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L'/‘»t't‘\'e Feseirch ,has‘_h’ee{n c’u}r(ed oution _p'er.fo_rmuni:e‘ " 3
i Te . ,,"- criteria for computer s'y;’te'ms’llsed ‘In . the chs‘s‘roo}l for =1
- s computer assisced 1nstructlon (CAI). Br1;'f 1nte‘rrﬂpﬁons and .i
2 delays a‘re/comnon h| such systems. ] Fuster, more respons(ve .4 )
g equipment may ‘be tao expensive. _' s L :t ® {‘
3 i i )

oth

. random canputer genernted de'l s un the attltudes of'

-V A ma'le and femate students towards Uk!. -H{e study also""sou‘ght .

"2 to'look into’the effects of nrese delays on studean

acl\ievement in-a* CAL lessnn.

Flfty fuur third year unlversity studentsv ware ru“omly

,. % div!ded 1l|to tﬁree grnups of eighteen suhjects each.‘ The
firs\: group, Ehe control. group, . .completed a.CAl lesson !ﬁ S¥.a2, B, S
uh‘ch there were «no de1nys.‘ Tt second group, an ;

. eXFEF‘mthi]»gNUP'——VIY‘g1Te“ a ‘\zrsion ofmssun_ in

which they experienced seven de]qys with mean durpt‘jon of

y e‘lgqt secnnds.‘ TQe« third group. as §1ven anotner .

G exper'mental treatment. a verslou ‘of the Jesson in chh the

Tength of each delay, had ‘been douhled for a mean duranon of
sixteen seconds. At the engd: of the-lesson each sther.t was
required to cnnpiete a teu item Ach'evement test and nn " .

3 : e!even item semunt(c d(fferent(n atntude questionnure. / LS |
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b and fema'le subjects

b Tne 'scores frnm tne attitude falé were snMsHtallx

ana'lysed usiny several’ nppchMons of the _na1ysis of

variance- technique No differences |n attitude tuunrds CAL

were “found hetween the. three subject grnuys nor hetween male

rherscores from the a:h(evement test weré alsu ana\ysed ¥

by analysls of variance tests. No differences were f‘uund in

achievement scures betweeh f.he three gnnup§ i
\

study; 1nd1cate that, w‘lihinvce‘rtﬂn

The res‘ults of’ thl

Hnitations, ﬁ';ndom de'lnys uf up tn s(xtee 3 secnnds mean

’durat-lnn ware’ tnlerah'le in compute ’ ass!sted 1nstruct|on :

systems. .
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¢ - ks twenty e rs ago as ‘an_ advanced teaching macMne technlque.
7 7

'The digitgl computer nas se nas an '{deal medium Fdr_

'sma'll and hlexpensive cnmputers

. great number: of simultaneuus

frequent)y ylbj!c €

‘reasons,  the users of: s‘chvs‘ems
Sl to b'ot'h.'qr:‘ed.i:jtabl‘e and unpred ctable\dela:ys and

|nte,rru|:.t'|'or"|s. ‘These can cc_gur at any time.d ﬁng an.

4 -interaction wi‘\’t/h{ computer.and may be of any.gu;g&ion. ot
NG Uﬁgen,;uﬁhm TYGns. thie users may eXperience .annoyance and, & - !
i e SHehieed ; o/ pars yanee u i
e 2. fruswt,raﬂonk/ vas bR ! $5 @B o £

In cnmpuLLer assisted lnstructlo:&{fj ékgerformance S SIS

and attitude are related. uegmu tudes - appear o caude . T

~

poor learning outcones; . Student H‘tncudes toward cAz are .

T generally favourab]e,. but’ eq]ipnent shortcum'ngs hurt these

g att(tndes.

¥ ' o _.

‘ome research has been carr'ed out r.o estabHsh the

t i ,tyﬁes of conputer equipmen; best su'lted to’effective CAI. v
¢ T . Much ‘of this has. dealt with the upt’(muatiun of d1sp1ay /l’ .
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: . gators have.

'student termjral: eq'u nunt., A very small number of investi-
’Ioaked into des!ulﬂe cnIputer verforlance

B chirl:terlstics. A= N s
P ')‘c use of teaching machines. for programmed learmng was.,

Can appHcaHon‘ of psyclh]ngicﬂ learning thecr!es uhlch

enphlsized the uportance of Im-edute feedback to reinforce

student behaviors. As colputer assisted' instructlon grew’ out

of this earlier technology, ' there has been significant ..

- interestin tlu eduut'gnﬂ effects of faedblck dehy.‘ The

. duration of the 1ninrnuon feedback interval 1s dependenl un

thé system response” time aF}he colpnter being used. As th\s 3

is an impcrtant neusure of compu&er perfnrmnce. and nne

scientlsts I\'ave studied user tolerinces to yoor system

response times.. ‘ b s -

There has_been very l(tﬂ{e |nvest|gnion nf the effects
_nf nther(types of cnlputzr gqulplent-rehted disrupt{ons of
an |ﬁtéract|ve'sessio;| o;- C'A‘I'Iessnn. However such deldys
and |nterruptions may have s_vgnlficlnt Tong “term impact on

i stua!nts ntnuhes Y.onrd cuputers and their ability to

'degl with* them as :Hl as an immediate effegt on both.their -
. ) v o

“attitudes"toward CAI and their Tearning outcomes. _

In computer Ass|_s’ted ln;tructﬂon, ft_\ly,s, i‘ﬁd.
interruptions can occur not only‘dnr!ﬁg the |j|fnr(nt|on
S5 Snes it " % >

ich (s expensl,ve to improve, a ‘number nf :omyuter’



i feeabuck 1nterva| -but at any ‘time during the sessien. ThA_
i i frequem:y and duration of sucg dlsrupﬂons can vary widn‘y
‘depending on their cause.. Such. delays may lead to negative

attl;t‘(des and poor learn1nq outcomes. . The purpose of this
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Chaptef I B
REVIEW OF THE LITERATURE °
) : e R R

Background - .

The past few decaﬂ}s\gave. Nitness’ed a Térge number of

innovations in the field of education. Sn1utions have heen'

" put forward.for many problems. Neﬁ—a‘evelupments have, h\vaded

solut!nns brought new problems and were discarded. % Dther

practically all facets of teaching ‘and ‘Tearning. < Basic
-‘educational goals and phﬂosaph{es have been questl‘gned and
attacked. Mew types of instructional materials have been

invented and produced. . New' teachingpstrategies and methods

‘have been developed. Educators have been axvosed to uffew

methods of eva]uaﬂon- system des(gn. and administration. A
major area of innovation has heen the (ncreas'lng adaptation
of various techntﬂogies to produce an almost bewildering
array of audfoyisual'aids and teaching tools.: !
g g Sl O o -
However, ren‘( change comes ver,y sTou!y. Many nen

ideas uera never !mp]emented to 2 large ennugh degree to be

meaningful or to be properly evaluated. - Many of the ;Mny
technological -tools such as te‘ach’i_ng»mach'nes that promised

5 T v
to revplutionize the classroom lie rarely used and obsolete.

Few educational fnnovations have generated as nuch
1nterest and attentlon as Computer Assisted Instruction

(cAI). Cnmputer Assisted Instructinn may be defined as the
' -

USROS



_nsed’ to supplement other teaching uethods. After the :onteln.é

'has' been tnught, the studen? use the couput:r exercises to
e

. ~
allﬁ the presentat!on of 1nformniqn to the lurner, as n\ﬂ'l

-as driT1 and pncnce (Tuttle, 1971). Most CAI progrns have )

use of a computer system to provide on“line direct .
interactive instruction, testing, and pres}ription (Unwin and,
McAleese, 1978). Gillett (1973) ‘descr]bes- it _as “a man-

o
ncMne'rz'latiuship in which the man is learner and the

nachine is a cuputer system uitn a purpose of 1nducﬁng human

learning and retention. ‘The learner may |nt=ract directly .

with the conputer or ulth a terminal renote!y connected, toa
comput'er. Cnmputer Assisted Instru:t(on is a’(so known ls
Cpmputer\(\ssisted Lea-rnh:g (CAL). It s notito be conﬂlsed
with other educational uses,'of the  comput@r, both

instructional and non-instructional. . \

CAlL vrogrnnsﬁny be broken down into five major '\_
ggn-riz.s og levels of_int'era:tlon. Thz.se»,n‘re drill and |
pracn\ce.?_ titorial, diglogue systems, simuYation and gaming, f
and problem solving and 1nqui‘ry (Tuttle, 1971). These five - '_
categories ‘account for 89 percenvt. of the Zsio'entries listed
by Hoye and Wang in their "1973 Index to Computer Based f_\\.'

Learning. . & . S

Drﬂ) and pruct':e is the s!mplest type of CAI and id

facilitate retention., Any w Iurnlng takes ‘place mostly

th‘réugh tr';l and error (Wager, 1982). Tutnr(n systems .
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X\ been of this type'(Hoye and Wang, 1973). Tutorial CAI limits

interaction to the rig{d constraints of programmed 1earn|rrg.
D1a1ogue systems overcome this dra\nback. The macMne and
student are permitted tn carry on an ynrg_stﬂcted dialogue
abdut the tontent. This Is the most complex type of CAly and
a1t)|ougn a significant number of programs of this type have‘
been qrepared (Hoye +and Wang, 1973), furtper prngress is
]arge]; tied to research in: natura] languages andAartiHcial
intelligence (Howe, 1978) Simuht(ons and games’ are used to
teach th re1at|nnshlps between variables in cnmputer mudels
of real) systems. The student alters the variab\es and
uhserv‘e the x;esult1ng effects rm the whv]g model. ‘There .15
no fornalized 1earning guidante (Hager, .1982)." The last type
of CAI, prnb'lem sulv(ng and inquiry, allows the student to
solve problems by means of real time computation and data

retrieval (Tuttle, 1971).

Supportens of cunput'e'r a'ssiste‘d_ instruction claim a
numhel; of advantages over other te{:_hing methods.
Indfvidualized instruction,: catering to_.the ‘needs jand
abilities: of each.st\ldent.' has hgcnm:e a popular-educational
concept. ~ Such |nd(v(dugl‘|zat|-on of learning has been s;fenv to
be a major advantage of Cf\l H’uttl‘e. 1971; Jamison, Suppes,

and Wells, 1974; McCulloch, 1980), - - o
: 5 o

. N : B
In a considérable number of studies, researchers Rave

explored the effectiveness of CAL. "Various reviews of the

& )
-1iterature (Vinsonhaler A\nd Bass, 1972; Jamison et al., 1974;

\

B



either .Suppluent toor as a h}lictlent for trzd't.innn

A . « b s
teaching -ethods. produces achievement and retention levels

equal to or Mgher than the munenn -ethods alone.

T1l|e saving appears to be a major benefit of CAI. It

hls been snoun t;:t students using CAT ‘take cnnslderabl_y less

. time to len‘n tnm those using other methods (\Hnsunhaler and
Bass 1972" Jamison et al., 1974; Edwards; ‘Norton, Tayler.

Hgiss. envd Dusseldorp, 29753 Thomas, ‘19795 Dence, '1980).-

~ CAI can be of particular h'eneH't to iﬁe-educatlonn'l1y
dlsadvantaged. Belou avenge students make larger relative
ga\‘ns using. CAI than other students (Jamison et a]..blsTl'
Delnce,_ 1980). Using cn.lon CAI programs, the quality of
{{’ri’stru’ction‘lnfthe schqnls can be partially equalized
Jl?a’nmu‘l school Public ie_’lattgns Association, 1968).

Cu-;;uter- I_ﬂterai:y has become an issug.in education. It
has hun .stated that computers and related electruni:
equipment have such an lnportant ro\e inftoday's soci ty that
stlldents who"graduate from school ui;nout having beenEPxpos_ed
to cowuters have hg_d an“incomplete education (Molna ‘, 1978;

Luenrmann 1980). tfomp‘uter assisted instruction, With its

. necessary hands = on cnmputer exparience, 1s‘\seen as a/means of

developiny cump,uur-\‘ltente graduates.
; oo i

. Two factors which are often Hsnd‘anong‘the ‘most
¥ 4 { o

Thomas, 1979.; Braun, 1980) indicate ‘that CAl, when used as,

.
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: Tmportant positive attributes of_£AlL have not been,menﬂuned\ =

“this discuSsion,  Immediate feedback is of prime’ ©
|mport\‘ance in certain 'Ieerning theories and was’ one of the
reascns\ for the development of prugrammed learnlng and CAl.

Student\attitudes toward the medinm are usual'ly pusiﬂve. . ) t

| Both tane areas are central to this su#dy and wi}l be

covered {n some detail 'Iater in this chaptﬁ . g Lo

In spHe of these apparent educatinna'l advantage% af
usjngCAl there Qre.a number of reasens why tne\practice has 2 i i

N not beco\'me ;a standur-d in the schools. : One' reasons 1s that )
) + ¢ o, school lsys'temé are very ‘resistant to charLge‘ Although
perta!n outward trappings may be rﬂfferent the roles nf t‘he

Y ! teacher. teo(tboak and classroom have,no{: realjy changed 1n~

th: past hundred years. The complexity. of the machi'nes, éne’

P lack of mcher experience with them> and bad e perlences‘

i with uther educntionn! technﬂogies not Hv‘lng up 0 pram1sed ;

- e . results are- all barriers to the adom;ion of CAL ( ar‘tenarb,
' 1980).. 0 s 5 o 0 )

s ' w At ] 3
. o et |

There is'a fear, thnt the cumputer can dehumanin the \

educationdl’ expen(en:e. Donoian (1979) ‘sees the student who i
has k}efn largely taught by CAl as 'Iacki'ng respnnsi_ﬂe adult ,i
Fole models, having af@ve’n‘geds dhsaEloPIAE i et 2

~ dsolated from other peo Computers cannht train students \

to associate effeét!’vefy wlth oth’er peoj jpr;’sent idgas and d
‘o defend them from cr(nc(sm, nor tn spenk effectlve’ly before a

S group (NSPRA, 1968).
: p o8 * il
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. Tower. ‘Iew’r‘els_uf cognitive learning (Schoén, 1974),
% unsuitabilit

or certain types of subject matter ‘(E111s,

aracterized by lack of

ce. A CAI lesson-writteén

g % ) .
unless both happen to support the s nguages (Simonsen

f‘ and Renshaw, 1974). This contributes to the h¥sy 'cost of CAI

. "nterhls. g vie E

- .
5 ) The cost of CAI, both the n'rogrus Q‘soft-are'), and the

machines themselves ("hardware®),. has been the major reason

. acceptance (Litrell, 1973; Simonsen and Renshaw,  1974;
. i { Daellenb'ach. Schoen!w,enger,jjnd Wehrs, 1‘97‘6).. The cost o_f

software development for a given CAI implementation may be
' P greater than fnn nfvtheL,hurd\nre (HSPF(‘A, -1968; Simonsen and
Renshaw, 1974). Comp[{ters were very ,,etﬁgns!vg._ Gillett
(1979) quoted figures of 180,000 to $2 mildfon as’ typical.
Leasing-costs for one terminal hour were often four or five
t_1me; that spent by the ayenge'schnol' for all fnstruction.
Such costs s:ui not be borne by the schopl systems which,

.. u_lthuu«gh they absorb a large portion ‘of government

AN

Other educatignal drawbacks include emphasis on. the -

ins{med (to.another sy_stem'




expenditures, always seem to exist at, 1itt1§’ bettey than-a
s'uhs.'!stence lev;l:‘ Howev;r, ‘hardwareperices are falling

dramatically:  The ea:Hest électronic computers contained

tensof

dusands of vacuum| tubes, required large staffs and
special bu 1dlngs‘.’ and‘cost millions. Today, computers ovf :
greater wgr’a (] ‘avanalﬂe for .hnme' use “at less-than a
thoulsag; dollars.” The progress from vacuum tubes through

trapsis nrs to integrat,ed c(rcuits has created huge savings

1n ‘mat rial, Tabour, envirnnmenta1 protection,. and servicing
ALV, AT ,(Robe tson. 1979). Mass .production techniques and. o
’lated exyer‘lence |n “the manufacture of microelectronic

12 . - cogfponents have a1‘so Ied to cost degreases. AS the

single transistor, loalc gate, etc.) increaseq by a factnr u_f
I ' !
twd thousand between 1960 and the late 1970's, this has also
b t‘:ug‘h’t'abuut sign'ficant cost reduction (Noyce;—1977). -
q i "
There appears to be no end in slygnt to this exponen ia1
g’afn in computer cost/performance ratios. Bubble and cnarge

coupled device (cco): neﬁ\ppies are still in the early stages

- storage &e}\sities,te,n'to twenty t'u}es greater: tyt_an ;pre#e‘nﬂy_

possible. Communications improvements ‘using.satellites and
fiber optics w‘lﬂ allow much greater data tr‘ansfer at a tiny
" fraction of present costs (Robertson, 79). Superconducting

computers promise to increase computer power an‘d decrease. *

cost greatly. By the end of the decade, a computer Mth(»

’ . ol

of tnéir devélqpment. Dptic‘a'l-techniq.ues promise data *-




Hfty’ﬂme& the power of today's large high speed.computers :
‘ma"y'he'ablexto reside in a six-—im;“h cube (Matisoo, 1980].

. Frenzel‘ (1980) pTQtS the history of CAI against that of.

. o the computer\industry. Msign”icant technical advance or 1

- price drni én the computer field resulted in a surge uf
interest in &AI: timesharing in the early HGD's,‘ \smaﬂlgr

s timesharing c_\omputers in the late vl‘ésu's. 1nexyens|‘ve .se‘]f—
contained des\kto'ﬁ Qnits in the late“1'970's. He ;tates that

" qach @rop in \price hrings khe computer closer to being a

. practica] c]as room tool and cunc‘lude; that the new smaﬂ and
‘._cr!eap campiters -have ‘the' greatest chance of making‘ CAI cost-

effective. Lipson (1‘380) beHeves that nmputer cost-

\¢
X
d X\
effectiveness 1111 conﬂnue (at 'Ieast through.the 1980's) to
doub'(e every two years and projects that computer- cnntrol]ed

frame retrieva) from videodisc NH’I be available at.one

hundredtn ~the c}:s of the pr'nted page.
A ey .
As cnmpvuf‘.ers become so much che‘aper'and mass
distrib’\t\dun al\lnws inexpensive softuare to become ui\iely
nvaﬂahle (Frenze\, 1980), conventiqnal Instructiona] metnods
.are becom!ng more expensive: Increa\_ses in the costs of
textbooks, teacher salaries, conventional audiovisual
xquipnent, and ‘e]at paterials are hastening the dayv when
CAI will be a vé'y(::f:::mca\ method of  instruction.
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Literature criticalito the study

Atthough the llv!erature of computer assisted instruction
is very large and much research on the subject has been done,

: 3
very few studies have examined the characteristics of

for use (n‘CAI. ne‘luys. unexpected Inter;—uptluns, and

variabTe respanse times can be experienced in |nteracno»s <

“with- a'lmust any computer system. The effects of these dehys

on the 1earner nnd on learning outcomes in CAI have ta a

great extent renin!( undocumented.

. ) 0w A o
The research-that has been carried.out, by. both computer
scientists and educltqri,"his largely been in the ared of

respohse time (§NT) System response time can be

syst
defi\d as the.interval between the operator's pressing the
Tast key™fn the 1input operation and the system's first

observable response (Kagu‘re, 1982).

