:7;%&m%gloqk‘counts at a'10-kHz, rate, providing an ‘interval timer with .« .

i ;1QO“mrcrdseeon&mngso1utidn}.-HoWeVér}_the time-taggnassigned to =~ . . e

' characters are only“degurate .to the nearest millised ndb-dﬂe-toﬂ:'“'~ﬂ{ .
Ja.Critical mon-interrupgable tode i the .seryice rc‘a\gt‘i'ne-»( Abramg, -~ - Tl

o ’fffep,;qﬂw,.1977)}m_Thus;[whén~the-data are analyzed ) statisties.can "~

t.. .. 'be computed tHat'arevaeeuraté!ta"atnleast.the”nearesm.hUndredbh S

w4 .0f u second; " in fact, most statistics.will-only 'be presented te.

- the nearest penﬁhﬁof'é;sqqohd;~31nqe-fﬁnér'differences.gq ndt',T},j “f
J-l-seem-relevqn;{in:an“eny'Vpnment involving-hhmanlusers; , '“_l1,“__{,

- -‘.3:-1:21_.Df!-ta:-.An'al-yf.i-s_"~Pa°-k,ase'--. ST g o .

’ R ’ ..' ’ - y :'. E ) - B ) e, ) . '... o '.\ ] ' .('. e .: ) . :
.00 'The Data'AnaLysis{Rackage:ODAP)-processes the data”acquired - . - _,/J
* - r.by the NMB.  Individual COnVersations”are'Tsolated'fﬁom_the.data N 55;:§__

. C e .

- bape’and ‘summary statistics are computed for .a number of. . .- .
', 7 parameters of interest.. The DAP permits data to be rouped in a.” -

' o.vardiety of ways, both within-and-across-cqnversation'.g'Foﬂt_;:-';f'
‘detailed -information on the DAP. see Watkins & Abrams, (1976)., =~ =«
G +The PAP is implemented .on a Digital -Equipment Corporetion . .= .
4w BECSy$tem-10. 7 The magnetic tapes recorded by the NMM “are PRI
e trangferred to the ‘analiysis mactine for thi§=procéssimg;';{he\uai_:_w~’
f{‘:rhpﬁgc§§s1ng.0ptionally produces formatted data files: for .°. YT e

-+ v additional analysis by more sopﬁisticated_statistidélgpackages.-?';pn'V

I R

. 7 '~ Records aré:dgdered“on'tﬁe;magnepic tape in the same _ o
' sequence as they arrive.at the NMM,- Each NMM-generated magnetic: .
" tape mdy aontain data'acquired,bnwone;or.severab.déys'of NMM. - "o
operation; .or .one day of operatiom.may produce a multi-regl .: . _
filey In any chse, the DAP creates an ‘indepghdent file for eaoh
indi&idhal[qonVérsation represented on tihe.tapes with a numbering . _
" . . convent on" that reflects the'déy'bn_whidh.phe'conversation;was ¢
‘ ;_'Tecordeé\' The data in these files are then fit ‘to.the gnalysis

. . model,'after which the stabiStrcs"mayjbe;aggreg@ted.acrOSS'sebs :

_ of Conve.nsqtipns\. \_‘. - e LA O .,:..- - o N
S A O ot LT e s
N LTS T TR ST PSR RCE T O

o - .The DAP uses thépstimulué~a¢khqw1edghehp~response.(SAR)f.”' ST L

- model discissed in Chapter 2 for stfucturing thg data.’ The L o
- kystem outpyt must be tested to determine the pFesence -of atia; > - "'*
‘t,abkngwledgmbﬁt.;~1t'8hou1d-be-nOted’thaﬂfdifferentiatiOhﬂbetweb

oo #apknowledgment. and response’ist semantlc ‘and- time dependent , tha% ‘
.+ some‘computer systems 1ssug.no acknoypledgmenty, that some! systems .
T ane ihconsistent ig their acknowledgmentyi ghd that .in some cases
_-d*he_ .a¢.kn'ow1'§2d_gme.nt,'»'co'n.s“ti;tubzes_‘»'.\(;\he only, refponse, . DT
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S WO algorithms are used in combination to determin im : R (
. ackno ledgement is present., . (At the beg nning of an‘anglysi
. session) the analyst using” the'DAP has: the dption to specify - ‘..
- which. of -these acknowledgment defi 1tion i3 te.:be- usep or to- . . - ¥ -
... +specify a ‘new. definitibh)* The- fFrst a?gorithm is based on: L S
. timdngoinformation. r If a dg}ay intthe network.output is-- = '
-+ . encountered. greater than a fixed multiple of the character 'P.#< Lo
5“:,.duration, then the output is divided into. an acknowledgement nd.: / o
. oova response The default parameter lS set-at 50 character: '_"_y:-
"Q;_.:;Tdurations however, the- analyst may redefine this parameter._ =
e The second algorithm defines the existence of an. r-; - S
SRS “.’acknowledgment based on network output- beginning with. nohprinbing R
"~ ASCII'control characters rather. than printing characters.” All -
EE ]*\nnonprinting characters/occurring at the begiﬂning of network.
.-output’until the occurrence of a printing character arg..
~~ considered . within the acknowledgment (except :as’. previously e
‘. noted, that iff Such non- -printing characters are the only system.
. 'output, they are considered as the response) . : ;{
y P ¥
o The hard - copy representation of the conversation is tha% of
" the SAR model, ' The format. of the printed,record 1s given in. . ‘Z[Q
o Flgure 3-1,. Each message group in the conversation-is subdivided e
" into its three components, ‘and the-. characters belonging to @ach’ '

-.-*.;'%ne of. hhese components appear to the right of'the corresponding
. Tabel. - :

O

- PR . - . . . ‘- . .
; R ; . . - A

;1,T;:'ﬁ't . Gontrol characters are. optionally repreSented by their'ﬂ ?'.j'f‘&'
-°'“':g5*]standard abbreviation: ‘emclosed »in. corner brackets.:: For example, .
"y .+ a carriage return would appear as <CR>. -Multiple€ occurrences of -
... . control charac}ers'are igdicated by printing an - asterisk followed
e - by the . count o repetiti followed by a closing corner - ‘o

. bracke ,-.For example, sefeh 1inefeeds would appear as: <LF>*7>
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% A third algorithm available in the DAF (bdsed on a- searc‘ for

" 1spec1fic character strings)' f8 not used in this study,..» S
.. . R NPT S
’ \ . . e e '-u'“ . . - { -‘ ‘ Lo e e LT
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'*;JCONVENSATLON chono op FILE u196#1-11os HDX 1

B
b

<S=STIMULUS R:RESPONSE AaACKNOWLEDGEMENT, ExECHO) ‘

* . 7' 7 <SDaSTM LY TIME, ST=STM XMIT TIME, SCsSTM CHAR COUNT, ‘SR=STH TRANS RATE> *
: 1 <AD=ACK DLY' TIME, AT=ACK XMIT TIHE, AC<ACK CHAR COUNT, AR=ACK TRANS RATE>
ME, -RC:RESP CHAR COUNT RR=RESP TRANS RATE>;‘_LZ

=" 8 _<RD=RESP DLY TIME, RT=RESP ~XMIT
.+ "XSRD=STM-RESP a%r SL=STH INTER ‘ARRIVAL TIME> | _ o

TSI L XXX S SRR I

R A' :

‘R

&

<CR>(LF5“2> 5

—_— — =

0- SC: 63 SR
: '?_,'.AC:' '~ 3 .fAR:' 1
1.8 RC: . "'51 ¥SRR:. - 2

. . . .. .' . ‘ - . . l. . .. .‘ ) _.- . ', . B ‘.’.
;RECORDING"TIMEg MQMDAY, JULY.15r—494#>9:oaAM-EDT~I } -
; N . ) - s -

S T

~ @RUN AAAAA BBB CCC Z(CR>

5.2 L E o
A2 " LCLF>XCRY » v P

s DATE: 071574 <SP>“6>TIME o9o315< R)(LF><DEE>*
L SD: bl USTi. . 13 2
e _AD: - .036 AT: .. 5,
", .- "RDe l_‘ Q.2‘.~.RT:,.-- 1.
DU " SRD: 6.1 SL:il 28,

31, SR: -

mtaouu

| _RC .33 2

U833 eED,U- ELEMENT ELT1<CR>
A3 KLE>XCR». e
g

ED 13.00- 07/15 09 03 (27 28) (SP>“2><CR>«LF>EDIT (SP>“2><CR> :

LY KLY
. . 8D . 0.7 ST o,
A Y I 036 § AT: 3
Doy -Gk 0.2 RT: 1
1

6.
0-  AC: . * .2 -~ AR: .. 0.7
e SHD: - - 3.3..0 SIu 21,2

. RC: - 2 - RR:. 22,5

L OUTa<bn> SN e

. <8P>#9>y <sp>~730ur2 <SP>*3><CR><LF>101' o
.SD: T, ST: . . 2.2 SC: . 7 "SR . 3
AD: ,oaé AT: 0.5 AcC:, .2 - AR:. - 3
RD: 0.2 / RT: .-, 1.2 " RC: ., 30 RR:; . 2b
SRD: 0.7 'SI: tal.e .. o AT L

Sl

. N

' a-{f_ ::'J _?; gpigure;3;1;;sghp1g”condrshtIOn'Recbnd J

L 4

L e

VAL 1108 ME/SHARING EXEC KSP)“Z)VERS 225 UPDATE B(CR) .

B 2.3”-; X
: - '\ AR .. 0.3 .
8.9

g

“sef .19 SR w1

S 4 R
Ay <LF><CR> -~ T T T
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3 1 2;8 Basic Statistics -l" *.'ﬁ' -x;-} ;

.the -NMM constitute the measured” data. - The DA
jcmodel ‘result
iﬂmessage group (see section 2 2 3 2)'

ot A
o ot
Bl C et R
RN
- R . .- ,

o -
14
-—
.
‘/1.'.-\‘:. ;
-

es the SAR

. The characters with their ssociated tim tagilobtaiped py
gzapp
1o for eaoh

ng-in the following basic stati

. . . .
.

'J;ﬂ' .';j{f,;;,jStimulus charaoter count (CS) . '”"'~;¥C.'f"f;.f

‘Acknowledgement character: count (Ca)

~ -Acknowledgemeht delay time (Da),
. Regponse delay time .(Dr)’ : _

v .Stimulus transmit time (TS) WL
'+ Acknowlddgement transmit time- (Ta) -

?-','_.-*-;Respon transmit time (Tr) ST

+ (. e o
L. Lt . e . X . A . -~

In addition, the - follow1ng parameters are computed based on

"the'arithmetic relationships givenrln the indicabed equations in_.~

”_Chapter 2

X ig_f'-”-'Stlmulus Response ‘delay time (Dsr) -3(5) T '
© e Stimulus jnter-arrival time (Dfs) e
B M:-jsuimulus‘transmlssion rate  (RS) -~~~ - YB) ° .
o4 L Acknowledgement transmission: rate (Ra) S (9)”
S '.Response transmission rate (Rr) S (10)

.possible for an interactive system to "crash":at
Sa- conversation. -Such events produce distorting data. To:

o R

The intent of this research is Jhe measurement of activity

ranomalies;  therefore, it-is reasonable tg elininage outliers for

o tYpical of a .lser/system dialogue, not the measurement of. \ s
_the calculation of the stat1stics. " For ‘e ample;, - it s possible‘

F an on-line nétwork user to become distfacted by and involved
an _activity totally unrelatedto network usage also .
sny PO

ecognizx the presence of ‘these data,-upper and lower limits are
ese limits dgtermine the standard sampling: interval

K
'ggta must: .fall 'within the. interval to be considered in. the. -

"statistics .computed by the DAP.* The lower limit for all
,parameters i3 set. at zer®.  Table '3-1 contains the’ upper limits-

for the nine basic and. four derived parameters which, gether
with the lower 1limit &f zero,- defines the standard Samp ing

intervaﬂs for these parameters.'

3 L A -
. \ ‘ - ’ ; /¢
: AR | B I . . L
St % The file wrét jen- for processing by otherh”statistical routines
B contains all data, 1ncluding omgiiers, e e
, | . | . . L . e ‘. ;1_7,, » S g . » “ ;.\ . |
L N R e /..m Y, o
RIC - | ,

S :ﬂjResponse ‘character count (Cr) o e 3 e
ke T ‘7" Stimulus delay. time (DS). AT

nt duringt:

/}.-"




1e N e . \ . e . b |

SR  Paramefter U T Mt upper Limit -

S R IO TR AR S EE DRV Y R PR
8 . ’ ""-' ' ‘ . e d LN _ - ’ \ S : ‘) . . O ! - S T ! o
T o e . ¢ A e LN v . | - B SN . '-_ :

e
.

- ) , S R
w7 Stimulus oharacter count charéﬁtérs'“éo,',3~_ Co T
% ... Acknowledgement character count characters 60 S
"+ [ Response character count- + - - ' characterg 300 . . R S
- Stimulus delay time = - - = -7 seconds . 60 . .- T -
'7'.Acknowledgement;delay time' .- .7: ,-seconds ~ 20 i ... rl‘u oA

'

" . Response ‘delay time Dt .. - secondsi:it .20 AT S

cpTt o Stimulust tradsmit time : . +Seconds -:50 .. = .- IR

' ";f’ACknOWlSdgemenP-trhnSMit time- ~ ;" seconds - 15 . ., .

«:- . .Respons® transmit time . | - “seconds, " M5 o0

“,.-g'-;Stimulus interharrival,time'-l T';-quondsf‘ 3000 ﬁ":f

b7 stimulus transmission rate .- Loepgk 10, 15-0r-30°
S Qéknow1edgement transmission rate eps . 10,15 .0r30 . .
‘fesponse transmission rate - gps. © 10, 15 or 30° ¢

LR = o : 'Table}3s1V?RarametérUUpper;Limits.”
& . : e , e ' O o T
. _‘ ’uByfdividing,thé;staddaﬁd*sampling'interva% into a-number of. .. .
AU subihtervals.it_is_possible;to_charaéterizefthegdistribution.o{;:;aﬁu: {,:
Calei the Tdefrived parameters by counting the'nUmberuof.bCGUrrendés.ofgaa'gn L
.parameter value 'in eachﬂof'the_subiqteryals. ‘In addition-to the *
u .,mﬁ:‘histograms,.statisticalumeasures,Of the data including the mean, . . .-
~-“'“ .- Standard deviatioh, median (SOth_percentile),.and:theaQOthTén§5~_ﬁuu,
.Lu.'ﬁ_=~95Lh.perqentilas'afgﬁoomputed«'-='f£’ T S SRR,
v - The pninted"outﬁutfﬁor:eaChfqo'versation;analyzed1can R T T R
- ‘-,:optionaIIY,fnclude>ény;of.thé.forlo ing: -statistics for selected” . °
- SAR Mmodel parameters, histograms for\theje parameters, a . . LT
';w;_:,lcohvérgation summary..and line utilizakio statistics. The S
 i'summary begins with g'reView‘of the' stytistics associated with SR
"each sele ted parameter. The speed of ‘the connection.(reco“dedr'fv
in the coifigUration record), ‘the number\ of occurrences of ...
anomalous’ data. (values occurring. outside \the standard-sampling -- . -
.+ .interval), -and .the total.time of the.conversation are printed, -~ = . &
© * _.The line wtilization Atatistics summarize t e activity on the - - - -
S oommunicétion'linerver which the conversation took place. -, All
_ characteh$?are-genehated_byﬂeither’the_user ox the network; .
-.further, they are either printing or nonprihtikg: A variety #f e
bercentages relative io these character groupings are calculated = " ..
.WhithSerye”as-ajpan;le]describing usage--of a connection, Voo

: f?f;'[Comm!nicétiphsﬂChanhel-utilization;issrepresen'-ddas-thgf.Fﬁ-ﬂu‘

~..! percentagd of actual use relativeﬂto'théfpotentia1~us=.c'de‘;, SRR
-~ . measures. of utilization are. iven. - One defines ‘the potential. . . - .t

j'time!intenval'as?beginning} ithﬁthe”fifst_character;of a\message-. - ‘

. sent by the sgyrcesdnd ending with the last character of hat- = :
.. message. Thefother measure incorporates in its cglculatismof -~ =~ .- =
© . the ‘potential'time interval the delay time imposed by the sowrce '1~‘k~ |
These_sta.istrcs,help to indicate if the user has chosen .an. -\ - ° o
' unrea11stic_connect1on'speed;:,;_ S Lo _ o

Ca ... ’\\ . ] . - T ) ] i L ) . . l;-. A \»_.
N L. . S - .
" L ) ; ] - - ot o ] . o0 . ) ) . ) RS \ ) a




"'i‘analXSis 1s crdated ™ The analysis of multiple °°“V°rsati°"${i8

.. that'a

‘1iﬁto logoff. Many.other sets df meSsage groups can be defired.
-~ The set eoncept may also be eitended beyond "the boundary of a P
'~ single conversation, where the upper limit is the entire data ' -«

"",fconstitute a subset.- There

s A summary file which contains‘the frequency distribution
- array for the standard sampling interval obtained- from the

. -performed. by creating;a composite’ freduency distribution by
.‘totaling -the contenfts of the grouped frequency counts.in the
summary fdiles selecﬁed.. Such‘analysis results in the:same: type
s off parime‘)r statistics, histograms and conversation. summaries

re prdduced for individual conVersations.—_au'

R 3 e T e L Y Lo

.- N . - h et o . vy, T e T A

The working unit in the interaction between the user and the B

'“system is the' message group, which may'be considered a‘'’
Jgeneralization of a. transaction. .: Employing set” terminology” the
"_conversation 18 the ordered set of alil message groups from logon

“-base obtained by the 'NMM., For example, -when all of the usage of .