Lengthy SRTs nn‘be‘ caused by a number of factors. .,

There are great di fferences in compu‘tatio‘vna‘l power between
computers and programming langpages (Gilbreath and Gilbreath,
1983), A slow computer or inefficient language can cause

slow response especialTy where a complex .computation is

“required. - Such computations indjlc:ast to bulk storage

devices slow down the system (Nickergwn, 1969). Certain bulk

storage devices are much slower than others (i.e., -|§netic i

=

§ -
© different computer systems that.may affect their suitability i

——
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tape is slower thandiscs)..- Inz timesharing system, whe're

- 4 :
there may be a considerable number of concurrentusers, the

P
».5,!}‘ of this load .is another important factor (N{ckerson,

-

1969) = C ‘ A

there are few examples in the Hterature. G‘Hhreath i{d

Gilbréath (1983) useda single algorithn.(for computing prime

numhers) as a he_nchmrk for :bmﬁurm the execution speeds of
'

-a vnriety of hnguag:s and wmpnters. Using the - s,.“ FORTRAN .

program ane , nchine (a CRAY -1, one of the most pouuful. i

cuputers) took 0. un seconds to :omphta the colputaﬂon,
compared to 509 seconds for anothe\' (an Apple Il,xan
'ir;expens(ve desktop unit). A single computer (a_ sn!l

Hewlett-Packard model, 85) took 21 se:onds o compléte the

task when progru-ed in assembly languuge (a ver_y Tow level
type of computer 1anguage requiring -nr.ll progra-ling effort)

and 3084 seconds when'progranmed in~'BA5lc. . -

/ A variety of bulk storage dev!ces are used by CDleIlter‘
systells to store botn\progrnls and data. Iﬂclerson (1969),
referring to large scale t!musharng\ syn/!lts. descr1§es [users
,of mngnenc tape starage as hav{ng to n!t "a lonq Hme in
cunpnrisnn to disc users. Jeffr1es (1983) Hs&s the times
taken by a variety of 1ne§pgnsive parsonn conputers to store
ten thousand ;:Mucters nn.i‘floppy disc (a relati-.vely cheap

storage system utilizing .IJ removable non-rigid magnetic

Actual SRT durations are difficult to generilize and"

N



nediun). Thé times range from 1L.4 seconds. (for the IBH

personal. Conputer) to 46 seconds (for the Atar{"}rio‘d’el 800

 such a de\ay myst be expected uhenever such, a smald computer

has toload or save a programor data file.. Audio cassette
storage, available for_;he l‘ei'st expensive mac—hhles', is chh
stower. - . : W

® * shiediderman” (‘l979) gives & common design ‘sp.ec'iﬂcatnn‘

for SRTs of two seconds for.90 percent of comnands and 10t

slconds for the other tén peréent. LEi ting abmn: an '

interacti ve graphins system.used 1n co mputer‘aided d:si an,

Spence (1976) . descrd bed caltulatﬁon dglays of upito 50

seconds: ¥oe -

) % ; © €
Computer delays ~also occur. at times other than those.

»|m‘med|at‘e1y following user fnput or ¢ommands. Syst*e'hé

somég!mes “crash," oy comple tely cease.operation, without any

warning or imdicatign of the 1ikeTy durg_t{un .uf‘ the .
'Interr‘upt‘ion‘ A 'user caught. in the middle of an interactive

session mayllose a :uﬁslderalle amount of work (N1ckerson,

1981)." There_are'a number of other cau ses.fur work session

interrupty ons: Té_sler (1982) 1ists six different reasons why‘

émn! single user systems can 'suddenly s.iop in the ‘m(ddle of
an® operat1 on Hn four of the cases the system nHl'frestart
chou!ng a delay of unspeciﬂeﬁ’ durat1on) One of thpse
delay cundic!ons,,( garhage collection” of ou tdated string
variables by a number of popular BNA_SIE jnterprevters) can have
a duration nf. frof less than a second to over- half an hour
3 : i :

i
i




(W11 14ams, 1983). s A R B T g

v
Rapid ,system response times have bedn regarded as.
criﬂcal to computer assisted mstrucpon as they represenz

delay of feedback -to“the lear,uer. CAl rgrew uut uf the
&

. teachinp ‘machines of the 1950s and the worl f BF. skimner,

who beHeve'd that any delay Betweem a student s responsel and

the r‘einforcememt of that respﬂnse wou'ld...result ||\V)p

1earnimg. In a. \Li&e'ly acclaimed and influent(a’l artic{e of
1954, Skinner created great’ 1nterest and ga1ned’?umsioernb1eo

support for hls theoriés.r" Based upom Ms onbrant‘" .

cand'ltiondmg research with animals’ |m "Skinner. boxes., he

stgted o ) . . o
5 . " ’ o
It can be easily. demonstrnted that, unles [pﬂcit 1
med|at|mg behaviour has been set up, th apse of g
i only -a few seconds ~between response-.and
reinforcement destroys most of - the effect. In a . .
© typical classroom, geverthe 'Iess, u)ng per!ods of, . R
195 >

. time customari'ly elapse (Sk!nner, ' .
- - . !
Sktnner also crlt(cized educat(onal prac,ﬂce for us(ng s L HE

N
avers{ve cnnsequences 1nstead of us‘lnq positive .
. reinforcements, “the lack of skHlquy urg\nlzed progra f .
studies bu-ﬂdlng on 'shall progressiwe steps. and the )

'-infrequzlncy of reinfprceme‘nt'ﬂ:n the..‘c’lass'ronm. The process
« " -~ -

of education was presented as a'scientific ‘t}chnclogy‘ umd : '. .

almost 111 the protgtems of the schoo‘v systems bnmed ‘on a

Tack of sciéntiﬂc rlgaur. He concluded with u-:a” to nrms‘ ; " & K
.Mre ‘Is a s?mph: job to. be done. The task-can be . -

stated in concrete’ terus. The necessary tethnfques



poy

are known. The .equipment needed can easily be
provided. Nofhing stands in the way but cuitural
igertia (Skhmer. 1954). -~

.\_ : - N
However, certain areas of Skinner's work have since. been

suhjected to considerable criticism. On a theoretical basis,

" his assumption that knou]edge of results provides aperhnt

neinforcement has come uhder Hre (Annet, -1969). - In Renner $

(1964) revieu of runforceuent delay studies,” forty years of

'anhul studies support Skinner's work.- However, ‘studies with
human subject‘s.do not. . Delay™of ;e(nforce-ent or knowledge
of results -iih human subjects showed no performance
decruent (Renner._[esl) . ‘

Bnckb”l. Hunzr. lnd \Hls‘;n (195&) pointed out the
d(frerencesf between human be1ngs and animals in such experi-
ments, stating that resu]ts from animal elperiments are 'l\ot
generalizable to humans, ' "For the brganlsm without ﬁungnge
proflchncy, the’ information and lotivniona! eflens of'

renards%d punishments are 1|n|ted ‘to the |lnediate

.fpresent' They then went on to.review the literature,

)nclud'ng fonr(experlnents from tnelr own laboratory,. which
/Indl:ued that the dehy of *eedbick (feedhack helng defined
as knnaledge of results plus reinforcuent, the relnfor:nent
bﬂng dependent on mot'vation) during learn1nu actuﬂ\y
.hnproved retention of the:learned material, whl'le immediate

feedbuck durlng Tearning impaired retention. ,/ ) . .

This ;urprlslng finding his’stnce"been'wbsununed lh_y



3 othervreseurchers.e' More (1969) found retention improved
significantly ‘with feedback 'dela_ysv\‘_of,two and one half hours
and one day- Sossenrath ann. Von.vge_(lsﬁﬁ) found retention
improved by a delay of. twenty-four hours and (1969) by a
delay of only ten seéonds. Slmﬂar results were reported by*
EngHsh and Kinzer (1966) and by Sturges (1978).. Gay (1972)
\agre‘ed that immediate feedback was not superfor to delayed
feedback, but found the optimal deldy to be dependent on the
comp“fexlty of the subject matter. She concludez_i that CAI

delays in timesharing systems need not be an educational

considerg‘tion.

" S o - ¥ - -, -
oy The major focus of research in CAI has been‘on uchie;}ng
the nighest possibte critefion performance in the shortest

possﬁﬂe time for all'students. Student attitude has been

- :.seen as-arelevant factor only as it'affects the attainment

g o~
i ~of this goal (Brown .and Gilman, 1969). Different researchers

have studied-student attitudes toward CAL the subject.area

being taught, and themselves, 1n terms’ of self-concept.

.In a major Uss. Government study. James S..Coleman
(1966) estahlished the imuurtance of student attitudes.

Colenan measured three aspects nf student att!tudes, self-

onceyt sense of centroﬂ. and inter,est in school. and

‘1ea—rning. He found thﬁ these attitudes ac}f‘moed for more

var1at|on in achlevement than either the total .of all family .

backgrnund. var(nbles or all schuﬂ variables. Smith (1973)

used. the Sears Self- Concept Inventory, the ‘Coopersmith Self-
o .

. '

)

1




Y 3 . .
Esteem Inventory, and the Crandall- Locus of ~Control

Instrument to examiné the attitudes of junior high schoody

mathematics students. There was no significant difference in

scor'es between CAI and non-CAI groups nor between pretests. .

'an_d posttests. The CAI group shnvzdﬁles_s'subﬂlty in self-

concept scores, but the méans welre not affected. Several

studies with cultnrﬂly and educationally disadvannged

‘students have shown 1mproved self concept and interest if

learning (Gipson, '1971; Bone, 1974; Maser, 1977). In a study
dga‘l(ng with high school algebra students; Dunn and H'nsﬂe.r
(1972) reported-that although the CAI' group subjects had
higher It?ﬂt\{ﬂ!s tovnrd‘both cAll'and mathematics, they showed

slightly Tower 'attitudés_ toward themselves and their school.

Wost 'investigations of student attitude fnvolve the
‘compakison of phe attitudes toward CAI and the subject matter
of s‘uhjects exposed to the medium and those not exposed
(Thu{s, 1979) Sucnvatt(tude‘s ‘are also correlated with
achievement (Br"n and Gilman, 1969; Roid, 1971). Several
revleus of the Titerature (Bundy, 1965; Beck, 1979; Thomas,
1979) indicate that students with CAI exnerlence‘genenny
have llore Mvouuble attitudes than those without. Students
using CAi'»tMnk nt Jeast ‘as highly of their courses of.

instruction as do students using nther-llethuds.

Brown and Gilman (1969) found high sclmﬂ students with

CAI experience to have had more positive ltntudcs toward CAl

—
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than those us{n_g a programmed text.,‘ Mathis, Smith, ‘and
Wansen (1970) compared the attitudes toward CAI of college
psychology studénts 1n~cAl'and' reading groups. Again the car’
group'had higher scores. Both these studies used the same
Lattitude measurement instrument] a lD-itEl Likert-type scale

“(Brown,” 1966).

- A number of other studigs haye produced similar results.;‘

Awe;rly IBM study (Long, Murphy, and-Wengert, 1968)_;,(0\"4.'

88 percent of the test sub‘.)et:ts (mixed high school . and
college s«:uden.ts) had favnuralﬂe att!tudes. CAI - non CAl

comparlsons with positive Hndlngs included Broderick (19(3], o

Johnson (1974), and Herrold (1974). all,dealing 'Hh grade
school students. Kock'ler (1973), Murphy and Appel (1978),

gidson (1978), and Knapper (1978) reported positive
lttltifd_es with cnlle‘ge' students. Research in military
training (King, 1975; Lahey, Crnf.ord, and Murlo;k,'1975) ;nd

a prison school (Siegcl, 1978) reached similar. conclusions.’

These positive attitudes have been found in a wide
variety of di.sclpl{nes. This is supported by stud{’es in
cn\'lege physics (Gerell, 1971). tucner educatiop in
mutheﬁ\tics (Hal1, 1969), business‘education (aner. 1975),

" ecology (Anderson, Klassen, Hadsen, nnd Johnsnn, 1981).

French (McEwan and Robinson, 1976), chem(cll eng{ne:ring
“(Nuété]l and Himmelblau, 1973), and ned':-lne (Wells,
VYhnnpsun. a';u! No’lm. 1973). i :
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Studies of students with substantial long term CAT

¥ ) \ g S
experience support these favourable findings and help rule
out the influence of any novelty effect on research in the

area (Magidson, 1978; Murphy and Appel, '1978) " On_the other

hand Anderson et al. (1981) and Sherman and Klare (1970)

showed that a shart (15 minute) CAl experience’can produce

significant affective and cagnitive results._ L oe

Researchers who fnund no signlflunt attitudinal
difference betwe:} CAl and non-CAT groups include Earle
(1972), Denton (1972), Hughgs (1976), B{ckerstaffv(lrlﬁ),

Goodson (1975);, Cranford (1976), and Durall (1972).

. : ) ¢ B
Students taight uri'ly by computer miss human Interactinn‘
with a teacher and neher\students (Summerlin, 1971; Alderman.

1978). Suc} attitudes can be improved by the addition of

*group activities (Gerrell, 1972; Aldermanfl1978) and

‘fincreased contact with teachers (Bundersom, 1979). Attitudes

Leward CAI can a'lso be |mprnvf'by 1ncreased use of graphics
(Rigney and Lutﬁz, 1976) and versnnaHzaHon, where the
cumputer‘is programmed to Mimic a human teacher by addressing
the student by name apd u\s\‘{ng praise. (Lippu1,d.‘l_977; T?nt‘le,
1971). - i ' ]

Negative attltudesf“have often been equipment—nwientéﬂ.‘

Honeycutt (1974) found the. nofse and glare of tl\e equlumgnt

to cause frustraﬂan. Students using typewr!ter terminals

for CAI have been seriously bothered by the noise (Van der

»
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Drift, Langerak, Moonen, and Vos, 1981). ‘[hi\vusa of Teletype
machines as interactive terminals has been found to cause
student frustration from slowness, noise, vibr n, and

inaccuracy (Schupbach, 1981; Lorton and Cole, 1981).
s : Bl u .

A.number of authors report negative student a‘!ntudes

i 4
associated with eqﬁlpm:nt delays and breakdowns. Eastmond
and Nicholls (1975), Magidson (1978), and Knapper (1978) all

.reported.poor attitudes caused by téchnical problems ufth the

computer and terminal equipment. King (1975) suggested that

‘yoor_systnm response times may cause teng.!on and

anprehensiqn. Reid (1981) reported computer keyboard d‘mge
from severe 'Igeyrgéatlng' when h’uvy-Iogding? increased
response timesor u;;en' the systen'mlfunctvlaned. Wilcox and
Schneider (1976) interviewed a number of student users of the
TICCIT-CAI system. Thirty percent reported displeasure at
the syst.e- becoming “unexpectedly inoperative.” T-enty-ji;n
percent exi;ressed frustration from poor re’sponse times and
the('r.tubi_liz.v to correr."t i!sltakes such as the 1n;d;ert=pt
pressing of the wrong key. In a li];‘lr comparison of four
types of CAL systems, Van deF Orift et al. (1981Rfound ’Iav:ge
differences in response .times between the systems and in the
Individua] students' tulerlnces of these delays. <The fastest
systems were judged best. Over forty percent of the students
in the test grouys encountaed equipment breakdowns. They
found these tu be ‘{nconvenient and annoying, and particularly

frustrating during computer assisted testing sessionst

h Yo



In computer assisted instruction, system response be\ays .

occur, following student inplit tb the computer. With most CAI"

modes, this uH'( often be a delay of:information feedhack_

(IF). -Some research has been.carried out into tne effects of
such delays on attitude. .Boersma (1966) Yudied the effects
of delay of information feedback (IF) (0 akd 8 seconds), post

information feedback d‘e1ays (0 and 8; secnngs) and s"ex‘

/ factors. He discovered frustration (defined as‘comp\et‘lng

responses) to be generated during both types of delays-and

} suggested that experiments uith/hmger feedback delays might

produce a critical delay wheke subjects could no longer cope
with the frustraﬂdn.‘ Yan Dyke and Newton (1972)‘!ooked at
- attitudes towards CAI under conditions of 0, 4, and‘8 second
.information ?eedba:k delays. ’ln this ~case, ‘the female
suh]ects showed signif{cnnﬂy poorer attitude wlth the 8
_second delay. Neither of these stnéf-??xplored variable,
unpredictable ﬂe]ays a1thnugh these have heen‘ seen-to khe the
¥ 'most disruptive (Carbonnell, E1k|nd, and Nlckerson, 1968).
Neither dealt with the delays accurring nutside the IF and

post-IF intervals, although. delays “can happen at any time
Hur{ng a session. Neither dealt with delays of mor.e)ghan 8

seconds, »al’thongn_muc_n longer delays are frequent. o s e

Ver‘y f(e;4 ;tvudies'hnvev examined the attitﬁd(nal
consequences - of éAl equipment b:reukde\u'ﬁ or .unscheduled
interruption. s Murray l1972‘) found re:.elgl program Hefects
to cause frustration u.nmi;:h ‘inr!ihit:e th achievément and

.
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att’tude«s. And'erson et a).‘(QQsl) conducted a controlled
,experiment in which certaiﬂ subjects were exposed to a
simulated sy\st_em failure about two-thirds of the way cn-r_nugh
a CAL Tesson. This malfunction treatment produced little
effect on the subjects' general attitudes and knowledge.
However'a significant difference was found in their sense. of
computer self-efficacy, or confi_den’c‘e in' their’ability to
dgal with éoﬁ_pyters. The students who ;iad enc_ount'ered the
ma'lfunr.bi}‘n were less likely to have increased conf1dence in
the?r abﬂity to dea}fsuccessfuny rnth cnmputers. This
effect persiste_d through the follow-up tests. admin(stered six

nonths 'later.

. . .

It must_be remembered that- students/uslng computer
assisted 1nstructinn are’ d ‘small segment of the' much 1arger
.‘popn\atvi‘an of computer equipmént users. The Hterature of .
‘Computer Sciencé provides an obviois' source of informationim
1,)|1§ area.’ A number of authors refer to sys.t‘em delays’and
iqter'ruptinns as being serious ﬁser problens, but few
experiments hafe' been carriéd out to determife: tWelr

inpértance. 5

Two decades ago, computer time.was extréemely expensive.
Nickerson; A, and Carbonell (1968) noted that “hands on"
‘computer use yas res\icted toa se\ect highly tra'ned and
motivateq’group of professinnals whn were willing to Tive

7/ with systems that were anything hut opt!mn'l from a human\

7




’ on users-of long S’R.T,s depends on the complexity of the tasi(

24
¢
'

factors point of viev.“ As the cost of computer time was so

© much greater than that of the user, the former was gsfo‘rlxom'hed

even at ‘the expense'of the latter. The authors went on to

state that the system response time. is (mvertap'f. to the‘ user

but very expen/s;L‘w/t? minimize. In another article

(Carhoneﬂ/ Elkind, and Nickerson, 1968), the same authors

X stated that longer SRTs cause decreasing user pm%‘““ .

and satisfa:tion. and, that the users will tend to_ switch back
and-forth between tasks. Delays of const:nnt durannn were
observed to be preferable ‘to varfable'SRTs as unpredictable.

conditions disturbed the user. Njickerson (1969) reported

that the frystrat‘ov’ caused by a d‘e\ay is not ;simply a '

Functiol} of its‘duration.. It also deﬁends on the user's
u»ncerjta‘lnty -as to_‘ the ‘\ength of th‘e‘ deiay and its prbb:lb\e
cause and the !);tent to »fhi’ch the \de'l‘ay contradicts his
expectations. “\. °

By means of a data co’llvecthzn'pro‘gram Installed on a
1_>arge timeshared computer system, :S.-l. Boies (1974)
(nvestigzl'ted t'}é relatiopship of systgm»respanse time to user.
response-time (defined as the N’me between the computars’
prompting of the user and the user's next input). He found a
strong correlation. " As ci!e SRT In;rensed (rom 1 to'1l0

seéunds, the user response time rose bfrom 15 to 24 seconds.

IBM's R.B..Miller (1968) _analyzed the psychological’

'needs of computer users.. He made the point that the impact



engaged in. He suggested maximum systen’response times for
seventeen different categories of .user input For most
categories, e recommended that the system delay should be
under two seconfjs, with delays of up to fift;en seconds
-tolerable for responses to certain i‘nputs-v However, even for
changlng"‘tapf:s. h‘e gave a five second delay as the naxinum‘ ’
a\l!‘ﬁnable for ;:AI. Miller's res'pnnse time recommendations
uere mosﬂy expert estimates based on human thought process

d|scontinu|ty studies and were- not experimenta'lly verified.

Shneiderman (1979) showed that users. expect SRT. lg;gths
to differ acéordh\g to the type of commands ‘they have
\entered. Hnler (1968) also introduced the idea that the
'\aount of frustration cauted by 2 delay is also dependent on
when the delay occurs uithjn the session. A delay following
c\osuré. completion of a,iask, will be‘less disruptive than
one during the- process of obtaining closurel Foley an&
Halrhce (1974) found poor re’sponse‘ times to cause boredom and
unexpec&‘d‘ly long delays to cause panic. They‘ refined the
conce, of closure to include ?hree distinct levels «for
different usks, each requiring a dl'fferent maximum response
time. Spence (1976) lppHed these thenr!es tn 1nteract1ve :
computer grnphi:s. His stuﬂy shnwed that a designer will .
expect’a dot.on t'h;'screen to 1ight up within a tenth of a
se'cond of being touched by a 1ight pen but will tolerate
delays of 30 seconds or more during a ,qujor calculation.

i 3 3 ‘ i
sLence provided ‘a "count-down clock" to remove the

"
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unpre’dictab‘ﬂ‘lty of the longer delays.

Several other ‘experiments have been carried out in the
area of system respons‘e t"lmes: Grossberg, Hiésen, and Yntema
(1976) had subjects .solving problems under four experimental
cund;tions: mean SRT delays of 1,,4, 16,7and 64 seconds on
output commands. .The actual.delay durations varied randomly”
about these means. . At. the longer d&lays the number wof
commands given' decreased }nd Eubjects avoided th‘e de'l-l&
causin§ commands. Goodman ahd Spence (1978) used fixed SRT
durution; of 0.16, 0.72, and 1.49 seconds between Hgnt_p’en
Zinput 3"“ dl;p1uy of a new curve. -The longest delay degraded

performance’by- about 50 percent. . v
.

Maguire (1982) noted the recent reversal of cos't
‘r‘e'.lationshl'ps between the computer's_time and that of the
user ‘as well as the large number-of non-expert usersvtn‘day
who-are less tolerant of poor human interface conditions.
After a review of the Hterln,ure, he made ;everal
»recamvmendaﬂans concerning system resppns.e times.- Maguire
recommended tha'L SRTs should be as short-as possible and
predictable in length. Variations in dur H\un should he‘
1inked to the type of :nmpute’r operation demanded and the

strength of closure corresponding to the input,

delays cannot be -avoided, interim responses (such as Spence's

count-down clock) should bé providey.

Several other issues-related to system response t(‘gu



where a fewW considered responses would have a better effedt

A(Fitter, 1979; Schneiderman, 1979). Boehm, Seven, and

9
-

have been studied. ILhas been suggested that fast system
respénse can encourage or intimfdate the user to behave
. -

impulsively and make an excessive number of rlpk responses

on "

. (1971) experimented n‘tﬁ the gse of out periods” of up

‘dissatisfaction with restricted access to the computer.

to.eight minutes following the compufler's output. The
subjecis. er\gagea in complex problem so'lv!‘ng, uereg.fn.rced to
consider their answers before ente_rtng for thisv‘ungth of
time. ough tb}: f’(ve minute lockout group had the highest

mean ferform nr.e\ scores, - all Tlockout groups. expresseu

l'v-o'|nvestigitors have examined the effects of d;fferent
display rates in ‘video dfsplays‘. Miller (1977) found no
difference; between the effects produced by Mfferen&: fixed
disblly speeds, but varfable display speeds produced
sign[ﬂcauuy decreased user performances and attitude toward

the system and the interactive environment. Bevan (1981) "

determined that very low disvplays speeds of 10-15 chanctﬁ
. 3 A

per sécond produced superior performance and attitudes.

Another related issue. and one nf central impnrtunce to
this study. _1s that of the effects/ of unexpected

_ interruptions, delays, and equipmnt hﬂures o mennaned

earller, severﬂ educational resiarchors have dnne work in

= this arel. However, very' Hnle such resenrcn\nas been

8 '\'."

/.
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undertakeh by fnyestigators in other disciplines.™

In a major review of the Titerafure dealing with
behavioral fissues in the_'int&r::tlve use of computers,
Miller and Thomas (1977) cited over 140 sources. Although
the authors could find no research on the ef'fe'cts'nf such
interruptions, “they devoted a section o’f theip-report to the
problem and stated that reliability fs ¥ very important
system performance criterion. They observed that users will
be un‘hlppy with.ng degradation of system, reliability.

Nickerson (1981) refers to interruptions of work sessions as

'being both annoying and disruptive. He states that users

faced with overly frequent and serious interruptions will
avoid use of the system altog‘ether ‘or be "exceedingly
unhappy" in their use of it. -He went on to express the need

f’ar the investigation of the éffects of interruptions:

A challenge to the .researcher who is interested in
person-computer interaction is to determine, the
behavioral effects qf work sessfon interrupts of
different types and to quantify their implications
for user attitudes-and perfornnce (Nickerson,

1981). = RN

Rationale for the Study

A.search of the 11terature of educational technolo and

computer science reveals an imporsagt area 1'n‘ which Tittle

real research has been carried out, the'criteria-which make .a .

confauter system most s‘uita_hle for CAI. Many ,of thesg °
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»criter1a such as the ava,fjlabﬂ!ty of colour and sound, the

ergonometric consideratiofs of equipment ue(ﬂgn, and r‘hieﬂ
“computer—memory and program storage requl.rements, are outsﬂfe
the scope of th\s szudy. At least as 1mportant as any cf the
uitjbm'ty

above factors und perhaps even more basic "to _tn

‘of a compliter system for CAI use'are reliahtli&y und tl\e Tack ; )

of overly long or freuuent delays andénterruvtioms. .

There is no Ind(cativn in, thevliterature that delays of

vreasunahle duration will ‘cause any 1mmed1ate decﬂne in

achievement. In :ertnn cases the opposlte may even be true.
However it has been suggested that there may be a‘critical
point at which student frus_traﬂon nd lack of cu\centratiom

begin toagfect learning. Delnys of duration snff1~c1ent to

cause such effects have na ‘been used in expe{iments su no-

critical dehys thm(e he‘en properly estah“shed.» s
' . | R h gl
A‘phievemewnres are nnt the only measure of the

suitability of a system for educationa) purposes. Student -

attitude is a\{zpurtan‘ vur(eb'l‘e. Mthuugh att(tude and ..

iachievement are re'lated ‘att{tude measures may show

‘,signiﬂcnmt effects not 1mmed1ate\y ref]‘cted in ach|evement

scores. & 1 & N o T

v

o Student, attitudes toward CAL have Jgenerally been
. favourabla. Novever a* number, of studies hive‘rvevealkd
negative attitudes toward certﬂn attributes of the cumputer

equ(pmé’nt. i clud(ng dehys and 1nterrupt1ons. ' These k
" L

<
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conditions »npp‘e‘arrtnvnéve been encour{tered by a large nu‘l\ber_

P ‘of CAI users. t RERS B

’ &

. . There can be . muy reasons for an (nt\erruptiun in an

1nteract|an with' a computer system These fnclude lengthy

i couputatlon. lnachng and sto\;age of programs or data,

- o intérnal m_emov‘"y operations, queufng for shared resources, the - -

overloading of mutti-user systems, and equipment failure. Tt
. Many of .these situations can occur at any point in an

i 5 interactive session. F -. : s

<

e g S\;ch '(nterrupt(nné cah- be vhci\n:zed or eliminated, but .
i &

# \ unly at great cast‘ Better quni quipment more.powesful ; ‘oo
central yrncessing units, 'larger memory: capacity. fastnr, » -~

. more relfable dat»a storage devices,  and more eff!c!ent"

software all require much greater flnanciﬂ exgenditure.

} Reducing the numher of users sharing ‘common compunng

resources‘ both restricts dccess to the system and {ncreases

cost per user. |Equipment which can handle peak Toad

- : :ondit!ons uﬂ.hout s(gnlfi-funt degradation of yerformance may

i w, " not be e:onemica'l'ly feasible. . :
: s B P ) e
~ o | Early compnter users were’ mostly h1gh'|y trained and
. ) .
f{ " B ¥ motivnted professionals. Less knnwledgub]e and nare casuﬂ .
users. such as students using computer ussisted 1nstruction.
muy be much less tolerant o poer systém periormnnce. Thus T
it becomes Imyortant that a set of equtpnent perfnrmnnce_ " _t

gu1deHnes be es!abHshed for CAL. M‘v

hat' point will an
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inadequate system cauEa significant frustrst!qn. negative
attitudes, and poor learning outcomes?” How ‘can planners and
: supervisors sﬂ\speciﬂntinns for equipment purchaslng or
knnl when upgrading or rephce-en ifpnoessury‘l No- can
they avoid paying too much for high levels of performance

which are not réally required?

4hese questions will become more 1mpor€ant as CAI and

< o:her classroom uses of computers h!coms more cogmon. There

is as yet no budy of knnw]edge\that can provide the |nsuers.“

Sucha’ body of knowledge can‘.nn’(_\ﬂ\) uilt up from research
‘Jsgud(ﬁ u__hich)nvest{gat.e the effects)on vstuden‘t n~tt~jtude and
achievement of predfctable. and unpredictable interruptions
'and‘delay; of nrlo_us frequan}c!ies and durati’,_uns. . These
studies should be :nn’dncted with different modes of CAl lnd
5 other computer nsesAand withawide range of lge groups and

'|eve1s of :o-punng uperiencz.

\~

some research has béen carried out, in' this ar:-.L P

* However. nrlct‘lcl”y a]l of these 1nvsngitians have been

concerned uith one speciﬂ case of to-puter de'lay, that of

system res nse time. In CA this is genernly equlvnent

to dehy in the |nformn|np feedback and post |nformanon

feedback interva \ Very feu swdns huve dealt with utherr

rmre rlndom'ly occur 1ng delnys. A

differences to "be significant. Fe
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v 3
frustration at conditions which had no measurable effect on

the male subjects.

This study set out to-invesH’gate the effects of
\randovﬁ!y occurring computer-generated delays of varying
duration in computer. agsisted 1nstn4.cnon’ on thelattitudes of
the stuaents‘ toward CAI. 'The effgt,;ts of sex difference were
dlso measired,” as was the achievement of thé subjects under

the testrconditions.




Chapter 111
Hypotheses \

\\

The problem under}nvesnganon in this study was the
e‘f‘fﬁcc r;f computer-generated delays on the attitudes of
students toward computer assisted instruction and on tv;eir
achievement. To explore these relat ;hlps, the fo\\n'uing

‘specific hypotheses were proposed: -

_an_d sixteen séconds mean duratiom and M n_ng

i subjected to delays. o

Tnis s the principal hypothesis of the study. Previous
studies have rarely used dehys of variable duration or.
delays occurping raudnmy thrwgnout an 1nteract|on.
However, studying the effects of 1nformaﬂon feedhack de]ays.‘
Boersma (1955) found an etght second delay produced .
significant frustrauo‘h. Murray (1972) reported that
repeated CAI program defe:ts produced poor attitudes and
ac’h!syement. A number of authvrs fes:ribed negu’t'va
attitudes produced by 'equ‘pmer;t problems and.breakdowns. -Orgx
che,b‘asis of these' studies it was e‘x;)ected that thi's \f .
Ahypnthesls wnnh‘i be reje.cted. : %
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There is no significant difference in attitude toward

CAI between male and female students.
LAl between pale and female stydents.

) This/hypothesis grew out of the work of Van Dyke and

Newton (1972). They dis:avered poorer attitudes' towards CAL

in female subjects cnnfronted with+an eight seqond

ack de'lay. This result could not be

information feedp

generaHzed to de'la_ys occurrlng outside the information

feedback interval¥ None of the Hterature describmg such

disruptions reported sex differences in attitude. A]thﬂgh
edents were established for investigation of sex ®ffects
in such a study, it was possible that this hypothesivs would

be either acéepted or rejected.

3. There is no signif(cant difference in acMevement ‘in
computer assisted instruction between students suhjected
to random delays of eight and sixteen seconds mean

', " duration and those not subjected to delays. a

The third hypothesis was perhaps the least important to

the study. Based o,n’ a number of studies of information

ck delays (Brackbi11, Wagner, and Wilson, 1964;

S_usen‘rath and Yongé, 1968 and 1969; #ore, 1969; and nthersl.
)

and on the results of Anderson et a]‘ (1981) wnh stmulated

equlpment breakdown, H was uner]y that th1s hypetbes!s

wou1d be rejected unless a criti‘ca'l delay duration (Boersma.

1966) or frequency were reached.




Chapter IV

DEVELOPMENT OF THE INSTRUCTIONAL M_IM

An nr!ginal CAI wmodule was produced for the experiment.
A working, properly strugtuv’-ed 1§sson was ngcessxry for the
testing of the ‘experimental hypptheses. The choice of
subject matter, ;as considered to be of secondary importance.
The subject matter chosen. an introduction to 1nfnrmﬁﬁon
theory, was decided upon for the lack of prior knovﬂedge
required of the  students and its applicability to a '(e‘arning

resources program where it was tested. N

The course-in which the CAI module was tested, and for
which it was designed, was a third year univer‘sity credit
course in {ntroductory educational media (Memoria)
University's Education 3801).  Students entering that course
were expected ‘to have had ’Hn'le or no experience with

computers or CAI and no knowledge of the content of the unit.

However, that the students werf enruned in sucm-

would indicate 7" interest in the generﬂ subject area.s .

Fram?{orient_ed‘(:kl hlposes upon its authors 2 need for
fairly. rigorous analysis of "the-'subject matter. As.the

iy ! .
amount of information which can be Shown on 2 normal computer

display, is severely Timited, each frame can only present ‘a/

( very small amount. nf information. The size arfd ordering/of

= lthe instructional steps are therefore of pr(me concern. 7 The
/

.
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subject matter again lends Hseliruell to this type of

_ breakdown (see-Appendix A).

Information theory is a branch of cn-lnnlcni‘nn.s science
first developed in the 1940's by Claude Shannon, Warren
Weaver, and other Bell Telephone Eennnn.&/séientists.
Although Shannon's model of the tpnsmission of information

is 2 set of complex mathematical formulae 11nkin§ such’

'varhh'les as bandwidth," frequancy. uild the amount of

transmitted |n!ormt|on, many of the basic concepts and theg(
relatfonships can "be explatn‘ed simply and unh’qut'

mathematics. These include the !nfnr‘n‘atpn sou/r,ce’,’ message,
transmitter, signal, ony-unications.chgn_nel,’ receiver, and
desilnat{an. Definitions, explanations, 'and examples of such
concepts and a diagram r!ia'ung them to Shanncn‘.s model na‘de
up the content of the CAI Unit. =

The CAl module which was produced was of necess1ty o :

coupro-lse between educational efficiency lnd the goﬂs ‘of

/Um experiment. Although-a cnlputer has ulnust lnfln(te
program branching clplhnit!es. this future. nurmﬂ‘y taken

advantage of ‘{n CAI, ns not used. A1l subdects had tn be .
ex‘pused co an {dentical amount and sequen:(ng of subject
matter. - The pacing of the lnstructionl'l 1r|terncthm (apart

fron the expcrimonnl dehys) had to be 'Ieft ent(rely up- tn

the student.
. i

Thus the fnstructional progri- was strictly U'nur in
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s{ruétu"re. with no hrinch;ng‘ pnss!‘le. F’ollo'ing a brief
intro uction, Shannon's basic d}’agrll was introduced and
exﬂ{ned, component b; component. Several frames were built
“up in s-aH stages, vitn the student controlling the pacing
co-plete\y. Parts of tne nﬂagran were flashed on and of f

repeatedly as the upyrnpriate text was introduced.

Thruughout mu'ltip'le choice quesnons were inserted which the

: student had,to answer, hefo're ‘progressing through the 1esson.

These quest(ons were presen eﬂ as separnte franes and were

fn’nwed by feedback’ fumes in uhich the ‘correct ans-‘ers were

given if necessary.

The 1nstrucﬂonal algorithm used was similar to the §

+. "linear tutorial‘zprr{ra- ;tructﬁre presented by Hnger‘

(1982). The program followed four of that author's five

rules for* user oriented CAL. These four rules were the

avoidance of  text s:rniiinﬁ, student control of frame’

advance, snndlrdlz'ed. instructions for frame advance, and (in .

t'he'program's Final version) a mfnimum amount of text on the
screen at ‘one time. Wager's fifth guideline, the continuous

disp]ay bf tabYes, updated by the student interaction, was not

~

a!:p’linh'le., .

After the CAl lesson, a fifteen-item true-false ?uu was
ldmin(stered by _ the conputer (see Appendix E). Each qqeseion

© was pr!sented as a.separate frl e. No feedback was given fnr‘

" individuat answers, but an overall score was returned to the

student on the Tast frame of the Interaction.

1

i
{
|
i
|



A major constraint of any computer program is the/

.co'llputer hardware on” ‘which it is to be 1np!e’lented.

"Different sizes, brands, and models hlve\d*lffe_rent hngiuges,

- . - . ¥
operating systems, graphics capabilities and amounts of
memory as well as d”fer‘evl‘lt accessories _sl_u:h as printers .Ind

fluppy' disk or cassette tape data storage un|ts., The,

Division of Lelrn!ng Resources of Memorial Univers1ty s.
i:' TRS-80 Model X X
102 ;racters) of

progrm-able nndom access memory, the Radio Shlck Level 11

Faculty of" Educn‘.(un had a Rndiu

cn-puter with 1o (nne K- equals

- BASIC language, 2 cathode ray tube display, two floppy disk

drjves for the storage of nragrilsﬂ: data, the - TRS00S -

operating system, and 2 dot matrix print

\jhe amount of hfnrntiéq per CAI frame was limited by

the number of characters that could be ﬂsbhyed at the. same

time on the screen. .The TRS-80 Model lused 16 Hne; of 64
characters each, for a maxlnum of 1024 chlracters. The' .
character set ‘of ‘the conputer lpcluded 64 speclﬂ graph!c

shapes each constructed on a two by three ng. TMs enab\ed‘

.Vgraphlcs d|sphys with a reso]unon of 48 'x 128 p|xels.

Alphanuneric and graphic characters c6u1d be m(x!d.

As this was the 'cd-put:r.system used in the _exye‘riman’,)‘

the CAI program was written in Level Il BASIC to’take best

advan age of the features of the equi pment. Erapﬁics were

used throughout to demonstrate and, d‘ru}ttentian t3 the
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_ BASIC statements (see Appendix-B).

various parts of. the informationrtheory model, to illustrate
several other concepts, .and to frame the questions of the
true-false qulz. Likewise the printer was used at one poh\t
in the prngram (to ﬂemonstnte a message being duplicated in

more than one commun'cations channel he floppy disk

% ‘ e
drives were used to load in the program for each subject as

.well as to store the scores of the subjects on the true-false

quiz. ‘The program contained nearly’ seven hundred lines of

! oo After the experimental CAl progrnm was written and

wnrk'ng, ten delays uere introduced. The pvsﬂ'on; of4the .
delays in the program were derived from a sequence of random
numbers in n‘pubHsh‘e_d table (Glass An’g Svtan'ley, 1970). A
paper printout of the program was divided by length fn
proportion to: these rundo[p nnmpers. At each of the _division
points, a timing Toop was inserted into the program. Each of
the ten timing loops was referenced to a n\mber from a de1ay
lee. This r\umber.\ when multipned by a deiay constant, set
the mmber of iteratians of the thwlonp to cause a delay
in seconds equal to the value of the t!umher from the de}ay
table. The ter; nupbér‘s for the delay table were again taken
from a random number seqﬁence, weighted to give the desired

mean delay. B R L

,
Three sets of weightings were used, to create three
different defay tables -and thus, three different versions of:
o 3 \
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the prngrv‘am. The first version used a weighting factor nf '
zero, ta'HH the delay table with zeros and thus produce no
effective delays. The second delay table was obtained by
weighting the random numbers to produce a mean delay of 12
seconds. _The third table was produced by doubling each of.

the numbers thus obtained, giving a mean deiay of 24 seconds.
¢
Th\.ls;’three versions of/til? program were ﬂeriﬁed: a
control version with no delgis and . two experimental versidas
with mean delays of 12 and'24 seconds. Each was stored on a
‘ separate Floppy diskette so that the loading ‘and starting
.procedures were .identical for each vers1:n. /

A pilot sStudy was u‘ndettakeg in Wh ch six ‘graduate
.students in Learning Resources interacted with the various
. versions of the CAI unit, comple\éed ; semantic differential
attitude quesﬂ’onnﬂire.v and were interviewed at some length

L] abnrt the program.