: . a given network during -a- period of ‘time such as a month.is R B

',considered the ‘set encompaSSes multiple converSations. e \{'7ﬁ"7

'1,e In the present context the interest 1is in sets which

foencompass less than a .conversation. Message‘groups may. be _1* T

Aidentified'according to the functional "objective with which they :
.are. .associated. "'For - example, in a programmin environment the-

- use of the various ‘language tianslators, thg* ditor, the lihkhvgo":

'loader, and: the execution ofidebugging tools. could each

s no requirement that the sué&et
ﬁdefinitions be mutually exclusivea- e oL f

Subset 1dentification makes it possible to, take various'

"~ samplings.or cross segtions through the data base, depending upon‘

“the objective of the analysis.- Using the editor. as ah ekampl

if_:it is possible to identify ‘what percentage of the message groups

"or the elapsed time 1is spent in the use ‘of this resource.. It’'is-
~also possible to limit the. attention to this ed1t1ng resource  and

- to. perform ‘all ‘of ouy statistical anéﬂysis on it. - Subsets may be -

‘identifred mahually or Ry spécial: ‘proograms. after. the struecture .-
‘file has been built aceording to:-the SAR” model . A831gning a .

mesgage group. to a subset is accomplished by setting a bit in a qﬁ‘

E "subset mask word"»in the header for-each message group

. LR

-“The statistical routines d%scribed earlier are available for

ITOperation on the subsets. " They may be applied to individual .

. subsets or to logical combinations of ‘subsets. Whén ‘subsets are

"_fanalyzed, stattstics are aggregated for any mesSage groups.

: designated by the proper bits in the ‘mask word. Summary files

..,-.-..----'.--.p’uq.m

. t . .
.. - L e - . ... .
.t Y

% This'is pot the file :optionally rproduced foruipfa e'singi by

= other analysis routines._;'

e




© _{containing the frequenay distribution array) aré:created for - i, L
jeaehﬁsubSéb;(or'1ogicalacomb1natibn-pf"SuQSets?fso that subsets.. - = -
. . may be. aggregated across conversations.. Fiieaquhtainidkﬂan';1;;_.'ft; N
.array-of all the ihdividual parameter valiues for -each qualifyihgﬁg‘"y_i-,
- message group maywalso3beforeatgdﬁfor subseqhent_analysis,by'.' .
- other .programs, ' '.v v g FTE TRAOE RS .

. . Cel kN . . R [ .. e L . . . . .
WA . - .\. T ' EO. o : T v fb : . .\. o e e . . '
Ul T e R SR | I O
1 .. ’ﬁ"'_' B -t Bs SR . e . -.' '. ) DRV : g ,“n..u.', i, I R .
nH . H . :

+' groups, eithér within a single conversation or<dcross -

the- DAP, but was requested ‘by-the author:for additional - - -

o of-mea&age-groupﬁ;forwaiQh:values-have'b
'~ .data have beennwrittén;innqgthese-filesgjbhere'is no way to

f,jg -ﬂSewéra1'foutinesLygﬁé wnitﬁeﬁ-by_bhé,éﬁﬁhéritd-mahipﬁléheTfnt .
~these data files.: One"routine.simply computes ali'theﬁcumulative;;l

3 3. 1.3‘-\«~Adq1tion§1 PY‘OCG’SSing"' e - /- A.\;'...:,..__;j el DR

relate “the Yata back hQ*the.specifiQ.cOﬁVehSGtionawhghefit S
origimated. . - o0 - 0 00T TR T TR TR ARELE R

‘percentiles from'5g to»95%'attS%}inbervals,;for'Selqugd_' o -.'i ;,T
parameters,- . Another‘routine\permits d&téggp'beftrimméd'at~' S e

.t EE . b - - AT Lo ot . . . N e,
el S T .'_\ R T g o N A R .
AT Sk L SRR ‘? ) L A i

,

Tt
- - '[}.-

. . R A

<, " o b e AN

YL R B T I C IS . o
. Whenever “the DAP”are used. to. analyze

‘ E. . o ',’ B B " "
@ set-of-message . - © . P

oonveféationégﬁtotally-or by -subset), all.‘the values for.the 14 ° .
parametersﬁﬁor.each‘messége'grpup'ban=qptidna11y;be-writt@n into

a filew This capability was*nbt'included:ﬁn_eérly'veréiOnS_of' S
fléxibilityfin:anéiysiSl-:Thesevfires are:very simply~formatted,j.ﬁ
and may be- viewed as data anrayszof“]N'er,”Where-N~is;£he*nUmber", ‘
' : éen computed,... Once the . . . °

)

, A T
. e B T E - .8 oL e,
LT . ,- . “... . S o

J

.-Specifiéd=high"qpllow'yalgesh or both, pricr:to these percentiles g{'_
“being computed, ‘This routine, permits all the data for a messagéd. : "' |

- group: to ibe discarded based on triTang”any’%ingle’parametef}' A
. e . . 'A N . . B ) \' . . Y . . .

A .

-, ‘One rdutine[waS'writtenyto:gompute serial or

cornelation'coefficienﬁ§ (See section 4.1.2) "for,a o

1-the

“'Paramebers,of a.set:of daﬁa;"This'houtinefalso'wroteftheéé'ﬂﬁ'n:?ﬂ"f(w_
. values into-:a new .file in¢th,-§amé_fbrmatx-_This new file (of . S
“coefficients computed for.sets of data) could then .itself be

- analyZéd”bq_détermingvthe,relativaﬁdistnib@tiohudﬁfqoéfficienfs}_ ' f;f-

outines wére'writbénlwhichfserved*as;5 

o Finéjiy;’pwd.r 3 } X
interfaces to library programs for the:Mann-Whitney and .

.jKOlbmdgorovfsmirnoyﬁéﬁatisticafftests'(see_sectionfu;2)h. Thgsei:“f*”

;inteqﬁace-roubineS"paSSedidata'tQ”the.1 brary programs in the ..

- 'DECSyStem 10 compu

: AN

.o .

proper. way ‘to ecompare two distributiogsof a single paramety, . - .-~ 7.
and printed the test results, B C T N T e T
. Al¥ of these. rograms ‘were written in‘ FORTRAN .a.nd_.'-<jr"uri on the -

' @en in'the.1n§titu€é'fon'ComputerrSciendesfapdarfnj;
Techho}o@y\df.ﬁhe‘National Buréau.ofiStandands.j_Théy_haVe been -
used extensively to prOCessﬁthe;data:dollectéd-in‘thiSLStudyaand
to prepare the results presented'in the following Qhaﬁteréjh.~kﬂ,ﬁ o

ST SN S S
L SRR S » »
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T F_B 2 Idteractive anironment L Tﬁﬁ“ﬂﬁmf e
) ,/ ... $~ . ‘ % o o et . . -'-v‘:‘.’.‘-',- - ‘
P CAIR the Kata " collected ‘tn this etudy . were dn inﬁ¢F§é§1V9
Y B usersaof‘bhg cantral Univac. 1108 ins@hllat&oh Jat- the ‘National . -¢J;ﬂg
‘.4 ~Bureau .of $tandards in .Galthersb Marytand . Thid syaten o ot
L qppports both the. Stientific and aqﬁﬁnistr"_
T . negds’ of "the Bureau, Interactiv&‘ﬁermina T;‘.:ﬂ
\ v systemonly in'hdlf;duplex mode,, - at.; speedﬁ Anit !
L7 300 bitseper.second (bps¥iK Briorito 1974p Fin e
c® o+ pre-set for different diAi-in lines; "in mid=- 197“ a; ﬂrontnewd"
] *;Iprocessor was installed thaﬁ Profided'ﬁp ed recognition Arom.

__"Z{_'g' In order to eollect data on- user of thisﬂsys em,"an
gAgéfi;éxtension telephone lbqg conneoted to ' a dial i por w_f
S Univas 4108“' Tnsbdlled atithe. site of the NMM.(Lany .
""a‘;#ﬁmbuilding) : xtension 1s ‘termiriated - by -two modems oper tin
;‘3-in receive-gu bdie; - wined - to never discpnneét ‘(hang-up) . %One:
_ st appedto Always demodulate the high band’, the. othér
‘.,fg?*to always .emodulate the low-band . ¥¥ Pata- 18 accepted by the NMM.
' . Whéh ; the‘carrder s present-iin Wothimodems, The conversa—-f
tio s ‘assumed to- begln‘whenﬂbdrrier 18§ detected and the: speed
-.TreCOgnlzéd by hhe NMM,;and-po end when carrier is. lost..~. :

p. . .'

- ‘ The termjnal populatiop a¢ the National Bureau of Standards" '
. lnelydes .a wide variety of: different terminals, incliuding’ CRTs
o and printing: termina]s, from old model - teletypewriters to - the

" newest CRT xerminals Unfprtunately, there is no.way tLo

- ~

- made. - Convsrsations recbrded ‘at 10 -.characters per second were: -
—.unlikely to Have occurred.on ‘other . thdn model 33-or older tele- ..
typéwriters,-sxnge Hewer moHel. beletypewriters and CRTs cans v -
.operate -at-highet. Speeds, and. since users;are unlikely to operate .

}{f.detepmlne Whlch type” of terminal was. usedJfor any parﬁxcular *ffﬁif‘
. vconversation, théugh-theré :are some geheralizations that can be PR

dg,, the terminay at less ‘than - the max fifium supported ‘rate. Conver~; .

it T é ns at.15 eps were most likely made with-modgl 37! = -
- .tel pewriter& ‘or Géneral_glectric Terminet -terminals, si
"~.‘ © this.ls, the ‘max:imum. rate for these devices Conversationa 30
: R@ cowld .hive been produced. on,dny-of a’ ‘wide variety of’
gn mdnals,,bun obv1ously ndt. qn” any“of: the termmnals whose

;JpéxMMum speed is“lesd hhan 30 CpS hxg; LT T ﬂaﬁfi““f“”;

!

s, I . ‘ . S ni EER : .
* Equivdﬁenq to 10 16 30 characters per secqﬂ&/(cps)ﬁ. ;‘,;

R = AS implementéd im Bell 103 com atible motiems, ‘Frequendy Shf’t -77
o Keyipg (FSK) emplqys PNQMfrequenc ‘bands for. datq transmission.,;':h
e The, oW Band™ ﬁreﬁUencgyrg modulate by the.gall ordginator (modefy” "
P f“‘ -of the’ gource deviige) .ani-.the highiﬁ d 1is modulated by &he call
DEAIEN .respond&r (modem ‘the dqstimabiongd vice), AR S
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. WYth the use of the remote ‘telephone extensibn descriled | 1-'3/:ﬂ;

*

SR

';iébqye}'1hter€ctivefusers on,the NBS Uhivab_T108ﬁwerﬁ_rec¢rd d oﬂ'!;'_ﬂ,lﬁ

; randomly selected days in the Ehree-year period of 1974-1976% .

ed. Thus, users with sensitive applicaﬁions;or'who, for- ...

gon, ‘'did not wish to be recorded, could have avoided ‘the -~ ,

yhis particular, port. Other than thi general notice, .
: ‘ ' : Started or ended, ' . -
rding. had no ‘way of - B
, : _ _ not. 'Since.the 4y
”recordings-and”aSSOCYatedﬂconversation'lis ings,ingludé user . -

v R

.- . [ Recording generally took place for se%enal hours at rasdomly.
~ - .'se eétgd'times.on'randomly-Seléctededays. Nol\ specific technique - :
. - .way employed for selecting these days; Trather, recordihgs . .were -
St - taMen whéngvérgthsfequipmént was functioning ani personnel weres
- BV&llable’ to dperate;Ltr“,In.thisjmanner,y,ata were successfully
.. ‘recorded .on the following H!mber of days in -.each of the three P
4:"*'*}-Yeah§,¢nyeréd;=u.“éf,, R S P S T

s

% :{ 2; fi.T e f; 1l;1*197u5¥*13fidaysf.'”i?;f'f | ..,.‘ L | o
AR O I CH N = ~1975.+. 39 days - .. B LT L,

e T fotal = 105 days. .o  ‘1’ L
lh;f.";’  _j;f1 Table-3¥2.f'édmmﬁqw:of Data'Rec§bding o C‘g* B :
R L e e e S

e N Lo . N ] . '.; .. ) 7. o - c { : ‘-u,l : , .‘ .

. 3.3:) "Selection Of Con&gﬁsationszf'.,ff ‘gg-’\' B T
’ .- o ' o i T Voo i T o .oV o
LT All the Qata‘collected’pnrthe:fps:da:s of'recording yere - -
'{J"b' processeld.- ty theJData’AnalysisgPrggrﬁM§}tg;;solate‘the-inﬁiviaual'
,glg'j_',cohv%rSations; fit the.datath{&hﬁmﬁ@ﬁfmo¢g@jiassign_subsets, and -
o, - . geherate summary”statistigﬁﬁt&éﬁﬁhgﬁﬁih ﬁbgamentaluand‘five'.:~'
. derived parameters: The“eonverSayidhs were! earefully tulled to R
T remove any'whiéhfdid}n@t'héﬁhé&éﬁﬁ%ﬁqrmai:thgﬁacﬁﬁve use of the, . . ..
- "}NBS:TJOB[ins%allation}Q;ThUE#5Qbh¥%ﬁ@@tibﬂﬁvw@@hf&&her systemy .. " .
h

. e recorded on" the same' tape,: conversatians
S 1mprdp§r1y'reeognizedéﬁrﬂwhenejWng”
"@:3'_ggnrorsv0ceurred;bngmbﬁﬁﬂiheﬂﬁgtWéeﬁ
-7 and conversations whére interaltiye Vs ay, , . A

. Interrupted fbr @fpgh.ﬁdp@ginput,gygré“a}iﬁ@yﬁgeﬁifﬁomLy Loy
eonsideratign.’ Wmo;zcoqvefsattia“;hapwetenrdsﬁﬁphanwg§ygﬁal-;3 =;'»_,‘
<[ minutes induration or-whioh did ‘met ingiuds ot L gasoas o Sgage . 0 .
o 0w Broups -vere-eldminated .sincé .bhey were nob te R LRV

é%é%ﬁb&mSpeed»hﬂd.bbéﬁﬁi*ﬁf“’ﬁf

r@ﬁsﬂpaﬁiﬁv;dﬁiﬁther-tvpeSiof EEVT
he user. jand: ¥he- computer,. 0

. u‘@was\\\&\gw s A1 ha..v-;e?g_.b;eie_n ]

.
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LT L ¢ ' ' Yo "// .
' normal interactive sessions.* TWe ratio of acceptablef'-
_conversations ta total copversations recorded was remarkably le&'
..=="only about .one in three chbnversations was deemed ‘suitable for

N "_f‘urther.processingx Many conversations were discarded because a-,'.f
B the userfailed 4o%inteéract properly with the ‘system, e.g.,’ short
* conversations consisting euntirely of imgrope .and- thus T
N unsuccessful 1ogin attempts.#* ! o -~.¢ ,'-, '
The result of this‘culling was" the follo 1ng number of
"good" ‘and "representative" oonverSations for each of the .
calendar years indicated. . : L
~ : T
S SR '.1974 - -18 coniersationsy, S L
' - o 1975 =119 convgrsations e,
T . - 1976 - 86 conv&rsations- - - 4 ¢ - T

';;Q'_“. L _'i_ Total 283 conversations

TN g o
Table 3 3. Tabulation of "Goéd"'Conversations_by_Year 3~.~§' '

_ _ Following the. processing to fit the conversation daté to the
+*. SAR model, the speed of the conversation and the ‘duration; .both’
_in"terms: of timg and number of message groups, was available. N
. Table 3-4 presents the results of . data collection, tabulated by :

L 4

'fterminal speeda _- . R

<

(ad

'.v.ffi'" Grouping by terminal speed was accomplished by aggregating
- the statistics for entire conversations identified as occUring at
the sane speed. "The. results of- analyzing the data grouped in- 'hh&-

this way ‘are discussed in Chapter 5 . _ .
. OA * . . [ 3
: a ¢ SRV
. . Ty L
. ¢ T " "
. . ’ IR
. H 0 o _
A . “ : : - i
¢ R i . ,
Lo ' . N '.- B q

e ./ * The lower limit of 10 message groups to an acceptable

!

L Cconversptilon:is: admittedly ‘somewhat arbitrary, but ‘was: chosen"
' “}uafter T amination of a’large number~of brief convédrsathons
B -revealed most“to be representative of error. conditions rather
o vthan mormal oR;ration. : L ' f.; _ , S

'ng** Data o - -such ufisuccessful login attempts may be interesting )
coand. useful @n the.- atudy of the ease of inter itive system use’, -
fiﬂowever, this ‘Was-not the- objeeF ? Qhe pres t“study.so dhese .

,:tabu ated. o S T
A\ * > [ ‘,.' . .‘; o "-:..f-"-.'.' : ' .' I- o - . ) *‘n:. . : Y . s o . J
8§ T NPT RS o
e DT e e T R
" 1,-:.’... ; .;. ;3 , s | . ' | ; .

’ . EUN S v.' M ! S - .

' s R s L

e B .‘. ¢ v v
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- " ’.. ) .:' . . . . ) S . 0

.-f‘ffj”~;l'““." Total

Npmber of message groups.

; Tatal time (minutes) Co "96H é : 139 & 535“ 8 RPN
: “Ff ,T?ble 3-4, Tabulatib "Good" Conversations by Speed lu;‘

S, - \i' . " o RN . R oo . .- P s g ff _"‘- .
3 3 2 SUbset A'ss{i\gnm'en't - \'r . - BERIERARY \'\, Nt R 1 LS S;{"ﬂ’*lv"'*‘ﬁ;ﬁ{. » :

: e
”;:the Un?vac 1108, subsets may be assigned-.automatically by &u . .
Qprogram which scans for ‘the- "master. space": character (@) that ,wﬂ'
.. begingliall- execuVivs»level control. statements. .Such a program Loty
‘was whitten by a- research assistant™ ‘under” the asuthor's. direction._'m e

:Terminal Speed (bits pgr seoond) ‘;' !