\\ Regarﬂess‘.of the version of the. program which‘the had
:nmpleted', all the'subjects found the exercise too 1dng (up .
to‘tvlenty nine mihutes.). Other common negatfve cnnménts
inﬂuded too much Informat(on on the screen at one time and
in total, and not enough 1nternct1on and opportunity for

response.
. e

. The delays, although normal in~eertain real life
c‘b‘v;puter envirnnments.’ were also found to be too long for a

_spopulation of computer novices. Aé the delays had been



sntist!cal analys is ns/attempuu. -

'rand”oﬂze‘d around & certain nea‘.’ the loager d:ls‘y\s_,

yar_tifuhrly in thg'tuenty—four se_coud mean 'dehy vev_-s|o|i,

were qﬁue Tong indeed (up to forty~-two seconds).’ When faced

with sup'h delays, students‘!ended to assume complete

breakdown of the System, and ¥id not wait for .\Ehe resu-vtion
!

of the 1esson. ; = . < o~ ]
" ) R -

Honver. students dN express frusr}at(on at the delnys

. which the,v eucuuntered anq, their atthudinl\ questionnairas‘
‘reflected this. As such a’small’ nnnher of -subjects u!\re

unlikely to prnduc?slgnlficant N-memingful resul!s, no .

Funoulng the pilot study. the CAX-i esy‘\ P graiuas

revised: If top mnch 1nfurmn1nn .{u being presente for .

_graduate st'udents. -o-st-ofwn- “had at_ieast had séme

previous experienéa with the subject mitter, #t was assned
that the unit'would serve as a wor huroou!ti o\ror tMrd
year students. Therefore the' alvunt o' nateria’l “was reduced

)
by more thaw half, the ruu ndu befng' spread out- ov:r.

1arger number of s‘lmuler fruus. ‘Nnru concrete exanples were

used wlth more apvnrtunit&\ for - student response lnd

interactinn_. The true-false quiz, designed to both prnvide

verformun:e\ocores uld dumonstrn.e that the un(t 1ndeed

--nrked as a lunctinnlng Cll\lesson, was snortaned from
~

f1_fteén to ten ftems. . N
s 1o .

The delays were reduced in n-b‘er lro‘n ten to seven and
. =

-

v
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in d;lrn-tﬁnn, vith uperf-ennl mean de 1gys
.

determining the locatlon and Tength of the del

CAL authoring. . Th@ shortgr 1esson

durati on
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of eight and

sixteen seconds. The sue.prucedure ns’ followed (n‘

N + The new program, with less text being pri sented in each

i frane; was more in .keepi ng with Wager's (1982) ruhQ for good

‘acm\nted\he
!

inﬂuan of the CAl unit in" the Educnlon 801 hbarnery

exerc‘l se! CAL 'lessnns of such lengch have heen shown '.o

pruduce signifmnt cngnitivo and u‘ffemve results (Shemln

and K1are, 1970; Anderson -et-al., 1981).

Thus a~ conputer ass|st’ed 1nst’r'uc:1'o lesson on

1nfur-at|on theory was demoped for teszing -Iéh mrd year -

students. The computer pragru, ur(.nen in i‘ad!n Sluk

BASIC, ns completed in thru versions, one -ith nn del ays,.a

second -nn sem delays -un an efght second -eaV{ duratfon,

anda th(ru wnh dculﬂe length dehys for a sean dnrn.inn of

‘,1
1

sixteen seconds (see’lppendlx B).

+,
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, The population which was stild‘ied was that of_ post-

secondny students. The simple was drawn from t"yo rd year

" university chsse; 1n an 1ntrnductory le’el e\tuclnoml nedh 5
. course. Purucipanun 1n the st Hy was nade part of \:he

'\nhorltury portlon of- the course. - AN students were required t

to- sign up for lva’lhbh time slots. Students who did not

show up at ‘li\e' requixrgd time were rescheduled for later

. slots. In al], f-ifty-Feur students fully r{::i;:l,p;ted‘ 1}| 'tfhe

experiment. - Two™Uther students who took part could not be
included due to_failures in the computer equipment. The
studeu!s‘ werenot informed that they were taking pp‘rt in an

experiment. To them, the CAI unit, the Content of which was

part of their course s}nhject matten, was simply a part 'of

their laboratory work. N

The’time slots were twenty mi nutés long. Each. sibject

‘received a very brief verbal explanation of. which buttons to

press, and then without further conuc't With the
uperimenter. H\ura:ted with the |nnrucnonal program.
Following the computerized Tesson und quiz, !he sthect was
then requlud ‘to conpretevun elevan pnrk‘suun:lc
diffEvEntial attitude questionnaire. ¥

. . S g
0 | . .

4
1

K



Research Des{gh
ot ;

‘and 0 the’ subsequent tesnng.

The research desi‘gn used was a post-‘test-nn'ly control

. group t,ype (Campbell and Stan]ey. 1-963) A three group
‘version of the design was emp]oyed with a control group and

two experimental gronps, each experimentn group receiving a ‘..

d!fferenr‘ experimental trenment (the eight and slxceen

second mean delays in the cAl pragram). TabTe V.1 shows -this

deston. af . o G

ln the ah]e., each Hne reyreseuts one of the thrse
grnups and the{r treatnent In tenrvora'l order. R‘ Inuiutes

random group a'l'locktion. Xy ‘and Xy experilnennl treatments,

LA Ko a5 Ve Ty - L i
PUE ‘_ , TABLE Vil o, .
. P Research Des!gn ' 5
~ '.
: p s Xy 0 Tt S

Mthough a pos;test only design 1s recnmmended

studies in which entirely novel instructional naterlals‘nr
subject matter ({n this case,  both) are nresented, i_tL relies

. heﬂﬂy on the randon a'l"(ui:n.ion of th'e subjects to groups,

s there is mo other means of ensuring the eqlu'th o“« the
e

groups before the dlfferenna'l experimentn trenment..

SN A D .
¥ " L ST Y




§ . Thi\b\ random allocation of the students to groups was .

accomplished in several ways. As described earlier, the

_subje.cts were a'noued't'o‘sele’ci th;\ﬁ bun time slots. Then
. the vers&on of the test unit which ;acn uhiéct received

ona’strict rotation basis. Thus the first subject on: the
first .day received the first version of th‘e*‘p_rogram. the .
. A *secc;nd the second, the third the third, the fourth the f'lrst,
L ar;d so on. This rotation was also adnared to between the
o 'dﬁys'on which the experiment was run, helping eliminate any.

" bias vhich cJau‘]d possibly be caused by hav'ng‘ Etnde’nts who

s(gned up for a given time-of day or dny of the week heing

v a ,a'llocated to a part'cuhr group.- - Each 1n$1v1dual thus
bennged to a different group from both the subjects who

i
precedad and succeeded him. 5

In this way the fifty-four subjects were evenly and

randomly divided between groups. Eighteen werev_members of
. the control group, receiving no delays. Eighteen received
the e'ght second mean delay treatment, ‘and e!ghteen the

sixteen second mean-delay experﬂxental treumant.

The Achievement Instrument - . - e

Two measuring instruments were used for data gathering.

B ) The fiF¥t of these was built into the CAI“program itself and 1]

. consisted of a ten ftem true-fé1se~qu|z designed to test the . )

y . %
subjects! learning of the content of the unit. It was



- importance to find out whether the d‘lffer‘ent experimental -
r

- 4 ’ . ) "
: ‘ 3 46
~
automatically adminfstered at the end of ‘the c\dmputer
session. The ‘only scu\res obtained and recorded. on the
computer's floppy'disk 'system were the total number of
quesnons» which each subject answered corréctly. o data. was
;gathéred on the correctness of the student's responses to the °
various multiple-choice que%t'nns posed throughout the lesson
or the ‘'scores on the ;ncjiv(dua\ quiz-items. The quiz ite‘ms'
are shown in Appendix g
v
Th'z quiz was included for 'two reasons. F?}st the CAT Y
unit itself had to be shown to be effective. The primary
interest of the study was Ir; eXamining the effects of the
experimental delay treatmentsy not in demonstrating the
effectiveness of thé instructional’ mo_du'le." However, were it
not an effective 'Iésson, few conc‘lus(ons couid be drawn from

any other experimental measures.  For this reason an extra

control group was set up. The 45 students enrolled'in the

same course the following year completed a written version of
the quiz without hdve been exposed to the}lesso’n. fThe

effectiveness of the CAI unit’vgnu"ld be demonstrated by a

comparison-of -the scores of those students with those of the '

- subjects of the exp;L?ﬁent. Second, it was also of

treatments would cause any significant difference in -

va:huvenenz. The Jack of su.r.Kn difference became one of the ¢

hypotheses to be tested.

x‘v B



The Attitude Instrumeft
The Attjtude Instrument

. The instrument to test the major hypothesis, of att‘tude
towards CAI under t\he urh;us experiuenni treatments, was an
eleven-pair se ,r{n: differential questionnaire. Submts
were reqlﬂ‘r\:d"tn indicate their sex, then choose the
appropriate steg of seven on a scale between ag;‘e:t{ves of

- = .—4ppo§(tg meaning for each of the eleven pafirs of adjectives.

‘ —— Twelve adjective pairs were chosen frmi a Hqs%f fifty which

. hnd been investigated and reported by Charles Osgood (0sgood
and Suci, 1955). The_y tested each of ‘e semantic pairs on a
large sample (ﬂso university undergraduates) and used factor
.analysis to deter‘ne Toadings for each pair on each of three
scales. These scales are evaluative ('gou'ﬂ-iu‘d), patenéy
(strung-weaf). and activity (fast-slow). Thus Inzer-grou'p
differences in attitude-could be analyzed on each of these

8 s:ile's. B 4 . " ‘
0of the twelve semantic pairs chosen from Osbond's Hst‘

fu‘r tM:s study, one (degp-shallow) produced only neutral

responses during the pilot study-and was dropped from the
final version :rf the instrument. The questionnaire is sho-‘np

in Appendix D.

Statistical Procedures 2
el T . .

.
Using "the” data .obtained by these {instruments, the
‘

K, -
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various hypuzheses were tested by the snusnm procedures

outlined in the following table. .

TABLE v.2

M,vpotheses. szmsnm measures used

There 1s"no signlflcnnt dif- ¢ Two \f’iy unl'lyses of vari-
ference in attitude to ards ance (attitude score
CAI between students su totals, both weighted and
jected to random delays ef unweighted, by group and
eight and sixteen seconds sex). "
mean duration and those not-
subjected to delays. . One way analyses of vari-
3 ance (individual item
) .« scores by group).
There is no significant dif- Two way annyses nf varfi-
ference in student attitude ance (as above).
towards CAl between male and
female students. \One way analyses of vari-
. ance (individual item
w scores by sex).’

There is no significant dif- One way analysis of vari-
ference in achievement in ance (achievement scores
computer assisted instruc- * by group).
tion between students sub- = ¥ .
jected to random delays of
eight and sixteen secqnds
mean duration and thoge not 1
subjected ta delays.

L

A11 hypothesis were ac

epted or rejected at the 0.05

level of significance.

Summary C P

Fifty-four third year university students were evenly.

divided fnto three grmq'ps and participated in an experiment




of the po.sne‘st-nnl_v control group design. . Each of the

. groups completed the same CAI Tesson. The. two experimental

groups ueré suhjecte'd to vari‘mhle duration delays with mean
values of 8 and 16 seconds respectively, The contful_group

exp:’rienced no delays.

Each .subject completed two measuring instruments, a .

icnupute;'-udl‘lnistered ten item achjevement quiz and an eleven

© . scale semantjc differehtfal questionnaire administered by the
: S g 5

experimenter. This data was then subjected to various
; ot i
statistical procedures to test the hypotheses. *

i
|
i




ks N " Chapter VI * ' e <
§ ) EVALUATION 3
$ x \ B 4
The three experimental hypotheses were 1nves§1gateq by
statistical analysis of the data which had been collected:
/' using the procedures outlined in the previous chapter. That- ]
. 4 data consisted of the individual scores of each of the

subjects on the semantic differential attitude questionnaire,

3 i _their sex and group membership, and the score’s from the e
. » " d .
‘campater-adminhtered achievement test. . N
% " " Hypothesis 1. There E_u‘slgnlf'icant difference in attitude

toward CAI between students subjected to random delays of.

subjected to delays.: .

For each subject, the attitude scores were-computed by
‘assigning :\n‘each response a-number between uﬁe and seven.

That.number ‘corresponded to.the position of that response on -

. the seven-step scale, the larger scores indicating more’

positive attitude responses. The treatment group (no deﬂhy’.

¢ S
eight second delay, or sixteen second delay) and the sex of
" each subject were also recorded. ot 3

Further scores for each subject yere calculated from the

semantic differential data. By’ multiplying the score on each”’
antic differentialsscale by 1ts factor loadings (bsgnod



e A 5}

and Suci, 1955), ahd then adding: for e'a:‘h of the thre\e

‘factors, evaluative, potency, and activity totals.-were

‘.ohtained for each item (see Appendix F). In add1t1on,
unw“ghtdd total scofres were obta1ned by adding each
subject's scores on the eleven scales. A1l these scores, the
eleven scale respo_nses, the evaluative, pns::ncy, and activity
wel_ghted téta]s," the unweighted tata’ls. and;the sex and group
data. v’erej .then analyzed using various a’bpl{cat,inns of the

.nnalysis of ‘variancé technique. - k }t i

The ‘main statistlcai prucedure used to test thts

hypothes1s was two- ny ann’lys1s of variance ‘This was

carried out for each of the four.attitude tesponse toigls

(evaluative, potency, activity, ’an‘d unweighted) by the

independent variables, group and sex.
;
for tne_‘eva'luanve'. potency; .and activity totals and the
unweighted total by experifental treatment. '
v

Table VI.1 shows the mean scores.and stnnﬁard deviations”~



Mean weighted and unweibnted total scores of subjects

TABLE

VI.1

on; semantic differential questionnaire, by group.

\

(Co

Evaluative

y %222
Potency 5.94
Activity "9.06

Total unweighted 57.83

Sr&;up‘-l : - -Group.Z . *6roup 3.
trol) (8 -sec delay) ‘(16 sec delay)

6.27
1.08
2.05
11.11

‘ Mean S.D.. Mean

33.78 "
‘5'.32
9.07
59.94°

S.D.

3.51
0.72

- 1.48

5.35

Mean

32.31
5.86
8.15

56.89

s.0.

5.04
0.88
2.08
8.71

The results of the two-way analysis of variance

procuiures are reported in Table VI.2 through VI.5.

TABLE

vIi.2

A

Summary of analysis of variance resul‘ts
on Evaluative factor totals

soprce of df
variation
Main Effects’ 3
Group 24
Sex o 1
Interaction 2
. . [

Sums .of
squares

31.71
27.67

4.06

"
12.2."

N 4

Mean
square

10.57

13.83

4.06
6.10

f:

F Signi

of F
0.39 076
0.51 lo.ﬁo'
0:15(, 0.70
0.25.  0.80



A%

53
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"TABLE VI.3
x Summary of analysis of variance results
. on Potency factor totals i
so\x of df  Sums of  Mean Fo Signif.
variation’ squares  squares 1 of F
’
Matn Effects$ 3 323 1.08 0 129 0.2
_Group. 2 2.52 1.26 1.51 0,23
& sex 1 0.93 0.93 1.12 - 0.30
B : 2
Interaction o2 ‘0.92 0.46 . 0.55 0.58 -
A N/
3 TABLE VI.4
Summary of analysis of variance results
] P on-Activity -factor totals
§
S.our‘ce of df - Sums of - Mean F Signif.
varfation squares . squares of F
Main Effects 5 7. 392 105 0.38
Group 2 7.66 3.83 4, 1.03 0.37
sex 1180, 1.79 . 0.48. 0.49
. v % 3 - =
Interaction & e 1709 u.zsm
. . : . 4



Source of
variation

Main Effects

L Group
Sex ;
Interaction

TABLE V1.5

#ummary of analysis of variance results
{

on Unweighted response totals

df

Sums of
squares

98.85
s2.22
7.{7\5\

40.76

o

' Mean
squares

31.95

4611
¥ drs

20,38

-

Fi Signif.
of F

0.4‘ 0.75
0.58 0.57
0.09 0.76

0.26, 0.78
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As can be seen ?rj}pm the above tables, none of these

tes‘ts prbduced results which were signficant at the 0.05

level.

In casge one or mofte individual ftems in the semantic

differential instrument had produced sAgnificant scores

-

statjstical tests were made on.these individual ftem scare"s-.‘

One-way analysis of variance procedures. were carried out on

gach of the elgven semantic differential items by group

'membership. Tahl‘e VI.6 shows the mean response and standard

deviation on each of the items for each group.

~



TABLE VI.B

Mean responses of subjects on items of

.

. good/bad
strong/weak
valuable/wortmess
p'lnsant/pnpleasant
riglaxed/tense
short/long
:1ea’rlhazy
nicé/awful‘
a‘ctivelpas‘sive
fast/slow
fair/urfair

~

pl

semafitic differential questionnaire, by gronp

7

Grou Group 2 5 Group 3
(Control) (8 sec delay) (16 sec delay)

Mean

5.44
5.28

5.83

5.61
4..7,2
4.56
5.39

U572

5.44

4.11°

5.72

5.0,

1.46
1.13

i.25
1.82

1.46
1.82
1.13
1.62

1.18

1.36

Mean

6.17
5.67

'5.89

5.72
Yl
4.38
4.72
5.94
5.56

5.39

3.94
6.56

v
S.

1.
0.

\

D.
.79
.84
.90
.23

43

62

®

Mean S.D.

5.83 1.04

5.17 1.04

5.44° 1.09

5.67 1.37

©4.94 .16
‘4.28(:/.95
5.72 1.36
5.33. 1.34
4.89 1.57

3.67 1.33
5.94 1.06

Table VI.7 gives a summary of the one-way analyses of

.variance of sthi' subject's responses on the items -of the

. . semantic dlffe‘rentiu questionnaire by group

4.
.‘ .



TABLE VI.7 - .

v

. Analysis of variance, one way fnr‘ responses of.subjects \)
items of semantic different?al questionnaire, by- group

g o Sum of Squares Mean Squares
Ay »

Between Within Bétween Within F B g .
. Groups Groups Groups - Groups Ratio.Prob. ¥ -

Cgoodjbad < 4.70. ’6:5.‘44._2:3'5 1.28 1.83 0.17
strong/weak = 2.48 5211 L.24° 1.02)°L.2 0.3L,

. val./worthless 2.11" 60.’72 !.06_ 1.19 0.' 42

w pleasant/unpleas.  0.1% 113.9 % 0.56 ;2.23 .o_.ns .98
relaxed/tense’ 2.81 126,83 1.41 2.49. 0.57 0.57 -
short/long . 1.81  67.67° 0.1 1.33 0.68 0.51

i c"(_ear/ﬁa;y. 2.81° 120.83 1.41 2.37 0.58 0.56 <
nice/anful . 37 62,10 0.69° '4.22 0.56 0.57%;,
active/passive 3.37 . 110,50 1.69 . 2.17 0.78 046 )
fagt/slow 181 - 88.7 ""0.91' 174 0:52° 050 )
* fair/unfair 6.70 - 57.0: 3.3 ‘1.1g 299 °0.06 - . K

. e .
This analysis by=zthe .individua] questipnnaire items also

produced no results which were slgn1f1qait at the 0.05 |e\iel‘

. . -~

E ‘No significant difference was ,de'te'cted»‘ir{ attitude-
. - v
- towards CAI between the experimental treatment (8 and 16 | \
second mean delays) and control (no delay) groups. The null

hypothesis was therefore accepted. 5 ¢ %5 - =
: " .

o “



. unweighted. total’ by sex.

Hypothesis II. There is no signiflcant differepce in

. ' .
- The data for the investigation'of this hypgthesis also

came from the semdnn—q different'ial attityﬁ questionnaire

Thé method of deriving the evaluative, poiency, a:tivity/and_w)
e v ¥

umqeigﬁted totals are described above.
Table VI8 .shows the méan ‘scores and standard deviations
for the evaluative, potency, and activity totals-and the

* TABLE VI.B . .

Mean weighted and unweighted total scores nf"subjects
on semantic dif(erentia] questionnaire, by, sex ¢
Lo -

ey - Females D Malesy

¥ (n'=27) " (n = 27)
% @ r 2
. Mean ¢  S.D. Mean, §.0.

. 5 - . . * N :' ‘
 Evaluative ) 32,50 5.90 33.08  4.05 0
“Potetity 5.92 112" 6:15 . 0.65
g W By gy B - ' 5
© Activity 9.03: '2.20 . 8.8 _ 155 .

Unwéighted Total . . 57.96 - 10.50 . . 58.48 - 6.49 . -+~

: The \v’yin s!atlstlcn procedures used to tesc 4&-15 .
hypathesis(:ere lga(n two- -way analyses af vur'ance for each

of the total attitude scores’by hoth the |ndependent




& - f
I Lo s Com ;
variables, upeﬂlent'ﬂ group and sex. .
_’The results of these procedures have been Feported above
in Tables VI.2 through VI.5. As ‘can be seen from thes\
ub1es, no signifiunt (at tho 0.05 level) results or %

interactive eqects were prudnced.

Althougn nnne of the main ‘nusures' had praduced‘,a
. N 5 5 @ 5
significant- ;esuh between the sexes, each of Qne 1nd1v1dua'|

1"." scores w atn investigated |n case one or more of

' t_;l{nﬂhhml items had produced sign@cant results One-

way analysis of"lnce procedures were carriedrout on euh
of ‘the =eleven semantic differentlal items by sex. Table VI3
shons the mean nspollse and standlrd}evhnon for elch ne-
by sex. - ¥ 3 =2 S e .
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Mean' responses of subjects.on items of )
semantic differential questionnnaire,; by sex

Tgood/bad
& ! stv;onglweak

valuable/worthless

_pleasant/unpleasant

‘relaxed/tense
short/long )
Elear/nnxy
nice/awful *
“active/passiv
--fast/slow

’ fair/unfalr‘.

L/

e

TABLE VIS

Females

Méan
5.93
5022

5.63°

5.48
&

©4.26

4.52

°5.81

5.52

5

1
3.07

6.11

S

[1.04
|1.18

121
1.60

‘1.61

MR )

162
1.1

1,73

1.81 0

~. 1.31

N

“ 59
\,!4
1 /r o
Males
n S.D.
5.70  1.27
5.52 © 0.85 N\
5.82  0.96
‘585 1.3
‘5‘.11 124;_
452 1.19 -
5.56 ‘1.41: ’
'5.56 - 0.85 "
5.07¢° 1.14
3.78° 1.9
604 0.85

"\'h’b_le vVI.10 gvives a-summary af-trie one-way analyses of

var‘lance of the subjects'

semannc dﬂferential questionnaire by graup.

1N

response,{ on . the items. of the

e



.

i‘the .05 level. 5 . .

TABLE VI. 10

Anatysis of nrunee, one way (or responses of subJects on
items of semantic dlfferergth\ questionnaire, by sex

sum of Squares Mean Squares

*.E Between Within Between Within F F
Groups Groups Groups “®Groups Ratio Prob.
goodlbad' 0.67 59;48 0.67 1.34 ° *0.499 0.48 *
_strong/ueak ' 1.19 53.41 _.1.19 1.03 1.15 0.29
val./worthless  0.46 ,62.37 0.6  1.20 0.386 0.54
pleisa}ntlunpleas. . 1.85 112.14 1.85 2.16 0‘.859 0.36
relaxgd/ten’ss. 9.80 11§.9 9.80" 2.30 4.25- 0.044
short/loig © . 0.0 69.48 -0.0 69,48 0.0 1.00
clear/hazy 091 122,74 0.91 2.3, 0.384 0.54

nice/awful 0.02 63:41 0.02\ 1.22 - 0.015 0.90
{cnve/ms_ih 150 122,37 1.50 2.6 0.6 0.41
fast/stow © 150 89.04 1.50 -.1.71 *0.87 0.35
fair/unfair 0.077-67.63. 0.07 1.22 0.061 0.81
‘e

This procedure produced one stdtistically significant

result. Female subjects responded closer to tI\E “tense” end

of the "relaxed-tense" scale. This %result 1s-s|gn|f|unt at”

.This single ‘Ito?'reiult was not suff cient to cause

-
resecﬂon of the hypnhes!s. As no slqnjfi ant difference

was detected in attitude towards CAI betwaen male and folulo

subdects, the nu\! hypothesis was Accepteﬂ) h \‘ B

.~ 7 'y

N
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Mnoth‘esgg I11. There is no significant difference in
achievement in computer assisted instruction between students

ixteen seconds

subjected

to random. delays of efght and
duration and those ot subjected to delays.
) : » .
The achievement data-gathering instru’lent was a ten item
t‘rue-fll.se quiz on ,tl:e lsjson content. The qulz‘uos
administered by the computer at the end of the CAI lesson.
The‘\onl; data recorded by the computer were group and score.
.’As the experimenter administered t'li'e attitude questighnaire )
independently, this data could Wbt be rel@ted to the
‘. achievement scores for the individual subject‘s. Table Vi1
) —_’V gives a breakdovn of these scores by number of subjects and
experimental group. &
~
TABLE VI.11

Achievement scores by number of subjects

. GROUP
SCORE : NO DELAY 8 SEC 16 SEC : WTAL. PERCENT

5 : .0 LR N 1.9

,\‘f\: -3 4 2 : 9 ST R
‘e .
- : 6 ! 5 ] 24.1
8 : .6 3 Lot 18 .29.6 N\
el 2 5 ¢ 5 1 12 S22t
f
1 ; 1 o3 5.6
MEAN ~: 7,556 1.667 7.889 ¢ , a
: '
i #
Y



The effectiveness of ®the 1nstrucl’lonn| u;it was tested
by a comparison ¢f the achievementfscores of the three groups
involved in the study with thoselof another group which had
not experienced the CAI lesson.. Tﬁ‘ls_ group, the entire class
of the following year, all :o-yleted the \{uestion‘nn.res
uithnut naving been exposed to tha subject matter. Yhe

assignment of subjects to the exyerl-ennl CAL group and the

fnnnulng year's non-CAI group ns not truly randpn. The '

students assigned themselves 'l by enrolnng h\ different yelrs.
A t-teft for two 1ndependent samples to compare the
‘performances of the groups was nsed.ns an indicator of the,
effeétiveness of the CAI lesson. The results of this test
are shown 1n Table VI.12. )

¥
L “Table VI.12

Su-nry of -t-test on achievement scores
CAI and non-CAI groups'

- p - S . * <
Group Mean S.D., " Standard df t walue 1-tafled
Erro * probability
1 (cAD) (704 1.207 0.164 2
. 4 8 ! " 97 4.80,  0.000

2 (non-CAI') 6.600 1.053 0.157 °

';'\ This statistic indicated & highly s|gn1f1:ant (oX<0. 0005)

' d|fference between the achiévement scores of students who
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took part in the experiment and who completed the CAI Iessog‘

and- those who did not experience the lesson.
‘ . S

The third hypothesis was tested by a one way innlysls of
variance of the uMeveunt scores by group membership. The

results of that procedure are slmm “in Table VI.13.

4 Table VI.13 - 3

Results # one way analysis of variance”
achievement scores by group

Source df Sum of  Mean F ratio F pr;ibnbl'lﬂy
Squares Squares o A
Between groups 2 .1.037 0.5185  0.347 o_:}os;
Within groyps 51 76.222 1.4946 . ;
Total. . sY 11.2s
o, o & .

Although Table Vl 11 1nd|uted Mgher achievelent ;:nres

with longer dehys. the nnuysis varuncg procedure

.05 Tevel. The

FuHouinn the nuministrnﬁon of tlu experlnenh]
treatments and.the v:oHection of data using the semlntlc
diffnrenﬁﬂ attitude questionnaire and. the achievement quiz,

tDthree proposed hypotheses were tested by various

-~

L)



- -statistical procedures.

TFhe' first hypothesis, that t‘h:re 1s no significant
difference in attitude ‘towards CAl between .the experimental
treatment and control group subj:cts. was tested by analyzing

S~
the semantic differential attitude du.( Analysis pf
variance techniques were used to t€5t the delay effects on
the unweighted response to‘ta"ls. uéibhied totals, lnd.,
individual item responses.' As. no statistically significant
dlfferenus uere found between groups, the hypothesis vn\

acnpted. / N o
e

The second hypothesis, that there.is no significant

difference in attitude towards CAI between males and females,

was also tested b‘_y analysis‘of the semantic d|ffere‘n§hl

2 .
attitude data. Analysis of 'variance techniques revealed/only
one sigf‘l-ficant statistic. Feuje students r’eported’,bﬁng
more texse on the "tense-relaxed" scale. nove‘e;- the

.

hypotheses was accepted. | R .

. The third hypothesis, that there is no s}gniilc-'nt
difference ln'achieuni‘nt levels 1in CAI between thel
exper("ntﬂ treatment-and control group subjects, was tested
b.v an- anﬂysis of the data from the conpunr udnin!st"ed

achievement quiz us!ng nnu!ysls of variance techniques.

< ATthough longer delays snnwed's’lignny Mgho;‘ achievement,

the differences were shown to be nét s(gn!ficant. .The

hypothests was accepted. . "

i s
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Chapter VII .
- i CONCLUSIONS M RECOMMENDATIONS . -
: - . ‘rl. & .

Fifty-four third year university students took part in an
experiment on the effect «;f random computer-gene‘rated\dela&‘s
on attitude touards Computer Assisted Instruction (CAI).. The
snbjects were randnmly d|v|ded intn three gruups of eighteen

subjects each. The first group, the contral group, completed

. a EM lesson in whichsthere were no de]ays. The second

’group, an experimentﬂ group, was given a verstnn nf the same

igsson in which the.v experienced seven delays wi\h\lheanv

d\qraﬁon ‘of e19ht seconds. The third<group was given ano

experlmental treatment, a version of the blesson in which the\

length of each’delay had been.doubled for a-mean duratinn 0
sixteen seconds. The subjects were exposed tu the 1essnn
l'ndlv|daa11y. At the end of the lesson. each suhje'ct wis
requiréd to )onp'l‘ete’ a ten ftem é_rue—fi‘lse a’oneverpgnt‘ test
and an eleven ftem semantic dffferential attifude scale:
Three hypotheses were tested in tn’e'exﬁer(ﬁmﬁz.‘

¢ = . - -

i . y .
T o The tesifng of ‘the three hypotheses produced the
0

f;:!'louing resilts. - |

Hypothesis I. There is no significant difference {h nf’tltud"e'

v
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toward CAI between students subjected to random delays of .-

eight and sixteen seconds mean duration and those not

subjected. to delays.

- A . .
The hypothesis was accepted. No differences in attitude

towarﬂ‘; CAI were found between the experimental treatment and -a_.

control groups. This result appears to contradict other .

studies. that have. been conducted into attitudes towards

field have reported confusion, frustration, and ne'gative

attitudes with detays even shorter than those used in this

study. Boersma (1966) found that eight second delays of .
information feedback and in“‘the post lnhrnanon'fe‘edback‘
interval both p.roduced frustration and pre&icted a\longer
critical delay duration in which students would nov: be ‘ib]e
to ‘cope with their frustration. This experiment produced no
evfdence of frustration. ' Unlike Boersma's study, thd.s.

e ) .
proect used variable and unpredictable'delays.
. .-

Hypothesis I1. 'There ‘is no significant difference in student

_-attitude toward CAI between male.and female students. - - . ¢

The hypothesis was'dccepted. Van Dyke and Newton (1972)

discovered.that femal 'subject‘s'sh‘oued m‘ure'negaéive'

attttudes when - sub ted %o eight‘ second delays 1in

information feedback. This stldy. offers partial support for

A

e
iog N
computer delays. Most experimenters and observers fn.the .. —

i
)
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the(-r:findi'ngs. A'It_hough-the Q’ttitudg (nstrumen_t ‘prodnced no
overall differences in attitude between .the sexes, one item
-on the questionnaire produced a siénificant result. Femaie
subjects in all groups r‘espunded more, nleganvelvy .on the
“relaxed-tense". scale. ~ Whether this actually reflects. male

aid female traits 1% difficult to state. This result might

have been differeint {f the. experimenter supervising the CAI ,

lesson and’ administ&Fing the questionnaire had been female.

S ST B i
Hypothesis' IIL. There is K'O'slgnifican't difference An
achievement 1n corvuter assisted instruction between students

suhjected to rnndom deluys of efght and sixteen seconds und

thnse not sub]e:ted to delays.

” The hypothesis was accepted. ThPs resu'lt;ig supported
“by. the literature. ~The majority of .delay studies have
facused on ‘the {nfnrmution feedback ‘interval and have not

de-]t with random" de'lays throughout the 1essun. These

©  studies have shown that deIaJs do not ad,verseltv affect *

achievement, and can improve *etention’ (Brackbill, 1964;
; , s [

Sassenvatl’i, 1968, 1969; More, .1969; Gay, 1972). It is

poss{h'le that this retent(nn improving effect of de'(ays 1s

respnnslble fnr the ngM’ly higher achievement means .

ohserved in the 1onger delay groups in this experﬂnent.

%)




Conclusions

Several conclusions can be drawn fronm the r‘esuns*uf
th‘(s_studx‘ ‘It would appear that randomly “gccurring delays

with mean dur;t(nns of up to_sixteen seconds are acceptable

che
in compu‘gervussistfq instruction. Students who have

k3 A : , .
encountered 'such computer-generated delays in CAl hrave as

‘flvuurah’le attitides towards the medium as do those students

who have not experienced delays.. This appHes to students of

both sexes. The students'achievement level in CAI Tessons

should not be affected by these:delays. - .

4 . . ‘\.? ¥
These cmic]usfans imply that frea.ﬂom from’ operitiunﬂ

delays is. not a crnica] issue.in the select!on of/computer
hardware and suftware systems for conputer assisied
instruction, as Tong as the delays generated by \‘.he/ systems

do not exceed a mean of sixteen seconds. ,Thus;osts per

" student can be ;ign((icantly reduced. T‘imeshring and ¢ -

resource sharing sys fems can suppori: greater numﬁers nf =

" users. Yery smnl cupnputers with less mellory and slover

access stornge dev!ces uay be yractical for CAI. ' L]
*~ 2 E:
N 5 « S
g . . . ]
Limitations ~- a * 5 '

." There are a number of factors which 1imit the extent tt‘ﬁ
which the resu]t‘s‘qf this s_gudy can be generalized.
A .major 1imiting factor is the po’pu'la'tlon fro‘n’l which the
S / o

SN
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subjects were drawn.. The subjects used in this. study were

tnird/,yelr university undergraduate student’s. Subjects gf a

..different age group or educational background might react .

differently to the same type of delays.

Another c;uacteristlz of the subjects. used in this
s tudy was their lack of yrinr experience with t:he medium.
The novice sub jests were chisen for ‘s everal rusons._, A more
knauledgeabl: colnuter user'would perhaps realhe :m. there
being no explicable rusun for the delay, there were either

cechnicq] mu'lfunctionsvar an experinent was being conducted.

L 'To fool sopMstinted userswouldbe difficult. - T[e f1 oppy

‘8-

disc drives :ouH poss(b'ty have been activated dnrlng the
de}ays, their th ts nnd sounds lndi:uting storage or
reg.r(e!al of dat'l. Even tMs ruse would on'l_w) explain dehys
be tween ruher;than during me vari ous components. of the
lesson. For more knowledgeadle computer users to‘_he 'te_s_l'.ed.
a mre,sopMsr/uted “hardware set-up would probnbiy be called

for, such as a siaulated ,l’ultl-user timesharing system, a

“large *black box" with computer terminals. attached. The

:o_‘nclnsiom dlrun from this exper(lént may only be .applicable
to computer novices and possdbly casual users. The nniforlly
nigh attd tudes my'g'eﬂe:c,é novelty ef fect, e
‘,A further 1imi tatiom Hes |n “the frequcncy “of |
.experinental deh,ys. As elei;ned enr'Hor‘, tm seven dehys
were rlndoqu dhtribuud tnraughaut the lesson. As !ha
overall duration n' tne CAI lesson dupumd onthe speed of

Kl




i ; th‘e sub_‘leclé‘ v‘espnnses,‘tne average delay 1nterva]-var|ed.‘
;, - fromsubje:t to suh’jectin the rangeof two to.thr‘ee mjnut'es. ® }‘
| : ’ . “Hore frequenc delays than thusz used n this study might” have i
' a. sign|ficint efféct on the same d[;endent variah‘les. even .4
) with the same delay durations. ) }. 4 B i

Y B 5 £

1t 1s important to nnte that the student attitudes

\\ . measured “in-this swdy w?e Alimi ted to att!t\ud;s teuard the )
: b o N instrnctiunn med?um, © mputer assisted 1nstrdctinn. The
s : ‘ results can thenhre not -be generalizeﬂvto ,|nc1ud;'o,tn5’r : 3
g ‘( “areas of stu\iev;rt;ajtﬁtudes,.._'su:h as sel £ copcept. E LT
VAR o B B B ’ . " o . .
! - It. Ls recommended thyt cn’nsiderabl‘e research be ~
B2 & ? sea be

vcg'nﬂ{:ted in the ar\ea of computer perfurnance requwenents : : ‘

for c'lassrnqm F” use so that usefu] guidennes can _be ""‘_
. estah\ished. 1 :

' d . : . »
i s < lt'is spec{fiuﬂy recommended that further reseMch. de
carried out with att{tu&e and " compu ter delnys‘ inCAL.

. K }revlnus studies‘havé largely deafh' with delay.s in \the .

{nformtion feedback and post Informtion feedbuk h\ter a1s b
r and dnays of un1f’}\m dnrat!on.’ TMs study used randomly
’\ occurr1ng delays af randam dup t1nn. Computer scie.nt(sts)

S| could perhaps- provide mpr!‘ sophisticatad and realistic:

'; ° interruptian frenuency and durutiun churl;te”st‘lcs than
)




those generated by either u_f these ,|npro{;‘he

A érltiqa}

«’ielay Tocations, ‘durations, -and f‘reqﬁencle_s cou'l‘d hopefully '

. be discovered. . ’ « SR L wew e g

.
finding suitable subjects ‘nd in -admin{
Pl

’use of more lophisticuted

'replfcnionlof the preseut study usng m.nr’

e Sl‘blects 3

- -and education levg] )nd uployﬁ vnruty vf s‘hhject ma ter. -,

< .

Although “sich 2n gpproach l!ghi'pres Iffl‘cult‘ifs in N ’.‘_

i:\:g exyer‘(l‘ants.” L

further st_u_/dhs should usdt sl‘lhv,ietts w'f/tll,‘lgre computer _,,,“
experiencé or be cnndu:ied o VgL a ptrféo of 't1Ie‘, perhaps

several mnnth;. thn would u'l'lo the students ‘to gain tMs

.exporien: - As menﬂoned nbove, this might necessl ate f/ e !
; A

.

putr equlpmant. \‘he

y:rlenced

gnt produu di fferent resu\ts el - v
. Future studies shou'ld Iso ufe suhjects of foerent age

e
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‘Appendix A -
Sppencix 2y .

\  Instructional breakdown of CAI module contemt .. . -

Topic: -,
Prigciple:

Concept At
. Rulés:

* Concept B:

* Rules:

» Concept C:
+” . ‘Rules:

ncept D:

4 Rulés:
Concept E:
Rules:

| T

Concept .F:
; Rule: .

‘s Concept Gt
. . Rules: _

Concept H:
Rule:

¥ . ' Concept I:
. Rules:
c-

Information Theory .
Claude Shannon's communications model.
Communication L

1. Any thnmation—ahxzh\g acﬁvuy
2. Incl\ldal all forms of the tlanlmisuion of

messages . - -
3. .A dynamic process
4.0 A recaiver ie influanced by a uender.

Infomtion source - - )
1. Selects ‘a.message from 3 set of possible

messages

Yessage * 3 e

1. ' Can,_take any of many. forms g e

2. Can be simple or complex, ..

Transmitter - i, E
_1. Operates on the néssage to produce a signal

2. Involves coding procebs s ’
slqnal :

1. The encoded autput of tha transmitte? -

2. Sent over the channel i 4
channel Y - i - g

1. 'The meédium used to carry the signal from the
transmitter: to the receiver,
.