J.l. ' . 150 _329 e L
of oonversations 3 S _ ;.‘ T e :

LT eesy e S
LYo 1976

L 78
A2y o m 5 - 91l : | .
33 4 7 \2“3 B VAR

2638, 361 19706 Y. &N

. ’ IR
nature of subsets was discussed i% Section 3;1}Rﬂ3:"Foh_;fﬁ:'

A different subseéggs defined -for each distinctive class of - o
‘ekecutive” level tthntu -adg that staten q&“gpdné&}ssugsgguent S0
- message.groups. up -t tHe next reoogniz d= TVA Rahe N
statement are assigned to thehsubset B o : : co

. The §mduping by application is acqompliéhed by~ algregating ;”;7" o
statistics -for .all message groups assigned. to.the sanfe subse ’

Due - to the relative paucity of data at other speeds, only .thév300 : q“L;*Lsi

”V'bps ‘data was” assigned ta subséts ‘apd so’ -analyzed. .- The results of
this@grouping and ana

ysis is discussed in Chapter 6;}; - SRR RN




'Tf.’u o DATA ANALYSIS |

- procedures for a number of different experimental designs

__uwg1. Review Of Data Colledted - J_:'“‘*':“-]Aﬂ' o 7[""' o

system.' Groups of characters. are fit to the SAR model, resulting_*
in a ‘series of ‘stimulus-acknowledgement- response triplets for: ‘
-"each conversation. The statistics availableé for ‘analysis are in ~
«- terms of message groups, not. individual charaoters.- ‘Four-teen" .“{' Y
.'~npara ters are computed for each message group as. summarized in e
© Tabld.g-1." ‘Thus, for each conversation, the available data.
) ;consis S of a matrix of dimension 14 x N, wher N is.the. number
of message groups: in that oonversation.- 7
Parameter, \ TXE T Description . 'f_ o '?~g '1u7; T
_ _\, L. o .
'}'Ds SR Basiol““ Response stimulus delay (think) time
~T%. . Basic.- Stimulus transmit time. = Cr e e
.. c8 ' Badic 'Stimqus character- count = - - S e
.'gV;_Rg;j_~u_ - Deriyed Stimulus’ transmishion rate - et
epE . Basigy . . Stimulus-acknowledgement delay time AT
'Ta,'! .+ Basid .. Aoknowledgement transmit time ¢ o " S
.iuf;y,iCaJ;' © .. Basic - Aoknowledgement character- count .
:;-::%Ra . Ti_*.Derived ) " Acknowledgement transmission rate . - SRR
ol i'_ﬁ ‘Basic . Aoknowledgement-respogse delay time B
1,3ifTr_ﬂ_ - Basic .*- ‘Response ‘transmit tim CIs T
.jf}dCr ...~ ‘Basic. . . Respgnsé,character count . PR
S URD o Derlved, Response'transmission ate . i
SN U Lo jf’_: Derived' . Stimulus-response dela¥gtime - \y'_‘.-'*‘;
'““/'<D§s' Derived Stimulus inter arrival time ]' P SRR
R K :;_7 Table 4. 1. Summar% of Mesaage Group Parameters
\ A , " R B o .
T ..'- e Ty e e '- ,'/‘
Y,1,1 Possible-Groupings'--;l RE (x'", :

~or by aggregating selected message groups-in a single gr group o
‘. conversations. " These alternatives are summar;zed belgw in Tab -
o FREE R ..__.,.) RYaE | S
B R R : SRR
N IR
1 ,_' Vo
e S

data collection process, -the quantities of data collected. and the.
“tion process .(viz.,:the application of the SAR model), In this '

“collected, including the eXperimental design for data analysis - -
.. and ‘tests of signifioanoe.' In succeeding chapters we will &

';recorded by the measurement instrument are the source, code -and
"time.tag for each character transmitted ‘by either the user or the.

In Chapter 3 we outlined the experimental environment, the f7‘T 
basic data analysis that was considered part of the data oolleo- .

chagter, ‘'we discuss. the st stical treatment of the data

disouss the results of the application of these.data analysis_li',

Ty
. . M |

-

.t ' . » A ot . LI N . . - B N

As explaineg in the previous two ohapters, the” basic events:f

- Compound analyaes maydba\pegformed by qggregating the datﬁr
for all the message groups in a~single or diroup oP‘oonverQsatio;/sf
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L2, wtth s sussestion_drgthe'méstfsuitabie_nesearéhnquestisn.rdn?ﬁr--;x«f;

.oaoh S e . AR T T
, 1‘.-.~.Jf”:-.-:*” :”‘ff“fr' o PRI S o
._@g,xn; g MESShGE GROUPS BT St
L R A Y S T R Selected oo
CONVERSATIONS® oo~ . g e
* 0 .. | .Behavior of B B Behavior of N
. Single . f-Qne user: - . .| ' _“‘one user on . S '
RSP IR R B 'seleoted tasks \ S S
o 'Vf_i Typioal behavior : nypical behavio i,-\
. Multiple -~ | "of-all users " of all users on o
I (interactive S selected tasks, o
. . workload) I EEE . o
| Table u 2 Da%a Analysis Alternativ s e s
. [ ' .... ‘
¥ The behavior of individual users is not “the con¥erm,of this

- study;. hence, the analysis of : sihgle ‘corversations, eifther.

" ‘entirely or in’ part has not been undertaken.: The intent of th S "
¢ .rstudy is to investigate the typical behavior of grOUps of . users
... 4m general and on- specific-tasks, and the performance of the - o

.~ system to .such-typical demands. ‘Thus, the types of anialyses to - - !--*

.. be described ‘in subsequent ghapterslﬁgll into- one. of the bott?m L S

- two oells in Table u 24 \\\7.mmm;

f;u 1 2 Data Independenoe -'l o Lo
| ata are-

. One question that needs ‘to- b addressed whenever
1observations aré¥independent of °

= batohed is whether the" individual
- "“one. another. . This -question is particularly important in theé case
o of a time serigs of observations, such as we. have in the 'sequence
.. of message gro ps oomprising an individual oonversation.\ If they.
.f_iizobservations prove to Be highly correlated in a.serial fashion,;'_ ST
';'_a“fthen we will riot be justified.in aggregating. them as: 1ndiwidual A B
S fobservations with data from other oonVersations T R : a-”'f

; e
L The quesbioﬁﬁof independenoe in a time series oan'be\ IR "" o
qi.inVestigated by means of the. autocorrelation or. lag-1 CQqulation . -
‘cpefficient which provides a measure of .the-overall .correlation r‘_i:” v

.. between eaih successive pair. of observatidns This statistic 15\ "4’;A-

: oomputed a follows (for ‘a series of N observations)

) v . . ,‘ e V . Lol e T e ’ a
R B » . ‘ \ R \' N . C .\ ."‘ K| . '...
ER - - e g T
. . . . o ‘ . N

o N1 . L
ZJ& *lX)(Xi.” “‘X)] ' (1.1")' B R S,
” ‘ : ’ i=1 / (N 1) : B .“ ",.-.‘ . : \/_.}'.' -.
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where X 18 the mean of the X y .
and si is the standard deviation of the x1 T .

oy

: Mam'ak and’ DeRUYter (1977) suggest that "a reasonable rule;u.w

:[?Consid ring’ that thg number of samples in’ this study is in'‘the

' *g autocorrqlation.

?l eliminating. butoco ‘elation.is to batch the data (e,g., take the .

« dégree
"+ succes

: Variat on., " If the degree of confidence for the test were chosen .

: correl tion for each: parameter over the oomplete set of samples:if-f:

_ program ‘was writjen under the\author s direction to. compute 01 o

j zero as: the central tendency Por 91,

‘ﬁarameters where autoeorraﬂatlon is- evid%nl, use -of ‘all:#the: data '

gar deciding if the data are 1ndepend0nt" is to take ..
011 O S””VTdenUe—oT no correlation. They further suggest'

batchin of data wheréd volume permits (e By taking the mean of oo
severy nfdata items as the elementary datum) as & way: of o e &
elimina ing autocorrelatioh. _ L s R

:S tistical techniques exist for determining the probable R R
oftautocorrelation within a single sample such’as the ’ A
ive message groups -in a conversation. - However, in a 1arge
set’ of {samples when, for. example, the autocorrelation coegfi01ent
is ‘tested to be less than 0.1 to.some confidence limit, we would "
stitl xpect some’ samples to fail” the test purely due to random: . 3“.

to be. -D5%, we would expect 5 out of evVery 100 sgmples drawn: from.
a trul uncorelated underlying population ta fail the test.

hundrefds, a procedure-is required to assess the degree -of: auto~ .

. cLowe /
O e way-to do - this is to consider the d1stribution of NP
autoco?relatron coefficients for all conversations, A &omputer.-‘

for all fourteen parameters for. all” conversations.- If the data:w*-
‘for eaoh paraméter are not “serially. correlated, we migh% expectgv.
01 Lo Ue normally distributed arbund a mean of zero.; To. .- e

determihe ‘thi's f the values of P, Tor each parameter were'?”.‘-' V{ :.A

plotted 1n relatlve frequencyrhistograms (Figures 4-fi-a through ‘. ' ,ay
4-1-n). 1 'Even without formal tests of central tendenc&,_it -can ‘be - '
r adily\Seen that most system-related’ parameters do. indeed: have

while

»

he . user related fb; e

Ve o -
. For those parameters where autocon elation I not evident
all the data collected: can safely’ be used. HowQWer, for -

ould yielh fisleading results;,since alllthe observations would~ ¢
“not be—truly independent.,  For these:cases):a compression of the S
data is required to. obtain independent observations.~-.

“One. method ‘sug, ested by Mamrak and DeFuyter (1977) for R :“fo
‘mean of everx\n data-items as the elementary" datum). . They ) ;;kf;g]}.

“.observe that \the batch, gize (n) can be-increased (w/gre volume -
C permits) untg the serial correlatlon is reduced to an adceptable
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e For the data collected In this study, it is reasgnabla to~’
v 'expeot sgrial’ correlation between the message groups’ in each
RN iniividual conversation,.but not* across .conversations. For this
I . re§son; each conversation represents a c venient. batch for thq ﬁ

Tl set of message groups within it.- “Thg mean is still s ‘I

b inapprOpriate choice: of test statist ¢, sSince 4t is sg highfy

o f,J” influenced by outliers, so that the median can._ be_chﬁssnsagain~as;rw;hhsi

*ﬂﬁﬂf——~—a ----- better—test “statistlc. "Thus, by forming™the distributions of!
R parameter medians for @ach conversation in a terminal speed. R
¢lass, same statisticaﬂ tests used  for all data can be I
applie without violating the assump ion of independent o
: observations. However, the sample s{ze is- greatly reduced when
-~ this"is' done, so that'the signbfican e levels of the tests will
N not be as. great as with all th

.

-

oy, ? Non Parametrio Tests Of Significance S
L Inspection of the distributions btained empirica ly for‘,
e Aeﬁch of the fourteen parameters reveé?s that none gof tiem appears
' _ ;.'.to bghdistributed normai Thus,- the paramet ic tests _
_ signlficanee that are. rdinarily applied may not e usi
- directly, "It 'would b possible to seek a transfo mat i
‘would result in a normal distr1bution ~however, if tes s can be
. found.“that work- adequately without the necessity for such a
transformation, they would- certainly be preferable. ‘Two
‘ccandidate tests are. the Mann-Whitney U-test and the Kolmdgorov-

. smirnov. test, neitherof which depend on any assumptions about . Q“”.
a the shape of the unger]ying distribution (i.e,, they are non- :
- parametric tests) . _ _ ol o

o ¢ 4¢2.1 Manp-Whitney. .U- {3\.-._ S W e LT
‘2 - Mann-Whi neyUtest - B \ e B

- Mann-Whitney U tgst may. be vsed .to . test whetpher two independent .

[ )'fib:_eWhen at 1east ordinal measurement ‘has. been. achieved,'the'"‘
" groups-hayve been{drawn fron the same population. According “‘to-

. ) . . e . [ L, . N . Y . [ . - . N 3 o . - o B - -

observations uhed L .....r_s-fg-.:

“that ”g's_j'

. Slegel (1956), this is one of. the most powerful of th¢ non- L 4_;"”T" ¥

t. ;.. parameéric tests, and "it -is 3 most - useful ﬁlternatiVe to’ the

_;paramet c. t-test when- the researcher wishes to aVOid the :w:”pyfﬁ.._

po b test'
QJ/‘ . - _". ) )

_ssumptions _. “y

';,f_- R Thé Mann Whitney U= test is quita 31mp1e id conzept and easy / -

_ . to perform The null hypothesis is that, given' samfles front two
SO .:.populétions the populations havé the same distribution, = = e
T Alternatg hypo eses can either be orie-tailed (directional):: or,
. two-tail d. To test the: hypothesis, the samples®are- combi.fd ahd ‘
L .tanked 1in increasing order. The test statistic U ts given

total ‘number . of times’'that a scork in- the sample/&roup with~fewer "ifpg'h

o observations preceeds -8 score .in the group with tHe larger nugber -
et of observations. Thé‘contribution of Mann and Whitney (1947) was -

7 » .- to show that for large sample sfzqs (520) the. distribution of U -
V..'}'rapimly approaches the normal‘distribution, with o

e g S L

&
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et _ v Hean s #u'%‘“zf' AR

kN ‘ ' (n )(n )(h +1)
: ' a d Standard de\giation = a ’ d 2 1 : (16> Lo e

““““**ﬂThus for-n&>26“the~significanceﬂofran'observed value of U may 'ef-uv'
' be determined by T

. ’ A ”*% o o
) T'which is pract cally nonmally distributqdrwith zero mean. and unitd"
"variance.; o . : S v

Toa

.t~

T A subroutine'for performing the wann—Whitney U~ test is N

. ‘provided in the IBM Scientific’ Subrou ine Package {IBM, 1968). o
A program was written by the author to permit selected-data. -

.. collected by the Network easurement System. to be tested by- the Dt
Mann-Whitney procedure: usfng the subroutine. The values of U, we T

. 4... -and the associatgd probability are printed whenever the program T

® o is run f ra set?of data.- This" program was. used in the analyses

f?f{“_ﬂfto b%‘de ribed ‘in Chapter 5. X o S

e ‘\._ _t;._ R . N ’-f ’.'ﬂ R L
e ~.;t_._ ' A R o e

.Ju 2, 2 Kolmogorov Smirnov Test--,;

s The Kolmogdrov Smirnov two-sample test is another test of
awhether ‘two independemt ‘samples have been drawn from*“the same.
= .'-'ypopulation (or from populations with the -same distr1but10n) o
SO -.(Smirnov, 1948); "The-two-tailed test. is. sensigive to any h%ze of
- .. difference in. the distributions from which the two ‘samples
~-drawn, e.g., differences in central tendency, dispersion, higheril~
' moments.  The one-tailed: test ig.used to deg¢ide whether or not -
~""the values of" The. population ‘from which one of the. samples was .-
" drawn are st chastically larger than the- values of the population
-}from which t e other sample was drawn..~ :

L The - actual test: ig concerned with éhe agreement between two
" cunulative, distributions. If . the:two: sampies have been drawn’ oy
T4 . .from the saime.population. distribution, then the cumulative. : H'/\fj;ﬁﬁ

... distributions of both gsamples may be expected to be fairly close gg~ S
-~ to. each: other, ‘since: they both. shqgld show only random’ deviations
" from, the population distribution. If the two- sample cumulative

. distributions are "too, far apart" (Siegel,. 1956). at ‘any goint,

“this indicates thatr the- samples ‘1fkely ‘cam® ‘from different '

- . .. .pop8lations. Thus; a large. enough deviation- between +the two'
b ;sample qumulativ distributions is evidenoe for rejecting H

-

e M To apply the Kolmogorov Smirnov two~ ple testy a- . " - .
R ’=cumulative freque y distribution is constfucted for. eath sample,?~l L
S using Ty ,sape intervals for both distributions. Then, tHe LT
oo ;difference bdtween ‘the two distributidns is computed fotr each. . .t
o 4 interval, The- test fod

uses ‘on the. largest bf these differences.- ’ -'é g




AR Let 8 (X) ; the observed cumulative step funstion of .f-f -
o )ne of‘ the samples, that 1s, (x) = K/n1, where K thag
»
n

S 7;1’ number oﬁ Scores equal o or 1ess than X, Similarly for _
L 2,~

T, Then the_inmogonoM-SmiPnev«two sample*test”fdcuses on '7“:$:,¢;,p‘ijp :

‘hnu:"-The'statistic:' = 'D" 6 'is a random variable with
B . L .

1*"2 .
.;?HT;T 11mit1ng cumulagiig distribution function L(z) as follows P

| L() '11 p'.b "1“'2" )
: e 1im - Fro . _ _ ) 9) -
R z_ - ok ,HI -ﬂnf“é"DMTfngaf'z]'._-(19
e n1, 2*»00,00 S e T o
x

o ,/ﬁf"" SR AR

o ‘The probability (asymptotic) of the statistic /7 +n‘“D : S
K 2 . 01’ 2
5 being not ‘less than its computed value, under ‘the - assumption B S
' M null - hypothesis) of equality of the two ‘theoretical distribution'
. - functions from which the two samples were taken is cOmputed
A _1'_,_ S ey 1 a_L(z). ‘_ﬂ; R (20) )
BT subroutlne to perf Qhe Kolmogorov Smirnov test is aLSO '

- provided in. the IBM Scientifid Subroutine Package, and ‘the: ‘author ¢
prepared a program'tofuttliZf this. subroutine for the analysis of- -
"sets-of_datafcolleoted by ‘the\Network: Méasurement System. he o
;values of 'z. and #£s associated\ probability-are- printed when ver .o
. .the program is fun for a-set o data, Thisg" program. was also used Lo
. tn the- anal;pés to be described ,h Chapter 5. L o

. T s N
. / : ‘

Lo U 2 %//Ranking And Selegtion Techni uei —Q{Q" %f.j R .ﬁj
c "/ When' the intent of statistlcal ahalysis is to rank the I
T, pefformance of some number of different\classes of,observations N
. . (6f some number of in 4ractive systems)\ in order to be able to.., .- 7
/select\the "best" wih some level of confidence, thén a variety‘ o
- rent-techni €8 can be used; based ‘on sample. means, - ' o
ggrcen iles, or propontions. These techn ques are based ',W'-ﬂ. e @t

- . .- .

inc} ally on the work of Sopel (1967),. eneral_descrgptikns :
-.nl-' S s IR |
oo ;F.L ot _‘ 'fjff'. oo } "
Ny




"

‘foT the procedures and their applicability Rave recently econej;.'“

- available (Gibbons, -Ol1Kin and Sobel, 1977).. When appligd to ' -

&

J:dppropriate for use.

pér son\studies, using data collected with. the,same

.,“mea_urem nH;tool: described in the previous chaptér (Mamrak and
. DeRuNer ~977; . Amer ahd Mamrak, 1978; . Mamrak and Amer," -1978).