Receiver : C F
‘1. -An inverse tranllnit: -
2;. Docodaa the signal bacx into the ..,ns/ga
3. Pa to the
g B,
Restination S

1:""tne pereon or- thing for ‘which the message is

intended
X D L

Noise
1. (Any outside force whith acts on the aignal to

vary it from the original
2. Is Adrlad‘batv‘leen.t.ran-million\nnd reaeption
3. can be y
4. Can be overcome by.the ¢u3ucu1on of the
" message in other signals.and channels
3. Can be overcome by careful beaming of signal
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\
'BASIC program

v original

» ' APPENDIX'B

listings for CAI module’
‘co t

ol group version (nd .delays)

congkol




" 530 PR;N'P'AT “THE - BUTTDM OF THE KEYE(CMRD: THE KEYS

. e
\ e
L\
{-vznsmu 1 . e ot
30 ' ' MEAN DELAY = O ssanDs v T
40 | . CT A
200 DELAY, consmms {(SE€ONDS x 339) e e 57
230 DIN DY(10)" - Yo J
20 FOR N=1 TO 1030Y(N)=0{NEXT N i .
'um i . g
. i : S .
INTRDDUCTURV TEXT E i %
500 CLS$PRINTSPRINT
‘505 PRINT* WELCOME T0.4 CDHPUTER ASSISTED INST ucunn,

UNIT ON y
510 PRINT*INFORMATION ‘THEORY, - .
520 'PRENT $PRINT*T0 - ADUANCE THE LESSONY 'YOU nusr FRESS THE . y
APPROFRIATE KEYS ON e
525 BRINT*THE cnnpuwi KEYBOARD THE ONLY KEYS ‘REQUTRED d
ARE ‘THE SPACE BAR’

“NUMEERED 1, 2y 3y AND -4

535 PRINT*(EITHER ‘AT THE' TDP OR FAR RIGHT. OF:
KEYBOARD) ». AND--THE

540 PRINT*LETTERS T AND F. QHGULD' VD* F‘RE‘G
NOTHENG HAPFENS s

».
545 PRINT*FRESS AGATNN : : :
550 PRINTSPRINT® THE cux—: a8’ TO WHICH KEY TO, FRESS §
WILL ALWAYS. APPEAR DN 4 § %
555 PRINT'THE BOTTON OF THE SGREEN, LIKE THISY VS Sk B "\
570, GOSUB 1900 ° - . S e L
590 GOSUE 2400 . e . . . o
600 CUSIGOTO 2800 . g i 5
610 i ol .
f PN . S , <
PRt
ALPRINT cuns(m INEXT N -
©940 FOR N=1'TO DY(B)INEXT. N { I
960 FOR N=169 TO 255 :
970 READ A:PRINT CHR!(A)I.NEXT N .
980 RESTORE
’ RETURN ¢ o~

1008 " MAIN GRAPHIC EUBRULITINE * ~ - .
16, FOR N=0 TO 25§

1040 READ A'PRINT‘ZHR‘(A):!NEXT N
1100 DATA
1561140nlﬂﬂr}ﬂﬂu‘ﬂlrl‘!Dr]‘ﬂly11011401172-15312511281128;1'2~
8,128

%‘az

1110 DATA oW 2 \




,‘ § . Lo l"eylsévLQD114011401140r!ﬁﬁyM.R40v1407172 128,128 2R, 12
i 12,

v 8y
e - 1120 paTa
AR | - 128,128,178,128,128/156,140,140,140,140,14
& % P 2,128 B
b . 1130
! ® 5128,128,128,128,128,128/ 156, 130,
) 0,172
~1150 DATA®
7149,128,83,79,85,82 767,6‘7:1"8“)170-17.51176117&:176:176-176
;- 5 1160° DATA.
> . 164114911"9y84v5215517515314511”811701176117611761176,176
. . 1170: DAT,
175.1&175.175.154,149.5 .Amu.wna.aa.n.a .170,175
e 1180 DA
3 1761176117611761179;1&47!4‘%1 Byaa,sqyesyaq,mﬂs.ma-17n
g 1200 DATA,
. . 149.12&129.1~anﬂenza,1zs.123.1~9,17o.1zeyxze.1~a.xza#gz

140,140,140,17

81136,
1210 DA TA

i 1220 DATA
. " e 128,128/ 1”91136r1"9v1‘w'128;12371"81128-12811"6.1”6 128,17
B > o 0si28° -
A 5 2 12do DATA
Y i . 1”E112811"811”Bv136112?1l‘l9v12ér781&5.8‘!r73:79:751128v170
; * ~' 1250- DATA
Ty By 131.131.131.131,131.131.131,131,131.131yxzs.wa-l"ayﬂe,m
¢ &128
oL : 1240 DATA s
§ 125.131v1~3‘1v131y131.13n131'131.131,131»1a1y1"a.1~a.1"a,1z
o 8,128
- 1270 DATA e
1"5,126>1za'1~s.1"e.131,131.131.131,131yxﬂ1.131.1a1v131.13
1,128 -
A y . 1280 DATA

Ay O 1,131
; S 1265 RESTORE -~ %
~ 1290 RETURN ¢ L
’ 1300° FRINT@9S » CHRS (15640 s CHR$ (172) 3
| 1305 PRINTE158,CHRS (152)CHRS (171)5CHRS(151) iCHR$(164) 5.
g g 1310 PRINTE. .
b : ‘ zzmcmusancummam;cum(mo),cHRsumscunﬂun.l:nRs
“E (140) ;CHR$(140) § CHRS (172
. L 1315 F’RINTEZBQ,CHR‘(H?)i'NDISE
- /7 1820
s PR:[NmaqavcHRs(m),cHRs(uo).cnRst140).4:Hns(14m.ckks(lw
- ; ).cuRtuw)mnm(nu».curzumzn
P % 1340 RETURN i
8, 1400 PRINT @ 10:'MEBSQGE'.‘.’PRINT (4 w.-sngAL':xPRm e
} ¢ f o 47, "MESSAGE* ;
i 1310 RETURN ~
T 1320 FRINT @ 154y “CHANNEL®; = -

3, HR&(17€H: P v

40,140,140+ 0;14011&0114(\

- 129!1497.128177173'ﬁ41591691ﬁ2112311n11"311231 12911291128

128,128,128+ 12571291!25!1317131113111311 1314131, 131\\1‘31:15 .




.

' | .
1425 PRINT @, 256, % *{RETURN
1430 PRINT@156 i
1435 RETURN . .
1500 FOR N=1 TO 10iPRINTE4S LI |
1503 FOR C=1 TO B80! .
1505 PRINTEGG:* . tFOR C=1 TO 60INEXT CINEXT N
1510 PRINT@256s" *RETURN .
1520 FOR N=1 TO 10{PRINTE10," '} IFRINTR47,*
o : . .

1522 FOR'C=1 TQ 30INEXT C -
155 GOSUB 1400:FOR C=1 TO 30INEXT C
150 NEXT NtPRINTE256,* * {RETURN
1640 FOR N=1 TO 10:PRINT@82," . TIIPRINT@146,"
;
1542 FOR C=1 TO BO0INEXT C-
1545 PRINTGGZ:" TRANS-*) iPRINTE144; * WITTER®; tFOR C=i
- BOTNEXT & S
1550 NEXT N:iPRINTE256, *IRETURN
1560 FOR N=1 TO 10iPRINTE27, g
1563 FOR C=1 T0_30{NEXT. C:GOSUB 14ﬂo §F 8
1565 FOR L D ALINEXT € "
1570 NEXT"N:RETURN o
/1580 For N=1 T LOIPRINTE1S6,* ' *  *3 e
1583 FOR £=1 TO BOINEXT C =% b
1585 GOSUE 1420:FOR C=1 TO '30 INEXT G
1590 NEXT NiPRINTE254s* *IRETURN
_1400980K N=1 T0.10!PRINTE10Z," -;

7
To.

1623
1625

B0INEXT C .

1630
1640
1643
1645
1650
1670
1680

R C=1 TO 30INEXT C
PRINT@102, 'RECEIUEF\" i 1FOR
_NEXT. NtRETUR|
FﬂR N=1 TO 1B.PRINTC‘1191

30¢NEXT C i ey

"5 IPRINT@183, %,
FOR C=1 T0 30NEXT € = B )
PRINT@119,* DESTI- i {PRINTG163,* NATION®

OR C=1 T0O

NEXT -N{RE

FOR N=1:T0 1olPRINTuias,- Y]

FOR C=1370 B0INEXT C : A .
FRINTEZES, *NOISE" i {FOR C=1 TO 30:NEXT C . E]
NEXT N:RETURN . o 0
FOR 'C=1"T0 40D {NEXT CIRETURN * - - s

2010
2015
> 2020
2050

¥ ' MISC, SUBROUTINES
FOR C=1'T0, 100¢{NEXT CIRETHRN
FRINTSPRINT® 1, LIGHT . | -
ERINT* 2. W Rg{ .
FRINT®. 3, PRINTED FAGE N
FRINT /4, EYE

RETURN ; C s -

PRINT* THIS IS»AN EXAMPLE OF WHICH METHOD oF

« COMBATING NOISE? te
2055

FRINT® 1, USE OF REDUNDANCY



2060 PRINT® 2, INCREASED TRM‘ISHITTER "POMER
2065 PRINT® 3, MESSAGE DUPLICATED IN DTHER CHANNELS
2070 PRINT*® 4. .CAREFUL EEQHING OF THE SIGNAL

.2075 RETURN *

2100 FOR N=129 TO '833 STEP 64'PRINTEN1CHRS(243)75NEX:[\N B
2110 RETURN \ .

2120 B . e * .
2140 ' ) ~ STUDENT RESPONSE INPU}\SUBRDUTINES

2150 T!=INKEY!XF‘T\INTE‘?601 x FRESS T (TRUE)
OR F (FALSE) x*j .

2160 R$=INKEYS a
2165 IF R$<>*F* AND R$<x"T" THEN "160
2190 RETURN

2400 T$=INKEY$:PRINT @ 940/" x F‘RESE THE SPACE B\R NHEN
YOU ARE READY TD F'RbEEEDVK';

2410 R$=INKEYS

2415 TF R$<»* " THEN 2310 .

0 RETURN 4.
z4§o Té=, xNKEvs-PRxNTeqau. F * PRESS THE CORRECT.
UMEER KEY x*j

2455 R$=INKEY$

2460 IF Re<*14 GOTQ 2450 ELSE IF R>*4* GOTO 2450

2445 R=PEEK (14352)!RETURN

2470 PRINT cHRs("S)-PR1N10406,-uRnncq':PRINT,

CHRS$ (28) IPRINTE@448,* *

2475 RETURN °

. 2480 PRINT CHRG(”S)'F‘RINT[!‘WZy'CdRRECT' "PRINT CHR$ (28)

2490 RETURN

2493 ) )
2495 HAIN TEXT STARTS HERE

2500 FRINT* .0 IN'THE LATE 19405, A SMALL NUMBER OF
AMERICA

N
2505 PRINT*MATHEMATICIANS AND SCTENTISTS FOUNDED A NEW
AREA OF -
2510 FRINT'THEBRETICAL SCIENCE, THAT OF INFORMATION
THEORY. NOREERT A
2515 PRINT'WEINER, CLAUDE SHANNON: AND OTHERS DERIUED‘A
STATISTICAL MODEL
2820 FRINT*OF THE PROCESS :OF COMNUNICATION, THEIR THEDRV
IS LARGELY
2525 FRINTIMATHEMATICAL 5 RELATING A NUMBER OF THE
TECHNICAL ARTAELES

2530 PRINT*ESSENTIAL TO THE ENGINEERING DESIGN OF

3 CDMML\NICATIUNB BYSTEMS .

2335 FPRINT'A. MAJOR M:HIEUEMLNT OF INFORMATION THEDRV-
HONEVFR: IS THAT

540 PRINT"PROFESSIONALS IN'A UARIETY OF DISCIPLINES HAVE
FUUND THAT ' THE
2545 FRINT® THEORY CAN'BE APFLIED TO THEIR WORK. IT
FROVIDES A fOMHDN g #

. \\1 -




W -y ) ; B 102

2550 PRINT'LANGUABE UALUABLE TO MANY FIELOS OF ENDEAVOUR.’
EDUCATIONAL
2555 PRINT*MEDIA IS AN DBUIOUS EXAMPLE A
2570 GOSUR 1900 !
3 590 COSUE 2400 5 i * #
v zanu cLS
'_a s 2805 FRINT® IN ITS -BROADEST SENSEy cnnnuNICATIDN CAN
BE DEFINED AS AN
‘2810 PRINT'INFORMATIDN—SHARING ACTIVITV. IT INCLUDES ALL
FORMS OF "THE
2815 PRINT'TRANSHISSTON OF HESSAGES FROM ELECTRICAL
" IMPULSES TO HUMAN :

2820 ERINT'LANGUAGES. . " J . .
= g . 2835 FRINT' i . e !
2 2830 PRINT* "I IS A DYNAMIC PROCESS IN WHICH'A

. o MESSAGE SENDEK i

| 28'3.;.PRINY'CONCIDL\SLY OR UNCONCIOUSLY AFFECTS A RECEIVER= \

. THROUGH

2840 FRINT'HATERTALS -0R AGENGIES USED TN SVHBDLIC uals,

THE CONTENT OF

2845 PRINT'WHAT I EXCHANGED 1§ CALLED 'INFORMATION' AT

. ITS SIMPLEST,

v 2850 PRINT*THIS PROCESS CAN BE REFRESENTED EY THIS

& : DIAGKAM:

é s . 2880 PRINT
~_ 2870 GOSUE 1030 . '
<2880 BOSUE 1900
b GOSUE 2400 2

3100°CLS : GOSUE: . 1030 B4

3105 GOSUE.1400 - .

3104 GOSUE 1420 .

. 3110 PRINT® THE SOURCE DRIGINATES A MESSAGE. TNE
TRANSHITTER ‘CHANGES -
3115 PRINT*THIS MESSAGE' TO A SIGNAL WHICH IS THEN SENT
THROUGH THE
3120 PRINT*CONMUNICATIONS CHANNEL A RECE‘RUER THE
RECEIUER CHANGES THE

25 FRINT-SIGNAL BACK INTO THE MESSAGE EEFORE T r\saruss

e DESTINATION.

¢ . 3127 GOSUE 1900 | . Do L8
3130 GOSUE 2400 4
)' - s+ 3135 PRINT @ 640, AS AN EXAMPLE, IN HUMAN JSPEECH! =
3140 FRINT*SOURCE "BRAIN®CHR$(149);* NEL —*y'AIR"
. +'3145 PRINT*MESSAGE ~*s*THOUGHT®* yCHR$ (149 .RECEI\)ER i v

="y 'LISTENER'S EAR®
3150 FRINT'TRANSMITTER -7, *VOCAL. nscnauxsn-vcuauum
"l DESTINATION ~*,*ERAIN®
=\ 3155 PRINT'SIGNAL =", 'SUUND.
® G 3170. GOSUE: 1900

rCHRi(l‘I?)
" 3190 GOBUE 2400 ' . " # 2 o f
> 3400 CLS:GOSUEB 1030
: 3405 GOSUEB 1500 £
.3410 PRINT® _ THE FUNCTIDN oF THE TNFDRHATIDN SDURCE Is
TO SELECT A




V‘ ¥ L To3
. 3415JPRINT® DESIRED MEGSAGE OUT OF A SET OF POSSIELE
MESSAGES s . .
/3'4"'0 PRINT ‘
3425 PRINT* |, HIS BET OF POSSIBLE MESSAGES MAY EE S
LARGE AND COMPLEX oy
3430 PRINT+AS ALL THE THOUGHTS AND IDEAS OF WHICH THE
HUMAN MIND' IS
¢ 3435 PRINT*CAPABLE, IT (HAY EBE AS SINFLE AS THE 'ON' AND®
4 'OFF' STATES OF -
& o 3440 PRINT'AN ELECTRIC .CIRCUIT. . «
3450 GOSUE 1900 c . - 5
3490 GOSUE 2400 *
3700 CLS!GOSUR 1030 ]
) 3705 GOSUE 1400 S ¢
. 3706 GOSUB 1420 L .
. . 3710 GOSUE 1520 . ,
715 PRINT® THIS MESSAGE: WHICH HAS EEEN SELECTED BY |
THE SOURCE, CAN P g
\ . 3720, PRINT"BE DF MANY FORMS. IT MAY CONSIST OF WORDS, . -
FICTURES, MUSIC i 5 .
372% PRINTFETC. IT MAY BE VERY SINPLE OR VERY COMPLEX.
% 373) PRINT X % .. ) .
3735 PRINT® THE MESSAGE PROVIDES THE CONTENT OF THE
. COMMUNICATIONS, . B
N 3750 GOSUE 1900 . R
3790 GOSUE 2400 .
. 4000 CLSGOSUE 1080 N .
4005 GOSUE 1400 r -
4006 GOSUE 1420 - .
¢ ©4010 GOSUE 1540 s .
. 4015 PRINT® THE TRANSHITTER OFERATES DN THE MESSAGE
IN SOME WAY TO ’
4020 PRINT*PRODUCE A SIGNAL SUITAELE FOR TRANSMISSION

~ -~ DUFR THE CHANNEL . <
S PRINT*THIS INVOLVES A CODING FROCESS. AN EXAMFLE IS

anao PRINY *TELEFHONE INSTRUMENT, WHICH CHANGES suurw
» FRESSURE. INTO A
g 4035 PRINT*PROPORTIONAL ELECTRIC CURRERT, . ve s
. 4037 GOSUE 190 -
% 4040 GOSUE 2400 ‘
. 4045 GOSUB 1560 R S
4050 ERINT@AA0,* * :
4060 BRINT* THE GIGNAL I THE ENCDDED OUTFUT OF THE T
M TRANSHITTER WHICH,
4?.. PRINT*IS SENT ALONG THE CHANNEL, IT HAY BE'SOUND
407

ES» ELECTRICAL L
0 PRINT'IHPULSESy THE. DOTS AND DASHES OF MORSE (iDDEy - B

4080 GOSUB 1900 - : . .
, 4090 GOSUE 2400 E
: 4200 CLSIGOSUR 1030
4205 GOSUE 1400 | . . i
4206 COSUB 1420 . \» . . o .
-~ \ .




4210 GOSUB 1580

. /4715 PRINT* THE CHANNEL IS MERELY THE MEDIUM USED TO
TRANSMIT THE .
3 4217 =
. 217 FOR N=1 TO DY(1)INEXT

4220 FRINT! SlGNAL FROM TRANSHITTER TO REEEIUER IT Mgy BE .
# L8 . A PAIR OF WIRES. -
J | 4225 FRINT'A cnaxrAL CABLE, A RADIO FREGUENCY: A EEAM DF
- LIGHT, ETC. : .
4227 GOSUB 1900 ,
4230 GOSUB 2400 i : 3
- .42735 GOSUR mnn : v i 3
' . +4240 PRINTE51Z,* * ! |

4245 FRINT® THE RECEIVER IS AN INVERSE TRQNEHITTER- :
IT DECODES THE - P

4250 F‘RINT"SIENAL: CHANGING IT BACK INTO A HESSAGE AND

HANDING IT ON T

4255, FRINT *THE DESTINATIDN.

4257 GOSUE <1900 .
H 4260 -GOSUE 2400
4265 BOSUB 1620 -
42, 70 F’RINTB7AEIL

. THE

4280 FRIN*MESSAGE 1§ INTENDED. £ e, % o |
Ce 4285 GOSUB 1900 X i g

+ 4290 GOSUE -240% e A . s
d 4300 CLS:PRINTSFRINT $PRINT *PROBLEM: * {PRINT
g . 4305 FRINT* IN READINGs THE SOURCE IS THE WIND UF TH
AUTHORy THE®
4315 FRINT{FRINT® WHICH OF THE<FOLLOWING IS THE ®
TRANSMITTER? PN : . E

]
s

1320 GOSUE: 2000 N -
4322 GOSUE 1900 , * = & g . :
4325 GOSUB 2450 -l > ' !

* 4330 CLS!IF R<>8 GOTO 4340, 8 ’
4333 GOSUB 2480

|
i

‘{ 4310 FRINT®*DESTINATION THN} OF THE READER.
|
|

{ 4336 GOTO 4350 < Y
4340 GOSUE 2470 r @ @'
| . 4343 FRINT" TME‘CDRR;CT ANSHER 1s #3. IN 'RE INGy THE

L FRINTED PAGE ;
4346 FPRINT'IS THE TRANSHITTER. .
| 4348 GOSUE 1900 ./ . ke
| 4350 GOSUE 2400, R .
!+ 4355 CLS!PRINT!PRINT$PRINT®PROBLEN:*1PRINT - »
C 4360 PRINT* . ALSOD IN READING, WHICH IS THE .OHANNEL?.
*4365 GOSUE’ 2000 P o i

4366 GOSUE 1900

4367 GOSUE 2450

4368 CLS

B Y i 4370 FOR N=1 70 DY(Z) NE)(T N

| 4372 IF R<>2 GOTD 43

i 4373 GOSUB. 2480 *
4376 GOTOD 4390 ° 3 s




4380 GOSUB 2470 . :
4383 PRINT* THE CORRECT ANSHER IS #1. IN READING,

LIGHT ACTS AS THE
4386 PRINT®CHANNEL . i 4
4388 GOSUB 1960 :

4350 GOSUB 2400 .,

4400 CLS s e
4405 PRINT:PRINT

4410 PRINT*IN READING
4420 PRINTSOURCE®sCHR$(149)3" THE NIND OF THE AUTHOR
4425 PRINT-NEss;:F sCHR$(149)3° THOUGHT

; I
4430 PRINT'TRANSHITTER®,CHR$(149);* PRINTED PAGE
PRINT*SIGNAL *sCHR$(149)3* WORD
4440 PRINT*CHANNEL * ,CHRS(149) 5 LIGHT
4445  PRINT*RECEIVER? ,CHR$(149)5* EYE
. A450] PRINT'DESTINATION® 1CHRS (149) 5* THE MIND OF THE
READER ]
4460 GOSUB 1900 . . =
4490 - GOSUE" 2400 .
4600 -CLS{GOSUE 1030 R

w
> (1

/

@ 4605 PRINT. 320,°, *

8610 PRINT* 1T 15, UNFORTUNATELY CHARACTERISTIC OF
COMMUNICATIONS .
4615 PRINT*SYSTENS THAT CERTAIN THINGS MAY BE ADDED TO
' THE SIGNAL BETHEEN
46201 PRINT'TRANSHISSIUN AND RE‘EEPunN THAT WERE' NOT
INTENDED BY T
3625 PRINT-INFORMATION SOURCE.
4627 GOSUE. 1900 4
4630 COSUB' 2400 W
4435 GOSUE 1300 )
3540 PRINTE" 640,° * . -
4645 PRINT® . ‘ANY SUCH CHANGE I
1S-CALLED ; .
4650 PRINT* 'NOISE' .
4650 GOSUE 1900
4490 GOSUE 2490
4800 CLSICOSUB 1030 . v . - i e B
4805 GOSUE 1300 . 3
4810 ‘GOSUE 1640
4815 PRINTE384,*
FORCE WHICH. ACTS ON
4820 PRINT*THE TRANSMITTED SIGNAL TO VARY, IT FROM THE
GINAL . . ¥
25 GOSUB 1900 Lol
~a;n GOSUE 2400 -
4835 PRINTES1Z,* *
"“4850. PRINT* exampLES: ARE. DISTORTIONS OF SOUND (Eym

- NDISE MAY BE DEFINED AS ANY OUTSIDE

RECORDING).»
4855 FRINT*STATIC (IN RﬁDID)v DIETDRTIDNS IN SHQP
SHADINGs ORy COLOUR

. 4860 -PRINT*(IN TELEVISION), OR ERRORS IN TRANSHISSIDN
(EG, IN TELEGRAPHY). . L
4870 GOSUEB 1900 . .

105



4890 GOSUB 2400

4900 CLSIPRINT*PROBLEM* {PRINT

4910 PRINT® YOU. ARE A PASSENGER IN'A CAR' WHIH IS
' BEING DRIVEN RAPIDLY

~4915 PRINT'ﬁLONG A-SMALL COUNTRY RDAD. YOU-ARE ATTEMPTING
.- 'y TO READ A B

————5100-CLS4PRINT@192+-

00K

4920 PRINT*IN THIS s:TuaTva WHICH OF THE FOLLOWING FITS
THE DEFINITION ®
4925 PRINT*OF NOISE? "
49303PRINTPRINT® 1. JoLTS AN vmkmfnn CAUSED BY THE
BUMPY ROAD o © .-
4935 PRINT* 2, FLICKERING LIGHT CAUSED BY THE TREES AND
OTHER CARS - ' 2 by .
4940 PRINT* 3. FAINT OR DISJOINTED TYPE CAUSED BY A
FAULTY" PRINTING PRESS
4945 PRINT® 4. ALL OF “THE asous
4970 GOSUB 1900. .

GOSUB/2450 '
cLS
IF RO16 GOTOS0S07 , . 4
coSuUB 2480 : .
6070 5090 # . .
-GOSUB 2470
PRINT" THE CORRECT ANSWER IS #4, ALL OF THE -

PRINT UNSTEADINESQ oF THE BUDKv THE UNCERTQXN LIGHTy

AND THE POOR
5070 PRINT'TVPE ARE ALL DUTSIDE F{RCES WHICH DEGRADE THE

SIGNAL»  AND ARI

5075 PRINT® THEREFDRE NOISE.
5080 GOSUB 1900

5090 GOSUB 2400

5105 PRINT® THERE ARE A - NUHBER OF WAYS IN NHIEH NDISE
IN

5110 PRINT'CUHMUNICQTIDNS MAY BE DVERCDHE‘ THESE INCLUDEX
5115 PRINT - THE USE OF REDUNDANCY IN THE MESSAGE .
5117 PRINT* " - INCREASING THE POWER OF THE TRANSMITTER
5119 FRINT" — DUPLICATING THE MESSAGE IN OTHER
SIGNALS» EHANNELS 5 ¥
5121 PRIN . .~ CAREFUL BEAMING DE THE SIGNAL . L
5125 GDSUE 1900 i B + . -

5130 GDSUE( 2400 '1 £
5135 CL. ' d

51‘"1:PR1NT EXAM®L THE MESSAGE 'HELP'

5145 FOR N=1 TO 27iPRINT CHR‘(IEX),XWEXY NiPRINT

5150 PRINT!PRINT"USE OF REDUNDANCY

5155 FOR N=1 TO 10!PRINT "HELP FINEXT N

5156 GOSUR 1900 .

5157 GOSUB 2400 v
5160 PRINTBSB‘I: 'INCRE“SINE YRANSMITTER PDNER“ .
5165 ¥
F‘RINTU‘I&BvL‘HRG(l?l)nCHR‘(I‘?S)'CHR$<191):CHR$(193)»CHR‘(!?I
)3CHR$(131)}CHR$(131) 3 CHR$(131) JCHR$ (131) JCHR$ (193) i CHR$ (1




91)5CHR$(197)SCHR$(191)rCHRG(lBl)“:HR‘(lSi)vCHRi(lal))CHR‘
(189 \
5167 -
s PRINT@532 15HR$(1‘91)»CHR‘(!QA)nEHRi(lﬁl)»L’“Ri(lEl)»DHR£(191
. ) 5CHR$¢193) $CHR$ (191) CHR$ (131) $ CHR$¢131) ; CHR$ (131 ) s (1

(131)3CHR¥(129) 5
5168 FOR N=1 TO DY(3) tNEXT N
5170

. PRINTesvsvcuﬂt(xm):cuksuvs),cHRsuaz).cmzs(wa).cunsu:u
) $CHR$(131) CHR$(131) iCHR$(131) s CHR$ (131) i CHR$ (193) 5CHRS (1

. 31)'CHR§(131)'BHRS(131)rcHRt(lS].\");CHRs(l:u):CHRS(I?S)'CHRG
€131) .

°

5171

5172
A\ 5175
Y s180

GOSUB ‘1900
GOSUB 2400 -
PRINT@704y "DUPLICATION ON OTHER CHANNELS?
PRINT® - HELP* {LPRINT,» "HELP'

FDR N=1 TD ‘JlLPRINT CHR$(138) INEXT N
Gosus 1900 . -

GOSUB 2400

DLSlPRINT'PRDBLEH' * {PRINT -

5205 PRINT®
CROWD WATCHING A
-5210 PRINT*CHAMPIONSHIP BASKETBALL cans IN A HIGH SCHooL
GYMNASIUM, TO
5215 PRINT® uvsncuns HE DY YOUR ERIEND LEANS- OVER aNp
SPEAKS DIRECTL'
5220 FRINT'INTU YOUR EAR. " -
5225 PRINT:GOSUB 2050 k A 4
25227 GOSUB 1900 . i
5230 GOSUB 2450 \
5235 CLS!IF R<46 GOTO 5250
5240_GOSUR 2480 -
5245 GOTO 5290
5250 GOsUB 2470  ©
15260 PRINT® THE 'CORRECT ANSWER
TO SPEAK °
5265 PRINT*DIRECTLY INTO YOUR EAR»
CAREFULLY BEAMING HIS
5270 PRINT*VOCAL SIGNAL.
. ALSO SHOUT, ' THUS
L . 5275 PRINTINCREASING THE POWER OF THE TRANSMITTER.
5280 GQSUB 1900 - . .
' GOSUE 2400
i 5300 CLSIPRINT*PROBLEM?® SPRINT -
5305 PRINT® AT THE' SAME BASKETEALL GAME,
CATCHES YOUR
‘5310 PRINT*ATTENTION BY savxnn
.~ ‘THE RIBS WITH
2 5315 PRINT'QN ELBOH.
5325 PRINT:GOSUB 2050
5327 GOSUB 1900
‘ 5330 GOSUB ‘2450
5335 CLSIIF ROS COTO. 5350

YOU'AND A FRIEND ARE AMONG A BDISTERDUS

o " v
IS #4. BY LEAﬁNG OVER
YOUR FRIEND QQS

IN SUCH A CASE YOUR FRIEND MIGHT

YOUR FRIEND
"HEY' WHILE JABBING YOU IN -«

& ' \
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S | A Z 108
5340 GOSUB 2480 | - "
5345 GOTO 5390 1
-5350 GOSUB-2470 ° ° = o -
5360 PRINT' . THE CORRECT® ANSHER IS #3. BY UABBING YOUR

\) RIBS WHILE

5345 PRINT'SPEAKING TO ATTRﬁCT YOUR ATTENTIONs YOUR'
FRIEND WAS

5370 PRINT® DUPLIQ&TING THE MESSAGE IN ANOTHER CHANNEL.
5380 GOSURB 1900 .

5390 GOSUR 2400 . = |

5400 CLS

5410 PRINT! THE LANGUAGES MHICH HE WRITE AND SPEAK
HAVE |

2915 PRINT:FRAMENORK TO HELP ENSURE THAT OUR® MESSAGES GET, /
THROUGH, IN
5420 PRINT'SPITE OF ANY stmmmw. THIS IS AN EXAMPLE OF
THE USE OF
5425 PRINTREDUNDANCY TO COMBAT THE EFFECTS OF NOISE IN

* THE COMGUNICATIONS
5430 PRIN'CHANNEL.
5433 FOR M TO DVM).NExf . v
5435 FRINT, CHR$(23)
5440 PRINTE332,*THE ENGLIS LANGUAGE,
5442 FRINTE408, "IS A r

3495 PRINTO4E3, - ONECRALY REDUNDANT
5446 GOSUE 1900 \ )
.snsn PRINT CHR$ (26); 1GOSUB| 2400 . *
455
PRINTIIM-rCHRl(l?l);CHRS(l?i)nCHRQ(l?I).CNRS(X?)).CMRSU‘?!
JICHR$(191)iCHRS (19105 +
S457 GOSUB 1670 )
5440 L.
PRINTEA14 - CHRS (191) 7 CHRS (1919 CHRS (1913 5CHRS(191) 5 CHRS (191
):CHRSU.?I)yCHRt(l?l),CHRNll?l)'CHRi(i?lH
5462 GOSUE 1670 |
5465 ; i t
PRINTESGZ-CHRS(l91)$CHRG(l\‘7‘l)=CHRS(191)XEHRS(191)?EHR’(l?l

7
5467 GOSUE 1670 \
54707

Pﬂmmasa.cunﬂ191>:CHRsun >.cuns<191>,cuknx91).cnnsuﬂ
SCHR$(191)3CHR$ (191 $ CHR$ (191) § CHR$ (191) s CHRS (19155 CHR$ (1
9133 CHR$ € 191) §CHR$ (191 5CHR$ (191 3CHR$ €191) 5.

5475 GOSUE 1670 |

5480 PRINTE@S76s* THE HEANINE IS STILL CLEAR AFTER

HALF OF THEM{DRDS HAVE

5485 PRINTBEEN DELETED. /e"f\ .

5487 GOSUB 1900 i >

5490 GOSUB 2400 -

5700 CLS:PRINT *A-SZMPLIFIED: EXAMPLE!®

5710 PRINT*SOURCE?®s *MONTREAL STOCKBROKER'S OFFICE

5715 PRINT'DESTINATION!? *ST. JOHN'S STOCKBROKER'S OFFICE

5720 FRINT:AT THE INFORMATION SOURCE THE

POSSIBLE MESEAGES!

ARE' TWO




. RECEIVING APPARATUS

5725 PRINT» YBUY®y*SELL®

. 5730 PRINT" 'SELL' IS SELECTED, CODED BY THE TELEX

MACHINE (THE.
5735 PRINTTRANSHITTER), AND SENT OVER THE CHANNEL AS
ELECTRICAL IMPULSES.

5740 PRINT* THERE IS ELEC1’RICAL INTERFERENCE (NOISE) ON
THE CHANNEL . THE

5745 PRINT®MACHINE IN ST. JOHN'S (RECEIVER) PRINTS ouT
THE WORD 'SELF'

5750 PRINT, “BUY® s “SELF* .

5755 PRINT, *BUI*
5760 PRINT, *BUIY - )
5775 PRINT® . S, THERE ARE ONLY THO PDSSIBLE MESSAGES
THERE IS

5780 PRINT*SUFFICIENT REDUNDANCY IN ‘THE SPELLING OF THE
WORDS THAT» EVEN

5785 PRINT*WITH THE-RECEPTION OF THE WORD 'SELF‘y THE
MEANING IS CLEAR:

5787 GOSUB 1900 e
5790 GOSUB 2400

5800 CLS

© 5805 PRINT* ON THE MAIN ROAD, THE UUTSKIRTS OF YOUR

CITY IS MARKED BY

5810 PRINT"A CLUTTER OF FAST FOOD TN(EEUTS' RESTAURANTS,
STORES» MOTELS, F1

5815 PRINT"CAR DEALERSs AND SERUICE STATIONS, EACH .
DISPLAYS ONE OR MORE

5820 PRINT®SICNS HHICH COMPETE WITH THE T’RﬁFFIL‘ SIENS AND
SIGNALS FOR THE

5825 PRINT*ATTENTION OF PASSING MOTORISTS.

5830 PRINT$PRINTY HAVING TAKEN OVER A RESTAURANT IN
THIS AREAs» YOU DECV E

5835 PRINT*TO GET

INSTALLING THE

5840 PRINT"LARGEST, BRIGHTEST SIGN ON THE STRIP.

5850 PRINT:GOSUB 205

5855 GOSUB 1900

5840 GOSUB 2450 L

DUR MESSAGE ACROSS TO THE HDTDRISTS BY

=

'5900 CLSIIF R<>4 GOTO 5950

5910 GOSUB 2480

5920 GOTO0 5990 N

5950 GOSUB 2470 .

5960 PRINT" THE CDRRECT ANSHER IS 02. BY USING A
LARGER »* BRIGHTER 4 z

5965 PRINT*SIGN, YOU RRE INCREASING THE POWER OF YOUR

"TRANSMITTER «

5980 GOSUB 1900 *
5990 COSUB 2400

6000 CLS - ‘ 7

4010 PRINT* THERE ARE OTHER FACTORS (BESIDES, NOISE)
WHICH CAN KEEP A

4015 PRINT*MESSAGE FROM REACHING ITS DESTINATION INTACT,*®
4020 PRINTIPRINT® | THE BACKGROUND AND CONDITION OF THE

109



. ) : 3
' v
110
6025 PRINT'M&Y DIFFER FROM THAT OF THE mansnmzn 0 THE ¢
EXTENT THAT THE
6030 PRINT'RECEIVER MAY, NOT BE ABLE TO PIDK UP THE
SIGNALS WITHOUT
6040 PRINT*DISTORTION, IN ANY SYSTEM» THERECEIVER MUST
BE ABLE TO DECOQE
6045 PRINTBSDHE%NING OF WHAT THE TRANSHITTER ENCDDED OR
" NO INFORMATION AT
e 3 6050 FRINT'ALL GETS TO THE DESTINATION.
4055 PRINT!PRINT' IF ONE PERSON SPEAKS cumsss T0
ANDTHER» -THE SECOND MUST 3
. 6060 PRI S0 KNOW CHINESE N DRDER TO UNDERSTAND THE
WORDS, Hﬂﬁﬂk
b V 6065 PRIN EY STILL MIGHT BE ABLE TO COMMUNICATE
5 THROUGH COMMON NON-
4 6070 PRINT*VERBAL CODES IN OTHER CHANNELS: SHILES, ETC.
i 6080 FOR N=1 TO DYC(S)INEXT N
i 6085 GDSUB 1900 : ; .
6090 COSUB 2400 - 4
6300 CLS*PRINT {PRINT{PRINT
6305 PRINT" IN INFORMATION THEDRY: THE WORD

' INFORMATION®, IS USED IN
|4310 PRINT'A UERY SPECIAL SENSE THAT MUST NOT,BE CONFUSED
HITH ITS
4315 PRINT*ORDINARY USAGE. IN PARTICULAR, *INFORMATION® °
MUST NOT BE .
sgwn PRINT*CONFUSED WITH MEANING. . '
6B25 PRINT!PRINT’ THO, MESSAGESs ONE HEAVILY L.OADED.
WITH HEANING AND THE .
6330 PRINT'OTHER,PURE NONSENSE, CAN,BE EXACTLY EQUIVALENT
AS REGARDS §
6335 PRINT'INFORKATION, ;
e 6350 GOSUB 1900 -
6390 GOSUE 2400 :
6400 CLS . . .
6410 PRINT® THE' WORD * INFORMATION' DOES NOT-RELATE. AS
HUCH.TD WHAT YOU
, 6915 PRINT'DD SAY AS HUCH AS TO WHAT YOU COULD SAY. THE

AMOUNT OF
/ 5420 PRINT'INFORMATION INCREASES AS THE LOGARITHM OF THE -
NUMBER OF ;
- 6425 PRINT'CHOICES - .
4430 PRINT \'
6435 PRINT® THE SMALLEST UNIT OF. INFORMATION

‘- REPRESENTS THE CHOICE . .
6440 PRINT*BETWEEN TWO MESSAGES. AS THESE SIMPLE
ALTERNATIVES CAN BE A
6445 PRINT' REPRESENTED BY THE BINARY DIGITS ‘0" AND '1'y
THIS UNIT IS -
S0 PRINT*REFERED TD AS A 'BIT' FOR 'BINARY" PIGIT',
6455 PRINT!&OE:CHRS(1'81)'CHR‘(131)5 :
$CHR$(131)ICHR$(131)} B
6457 GOSUR 1900 *
6460 GOSUR 2400 . ® o ~




s ) . 14
. 6465 PRINTR440 " IN OUR EARLIER EXAMPLE y THE MESSAGE
'SELL' CONTAINS ONE . .
6470 PRINT'BIT OF INFORMATION BECAUSE IT WAS A CHOICE OF’
. + ONLY THD POSSIBLE
. 6475 PRINT'MESSAGES, 'BUY' AND *SELL'.
P 4480 GOSUB 1900 S
6490 GOSUB 2400 :
6495 FOR N=1 TO DY(&)INEXT N e
8 « 4500 CLS PRINT *PROBLEM!! { PRINT R
4505 PRINT® HHICH OF THE'FOLLONING HESSAGES CONTATNS
THE HOST )
6510 PRINT'INFORKATION? i
6515 PRINTIPRINT' 1.  THE SELECTION OF EITHER' THE NOVEL
) +'HAR AND FEACE' OR E
t aszu PRINT® 'THE RISE AND FALL OF THE THIRD REICH' ‘
25 PRINT® 2. 'SELL! (FROM.OUR EARLIER EXAMPLE) .
essu PRINT® 3. AN ANSWER-TO 'T0 BE OR NOT TO BE' o
6535 PRIMT' 4. THE RESPONSE WHICH YOU ARE ABOUT TO TYPE . .
IN TO J¥ A~
16540 PRINT? CGHPUTER LA . 3. ° g
6550 GOSUB 1900° '
9 6590 GOSUE 2450 '
s 6600 CLS : & :
. 6610 IF R<y1é GOTO ‘6450, % g R g
6620 COSUB 2480 :
. 6640 GOTO 4690

é ,\,‘/ 4650 COSUB 2470 5
6660 PRINT*  THE CORRECT NUMBER IS #4. ALL THE OTHER
_ANSMERS
6645 PRINT'REPRESENTED A SINGLE CHDICE BETWEEN ONLY THO
AL TERNAT TVES,
6670 PRINT'CHOICES BETHEEN ' THE f OUR NUMBERS THUS, CONTAIN
-THE HOST
4675 PRINT*INFORHATION, i
6680 G0SUE 1900 -
6690 GOSUE 2400 .,
. 670068 g
- 6710 FRINT® NUMBER OF BITS 4 NUMEER OF
POSSIBLE MESSAGES : "
6720 FRINT, 17 412! ;
4

6728 FRINT)'5%232% =
0. 6740 PRINT'EXAMPLE! - .

4745 PRINT'THERE ARE EIGHT - FOSSIBLE COMBINATIONS OF THREE
'BINARY' DIGITS» . 2
4750 PRINT" REPREEENTINE EIGHT POSSIBLE™ nzesan:s. .
6755 PRINT,*'000**10! i
%760 PRINT,*001*/ 'u:u ; ; %

" 6765 PRINT,*010°/'110 .