-'fselqction problems - the procedures specify the number “data ‘
paints which must be collected from each alternative ifi order to . -
'guarantee thae the probability: a .correct selection_is as least._ﬂ
.as\great as. ‘some predetermined ue.;“. : :

In a real sense, this work. has- been godng on An parallel with theﬁ;li

present study\(and with some contact: ‘between the researchers).
‘However, the pwrpose of,these studies was-much more specific
(aimed at procedures. for computer. selection) than the-scurrent

_study .(aimed at i vestigating ‘the relevent factors in. interactivef-f

ting- in general) . Thus,, these - procedures were not e/

in the current study, though;hey ar
available and now suf

j needed tables) to be. us d: where required

st

S CIE

et

clently well described Cafd with the- T
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.7, . 5.0 EFFECTS OF DIFFERENCES IN TERMINAL SPEED ~ .

, '-"Prbvibus‘chapteFS'have_dbqlt.wit{jthé motivation for-this - . .-
fresearch,;thg.me@hodplogy for..data co}lection and the data . S

"~ -analysis ﬁﬁﬁﬁkgyr@si In this chapter!we discuss the results.of.

" - vdnalyzing the dafa according to terminal;speéd.;rThis.&egve81to_ L
gw;_ﬁf;gprojdde_onedexamﬁle pf')he_meﬁhbdology as well gs.to obtain some .- "
o~ ... practical results, N$z;1'descript;ve'gata”about{the”performance.d)f .
g .. . Of users (at terminal’rat '

c V. Creported) and .the -perform

is higher than most studies preyiously

mce-of ‘a representative .interactive. ... .
T * . - . : N LN . . '. R -: .‘ ..', _:U ..4 "‘. . ..
LR oo, L : et

e

_ R S A : N AT
‘ o AS wasuexplagpgd*previoUsly,-datagwere“céllegted;overfa," S
V o three,year_period.wi.interadtivé users of hhd3Univa0_1108'systemuhff

" at the National Bureau of Standards. “.Dué tothe availability of )

... a wide variety of terminalsHQUring-that-time'periqdﬁ'daﬁa were .

"fy*.;_collected.for USers;bpepapiﬁg'terminals_at-110{ 150 and 300 bits j -
'VrL%. per second (10,.15 and 30 charactérs per second). The data- ... .~
T qqllectedﬂwere;aggregated abcbndihg;to'¢erminal %rahsmiSSiOn]hate‘_;u

. .and’analyzed to .fsolate the effects of varying the términal rafle .-
-.Qn-user -performance and on system performance (as evidenced by, « -
_the?parameteksgoftthe=$AB“moded)('- " . };43 P
- ‘..' @ »'., | ’ ‘,‘ B ._‘ L ._ .. ‘ . | '. .. ’ - ‘ - . .. L
5.1 Expeﬁimental-D?sigh """ '“":/f.wxﬁg,- C L 4.‘;'1
L e ' S oL T L b
'17’37“ ~ The basic experimental design forthis.chapter is to compare.
i - the- effects of differentﬁtreatments'(t”.minal-speed)'according to .
-4 number of parameters (the Tu'parametjﬁs,of the SAR model) ., N

“ Actually, the distribution of parameter valu S{for,each-treatment.._-Vw
.- group will be compared for each parameter; . tiw null hypothesis, .

. Hd,'iS‘that3phere 1sﬁhqfqrfferen9e,1n;tpe‘diﬁtribgj10ns, it el -

' that tHé.sam"les-wereﬁgctually drawn_fhom;thefSama.populatiod(__fﬂw‘ '
ST The!nén-paraﬁetric tests discussed- in Chapter Hiwill be used“to™ '
" ow, v .test theé sighifieance-of‘observed differences .in' the SR TR
- .~ 7 distributions. Althoughithere_Werg‘actuélly*thrée_differéq&
- terminal speeds for ‘which observationsMvere collected, 3o few
data were collected at the. 150 bps rate that these data are not . R
T ~_tesped,f'(Many;qf'théﬂkeSulﬁs#er,the 150 Bps data-appear to be ¥ .
. ®._ anomolous due;td¢&§$ relgtively low numher 6f observationsj: ~ = . .

"{ﬂEThus,_onlygajpairw;SE test. is performed comparing each of the .. =

?reatme"ts’&1WO'bpslversﬁs:3oo:bpsbton_each'offthe;1u.parametérb,f:;?r

"1'gu31ng;b0§h.thé'Mann{Whitney'UeTESt.énd Lhe.Kolmogoﬁovaminnéy;:' ST
oo Test, TheSe}te§ﬁ§<aré‘applied;both~£or:hhe distribUtith'QF,allf_ s

.. . . the observations and féh'the.d¢stributions'Of[conwersatidn=‘*%
lf-:fJgfnedians,jas“wasfgisCysgedfin“Seption LIS - SRR

. 3

Core

R Y SRR
Lo T T SR
ﬁll“of'the~usab1q5data colPﬁoted in "thq study are analyzed - .
. in"this chapter. A summany.of-The nupiber o ?"£OQdW‘qdﬂversa£16nSf"f-.iﬁ”.
-'ﬂfj recorded.at each data rate and the totsal number of messageigFOupQﬂv Lo
© .. ":1in edch ‘such set of conversgtionsimay be fognd “in Table .3«3.. R
fHowever,'there.ahefndt”as]ﬁany daté items dgr each parameter as 4 . .

_theghumber°o£_message.gnoups wouldflndicate;'“Message-ghoups'id _ - .
ieagn'conversation3(?aﬁticplﬂﬁ1YIbhqsejwhiah'initiate or terminate . R

:(v i ';:?ff -

f SR S PR
. et |

AT Y R
- ERI T R <P R S e T
. {.‘. - A,\) 4 ‘o 4 -.' » o ) “', q;'\. i . .
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-q~ the conversation) may\he missing~cer
L .ackneWwledgement or response). Table §-
.omservationSathat wére found toy-eaoh: ,
: rate wheq ‘the . data were analyzed §

o et

. 3300 o 483300 L et
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?"‘u'figfeufe”&;ﬂ Number of Message Groups'by”Parameter and paba Rate'gﬁﬁﬁ;ﬁegfi

. P . . A . L. N " . . ‘..

§;~, In the following sectigns, the eMpirically observe& Valu
r- each of these fourteen parametérs ‘are présented ‘both: inx
graphipal an& abbrevaated tabular formy as cu@ulaﬁiva frequenoy
“  H, dﬁstributioqs ' 3s~fe1t that. tits is’ the most: meaningful ‘way
"y “V/-‘1n which to- present“and inter ret the results, ‘since the’ Ordinary
frequency'histogram for all.of these parameters is’ decidedly
onwnormad . ,Thup, as Just dg cussed in" Chaptet: “I,“non= parametmﬂ?
o *?ests ar& used to compare di ferences beﬁween d;stributiohs
. 'These. tegts themselves are based on, the lse of cumulative e T
.e.', s distribugions, Presenting cumulative- ihf@rmation also minimizes .
he &ffect of: outliers, either "at the leu or hlgh ‘end’ of the '
istributi n function..:;ﬁl-, o -.& oo e T N
J;“ * [ . '-.:-_ ) . )
When ]heSe paradeters are’ used in practioe (e‘g., when L ' RS S
qc fykng desbgn goals), certain points on the distribution Sl e e
equ g to cert in eumulative: perigentiles) are typically* e . = . -
fi'sppe '4ed ... The mobt "géWmonly specified of:these, the median’or: .7
Y gencentéle and- the 906percentile,'are tabulated separately e
f _ from the compgete grauhi al presentation.._" A
Co T e An adequate number of observations has been obtained to P
SRR statL&tically cahpare the distributions of parsmeters for_ . - ..~ . .
et termtnals.at the 110 -bps &nd 300 bps rates:. The mumber of =~ " 0.
o ofservAtions for the 150 bps termimals.does not aphear to be.: = i
_ adequpte’( hence Ikheao data are not. analyzed and aré presented NI
'“;'for compyeteness Only Many of these diaﬁributions appeanpto be L
--anomgl us, ;" e W CEL T S e A
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‘a_ﬁg.‘obServations -and for.: the distribution of gonversation medians.

differ?nces

“H% each case . is““"'”“

~though ‘the. tests results

8- following ‘Seetions, the - .
Sxdd cussed “in’ a separate ‘f”j
egults 'have been: discussed..

wthé Mann-Whitney U-test and

' ~to_eompare the distributianJ ,;

ndase, all the" diﬁferenoes bgtween
aht at the 1% level. or bette
& ﬂfserialacorrelétion was noted for “some _
“par - oh 41,2, - When the data aré batohed $o° that a
' 'single statistic is used for.each" conversation (the median. of . -
€&¢h- parameter) in order to eliminate the- serial’ correlation, the“
_differencea between the distiributions. for-a- few parameters are'
’*net signifitant at even the 5% 1eve1» o .

age and ‘the 300 bpsgcase,.
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”f}tffects Of Terminal Speed On Use Herformance Parameters'

1The user performance parameters are’ those aSSociated w1th

_ timuluy porjion of the message grou These . parameters” - .

Tudie. rEsponsedstimulus delay time: (also called "think" time)
~tmulus tvansmlt time; stimulus character cdunt and stimulus iv"
ransmission» ate What is- qf interest here is to ascertain the: Ky
.Prwbt. on . the user (changes in’ wuser: performance as pvidenoed by L
the effect-oh the four parameters descriptive of .the stimylus

portlon of the message broup) of an 1ncrease 1n the opérat.

speed of” the termlnal : : : _ :

: : o o
ResponSe-utlmulus Delay (Think) Tlme T

“The " ResponSe Stimulus delay time (DS) is the - time in o
: seconds betwesn the 1hsat character in.the response portion of}#zg
£ message ‘group N and the first character 'in the. Stimulus portion-
ol message group Nel. It 18 ‘characterized as.the "think" .tim ;“ -
T since it represents the latency period during which- the’ user: RS
"digests" the ‘response. to. the previous swimulus,and.formulat s.,'
the“next stimulus. . o R : N &

- Measurements of Response Stimulus delay time for all messagp
groups,> ategori7ed by terminal Speed were distributed -ag showr.

“In Figure.5-1." The key. percentile” Values for each class are'”,ﬁw,f_;

T tabulated in- Table 5-2, both for the distribution of all e
The différences between the distributions for the 110. bps and ths f‘
300 bps- rlasses are signifidant at: the 1% level, both with and '
without batchingmofjthe data (see section.) 5) St
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e / All Observ&%ions*' ' Conversat‘on Medians** )
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N T 50 BPS - o 2.0 M6 0 T19 ) P8 T e
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L Table 5: ¥ key\Percentiles for ReSponsenemrﬁblus Delay Time .; tZ'"?
e '4.n. (SecondS) A .
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4“-3f(.. T%ese data show«a cl‘br”redu!;ion in userlthink time as the I
A ; IR . o o S
* Numbef of observatioﬁs'as gﬂven iﬁ Table 5 - ﬂ. 1. ST _.f}{

kL Number' of observations as given in Table 2~3, AL S

&,«;4 *Notej " . and S apply For all succeséive tablesqof percentiles
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. this reduction can 'not bé attributed to®the abi

lower speed termina?

3:':.higher}raﬁ“.'-fi

s

" operiting dpeed 5t the tormindh Lo niressag ¥ bros o e
coperating 8peed of the ‘termindl {s inoreased.s Since tHe interval ' -
; for‘uﬂen”tthk.ttme'dOeé not -begin*until the ﬁast-oharacﬁdnquwm“f"'-”"~
'ftherhspbhse}(fhom*the7previbusZmessage~grouprﬂhasfboen sent, ...

' lity of the - =
Loopergbor to .read’ ahead shile the response “is-being printed. If
. anytigg, reading ahead;wgurditend”towrehuce'the think time on -
O . since the text of ‘the response is - -
CWisplayed:forsa londfr riod-of time before the think time. .

interval beddns. . Thus, thefreduction;in user think time must be
‘dttrtbuto;.bova.general inecrease in 'the pace of opérator;aqtionSC o
Celiviked, i'bhe oppertunity o interact with the.computer at a -

“Hov o StimulhsﬂTransmiL JTime <= 1f§#ﬁ;_ ST

“'ThﬁﬁﬁtthIUS'F”?hsmit“time (TS)-is,ﬁheftimé°inxsecond4f S

1..'ffrbm:thdfrirst'td.the,last character” of the. stifiulus. THis =~ . “

: ‘pnrumuhpr.rnfelﬁtsfﬁoth,thefu

“Fhe

ot

ser.-rate of data entry and the . - f}*_'
. umber of charadhers entered,, By itself, this parameter Is an - 7
cocindicat fonsof tH%ﬁtransmission time”requiréd-byfthe.operatpr19nt“ﬁ“gr e
~the Chanme) from fthe terminal to the COmputer-SQStéma' The . - T
- ;Limulhs_oharacterfoount'(panameter-3) is divid®d. by the stimujus: - - -
' 4trun3mit“time'tp'compute-the;operatoﬁ;inpux or typing rate, . .- e,
“_Mhnsuvoméntsioﬁ-stimu)us‘transmit'time for -all message - SR
COUroupd, entegorized by terminal spped,'were,distrlbUted as. shown kK -
i Figure T, .The key percentile values for each. class are o]
cLabulated.in Table 5-3, both for the distribution of all o °
observatinns cind for the distribution of conversati n medians, - g
ﬁ%rfhrdncenghetween %he,distributiens form the 11 -bps and the =~ -
SO0 Ty classes are significant /at.the 1% level, both with and . - .~
CWithout batehing of the data (see section 5.5%, . . . ..
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this g’_
parameter exhibited a certain egree, of" serial correlation (as-,

. evident in .Figure 4-1-b). . When the serial correl'atidn is
. eliminated by taking the d;st iibutions of conversation median%,.a‘-r,
© . different picture emerges; stimulus transmit time is- Seen

«_decréase '‘as the terminal’ peed lncreases. S Co .

w .-Q A,‘_

-~ The change in stimulus transmit time as ‘a function'pf '
termlnal speed rdpresents the net effect of two 8 paratemchanges
working  in oppos,lte dirﬂctions ~Any 1idcresgse. j'né

iNCreaqe‘tho 3timu1us transmit timv while any increése in.!

“ v
o StimuTus transmit time s!&ws an’ inorease in tﬁe med&an @alue‘“
_ tfor al, data as the terminal speed is.‘ineéreased from. 110 to 300 .
-bps -(the wvalue for 150 bps is nterpreted as béing anapolous)
:The 90 pertentile values are apout -the.same. However,

timulus . . *
" character count with increased terminal .speéd: would tend to R




o s Cel e ey

S PR co M T o ) L
o7 stimulusTtransmission rate would-tend to degrease stimulus- . . 0.

7 [ transmit.time, "Both of these tendencies are ewident “to. some. ...l

& 77 degree (see- the following two“Seotions);_'apparéntly,ﬂphei- _

G T inerease in stimulus t ansmission rate more than makes up’ for-any -

- .-lncnease:.in ‘athmulus ¢ aragter dount,.. o

;35}2!31‘StihulbsjCharqeter_Couﬁt:~-.,.[ S f;ﬁ*'l;'.,L_fv- i'i.
o ,_I The;stimulus'§haractek]96unt'(CS) i%,thg numbér of - . ’ft L
4, i Characters entered by-.the ‘operator ,as input to theicqmpyter SR

. o
Lom T Ve

- L

.- 7 Measurements of stimulus character count for all message i
~ groups, categorized: by termipaf“spébd,ﬂwefe-distribUtedgas_shown__
"~in-Figure 5«3, 'Ihe?keyzbercenzihe valués‘for'each class are .. E
tabylathd in“Table 5.4} both for-the distribution of all’” - : =
_ observations and. f r*thé_distﬁihdtibn‘ofﬁcngepSQtion“Medians;_'.\ T
"ﬂ.ufThé'differenqes.bejWeénUthe'dispributions,fo?fthg“1101bps and the ' -
. .300 bps3clasSe§.are'significantﬁat'the,1% 1eve1ywithout'batching" o
':-jjof_the-data;-<however-theyfafé*not signffiaamtiab.an'acceptable~“+jp
L level whenatherapa:aﬁe;bgtbhgd’ﬁsee sectiQQZSIS)y_.3;“L'_';leif_h

) - ALl Observations . Conversation Medians .

.

oo Rate o s0 90x . sos” Tgox .t
e 110 BRS.
.. . 150 BPS
. .+ 300.BPS "
X _

Pt T E L
-3 6 .8
ey oL T A3

Tov=my

ﬁ\'Table'SéA.,_Ke@;Péroentiles for Stimulus.Cﬁaracter.€ount;~ o :
- “. - 4The -ingrease in stimulus character count Tor;aillfgl; L
L observations that-is assdciaped“hith'higher(speéd terminals is .. .
" one of the more interesting results -from thé measurement of user - = - .
: v performance parameters. - Apparently) . some users of higher speed -
e terminalsg feel freer to express themgelvgs someyhat more: o
- f:verbosely,toﬂthe;comp&tenjsystemd- " T RPN :
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; Figpre'5-3f; Cumulative Frequency\Distrlbutlon of Sqimulus g }_r’n°- .

-

-'-.applications requiring longer ‘stimulu® character; countd tefided- to , ;<;1Ae

adﬂ'specd terminals, but thbs was not explicitly tésted.

.. number of users were. inputting papér: tape on lower speed S
,:terminals that- were 8o equipped.  This caused a dramatic- change
~in the results for stﬁbulus transmis N4 necassitq&ed
. .eligination of those. message -groups re resenting aper, tape .
-.1np&t.A To determine if eliminating thgse message groups had any

i identl 1ed by the 1ength of bhe input stream. In the first caSe _if*

L However stimulus character couht eviden ed particuharly 'f_f:.m?’ef“
.high serisl correlation (see Figure. l-l-c), s i '8 nog SRPAETEREI
" surprising that the distribution of conyersa dians do not ;wH;ﬂT
- . “show the same phenomenon. - Thus, we must conclude that the. trend '
‘v . shown Tor dll observations. is the result of a relatively few 7
. _conversations-with consistently higher stimulus character counts e

- 5 0 15 2025303540455055 oaa 70 75 80859095
L - / PERCENT . .. = . R

Y

» Character Count - v o

.l"‘.._ - o \'A- -

0

at the 300 bps data rate. "It might be the casge#hat usersgwith -

have longey sessions on higher spfed ‘terminals than ‘on’ lower’

TE Was subsequently discovered (see section 5.73. u) that a._-,_”v«a"f

efg t: on stimulus. character count, the data were trimmed 3t an 'll N
upber limit of ‘first 40 characters and then 80 characters. This ' . ¥ '
was baged on the presumpticn that papef tape input could be . - : '
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L‘ga.u(wéermfforﬁstimurusyeharaéter count. Zonger than 4 ignored) the(”;'-
~ - number ofiobservatiohsffor§1-oszs'd va was' reduced from 2638 tot T .3
'ilgg u1257ZVand,the*90%'v pue:- was reéduced fhom 21 to 20, © (The median = . i
S “;Wwasguhchangedhk Wh n'the data.were trimmed at 80, the number of - " -
. observations was reduegdgtoj2617;with'Simﬁlar”efﬂect*qn'ﬁhe” T
?-Imedian;and-9gﬁﬁvalué;..Sinéé*th% EriMming w?s shown‘to,ha¥% AT 'u ‘
-"n'egl.igi‘ble’_,ef‘f‘ect_.E’n"t,h:e distribution of al "obser'vat,iqns;,;it,_wa"’q.v“.. A

['noﬁ_pe?formed*for he dibtr1butionszf'convprsation;mediang}_.

.Y The stiMurus.tranSmission{?ate_(RS)“isithefraEé in-o o e
R . characters. per Ssecond at. which data are entered by “fhe operator, -~ =
2'-‘.';j‘éasureduaftér'the(fihst_stimulus.charéeteﬁ:haS“been”ehﬁereﬂtﬂa oo
;ffaﬁj,ﬁgiEMSﬁ the“stimulusptrénsmission'naté-iSpdsriwedvby dividihg-the{gg.-“-”'
ERRR Stimutus_character_count.by]the“stimulus[tkansmit;time;“ (The, . . ., -7
.+ C.Pesponse-stimulus delay-~time does not figure into. the . . S
: , .Measurements‘J£ atimu1us-trahsmisSion‘rate>fpr all message -
L +#TOUps, categorized by;terminalepeed,fWeremdistributquaS'shown_
. «in Figure-5-4, The key‘perCentiIe,yalue33for'éach class dare . - -
' tabulated in .\_Tab_l'e:,‘j"_-ﬁ, ‘both for.the.: distribution of '%'}’l R

... obgerfations and for the distribution of'conversation

_ ediaﬁ$Q‘§  , ‘Uéff'
" Note"fhat the data pfesented in this table are exprzhsed Inow e 70
.- characters’ per segorfd, in. order that the extra bit, ransmitted - . "
}# Toreach character L=the 110 bps rate not distort comparisons of ™
‘ user data entry ratesgy ‘The differencebeetween‘the-distgibutions
‘for "the 110-bps-and jne-300_bps classes are significant a4t the 1%.

S s level withowt ‘batching of the.data;‘and”they are Sign;ficant'at:.'
L s LN 5% level 'when thé data are batched (see section 5.5), théugh, -
e Ztesbingfthisfdata_mayfnotﬂbe rgleveh@“(gee'dispusﬁion_below), | L
' E 1é§0béervat;on3nlﬁm‘Cbnveréh&iénzMed{dhs~ﬂ IR R

;o  '_"Oﬁ¢f{'%O%ﬁf; ; B .. 90% ,;p T A
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.o -1 Upon examination, these results were ‘quite startling, since L
.. they implied user t§ping rates on low speed termifials that are . -
"P ‘intuitively unachievable. Further investigatiOhs led to the NS
». ~finding. that (1) many. stimuli whose .transmission rate was at the '

- maximum 1ine rate (10, 15, or. 30 cps) were: single charS’ter

_ 1n uts, ‘and (2). some .users were -inputting paper -tape whiich also S .A‘.
y--'} transmissjion rates atwor near the maximum of 10 ¢p (Alsb,~ . "
- the relatively. high degree .of ‘serial correlation, as noted in FO

Figure 4- 1-d, indicates that users entering extremely short
_ stimuli-or paper tape: inputs tended to do so throughout the L
S conyersation) : Thus,. while. the'user data entry rates" may have - -
. been distributed as shown in Figure~5*4 andftabulated in Table
5 5 the user xping rates were not. . e e V"'

SR The simpl 8t way to correct for the effects»of single U

o character stiguli and paper tape input was" to trim all data~ above‘

‘a glven rate ‘and recompute the gercentiles. ° The decision. té trim.

: l qn~the basis. of rates is based of‘the maximum achievable human;-h o
'“K; typing rates. ﬂor simiuar situ tions (see section 2, 1 1). The“"‘




N R ﬁ‘:-;=~;,:'.3 ,__”J‘E{; ”;. Iy R T
S ijéltennatIV@TWduld'havesbegnitojexamdne €ach: message group ', o L
;. individually tb*determinpfifvft-was3pap-v.tapezinput‘ -(Singieﬂ,;f_ﬂ, .
- . ‘character stimuli canﬁréadily?be”primeSQQUtomattoally).;, Coe e
! -JRJ,'3Examinatfon,of'phe\peréentiles”reVEaled'a*jumpACrom.5¢2_tOWJO;Oj"qf S
b ,,fﬁbetween4th6750‘andﬁBS-peﬁCQntiles.f.Thu . 1t seemed reason®ble to
L [':trim'the_dagafatgs cps; i.ei, all datafvalueg at or- above 5.0 .
S . CcpSs. mere eliminated-fromwﬁhe'analysis,-and.thé'percentiles'were o
s - ‘recompiled. .. This procedure was followed.for all three terminal -
.- rates’, .resulting’in the new values shown in Table 5-6, " (The .
- ..columns for "conversation medians" were computed from the & .
- §istributions formed by.trimming extreme

: ; . values in’each -_a “;;;;/
y.onvgrsation.pnior-tb_taking'the.median“bf the cqnversapion),f £ -

A . { ',.,.., B . ’ .~ ‘ - e

“o. .7 - All.-Observati .- Con ‘ ‘Medifins ..
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CoL B O U T PR DI L
e g_fTabIeQSfﬁp;‘Rey.PerCentileSifor;Sttmulus,Tnansmissionfhate'After B
e - *Elimination of Papen;TapezInput'andlSingHethanactep*;
S %ot U Stimuli (Char/Sec) . .. oo no TR REERERRER

e table, ‘the number of observations s reduced .
o - from. 2638 to 1303 for 110 bpﬁ,'from.361'to_295~for'A 0 bps, and - .
~na;f;gff?om-J@?OS-to“43QJTﬂfUT*300TBpélT”The number of observations for .
. the distributions of conversation medians was naturally N S
o unchanged. " Statistfcal tests of the distributions of medians of
‘- »Vtrimmed convepsations- showed the.dif ferences to be ‘signifieant ‘at
".’,ithé;1%tlevelnﬁseefTabLE\5€22). B T T L N VA '

. .. - In the’ abov

[N

L. - LA . . o . Lo , 4 , ...‘ R
" .. % These results are hore“in keepinhg with 'previous findings . .
I 'pﬁesenteduinfseétiqn-2.2,1*;'&ndﬂshdw a moderaté. increase in usger
typing rate with.increased .terminal speed. -There are- two. ~° '
poSsible explanations. for this increase: - ,} e T

e

W L *E.L_Thereﬂis'a'géﬁ?rdl ihcfééSefin the ‘page of | peragér_ )
IV " Interaction with the computer associated ‘wi h the' use of
- . higher speed terminals. I _ e

..

-

- ¥ Note; “however, that if these data“ére'chpéEed-to'vhé'data :J-' N
© .. . Teported in-section-2.2.1, ‘it must be kept. in mind that these =~ . - &
-\\ -data,are;"bursﬁ".raﬁesfﬂmeasured,from_the start of t -

. stimuiug chvaracter) while the data in  seotion 2.2.1Are mean _ EN
,ratesffincIUdingCreSponse~stimulus'delay)g, jkev 'ctron_s.&,a;fo%."i B
Pl L . o

L \ e

v f
£

.. ‘mear rates that:oan be compared direetly..
szf}fﬁ' .

. - L
. v K .
e L ' Ce .
e PR S
. ! B . . "




LRk A

The keyboards prpvided with low speed memi als (110 bps «f -
S ‘generally teletypyriters) is.a"limiting factori = - ,u;

. providing typewriter-1like ke%boards results‘in highers ..
S _'1_ user data entry rates.v;'_.. S ‘ R "KJJ

W

o There is no’ war‘with the present dat to attribute the .

'fgincrease in.stimulus character*count to e?ther of these ”'T:”f' S

-explanatlons, although an . ineregse- in pace_has. already been noted wﬂ"”

in the results for response -stimulug- delay time (sectlon 5 2. 1) IRUTCE
. S L e :

. . . .t L L I
.r...‘ . . ’ ’ tee ) A ’ B

1[5,3 hffects Of Terminaﬂ Speed -0n. System Performance Parameters

o - The system performance parameters are. those assoclated wair
ggﬂhﬁ;:uthe aoknowledgement anh response portlon of the mesSage group.
f.h{.s These parameéters: include the st1mulus-acknowledgement delay time,
e ‘the acknowledgement character. count - and -transmission’ rate, the. .
DT Qm-acknowledgement~response delay time, the Jespohsg charaecter. count
“%. . .and transmission rate,-and the stimulus-reSponse delay time: -(As. SROCI
.-v .. .previgusly noted ‘the acknqwledgement ‘and the response portion of - _f{fft
_fggf“o;the message group .are not necessarlly both present in every, f”',~ e e
‘v - . message group). . The® obJect herg. 'is to. ‘debermine the. ‘effect on -

" the '‘computer system (as reflect?d by %hese parameters)L if any,
g of Varylng the termlnal speed :

:f_§L3;1g Stlmulus*Acknowledgeme't Delay Time -

*" The sthmulus acknowledgement delay time (Da) 1s th@ .
%nterval between the. transmission.of the last charater- of the
_A_fstimulus and the receipt of the flpst character of the« . "
< vacknowledgement (if- any).h Since both the acknowledgement and the
: ':‘&‘}response areé, generated\by the computer system, the"distinction
:hetween these. two comgo ents of the. essage g&oup is determlned RS
“by. applicatlon oY the 'SAR model,. as‘idpse¢ribed in previous. .. - -l

| chapters.- 'This paramqmer is not defined for a partlcular message
*_¢grdup if there 1s‘no aoknowledgement

« . e

Ji S LI o T e Lo 'i]-us*
' L ] Measurements of stimulus-gcknowledgement delay t1me for all o
A messags groups, categorized by terminal %peed, were distributed:
.- ilas shown in Figure 5-5, The key, percentile values for each class »
;‘i'tv..ﬂre tabulated~in Table 5-7, thh'for the distribution of all -

- bbservations and for the distributIOn of ‘conversation medlans." Q_{l '

. .'”$he differencgs between th ~distributions: for. the 110" bps and: the LE
.. - 300 bps classes are significant at the 1% ‘level, both awith .and -

© 7 wWithout ‘batching ot the data (see section 5.5), ‘However, the

Adif{erences between thes distribut;onp are all measured An ypits

' the order-of hundred s of a second, whlch are. .. '

. distinguishable to ‘us ;s\ .hulﬁ”« f'; sl ‘-‘.“-;_._ .o
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20 - 26 30, 3 40 745 50 66 60 sa 0 75 80 - ss 90 % gﬁ..;i,;: L
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5~ 5 Cumulative Frequgncy Distrlbutlon of !bimulu e
o 1-Acknowledgement Delay T1me ' A

4.

Fvggently, the ggmputer system provided quite rapid

1 interaqtive users, negardless or terminal
-The differences between .the distributi PR
-8t dﬂus acknowledgement ‘delay time,” while statlsﬁically

j-ﬁig ificant have'no practical sigqificance.: T :

"f:;’« _ "-%?7;.“3_ R
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"Jgtthis parameter aflectsvboth the system transmissien‘rate for the

'j'reflects two opposite factors:y - acknowledgement character count -

; .- " - B “ "‘ = ST
.. o . . .
°» N . [ -~ R
' § . I~

5 B 2 Acknowledgqment Iransmit Time —f;»bf

. The aoknowldugement transmit time (Ta) ‘15 the time from
‘the first toctife: last. character’ oP the acknowledgement. (if any).

. acknowledgement and thg number of characters in the
':acknowiedgement . This time by itself.'is one component

: [ ] N . . .
. ‘.” . - s

--time required by’ the computer ‘system for ‘transmission .on the.t_h"'

channel "to the user's terminal (the other compodent is thes

1» is obtained by dividing the acknowledgement character .coun

(parameter 1) - by the aoknowledgement transmit time. -This
parameter ﬁ

. ‘regsponse-transmit time). The acknowledgement transmission\n\te -:"T
i o
]

N . Measurements of acknowleygement transmit time for all

jﬁmessage groups} categorized by terminal-speed, were distriHuted
:;as -shown. in Flgure 5-6. fhe Key percentile values- for each class
are\ tabulated ‘in Table 5-8, .both for the: distribution of all.-

. obsexvations and - for the distribution of conversation medians . *?”

- The’ #Xrferences between'the distributions £ ol ‘the 110 bps. and the
300 bpy-classes are 31gn1ficant at the. 1% 1éy I, both with and

“ﬁ;.l:W1thout\\atch1ng of the data Csee; sec%ion 5. ?) e |
| A1l Observations Conversation Medians"pi'

‘ - ‘.'”,' .

‘Rate lij-f '50%'1*.90%T’ .flfo: 50% 908

OSSR

llO'BPS:»“ L 0:2 .- 0.9° 0.2 0.9.9,.>”’f{'
A50°BPS. 0,7 L LT Y 0.3 0. % . .-"
-300.BPS" Lo o -';&.3‘ 0.3 ...);:.

7_“Table'5¥8._ Key. ﬁercentiles for. Acknowledgement Transmit Time )

. (Seconds)\» . P P .
C W - e : : o N T [ -
. As for stimulus transmit t1me, acknowledgement transmit time

.'andracknowledgement transmlssion rate! - For the acknowledgement

- portion of-the message: group (see seection. 5.3.4), the ' -

~transmission’ rate was. essentially always at the. maximUm lihe

—rate, thus dncreasing directly with terminal: speed The : .

“acknowledg®ment character count (section 5:3.3)° 1ncrea3éd about

- 'as much-at the median, but not: at th 90 percentile, thus .

*ﬁexplaining the results for acknowle gement ‘transmit. time. . In any
event, the.differences at the medlan are nov l%kely to be, e

o perceptible to the user.,j-;-- : ‘

‘,‘
A
*’\
Y »
-

) S not defined for a particular messdge group if there '
,ﬁ.:iS ‘no - ackndwledgement . R .

’,
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©5.3.3 .Acknowledg‘ement Character Countyom o oo 1Al z
4ﬁ“fff“x' T_e,adkndhlédgemen ”cHafactef‘uount[(Ca)vjs.the‘huﬂber,‘f
"+ “characHers: in ‘the acknowledgement. (if any). from the computer ... .
System to the-user terminal. This. parameter is not. defined for. a - -
‘particular m%3§agelgr0pp{if.there is no ackqoﬂledgemﬁntu I

'*,aLf,;Meésdtements-of,acknowledgeméht‘éharac&er cobnt. for all- :
‘ SSage<ghdupSf\categorized'byuterminal‘speed,gwere distributed 4 .
. ;-as shown {n Figure 5~7.,‘The“key'percentele'Values_for.each.cL s . o
... are tabulated in Table 5*9,“poth,fof“thkgITStributrQn;Qf<allf‘ y eV

r observiations and for t istribution of dohversation medians, ¥ o

O THe differences between the distributions for the 110 “bps and, the ..
300 bps classes are sighificapt at" the 1% 1ev81, both with and.~ . . .
- without batehing of the-ddta -(see. section 5,5). - -i. = . T
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foj“ﬁQgﬂ5*3'“ Acknowlnd;\Ment Transmission Rate ~"-‘ i e b

a.v. A

e The acknowredgeme t- transmission rate '(Ra) is the rate in Rl

' characters per second at which the: acknowledgement (if .any) is -

- -Q‘transmitted from the computer. system-to the user, This rate is .. % .
> tcomputed by dividing® the acknowledgement, character count by- the P
h*f;; nowledggment transmit time (the stimulus-acknowledgement delay - »
o me dees not figure into .the calculation) Thi's parameter is ©

jlﬁ"ﬂ *not deflined .for: a’ particular message group if there 18 no
RAPEI _;,acknowledgement

io R
R k4 . Lo -t . o S
;“fg:,a;f- Measurements of acknowledgement transmission rate for all " . "~

Message Broups, categorized by terminal speed, werd distributed -
* s . as’shown:in Figure 5-8, . The key ‘percentile. values for each class;
o m_' ‘are tabulated . in Table 5 10, ‘both. for .the distribution of =all
o observations and ﬁpr the distribution of .conversation medians. _
. Thewdifferences: between the distriputions for the 110 bps and the A
‘_( 300 “pe classes -are - signifiqant at the 1% level, bot with and. . |

f;' without batﬂping of". tn§ data~(see sectlon 5. 5)‘ : o

o ;%j_,ﬁ.-um,'u '1”- All Observations L Conversation Medians . -
A -. ::.\"“..:.‘T‘“_» o 3 ' ‘ . "I . L .. ’ "',I'j._ﬁ -...

R e 110 BPS_L[, 15 0 15 01;,{1} w15, 0 15, 01' IV
' . . 300.BPS 5:30.0 30 0 W30 0. 3000 -
Fable 54104' Key %ercentlleScfor Acknowledgement Transmission S
.. . ' Rate (Char/sec).

PR

.;¢~‘ ' ;1-._«;~m _q,v-'u* ' ."f: _.'l”ﬁ:ﬁfrchﬁft i
;1 EV1dent1y, ‘the' short character strings in .the’ '(7¢fﬂ' b |

aoknowledgemynt were ‘nearly always. ‘transmitted' at burst rates.»;;'jg-fﬁg~
"This.explains the hlgh degree of 'serial «correlation for this . L
parameter (evidenced In" Figtre 4~1<h)y. . The, relatively infrequent: . e
.. 3’ 'cases. where the transmission was hot at the maximum rate were p.y:' v
'4/ «probably dUe to. output -queue- processing delays in-the ‘computer

ystem. ‘The. Impact of these' infrequent delays on: cdmputer systema“
lino utiltzatiw' is discussed 1n seCtion 5. 4 2, :
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'!u5;3;5 Atknowledgement Response Delay Time --“f_g ' ’ s,
: o b - SAT S
. : Therheknowledgement reSponse delay time (D*) is the i eTfJ"“
a‘time fromVthe transmission of ‘the “last character:of the R

L e acknowledgenent *(if any) .to the first character of the response..
© V7, Since. ‘bath “the acknowledgement and the response are generated .by" iy
““the. computer system, the distinction: between these two, oomponents
", of the® méssage group:1s.defermined by applioation of the SAR'.
“model, a8 deecribed in previous chapters. . This parameter is not -

73 qieflned for artlcular message group 1f there is no . v._,_a‘\\.
A acknowledgemeﬁt SR Ll ,A,\‘ T ,-l,; : ‘-f,
E - | o | |
e Meaguremeﬁts of ackndwledgement responSe delay Sime. fpr all
. ;~‘meq e’ graups, ‘categor'ized by berminal. speed, were [distributed "

~*u!y~are tabulated: in Table 5-11, bo
observatinns and for the distri

h for the distribution of all
tion of cohversation medlans._,

wn in Figure 5-9, " The keguper@entile values for .each: olass v
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.iingqntte rapld

Clearly, .
esponse/to. the\interactive users (in addition to the |
L nearly Ammed Pate ackhowledgements eWident ‘in section 5.3, 1) The

.« .data'lndicate slightly more rapid response to the users of 10\

L bpSQtermindls than to the users of 300.bps terminals; howe

the co2pu::> system tn this study was providing

~~the 0,2 :séconds difference at the median 1s not 1ikaly to be _;ﬁ ’.;

: peroeptible to. users; even though the difference betWeen the.
~distributions of delay time s .statistically signifioant, "This.
slight extra d®lay may reflect increased processing time “required

. to set. up the lornger responses: (noted -in-section 5.3.7)" or‘mQ:e .

.. extensive applloation processing balled for by the ugers'
:jf“requests . o - _ o .
';:'T,’::f S :} f B "‘__,p e J_f
Ah;;fg % 6 Respbnsé Transmlt T1me - - _ e e
L 'The response transmit time (Tr) is thé time from the first
'to the last/character of the response. This~ parameter reflects-

‘both the system transmission rate:for the response. and- ‘the number.

. I i
;/:. L

of oharacters in the res onge. By itself, this parameter is one ‘L'

M'ftomponent of the transmi sion time required by bhe" computer
systemson the channel from the computer system to the user.
termidal. - (The other componenti i the acknowle gement transmit

Chime) The response-. oharacter count (parameter'fi1) is divided by'w
- the' response transmlt tlme to obtain the response transmission o

- rdte. -
. L)
Measuriements of response transmlt time.for all message
// groups, categOrlzed by terminal ‘speed, were dLstnibuted as shown
in Figure 5-10. . The key percentile vatues for each,clags are-
~ ..tabulated in Table - 5-12, both for the distribution: of .all
" observatlons ‘and - for the distribution of conversation medlans.

TThe differences between: the distributions for the.110 bps.gn the e

300 bps clhgses ‘are significant at.ghe 1% level, both with an
without batching of the data~(8ee sectlon 5 5)

ngt,f._. R A s _ju o N
S hate o U50%s 908 . o 508 90% -
ST O e R A A Y
] s 110 BPST 0.2 ¢ ,"9-.3 T 2W5y _:.'-3.,9. AR T
1300 BPS 'a'iij‘3 CEES T R '

 Table 5«52: Key Percentiles for Response Transmit Time (SecondS)
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As For stlmulus Enansmlssio rate and acknowledgement

' tranﬁmlsslon rate, reﬁpon e, trans~ission rate"reflects .the net

.- response transmission..
“(section -

“the effect of serial cor;
that the efféct of" Lnor@'sed response transmi sion rate’
_dominates, sincé respons
“indrease in response character. count?’

.5fﬁjbps class probably refle

effect of two. separﬂte pa‘ameters.' respdnse character count .and ¢
ratle, ‘Bgthiresponse cheracter count S
5.3.7) and resp’nse transmission nate’ (section 5.3.8) .-
clearly ‘1ncrease with' is reased terminal speed.” However, whens
elation is eliminated; it is- evident

transmit time decreages despite the - S

e* 16w} 50~ ~percentile .

value for’ alL obsgrvatio B of response transmi ‘time for bhe(110 o
s the effect of a- number of SR T

-conversatlons; with consifst ntly brief responses ' '..*11 S
S T T e . ERTRE I A
a’ .
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L Figure 5-11,

- '.data are batched (se

P I

T O C e
.RespoMse Character Couynt - . . e Ty,
" 'The .response character count (Cr) is the numberiof
- charaaters in the resfonse transmitted from the co

“to the user terminal. - Since.both the ackhowledgghent~andgthe 3
‘response are generated by the computer system, the distinct@on
between these two components of the message

" by application of the SAR model, as‘described in previous
chapters, . o R R
‘Measwrements of response character .count for .all essage. °
- groups, categorized by terminal speed, were_distributegfas*showh(}

in Figure 5-14, The key-perqentLLqﬁvaluesufor‘eaeh‘class-areffA,fg 'M

tabulated in {rfable 513, both for the distribution of all . .
 .observatiQn§;&nd for the dilstribution of '‘conversation medians.

"The differences between the distributions for the 110 bps and the -

.f 300 bps classes are-significan?
ifr

¢ _ at. the 1% level without batching .
.of the data, anhd they~arefsigq

icant at -
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l;fterminal“Speed 1is the tey result of . the investigatidn into the-
. effect of terminal - spe;

. incréase parallkls the previously noted. increase in ‘stimu

mfde 3 8 Response ]ransm1351on Rate =

f[fcharacters ‘per, 8econd at which the response
. iithe computer yste to the user termingl, me
S first rdsponge cha acter has been transmitted

... character count: by the response .t

l‘f-,groups, categorized. by termina& speed
t

.- tabulated in Table b 14y both far the disyribufjon of all. . .. '
... observations and fthr the distribution of. oonVersati n medians‘.v‘*<-»~*-1'
~ The differences, between the d stnkbutions fop, theé 110 :bps and the 'Ti“f‘iﬁ
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The lnorease in.response character count noted for increased

d: on- system performance para etersf This'__;_:'
us L

‘character count-as.a function of: terminal speed when ‘all R

. .observations are considered, (No. increase was' found when the - .f SRR :

~data were batched) .. Actually, of course, the . inereasge’ is’ not

- !lﬁlattributable to. the sSystem itself, but to the:natiure of the _
-, 8ervice, requests generated by the user. Apparently, at’ higher
- speeds some users-are more -verbese in: their ‘lriputs. and most

‘request outputs in more.verbose form as' .well, To the extent that

‘" longer responses contain more or more, ea511y understood S A-i-;,g:*
-+ _information, this inerease can be 1nterpreted ‘as an. in@rease in o e

'mresponse huallty, as’ well’as quantity

$ One ef‘f‘ect of this inerease in res@nse‘ eharacter count with
increased @ermlnal speéd is ‘that the ‘respon transmission time:

"y;;does not decrease 'as much as would he expec¥®8d with incﬁeased j__,;:“ﬂ‘
- .line speed. Disregdrd of this: phenomenon could lead to : -
., under= -estimation of. requ1red line capacity in- term1nal

._multipiexor or, concentrdtor deSiSn-H”&, fﬂ'-=, "."v'_xf?;?f",1f\.7:w:f

. - )

rate 1n T
transmitted fromwi*
ed after the -~ - -
Thus, the .
,1ng the response
€.~ (The =
, does nom figure 1nt

The response transmission rate- Rr) 1slth‘

response Yransmission rate .is der:,’ved by div
ansmit. ti
cknowledgemqnt response delay time, if &
?he c%mputation) o TN . ’ o :
S Measurements of response\transmiss n rate for'all mjgsage o 7791,.
Werje distributed. as showﬂ;;:v'--fﬁ"
ile velués for ,each class ape- o)

“in Flgure 5-12., The key perce

300 " bps cyasses are . significa the 14 leVel both with and .

.:Q‘without batching of the data (see iect{on 5. 5 L T "”h:f: ’eﬁ
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LT e Fvén wﬁth the 1onger character strlngs in tgé responsé\(a S
. % compared to the ac nowledgement), the speed of dita.transmi s1§<\ I
.+ of . the response tefided to be the maximum possfble for all . .
- .7 terminal speeds., This explains the high’ degrde of serial .
.t "7 correlation for thi parameter (evidenced by Flgure Bo1-1). \§>
.+ . Thus, the, transmissjon of neither the_acknow edgement nor the \\
L respoqse tended to,be.very bursty. This canWe. attributed to the = -
. . fact The interactiyc usage of the: tomputer system Undeér - ‘--,/*:._"'
"~f”ie.1nvestlget10n was 1limited during the. period of the study T -
' f;”,k*(coincidently) so that: Sys®em responsiveness Lo those users. who

g;%:j wére permitted\g: wat.quite goo¢ S T BT




'f"._“S 3 9 Stimulus%ResponS& Delay Time : ‘;,

i e T
The ‘stimulbs -response delay. time (DSF) 1s. the time from

'/the 1ast oharact,r of the stimulus to the first, character.of .the:

niﬂ;response - It an}acknowledgement is prfsent in the message group, -
. this time’ is the: sum of the, stimulus- knowledgement delay time,;

- the . aoknowledgement transmit ‘time and the: aoknowledgement—.

}:thure >~13 Cumulative Frequency Distribution of Stlmulus-fi"'

. in Flgure 5= 13,7 The key peroentll
_tabulated ‘in- ‘Table >-15 both' for
: observations and” for the distrlbutlon of’ conversation medlans .
~The . differenves. between the dlstrlbutions for the 110° bps- ar the.-

1. 300 .bps classes are-: 31gn1flcant at. the “14 level both wlth’ d '
fwtthouf bwtthiqg oP the- data (see sectlon 5. 5)

response - delay time (see equation 5, sectlon 2:3.3.271). If no

- -acknowledgement . is present .in the message group, this time is .
ldle time. As explained in previous -chapters, this parameter is.* '
‘a _measure of the serviece time far the computer system to- deliver
.lntormation relevant to the queﬁy to the terminal operator. -

: Measurements of stlmulus nesponse delay tlme for all message,.*
.. Broups, ategorized by terminal. 5Q§¢d were distributed as. shown .

values for" eaoh class are -
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iifﬁfor all cases, ‘this parameteb is effiectively the sum of the
o acknowledgement tramsmit time and the- ackhowledgement-response

.‘lﬁstatistically significant, are not likely tb:Dbe perceptible\to fh?zf
«.~.the user, ~ As.ndted gseveral times previously, the service :

~:5 fill’Overall Effects Of Varying Terminal Speed ',ﬁ“;.;] _fﬂ.u

~line utilization statlstlcs that ‘are accumulated for. the users’ -
*“*“”tstrmutusfrand ®ystem aacknowledgement and- response) > portlons df :

“':§.Hh -_Stimulus Inter arrival Time -l

f{-reflects'both user and System er formance - parameters.n _
- is' measured from the time of.e try of the first character of a-
~ ‘stimulus to- the time of entry of-'the first charact r/bf the ..
successive stimplus. (This time 4s not defined f£dr ‘the first

. .measures’ the time betwegn. successive service requests.. The *i"""m ‘
. stimulus. inter—arrival time may ‘e computed by adding -the - T
cstimulus tran'smit time, 'the stimdlus- ackno&ledgement delay time Y &
© (if -any) #he acknodledgement transmit time (1if- any), thei- ' .o . . * :4/;
gacknowlédgemqnt~response delay time (if any, .or elsde the: Lf"lﬁ"a'%w:'qg
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Since the stimulus aek owledgeMent delay time ™ . 80 small

'“5fff11% ‘BPS fa‘“.o;sl'f 1.9., »-fx, G ooig .0 effﬂ'-fTZ*J”%l) T
.17 130 BPS %'0;71' I 0,§@. o B A
“-;3”_.: 300 BPS 0Lk - S

O O.—

delay. 'time. The-differences between the.distributions, thomgh

provided - to. interac ive fsers was: remarkabiy good durlng the

'hf*.period of the: study since. the interactive load was kept quiteii}
o limited durlng this time, .
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Cen e

The overall effects of varylng the terminal sp ed on both

'Tthe user and the ifiteractive computer system are ref ected in .the T e

. 8timulus inter-arrival time. parameter of khe SAR. model ‘and. in

transm1531on trafflc opp the communications llne.'_j'

AR .;' - ‘ ,

.

T The stimulus inter arrival timeé (DSQ) is a paramet?r that -'.; o
his time R

i
PO

message group ip a conversation).. In a serse, 1t 15 ‘the- "duty :3;?«€k:~ﬁ
cyele™ for inte active use of the. compu@er sysbem, gince it: B

stimulys-response idelay time)’, the. response transmit mime, and . e"f\i;:f:{

o :the response- ~stimulus delay,time (to the pext succe$$ive Ay N
-f;~,stimulus) (See éguation 6, Isection 2 3 3 2, 1)a R, R .1"'“” IR
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L A Mea3urem@n»s oF stimulus 1nter~arriva1 time for alI message ;_v
. ,;'aq5x=l_'groups,‘categonized by terminal speed, - were distribyted as.shown "
0 s 7 wdn Figure 5«14, Th ey pergentile values .for. eachSclass are-. -}‘

~tabilated ‘in:Table .5~ 16 ‘both’ for the distribution Qf all o
. \obgervations ‘and for the distribution Jf conversation medians..
oL e The di ferences between the distrihutions for ®he 110 .bps and the
S T 300 bp clagses: are- significant at .the 1} level,-both with- and
Yoo "without batching of ‘the data- (see/ section 5,5). -
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‘ Stimulus inter arriVQlltime did exhibit'mpme degree of T T e
f“ﬁseri 1 correlation ‘(see- Figure 4=1-n).. After removal of this , = <, .
T serigl. correlation, there.is evidedce. of an increase in the paoe LR
“of inﬁeraction with increased terminal speed S L o
. . Coey e
S It may. be of interest to examine the comppnents of stimulus
b inter~arrival time. to. determlne their relative impact pn the -
R 5'total time. We consider the mean: values here, since, for -an, o o
S, ..:equal number: of observatidhs for all componentt:, the sum of’ the - R
. . dndividual means shduld equa1 the mean of the sum: (or’ stimulus S v
-« intervarrival time 1tself) The mean values of the’ .components of. g];-"
s 7. “stimulus inter-arrival -time- are. tabulated "in Tablé 5=17.- = - ;. v 0
“”7'1l1H0wever, since extreme values can-undu@ly affect the- mean.,: the D R
;'gdata ‘for-each . parameter have ‘been trimmed. to" ‘eliminate: el
;.'observations greater than. 60 secondst " The empiricalimean values S
“oef {trimmed). - stimulus inter- -arrival time presented in\Table 5w 170 j
-, 40 'not -equal- the sum-of the: mean . of.all the..components.- ﬁ”’”*' e

“stimulus inteFf-arrival thme.due {o the: unequal effects of the S ?
j;trimming operation.on t_e means f all the components

R It i's ev1den from Table’ 5-1U that for the present Q”'= o ..“JFi*%
'“1nvest1gation, th® con ribution ok the computefr's acknowledgement {ﬁ‘*[”

~(Da, Ta) and delhy befpre. response (Dr) arevinconsequential
e -'User think time {DS) ‘and st1mulus$entry time‘(TS) are the-
I major component though the comp@ter response (TP) also

- .’Joccupies significant fime . W

I 110 BPS " 150 BPS. 300 BPSA_ oL T ’ o
DS. . 6.0 T, 2 a LTS L
‘[)a '; 0. \r . 0.2 _ 0'1 l .
R S P O oY '\'~50.8; BRE i
K 3.0 3.8 0 2.8 N
.; .,_,pss (Totial) .2 | 13.6.. 10.9 L N
Table )-1/ MAbn Values of Compon@nts of Stimulus Inter Arrival
SR ONGT L . Time I o ey Cen R B R . .o
A j,,'S\N 2 Line Utilizatlon —_”:_: i o ,'-_ﬁ}/ f“.jf T_‘”Q'f“i"‘
\ o . s
Ty ' Ihe Data AnalySLS Package lnoludes ‘the capability to compute R
A L certain line utilization' statistics for Sets of data, 1n°1ud1ng L Raen
Wi the tgtal number of: printing and- non-priinting charaters: . R
, .\ - transmitteg by the user and the ‘System, .and the’ percquage of ;.
l,m:ii.ff?transmi si capacity uti;ized by the .user ‘amd by .-the ystem,h

,t:._l%oth incYuding ﬁn@ excluding delay times peior tq transmfssion. RN
'\ . The .stakgstics re 't ulated fg; the 11 bps, 150, bps and ypo I

“:dt? 1h Tables 5~ 5 19 @nd i 20,,re$pect1ve1y‘,_ T __ﬂgifffm
v °
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Vggg;ﬂvu ‘outputqueues g pérform

e unable Bo oubbut dontinuf
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;ff;presents the resylty of" applyingqth se two-tests to detergin thén

;.ﬁ=:f_ Mean’ utiiizdtion data For the system show a‘similer trend as L
U Fabe's with hxwher speed termi
flutlliznltnn

'~ﬁ;.'term1na1q (since,” for\example' L hé z AthScchse had. only 52. 9%
: utllt/atiji/ot the'Ltne by. the sysL m nd pnly M 2% by the user)
o " : ll"' N R :

'?ﬂ??sf*‘ In. thlq beotlon, ‘we- discuss in SOmewhat greater dbtail the !ai*J;.af;
-f o - tho pnrnm Ler dlstrlbutions presented in this chaptery: As ---1.
-vﬁdisoussed oPLLion 4.2, commonly used tests of ﬁignificance are -’

' _computer prognams-‘were written by tﬁeiauthor (using subroutines
oI thee IBM’uo!¢ntitio ‘Subggit ine Pagkage) to apply two :
v non-paramey

'1~-paramegp ' alues of. the 300 bps déta .And the 110 bpy data,. for"[}”~j; =

",;with Lhée verious walugs bYf 7 in.this -table dre! not presented,.

g adeqpabe and . vonse¢ue9t1y these data we
;\feither the 1IQ bp% ot

“at'the. 150 bps rate qnd jie sl!ghtly higher

. : bh0ugh no direct npard s an. be-made- at th
lqmwer rate) . N The results are W@t conclusive, but the inereasel -
'qt ‘the 110 bpq% ate may be- attribu%able tb the.relatﬁvely ligué B
10ad}ng for int ractlve‘uqers on the ‘ftem during ‘the stufdy:’
perlod - This. would be in keeping. with the Bell Laboratories’
Pinding hhut uger typlng rates were higher on. a moderately load?d

y%tem Lhan on-n hodVily loaded system. - -’ ‘; L ) ---*ffr %
Q 1 . . ) Seos s ) '

for 3y$tpm burat utxltzntion(ﬂ#;uweasing abgolute transmiﬂ&ion_jﬂf
3, but’.decreasing. line . 7. -

The mvan transm{ssion rates were 8. T cpdi’ 23 cps

and 5.9 eps for 110,150 dnd 300 bps|glses, ﬁespecmi lw

“L'ine . sharing teohnlques are - mosp indicated for. higher speed
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,btnki%txoa? Signlfiognco FTE : }2-@ ;,¢ M T
’fappliuatxon Jfsthe statistical procedures described in Chapter i

'.iddppLoprldbe for’ usp‘WJth these data, ince the ssumptf@h of an 1'  _
underlying normal diqtributiqp {3 invalid. For this reason, A S ey

rie tests. go th®®iata. These: testé are the '«"“*’  e

~ Mann- Whitney U-test ( iscussed in’ Section 4.2,1) and the ., - .
Kolmogomov=— Smirgov Iebt (discussed-.in Section U 2.2). flable -21

-significanve wf the differences betwe ns+the. distributions of-
each ,SAR ‘model - pdrameher, The significance levels assortiated ' . = 3

robably due to

_athge they dre al® bh®¥ter than 'o*<,00. This is: -
the. 1&rge'qamg&6'sﬂves involved «- with stch ldrg samples, even - .
C8mall . dlfifere ‘between'-the sample.distributions indicate a o

“consistefit dhfferenme in the uaderlyin{ d;sbributionr Y o

'~k The sample,sxzé tor \nd 150 bps da ?a was hot considered’ ‘5‘-{
p nog . teqbed against
the 300 bps daba. L SRR S
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ﬂﬁ“z be tested fn: ‘other way3~-a" S
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jple 6~ 4 is to sort

aiues of one»or'more pa?ameters.ah
v for. the ‘analyst to determine the.
h 8ubsets. .Furthermore,‘seeing the-

ar+p 'r values and-widely . - .rg

. alues in this organized way may lead ‘to " < |
hypotheses explaining the”éimilarities and diffewbnces whioh oan

L -_" ’.x

.." . ,,

One interesting pair of param%ters to analyze in this way
Care: stimulus ‘transmission rate and»stimulusipharactbr count.. .In
;Tabﬁe 6-5 below; the subseQ§ are sorted in 'indreasing. order..

~aceodrding ‘to their values' ' f%r stimulus. trahsmission rate: (first
at ‘the 30%" level. and- hen“at/the 90% level .where 50% values were'
. identical). : Parametdf values .for timulus character coung are o
also shown atlbhe 50% and: 90% leve%' , L S

. . * ." .:‘ P




'“‘\ reported (seation 2.2.1) human factors.findings that "burét"'-i'"
" \rates for short character sequences can greatly exéeed average -
o \rates for Longer sequences.

. \ BRI '-SUBSET . "R38 - . CS o S

o\ s BAsIc ,"2@". 0,9
ATLUL L LIST 2 1T

"'reason for th

It 1s evident even from s cursory examination of’Table 6
tha t higher stimulus. trqnsmission rates are- generally assooiat d-
‘with shorter stimuli. This''is in keepiln with previously

.

. \ir P I“i./\ # Obs, 50% " 90% 90% 'f:f'ﬁj“
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' 'Table - 5.‘ Stimulus Transmission “Rate and Stimulus Charaeter

..'5.« '\ Count by Application, Sorted by . Increasing Values of
Stimulus Transmission ﬂaﬁev-g :
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An alte nstive type of ﬁnalysis tAat’ean be performed with

parameters of\the the -modgl, or just 'a. few, de ending gn the

comparison.-,

e

frthe data in Table 6-4 is to/ compare the chiracteristics of q few -ﬁ
';particular supsets, ThisJCQmparison may ifivolyerall the . .



(‘-:time,:the stimplhs'transmisaion.ratb'Vand,the stimulus character .

. .of observed message. groups.for it .. _ Sy
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. . 3 . e, - ' o . . .
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- 'For' example) the author was called 63_36me_t1meé§6fto~ L
conduct ‘a comparisotf betiween the. Univac Standard BASIC - "' ¢

e interprétet and XBASIC, an enhancqd interprbter offered by a R
.. .vpriyaté software hous v« Of necessity, the comparison fo

: ) cused on -
. “Yualitative fdaturés Juch as differences in the command - . -
L'vocénubary.f Without considering the further implicatidnsqu the -
~results tor even their-statistical validity) at this t&me,_’l |
simply note that the empirical ‘data collected during this sfWdy.
".and" analyzed “according toapplication! reveal that.the user think:

coupt-were éll'cohsidenably;lesa4fothBASIC.than"fon,BASIC,'while*w[
.bherresponse'cparactqr-coUntfwés-coné&derbly-greateru This might -
- . Suggdest greater ease of use ahd?uxility,fovLXBASIC;'thOUEhf* o
. obviously a more detailed ipvestigation would be required to..
.. -confirm or depy *such inﬁerpretatidns.'-HowevenJ observed users, ..
. Who: were. free to choose eithep interpreter, showed a clear .. A
prgference for XBASIC s ihdicated by the mucH larger-incidencle
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7.0 SUMMARY AND CONCLUSION% d"l ;;'j-lhe;';g'f 2"5"

- In this chapter ‘we revlew the results -of the study as i'f fff“”r"
- described An the. previousssix chapters. 'No wew information*is . -~ -

- . pregented, but some cohclBsions based on: previously presented
e information are offered :that help to\tie together 'some of ‘the’
S, seemingly disparate .findings. “Areas of applicability for the -

results (particu arly the methodology) are discussed, and the

future work in this area. - .. . e

(I L. L B R . . -
.o . . . . ..
. - -

| .g . . .
“.57 Bevxew Of. Research And Findings- .

» Y THis study Has dealt both with the development of a_f L
methodology for. the quantltatbve evaluation of ‘interactive o
comptit ing -and with &he application of that methodology to’ CH
~spécifiec interactive system In the following sections’ we rev1ew'
“the methodology which is. ‘the most significant contribytion of .

, . this study.- The empirig¢al ' results from the data collected on the

~are interesting . their own right, especially when combared with
preVLously published results.. _ , o

-

_T.lil' Methodology - ' S T - | ($J" -

o . e e RS

- Tn this dlswurtation we ‘have developed and- applied a new
B O f - mothodology for the mcdsurement and -evaluation of. interactive.
' co\putlng " This methodology may be -applied to elther ‘the users.
 lof an lntcractivo computing system (in which case the users .are
N considered a8, a system component in the S adltional human factors
“approachY or to the interactive ¢omputin system, including the
Jervice computer and anye communications network through which the-
o ~. - gervice |8 delivered, The: methodology may be used for a ) riety
, - of diffcront :ppllcdtdons, some of which will be! suggested in.
§ - Section 147 below.  Héte we review the methodology itself and .
identify hc mPLh0d0]0510ﬂ1 oohtnibutions of the dissertation‘-

v .

'p['7=' The othodoloby is based on&the application of a.data’

(O (olle(tlon technolo®y developed §t the National®Bureau of -
“standarda.‘ As~explained in Chap
- can - be attached te, the dala path betwegn.the user ‘and the

?'f, -~ . computing system 50 ‘that it can identify and time tag. all -

“characters,flowing in either direction. - In this way; all the: 'Qf“f['

" fundamental.data about intenactive conversations are. co]lected
© for, aubséquoht andlySLs. S e

. ~ . . -
.. : . : . oy v 3 . N ‘
e
~*

ey The basiL'processing SOftware developédf or the collected o
- dgta applied o new model of. user-computer. interaction ‘that

’i‘ ”,dlstlnguished between the "acknowledgement" and’ "response"
, “portions of the computer system's transmissions, What was.
- | | Lo § 1og';;' |
.'u !.' B y "
) o !

_ limitations‘bf the current study are candidly - identified The '~:.~“
o "dhapter. and the. dissertatio’ concludes With some suggestions for n

_particulal system under test are also: summarlzed These Yesults e

er 3, a passive recordlng\deche Q
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L ~‘model p

.t'l;_

available when the
. collect data, apply Zhe .model",
'statlstics computbd
. sets .of message grou

" conversations.,
As explained in section 3
adddﬁ to, the DAP to write to a

%ame ers for each
-then gritten by the authosr.

. " " medians of the parameters for thdWfije
to compute. the cumy
utions; to trim the .
' specified.data limits, to compute auto=

- conversation and.
for these distrib

~» and form their distributions

QISSertation wonk began was

or the fourteen model parameter s fornwarious :
S aggregatedwboth wiﬁhin and across '

message

the ability

afid have-certain ‘sympary | e

- ‘o. ,

L 4 -~-«b:__.,k‘ \X. v
had ‘an optﬂ L e
“the values of all the[SAR~““ff;
roup in ‘a set. Routines were,‘
e cumulative frequenoy. e
orm the distributions o@ the.$3_
sSsage groups in eath . S
lative frequency percenté
digtributions above or

1 3, t(e author
fil

1es A
elow
eélation coefficients

S/ythe distribUtions.of waw;ff‘\
.two sets of an, S

tical :tests,
ddi tines provided the-analysis capability used: in--this
study, .as described in Chapter 4 o S
b The 'd ata collectioh procedures and the extent of the data"

.':actually collecteq'

were described in Chapter 3.
randomly selected days and at-r
: of-three'years.

:Briefly,

andomly: selected'
Rgcorded conversatipns ‘were -
presentative of: "normal™:
These” conversations. were
d the results analyzed.,

data

_‘\_."

Two.’

'*were: resen ed in»Cha ter for each aram. r-of'

: o '
' ”Jiu Graphical and tabular presentation of t

he dlstribution'

;?inﬂgdzpof tho model parameter for’all observations, '%gd,_ﬁ:i~'f
' s ‘fé.f' abular presentation of the distribution oﬁ conversation
. \__-','medians for. the model parameter. _v

BN SRCTE vy

‘Both distributions (na1in - and "medians" or "batched") for the_110”fﬂff )
bps ‘and 300 bps' terminal classes were .‘compared using’ ‘the - o
- Mann- Whitney U- test and~Kolmogorov~Smirnov test, and the e s_:ts-*
s were tabulated s , i 1:3" _ ,___' _ '__ ] X
300 bps were also funthar - whl
‘d brief analysis. performed | i '*.?ff”
AWoomplete Lable of results flor this '

according/to this grouping.--
grpuping /as prov\fed but no’ statistioalxtes}s were performed
R o ; 'Tﬁg»!

SR T KRN

y."'“The éonversatiohs reoorded at
‘aggregated by- apphication, and™

Tl
':‘a .

"“ esults Of Ahalys;s By Termihal Speed - 45377. ;ff:" R
' R

: "
Chapter -5 prese 't

. . ed’ "the results of grouping'the data‘f '
L acdording ‘to-the line speed ‘uegd. by the interagtive te rminalxl'ﬂg_-.?;“ﬂ g
R 'Data were collected € r threé giffer ent suo snee 110 bpp,-; L .o
' 150 bps amd 300 bps.u. taalized aul ulatiye requincy T
e M '. \‘\ ' 5 !

10/“ | : . “4
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’

‘ distributions ‘were. formed ‘for all the observations for each

'grobservations was small)

 parameter, a
‘each parameter.‘. - _ v

A}

. Ed

Lo

: ,system.
INERE

”d (fable 2-1)

nd for the median yalues within each conversation for
LR ;‘r;. R L

inputs fo ‘the interactive system, an tnerease in the ‘input
st'imulus character count was evident when all observations were. -

. considered
~ medians, Wwere éxamined. #This reflect
.. .Serial. correlation for this parameéte

but\hot when, the distributiens of conversation
EE the effects of-of high '
,, and. indicated that a

- subset -of users tended to have long system inputs throughoutv

their conversations..

tape input and single .chardcter inputs, which were transmitted at-

' . " '-“ ' ) ' . o o
. QJ . \ el

W The user rate of data entry (burst rate, measured from when
" the input began). 'increased with'the fncrease in - terminal speed..
‘This. trend became clearest gwhen: a correction was made for paper”

the maximum. data rate and. thus distorte the distributions.
Comparison with prev1ous1y reported data (described in sectiof
2.8 1), particularly the Bell Laboratories' data LJackson and

Stubbs,

1969

) "showed. aflhigher user data rate for NBS users at- 110

" bps, a slightly lower d?ta rate- at- 150 bps (thoughthe: number of

any sreported previously (though the previous study ‘did pot

include the -300.-bps. case), The generally, higher 'user data rates‘.'
"found "in the present study may ref%ect a more rapid’ pace of

and a ‘higher-data rate at 300 bps. ‘than fft;‘

hnteractlon due to the extremely good response of" theé i eractlve_,-

“Thi

s would be in keeping :with the prev1oUs datd that

r .showed -a 1owe€ user- data rate on a more heavily loaded sysﬁem

The response—stimu us delay time, or bhe user "think" trme, '

Ve . .. .
] . E S R
4 . . .

:."' { . -t A

‘wWas found tovd créase w th ‘increased terminal speed (after; the,'g’
effects of. -serial correllation in the observations was removed by

batcthg), indicating: an\increase in pace. on the part of the
uaers of higher speed terminals. e Do

Pl .

e ‘,’,.

Looking at.” the oomputer output the length of the responses
were found to increase significantly with terminal*speed. Thus,

~it is-&vident that tebmindl speed is a bottleneck. for\computer
. output,

and

that usérs will adapt gheir :behavior in t¥rms of- thet

tetminal.usyd, (We must conclude that it is the users,'not the
‘computer.sy tdm, who are ‘adaptihg to the speedvof . .thé terminal,
-8ince vhe software providing the response is the same regardless .

) ..i

.with longer responses. (sjince they request such

Miller fol®fMd no s

'] of the terminal Speed

- types of rquonses they- request’ according to the speed’ of the

N

‘ 4 . -_"

If we ‘¢an make the assumption tnat‘users a;e mare satisfied

esponses when

" they are able), we can mgke-an’ interesting ‘compgrison with ot?er;
“data reportéd by & H. M{lder..(deseribpd i Sect
gn

r

ion 1 5)0 )
ange . f‘if
associated with an incredse. in terminal speed fro  CpS- to- PHO‘ a

-ops.  We foumd a significant inorease in-input' gnd out ut - volume

.

(with a presumeq increade in user satisfaation,ithoug user

ificant performance or- atti

e ..l. B

- Ldoking first at the- parameters associated with the pszrs"

Y '

B o [ U v - LI . -
_ k R _ e
s Lo o B 2 v !




':_ahoWﬂjﬁnsFiguné'741; We suggest that an elbow in the curve must
jexistwﬁbmewhere'betwge 33;ops and 120 cps;ffFurtnﬁn.experimenbs
.. With & wider range of for inal speeds would be.reﬁ@#ﬁed to. locate

A
R

fm6a8uregjdihéct1y) witbiéhﬁincréaSe:in. B
_ ' ¢eps.to 30 cps, This leads ug tb_sdggestavj
between terminal speed and .usesr satisfaction .

PO

-
" * .
-
.
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. .. -

e -

-.Figdke'7;1. Usernﬁatisﬂactidn.asié-Fun§tiéﬁbof-Term?nal;Speed_'; s

'1.trahsmisSibﬂ'hateﬁclearly inCreaSesiwith'tenminal speed; “the .1 o v

. '. _;median values seem to indicate that responses’ were .always . 4 o et

..reflecting thefeffeéts“of;a mﬁderaté7numbéﬁ~o£5relaﬁive1y3slqwly-,~; :
o transmitted responses’ ‘Mug¢h of theSe,délays~daafprobably be "~ Tt
;;attributedwto_0utput_queue'pﬁpcessing-in-thgfcompupavmsygtem ' )
.- after 14t has begun the transmission of leng response
~"time odcuring during '
~.o.represent opportund 1 d*™
' transmission'capac”ty.thﬁoughFSOme‘1ine sharing technology such
- ,as statistical m |

. ‘-_—--.u—-_—--q.--———. . . ) LT . PN . pevs
. . . S 1. ‘> e L . L b, e . -

"-'!*'5ifférénbeéwbe£WeEﬁ~theadisfribup£6ns~bf‘alijObSerafions.ofy*

 ‘.rgsponse¥chap@
RUESURREY SERERR I

3 . The idle ...
. the response portion of the conyersation’ -. o

les to regain the -use of otherwise wasted ™

gyttiplexing or: concentration.” This study.

;'TSpimulusfcharaetericount-and,reSponse character count for-‘the 11p3:v",
j.bpshclaSSjandathehBOO Bps"élasseSHWQre signifieant at the 1% - N
level; However, the differences between the distributions of =~ - T
. .canversation medians_forgthe same“parameter3:and classes were hot. -
,n'signrficant;atlthat'level;_'Sﬁimulus-charactéﬁ.count~seemed to
, - exhibit considerable :serial correlation (Figu;ﬁ

Betec) whiler -
) ., ' .-.'. _ol S K o ‘ - ' .
o l - E ". RS

©F

ter- count did Aot ‘(F_igu_?"el'll’f;]'_-:
A LNy

- L 4

L R R R
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relativeiy slow transmission Iines.

0 .

f highlights the opp6rtunities for sharing that exist evgh

Response delayﬁtimes were found,to be slightly longe

pn - .-"'..Va A

r for

higher ‘$peed terminals; - howevex, the. level of the gystem -
\rresponse to- the users~ was 8o good: ‘i all cases, and. the

7~differénces so’ imperceptible as to make this finding rela
unlmportant ' : o e
. ; :-Q. . ’ o : 4 . . . . ’
o .\ The acknow‘edgement portion of. the message group was

found %o -be insignificant. for the interaective system. under
“.jnvestigation. This can be. attributed to-the relatively

"'interactive ‘load .dn the system during the study period.

L
+

tively

™

also

- - Tee it

light
During

" .this period the" impact of“interactive users on the, system was.
.+ being evaluated and’ access was limited to a/small: number :
,“,simultanequs users., In’ retrospect ‘it seems clearsthat: the

of

simpler §-R° model’ could indeed have been- used’ for- this- study

without impairing ‘thesresults. “This in no-way invalidate

~ SAR. model, but rather demdﬁstrates ghat: the added detail

_ ;and vice v sa._.=+»

b'

‘complexity) is pot necessary in all oases...

.

O, 3 Results Of Analysis By Application ‘;

8 the?
(and

Chapter 6 presented the results of grouping the data by us@r

=ﬂi'.aq£11cation prior to analysis (only data ‘callected. for- 30

minals was used; so that terminal speed was not.a fact
this -analysis). ~The 50% and 90% values of all. parame%ers
presented for all’ subsets' however, only some of the dat
pres%pted was discussed S

% EXamples were glven of two types of analyses'“ analy
par

icular parameters and’ analysis of particular subsets.

analysis of: particular parameters, ‘the stimulus transmiss
,and ‘stimulus character count were examined for all applic
Subsets. . The subsets were. sorted by 'stimulus transmissio
‘and then botm_parameters were. -displayed in tabular. ‘form.
‘‘permitted easy recognition of which applications had.

. : charaoteristically ‘higher onr.’'lower “stimulus; transmission

={t was also easy 1o, notice that'high stimurus transmissio
‘Were. generally- associated wlth shorter st1mulds oharacter

v

a L -l'

. In the ana} ysis of particular subsets, it was demons

’.how two gimilarf language. proce$sors (BASIC and XBASIC wer
twoLchose' for ‘the ‘example) could be e$mpared quantitativ
"Sinte the ntent was. only to illustrate additional applic

)
o

for. ‘the methodology,'statistical testing was not performe
the two c1assgs of dataf

) - N V o - .- o .I.. h

0 bps

or in -

-are
a; C

sis of ,
.- In the -

fon rate_‘

ation:
n rate,

Thls _
WA

rates.' R
n rates - - .~
counts“ o

trated
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ely. .-
ations .
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"~‘-1 o Te2 ,Applicabiltty-Of-Resglps e e e _
?""_N_'_'The gzneral apprdach'that?haq-beenjdeVElopedtin this dis- .-
v -sertation Should be useful for a variety of ‘applications. In -
-_f,particulaﬁ,.the ability to.tegt'ﬁor~significance.of‘differenées'- )y
. .'between sets of. ndn-normally distributed data s essential if ob- ‘-~
N jedtive comparisons are"to”be_made_bgtﬁeenrperformance variables “ -
© s ‘in.interactive computing, The following Sections present several
" ‘examples vapossiblejareas~of'pppliqation'for the methodology. ~ . -

) * h T N . . 3 : .-' “ ) ' . -
\ 4 .. . . . . . o\

{ : .
. - -The analysis techniques whieh havbfbéentdevelopqg'mayﬁbe'f T
.used’ in-the design,'selecrion,'pFocurement-and improyement;of.z”_; Do
: ._’bomputer{systemS'aﬁd:remotelyapﬁoVided'computer services. In the .
-+ . design. of a computer-.system or network, the ability to measure Gl
~ # - external ‘performance 1is useful;in_speﬁifying~serVicequsign1g©aﬂg; o
- - and-in. determining how well-‘these goals aré'metf(Kamerman,}1969);j_j1 ,
ol Objective measurement will.allow the direct comparison of . i
IO Lt,ﬁ;ternatiVes;by-imcleméﬁtersfand users alike. Thus, service . . - .. .
i x-:};phoviderB can_impL:meht systems with épecific:deSign-goals'fOr e
: :i,service,-and_users-qan'Specify,fpprhaps contrattually, the level . -,
.7 of servige they éxpect (GrubbaandhCOtth,-1975)W3ji S R

N 7,2,1r‘?ﬁdcurgment'- ‘ﬁg'-:f 47‘,'; Lo '\

!

L8

A S e : o e St
el .- Spegifigation of the anticipated workload is an essential
_ part of*ﬁny-héquest;forﬁbropo;ﬁlg(Ferrarig'4972).;'Kn6w1edge-oﬁ-
- eurrent demand provides a‘'starting point for. forecasting future ~ R
defand by providing a-profile of user characteristics:. Knowledge ~ ,;
. of current reﬁponsiveneSS,:togetheh'wfth:currén;~USér’éyaluafidns,. h
. . provides|the-basis for strengthening ‘or relaxing such requirements -
-":,fhljnﬂtheffutureu- Both buyer. and'sellgn“Shpulq_beheTit'from_having
o ._*_a*Straightfoﬁwakd~way*tp’determine if-eontract terms are being .
_ 'v.[A?jmets_~anally,,theseﬂmeasurement.and analysis. techniques can be . . - .-
. ”gv“fapplied]tb ihstalled systems to deteﬁmﬁhe}the'IeVélgoffsenvice} Lo T ‘
AN Tbeingmprovfded,!ﬁdgntify%wherej1mpfdvéﬁents;ane;needed3fand“to-;g_l '
B e P . N .

7.+ evaluate| the effects of;ghanges;madeitb}the syStem;

*‘,yv'%ppliCation.of.phehnethOdology to propoged systems could be -
. _ﬁ‘rg'oﬁ'any-benohmarki g_eValuatiOn“to;deteﬁmihe-if.requnsiye- YD e
...ness:staS'CIaimed”ih'ghefbidg* Aftén-Séleétion»and-proeuﬁemeht,y Loe
.. * “:.the methodology could continually bé used to ensure compliance
-'_rﬂbwith“cpnhractual.provisipns}'“Thrs wopld-require-thaty perfor- LY JREE
~ . mance requiremeénts b&yspecified in the terms of the .contract -- 4 - .=
a-practice that is not too common ‘today. The-staﬁistiCal_too133‘:' )

S deyélchdaaSja,pert of this’diSsertation‘could be uSed. to: = - R
= 'u*qemonqb(aﬂé”non;COmplﬂ@ch with conb(adﬁurqlgsgrvdpe-@;‘ S

’(ﬁ“w'fspécifidﬁiifnSf' T C S L e T
i R N T e R SRR c . Gl o
T N B U I R R LT T

;r:;,.uxiﬁ_fédb; similar techniques (based on thefSaMe'meaSuremeht”’ij. _-.w.p
ot device used vin thisjstuqy)'haVe:aIreadyfbeen}applied1ihzthe G

"lif}procuremgngfprOCess,(AbramS'gnd/_ay.en,:1978)3 but without: thg = ., .
' "fuLl;stapgﬁtical;ﬁigor_gf the methodology‘gqyelopéd“hered'r; Poro o
B LR T SR A S
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~of these séts of data should be taken as’

_ interacttve applications. Resign ;‘ of . ystems for particula o
“fapplicatikms could to employ -a

-.the effects of user experience (Walther and 0'Neil, 197U), uger: 'b/ -
. learning rate (Jubila and Baram, 1971),,or d1fferent terminal . : .
. types (Walther ‘and. O'Neal 197&) \ CL . R

.h”‘7 2 3 Tun1ng Interactive Systems-—lk-bff'l!,hl" :. 13,7_

*,the users.. . o v_l

”-'of scientific gimesharing users employ1ng m
‘data has been

_~~Jackson; Stubbs and FuChs.(Jackson and St bbs’, 1969,

_appli&ation.- ;_ L . ,;A_._'

4

'i7 2 2 User: Paradhters For Zzﬁtem Design~- C gﬁ#};i"

Considerable data char terizing terminal users has been',.'

-i;colleoted Knpwledge of ‘the distributions ‘for such parameters as ..

typing rate and length of message are’ essential to the design of--_;'“ -

modern computer communications systeps.. Most qurrent

communications networks and timesharing systems are: designed for
'shared use under .the principle that

sers are not ‘active all the,
who can "simultaneously"'
e degradation of . TR
ehav1or patterds of L

time. ?number ‘of -interactive user
be served in this fashion (without, extr
service) 1is a- statistical function of the

.

1.'

Descriptive data has been" obtaine& ﬁn* sample populabion
ern. terminals. - 'This
d_data co}leoted by .
. Fuchs—and-
Jackson,.1970) and differgnces have been: noted Howe ne.ther

ompared with widely circula

data descriptive of users engaged 1n tasks more typical of their

Other types of user- oriented factors 'sould also be7-,“g
investigated with: these techniques "For example,- the error N

- donditions that led“to many of the recorded conversations»being

discarded could: be: analyzed in detail. -With greater contrdl
and/or knowledge of the users ?@ing measured, & variety of human
factors experimen@s cdn be’ conducted, 1nclud1ng 1nvest1gatidn of.

E " .
R BT
BEEEIRTS

W

£

~'-;[ System tuning refers to the p}actice of making small ohanges

in sysdem ‘hardware -or goftware -in-the effort to opt1m1ze system-

" performance (such as by eliminating bottlenecks). For tuning

effects’of system ¢hanges on system pérformance. By taking
Hmea&urements before and after a system modification which ig - .
. expected. to improve performance, the. level of improvement- that {.
'redlized ‘can be measured. ‘Thus, an objective.méasure of sérvice.
- improvement can bé provided to i tallation management for their

" use--in’ determining whether the resources expended were Justified‘”v
by the results. realized. - 3 ;n--:,5_f_ o ,-.._” BRI

'“?(fﬁP'

interactive, systems, installation managers need a way to assess -
“the impact -of system modifications, on Sfrvi e to users. These

techniques can. be applied ‘to evaluaﬁ&ng in a quantitative way ﬁ%

.‘4'
)

The evaluation techniq es can be applied for either hardware
software changes, and ev n to d d”',.t.‘erminnz* if - software -
i proVement efforts seem warrante By meaSuring thé diffenent

B
(3
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. .

-R,gspbsyséﬁms (eig., the vabioUs_language"compilers)~w1thin-a.single B
-'systegj'differenCes in levels ofuservice,qan bé'deteqted. - The - e
. servi e_cgaracterjstics'oﬁﬁghe diffhrent;subsystgms'oan;be AR
-7, expected to have-an éffect on. their value 'to Users, and :may help . . =
,»».to,explaim"user.pneference .+ ‘This type of Ihformation“should;“,” s -
- also be of value to installation management in allgcating . fi”;.._ s
. - -availableg resources*for. user tralhing and for software Con’ '

.. Mmalntgnange and “improvement: e PIRRP R
..o Sif 1"3%13/,. knowledge of the relative ‘utilization of various
~y-facilitiee®y users can prdVideﬁgvidance.as-to.where'optimization;
' efforts, should be dfreoted}'-u' el o R

[

—
“ . . I -

¢ 7.3 Limitations- . - T
.. In View of .the, differences .that have been ndted between the. .- S
results of this gstudy and.the results of stuydies'yith terminals . -
,at far greater transmission speeds (L. H, Mi ler, \1976, 1977), it
1s'clear that the relatively narroy' range of ermifal spgeds ' - -
studies is one limitation of .the study. It would,be.desirable .to ™
pérform.aJstUdd;ﬁhat"applied a)consistent methodology tg a wide
., range bf'terminal“Spequ,:sofbhat conclusive results .cMM1d bg':'

ot?a-ined " . . v N )

v i« ¥ A second limitation is that the measurement approach o
.«"” described here offers no direct explafiations as té the level of : -
S serfVice provideq_b?ﬁbhe,computer.syatem'being tested, All the ", a
measuréments_are:stridtly exterpal to the system under : SR
_ investigati n;.'Wh%le these measurements 3du1d be“correlatedeith“j o
measurementf taken 'internally (e.g., from software monitors) in .°° -

. | order to gain sole- additional indight as to the,functionidh.of%

- the hbSti'hd'suchfcorrelatiOnsjaré_prongéQ‘hegeﬁf. SRS
R _Also,-no;attémpt'isfmade.tq group- users ggccording to ahy - . 0
,xéchema-SuCh as experfence with the system'orreimezpfzday of - . :
R uSage.1;Rabher;-the1experfhenta1'design c¢alled for.large samples -
‘fﬂ_.-qf-tyglggl_uiégeli-In'this way, the-peculiarities of ‘any f-il.'li -
.[_.,.individual-User'shpuldant'h?veghad'any5signﬂficant‘effect;on'the_"
' results, . R o N T T e ST

(S oY

. . ) . H ) . .. . .‘ . .._. - . . . ’-_ . . ._ " . A \
. -Reliadhée on responsg.time as the primary measyre of service . -

. "’: ‘could’.be viewed as a linitation of the study. ,(For example,; = . ' :
- Abrams and Treu -(1977) idetwtified more than fifty different Lo -
o measurés'rélating”to«user»cqmputdk<intéractive‘thaVipr)ﬁﬂ<‘ﬂ;»gj .

' Howevef, the data collected ith the study cwan be used to , . . L

,inVesnigatg a'nuhber_qf different’ service measures. Furthermore, °

« [. some’selection had® to.be made as to which measires to consider.*in ‘s
-1 ,order to‘prov;d@ boundsipo:the"stgdy./g-”~‘ S A ,~';g
o 'A'anal'COmmeﬁt isﬂappropniéterregénding.the;méasurémqﬁt'_ SRR
‘ ~8ystem employed, This is currently: a‘unique tool  only available - - .
@ +within. the. Hederal Government, where these technjques are =~ _ .. - °
- eurrently being ﬁecommknded'(NatidnalﬁBureauApijtandards, 1978) .
e . Ty ,'._. . -."J v . ; . “'".u. PR ~| ) .. . ' o l.n :
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f_by subsequent

'.repeatedly recorded data from a ‘'single or #nown group of users ”

'i,homogeneous populatlon and then .varying one ©r more of the . _
- *gxperimental conditions (such as terminal’ type ‘in ‘addition ‘to
';questlons can be lnveSQ1gated ’ .

: ';type of quantltatlv% data with’ qualitafive;, - such as lnformatgon
.. on user- percelved service quality’ (Dzlda, Herda and Itzfeldt,

; However, this measurem nt‘approaeh co\
" .. .ourrent’ technology at hominal cost.
" the "SAR model. are written in” Fortran'

‘Alternatively, tnéy could be rewritten for. J different System

_ s developed . Thus, applioation of the = e
«_ metho ology elsewhere. ls fea51b ey o

.ij.ﬁ- SuSgestions For Future work 1_uf;f- 5,. ) e

desirabilit of correlating internal measuremént data with’

Ty

SR . S AR I

d be rep ioated wit”f,
Ihe programs that’ implement
nd ‘should, beupontable.

from the algorit

Y A

_ - The type-of data collected and analyzed in this study ‘Is- .
rich with p0551bilities for further research.  -By prov1ding a.

}zmethodology to tollect and nalyze large volumes of data on basic_o
. events (such as the: transmli S :
_ Jcharacter strings.by. tQ;EUSers and the" computer) many aspecgs’ of:_;u'

;'g,interagtl e computer uNage that ‘weré previoualy only dealt with
"._.in qua, e

sion of ‘individual- ¢haracters and

1tative terms may be analxzed quantltatlvely._

.

A numbeq\g; th@ llmltatlons Just observed could be remedled ' ';'

tudles that covered a w1der range 2f termlnal

speeds or contrdlled more: variables. ~"We have. alréady . noted the

" e
external data of.4he . sott reported here.. Studies which

could 1dent1fy trends over 1me as well ‘as. differenees between -
individuals or between’ grou ‘By randomly formlng groups from a

termlnal speed) a.wide variety of dlfferent exper1Mental 3

]

Tt would also be qulte 1ntereot1ng &o try ta combind th1s

1978) . would serve’ Yo validate“the .ude *of Epe — ,
quantltatl . measures as. determlnantb of interac

R

-'k'-~l*“: ”'n'F-{-,M~,:'-ff g F; ,-:'~ o t.’]ef

_ ive: performanoe._"'
.. The wide range of" &ppllcatlons desd?ibed above should also serve_
_ to SUQgest Future work based on, the methodology developed here
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