4770 PRINT,*011%/'111 :

6780 PRINT' 8 IS 2 TO THE THIRD POMER

4785 PRINT'32 T4 2 TO THE FIFTH POKER




6787 GOSUB 1900 L

6790 GOSUB 2400 . o«

6800 CLS N

6805 PRINT@192» 'PRDBLENI'“

4810 PRINTSPRINT® HOW MANY POSSIBLE MEEBAGES CAN BE

CONTAINED IN'SIX BITS I /

6815 PRINT-¥OF INFURNQTIDN? .
6820 PRINT $PRINT* 1. & & ‘
4822 PRINT™ 2. &4 . "
6824 PRINT® 3, 12 ~ . \
6826 PRINT® 4, 16 ) . ;\'
46828 GDSUB 1900 s N q
4830 GOSUB 2450 - J = & R

6835 CLS!IF R<>4 nuw Lo . 4 v ™

6840 GOSUB 248
6845 GOTO 4890 . 4 . w

INFORMATION CAN
6860 PRINT'REPRESENT *ANY OF uP TO SIXTY FOUR P

MESSAGES, r
4865 ‘PRINT. 64 IS 2 TO THE SIXTH POMER L0
4870 PRINT*THE BASE 2 LOGARITHM, OF 44 ISy .
6880 GOSUB 1900
4890 GOSUB 2400 -
. 6900 OLSIPRINTS PRINT
4905 PRINT * FOUR ELEI:TRICAL SRYTPHES (OR BINARY
DIGITS) CAN
6910 PRINT * COMMUNICATE UP TO HOW MARY nEssAﬁEsv
6915 PRINT $PRINT® 1, 14 o
4920 PRINT® 2, 4 : .
4925 PRINT® 3 12 R
. 6930 PRINT® 4, 8 CHRE o
4932 COSUB 1900 © . A
4935 GOSUEB 2450 - - ! ‘-
6940 CLSITF -R<>2. GOTO 4950 £
6943 GOSUE 2480 L !
4996 GOTD 6990 " -
4980 \COSUB * 2470
.- 4940 PRINT= - THE'CORRECT ANSHER IS #1. FOUR an,ta/d

© INFORMATION CAN
6965 PRINT * REPRESENT ANY OF up’ TD SIXTEEN POSSIBLE
MESSAGES,

6970 PRINTYPRINT® & 16 IS 2 -T0 THE FOURTH PDHER
6980 GOSUB 1900 )

. 6990 GOSUB 2400 ~
7000 CLS!PRINT!PRINT:PRINT B
7005 PR_}INT' BECAUSE EAEH Bq IS .LIMITED TO ONE DF
ONLY 5
010 PRINT‘PBESIBILITIESr IT MAY ‘APPEAR STHAT THE LIGE' OF

7
‘BINARY LODING
15 ‘PRINT* um. 'GREATLY RESTRICT THE'COMPEXITY OF THE
MESSAGES THAT MAY. BE
7020 PRINT ® COHMUNICATED HUNEVER: BINARY DATA IS NOT: AT

112




.'7330 PRINT'FRBH THE DISKS k‘

ONE-
¥7550 PRINT"HOUR PROGRAM REQUIREB S0y DNI v ﬂﬂﬂ 000 BI\T};
‘7540 GOSUB 1

ALL RESTRICTING IF

7025 PRINT"ENOUGH CHOICES, DECISIONS ARE MADE. BINARY: OR
'DIGITAL'y

7030 PRINT*CODING \IS THE STANDARD METHOD oF DﬁTA
MANIPULATION AND STORAGE "
7035 PRINT"FOR BUSINESS MACHINES AND:COMPUTERS AND IS

*RAPIDLY EECOMING

7040 PRINT® SIANDQRD FOR ALL'TYPES OF TIMING, PROCESS
CONTROL» 'AND’

7045 PRINT! ELECTRDNIC CDHMUNICAYIUNE MEDIA.

70460 GDSUB 19

7090 GOSUB "400 el

7300 CLSIPRINT:PRINT

7305 PRINT® . ‘T0 DISPLAY THIS SCREEN OF CHARACTERS« THE
CENTRAL

7310 PRINT'PRDCé}{NG UNIT DF THIS COMPUTER SENDS 8192
BITS OF INFORMATION

7315 PRINT*TO THE VIDEO DISPLAV CIREUITRY w’

7820 PRINTSPRINT® -~ INCLUDING ITS THO DISK DRIVES, THIS
COMPUTER CAN STORE

7325 PRINT"OVER 11300.000 BITS OF INFDRNATIUN. DATA IS
TRANSFERRED TO ‘AND

OVER 100,000 BITS PER A
SECOND.

7340 PRINTIPRING® A LARGE IBH TYPE COMPUTER CAN STORE
A BILLION BITS ON A

7345 PRINT*SINGLE DISK, AND ITS DATA TRANSFER - RATES arE
CORRESPONDINGLY .

7350 PRINT"GREATEW ! X

7360 GOSUB 1900 , > DR N
7390° GDSUB 2400 . Lo ' >
2500 CLSIPRINT < .
7502 FOR N=1 TO DY(ZMENEXT N
7505 PRINT* - WHENEVER ADDED FACTORS..OR DIMENSIDNS

* (SUCH AS COLOUR

7510 PRINT'HDTICINy HIGH FIDELITYy E?C') ARE ADDED TO A
MESSAGEy THE
7535 FPRINT*NUMBER OF DEEI?’IDNE NEBESSARY GRDHS BY GREAT

- LEAPS.

7520 PRINTIPRINT® @ NEWSPAPER PHOTOGRAPH IS COMPOSED
OF MANY TINY BLACK -+ - " ¢
7525 PRINT*AND’ WHITE DOTS. A TYPICAL PICTURE REPRESENTS
PERHAPS, 1505 000.

7530 PRINT'BITS DF INFDRHQTION. THE SAME PIBTUREv PRINTED *
IN COLOUR»

7535 PRINT'WOULD REGUIRE APP’RDXZ{HATELV 600,000 BITS.

7540 PRINTIPRINT® DIGITAL COMMUNICATION AND STORAGE

OF COLOUR TELEVISION

7545 PRINT*REQUIRES.AROUND 14,000,000 BETQ PER SCOND. AT
THAT RATEs A

7350 GosUB 2400 . o
7600 CLStPRINTLPRINTIPRINT . \



7605 PRINT* SOME TYPES OF CONHUNICATIONS EXTST ON A
HIGHER LEVEL OF
. 7610 PRINT*COMPLEXITY, WAVES ON A BEACH NAY APPEAR RANDOM
AND_MEANINGLESS.
7615 PRINT*HOWEVERs IF QN KNOWS THE CODE» THEY CAN CONVEY -
KNOWLEDGE OF '
7620 PRINT*EVENTS FAR OUT AT SEA! WINDSs STORMS, THEIR
DISTANCE AND- N
7625 PRINT*INTENSITY, AS WELL AS THE LOCATIONS OF REERS
AND ISLANDS. .
7635 PRINTPRINT® SIHILARLY.“DIFFERENT TYPES OF
RADIATION EMANATING FROM THE
7640 PRINT*STARS, ARE, STILL BEING DISCOVERED AND GRADUALLY
DECODED, - - :
7650 GOSYE 1900 H
7690 GOSUB 2400%° :
10000: CLS’ \
10010 PRINTIHBIH'AND NQWs A SHORT REVIEW - - - :
110020 GOSUB ‘1900 P
10090 GOSUB 2400 Pt E .
10100° CLS ... - s
10110 'GOSUB . 910
10120 GOSUB- 1400 « © .- . .
10130 COSUB~1420 .
10140 -ERINTE384, " - HI_S SIMPLIFIED DIAGRAM REPRESENTS-
THE /BASIS. OF
45 PRINT+INFORMATION THEORY, A MATHEMATICAL MODEL OF-
THE COMHUNICATIONS.
10150 'PRINT*PROCESS WHICH IS APPLICABLE TO ALL. FORMS OF.
COMMUNICATION. ., | __
10160 GOSUB 1900 . : . . ~
10190 GOSUB 2400
10200 'PRINT@384,* THE INFORMATION SOURCE SELECTS A
MESSAGE OUT OF A SET Ol
10205 PRINT*POSSIBLE nsssmss. THIS MESSAGE, WHETHER
SIMPLE ‘OR: COMPLEX
10210 PRINT*PROVIDES THE CONTENT OF THE cnnnuuzca:ruus.
THE TRANSMITTER
10215 PRINT*ENCODES THE MESSAGE, CHANGING IT. INTO A B
. .SIGNAL WHICH IS SENT .
10220_PRINT*THROUGH THE COMMUNICATIONS MEDIUMs THE
CHANNEL . THE RECEIVER |
10228 PRINTSOECIDES THE! STONAL BACK INTD A MESSAGE AND b
HANDS IT ON T :
10230 PRINT® INTENDED"ﬁESTINATIDN.. ;
10250 GOSUB 1900 . ~
10290 GOSUB. 2400 . R ~
10300 GOSUB. 1430 .
10305 GOSUB 1300 Lo > &
..-+10310 PRINT@384,* ANY UNDESIRED CHANGE WHICH TAKES
PLACE_IN THE SIGNAL
10315 PRINTBETHEEN THE TRANSMITTER“AND THE RECEIVER- 15
CALLED NOISE.. HHEN . y
10320 PRINT'THE NOISE CANNOT BE ELIMINATED; THERE ARE

¥

% s




Q)

-
. 10497 ' * " aurz'

'FouR HETHODS OF . . . o
10325 PRINT*OVERCOMING. ITS EFFECTS!

10340 GOSUB 2055 . -
10350 GOSUB 1900 . . ®

10390 GOSUB 2400

10400 PRINT@384,* - THE AMOUNT OF INFORMATION

TRANSHITTED DEPENDS UPON THE

10405 PRINT'NUMBER OF CHOICES MADE, THE NUNBER OF .
POSSIBLE MESSAGES IN THE .

10410 PRINT*MESSAGE SET. ONE BIT CAN ONLY TRANSMIT A

SIMPLE CHOICE BETWEEN

10415 PRINT*THO ALTERNATIVES.

-10425 PRINTIPRINT® THO BINﬂRY DIGITS CAN REPRESENT b

ANY OF FOUR MESSAGES:
10430 PRINT*THREE ANY OF EIGHT4 FOUR ANY OF SIXIEE/-/MﬁD—’\/

- 80 ON. THE NUMBER

40435 PRINT-OF BITS REQUIRED IS THE NATURAL R Base 2 ¥
LOGARITHM OF TH 3

10440 PRINT-NUMEER OF POSSIBLE MESSAGES. \
10450 GYSUB 1900 3 L ¥
10490 GOSUB 2400 Lo e &
10495 & g '

11010 FOR N=15424 TO 154B87:POKE N+176INEXT N
11020 FOR N=15551 TO 16255 STEP #%IPOKE Ny 191INEXT N
11030 FOR N=146319 TO 16256 STEP -1!POKE Ns131INEXT N
11040 FOR N=16192 TO 15488 STEP -441POKE er?l'NEXT N
13100 PRINTE130 ]
éiﬂS PRINT@4S0, "ANY INFDRH&(IDN SHARING ACTIVITY IS A
RM OF COMMUNICATION."}
11140 GCOsuB 1900 - » - ~ N
11150 GOSUB 2150 . *
"111460 IF Re$="T* THEN S=§+1 - - s -
11200 GOsSuB 2100 o * -
11205 PRINT@130,°2.°}
11210 PRINT@450,*INFORMATION IS THE CONTENT OF THS
COMMUNICATIONS PROCESS.":
11240 GOsuB 1900 3 5
11250 GOSUB 2150 -
11260 IF Re$="T" THEN S=S+4 hd
11300 GOSUB 2100 )
11305 PRINT@130,°3.%} 5 ¥ 13
11310 PRINTR386," IN HUMAN SPEECH, THE SIGNAL IS*
SOUND. THE INFORMATION®}
11320 PRINT@450,"CHANNEL IS THE LISTENER 8 EAR."F '
11340 GOSUB 1900
11350 GOSUB 2150 . -
11340 IF R$="F" THEN S=5+1 = .
11400 GOSUB 2100
11405 PRINT@130
11410 PRINT@38,

e

e v
THE FUNCTION OF THE INFORMATION o
-




g d . [ 16
SOURCE IS TO SELECT®}
11420 PRINTRY50, *A DESIRED MESSAGE OUT OF A SET OF -
POSSIBLE MESSAGES.
11440 GOSUB 1900
s * 11450 GOSUB 2150  * .
11460 IF R$="T* THEN S=S+1
. 11500 GOSUB 2100 5
11505 PRINTE130/°5.
t 11510 anmuun,-ms MESSAGE HUST BE VERY SINPLE.":
11540 GOSUB 1500
11550 GOSUB 2150 cs
11560 IF R$="F* THEN S=S+1 = *
11600 GOSUB 2100 . i i
11405 PRINTE130,%6,%F . i
11610 PRINTE4ZS) *THE ossuum‘m» DECODES THE TRANSHITTED
SIGNAL.
11440 GOSUB 1900 :
11450 COSUB 2150 3
11660 IF R$='F* THEN, S=S+1 o) ]
2 11700 GOSUB 2100
© 11705 PRINT@130,°7.°3 - ;
11710 PRINTEGGS, < INCREASING THE POWER OF THE | - < A
TRANSHITTER IS A METHOD OF* Y
1172 anmsn.-nvncmmc REDUNDANCY, * £ »
<"11740 GOSUB 1900 Y 4 .
11750° COSUB 2150 .
11760 IF Re="F* THEN S=8+1. ’ .
11800 GOSUB 2100 :
11805 PRINTE130/°8:°%}
11810 ‘PRINT@3B4s* * * ANY OUTSIDE FORCE WHICH ACTS ON THE
SIGNAL- TO VARY IT*} 3
11820 PRINTE4S0, *FROM THE ORIGINAL IS KNOWN AS 'NOISE'.":
11840 GOSUB 1900
11850 GOSUB- 2150 .
© 11860 IF R$="T* THEN S=5+1
- 11900 GOSUB 2100
11905 PRINTE130,°9,
11910 PRINTE38S, ¢ ch:rysanmc OF THE SIGNAL IS ONE

. x 11920 PRINTQQSO,'DUERCUHXNC NOISE.*;
5 11940 GOSUB 1900 * 8
11950 GOSuUB 2150

1960 IF R$="T* THEN $=8+1 o
& 12000 cgBus 2100 S " :
- - 12005 PRINT@130,°10,*
. 12010 PRINT@386:" THE ENGLISH LANGUAGE HAS EXTRA

STRUCTURE 'WHICH HELPS'} %

e 2. 12020 PﬁINTD‘ISﬂy‘TD ENSURE THAT DUR MESSAGES GET THROUGH 2 B
IN SPITE OF ANY ¥

L 12030 PRINTESIQV'DIETDRTIOPI.'I
" 12040 GOSUB 1900 LI .

12050 GOSUB 2150 . x
12060 IF R$="T' THEN S=S+1 (
12100 GOSUB 2100 " N




" . \ ‘ a7/,
\’/\ “12105 pRINTE130,711. %1 :
. 110 PRINTE386,*  THIS EXTRA FRAMEWORK IS AN EXAHPLE \
0B OVERCOMING NOISE®;

12120 PRINT@450,"BY DUPLICATING THE NESSAGE IN ofHER -
i CHANNELS + i
' 12140- GOSUB 1900
12150 COSUB 2150 . : .
12160 IF R$='F"-THEN S=8+1 ¥ =
12180 FOR N=1 TO DY(9)INEXT N
12200 GOSUB 2100
12205 PRINT@130,°12,°
[ 12210 PRINT@386," IF THE MESSAGE IS SELECTED FROK .
'BUY' DR 'SELL's IT* -~
12220 PRINTD‘ISOv'DUNTﬁINS LESS INFORMATION THAN IF IT
. MUST BE THE FULL"3
12230 F‘RINTE.’-XQ:'TEXT OF EITHER THE BIBLE OR THE KORAN.";:
. 12240 GOSUB 1900 :
. . 12250 GOSUB "150 . : |
12240 IF R$="F*. THEN S=8+1 - . : |
«' .12300 GOSUB 2100 . P i
12305 PRINT@130,°13,"; -
12310 PRINT@384,* - THREE BINARY DIGITS (OR 'BITS') CAN
] BE PUT TOGETHER IN'}
. }*EIGHT POSSIBLE COMBINATIONS., AND THUB

T0
12330 PRINT@514,"REPRESENT ANY DF Ur TO EIGHT NESSAGES.'E
12340 GOSUB 1900
12350460SUB 2150

. . 12360 IF R$="T* THEN S=5+1 \d
L. 12400 GOSUB 2100
- _ - 12405 PRINT@130,"14." - r
' 7 12410 PRINT@3B6," BECAUSE EACH BIT CAN REPRESENT ONE -

OF DNLY TWO"; |
17420 F’RINTP‘ISD:'PUSSIBILITIEE: BINARY DATA CAN ONLY EE
e g USED" T COMMUNICATE® N ? ° .
12430 PRINTI‘!SI‘I:'UERY SIMPLE MESSAGES,*;
12440 GOSUB 1900
12450 GOSUB 2150
124460 IF R$="F* THEN S=8+1 L
12500 GOSUB 2100 \ ke
12505 PRINTDlGﬂr'lS\" T
12510 PRINT@3BG,* % ﬁE THE COMPLEXITY OF THE HESSAGE N

5 -

INCREASES: THE NUMBER®3
©12515 FOR N=1 TO/DY(10)INEXT N
{ 12520 PRINTE‘I..:“"DF BITS NECESSARY TO TRANSMIT THE SIGNAL

INCREASES.";
12540 GOSUB 1900
s 12550 GOSUB 2150
12560 IF R$="T® THEN S=5+1 ) o
13000 CLSI!PRINT . . .
13010 IF S>12 THEN PRINT * EXCELLENT, *${GOTO 13100
! 13020 IF §>% THEN PRINT * VERY GOOD.";!GOTO 13100_'./
13030 IF .8>7 THEN PRINT *° ° GOOD."i:GOTO 13100
» » ® 13040 IF S>5 THEN PRINT * POOR, *; $GOTO 13100 /




-
13050 PRINT® UERY POOR. " # -
13100 PRINT* YOU GOT* 5SS'DLIT OF 15 ELORRECT k
DR* $INT(S/15%100) 3 *PERCENT+

13010 PRINT

14000 PRINT* THIS SHERT LESSON HQS BARELY SCRATCNED ‘
THE SURFACE OF* i

14010 PRINT®INFORMATION THEORY. MANY EASIC CONCEPTS SUDH o
AS SYMBOLS AND

14020 PRINT®ENTROPY HAVE NOT BEEN TDUCHED- CONTINUDUS (AS
OPPOSED TO

14030 PRINT*DISCRETE) MESSAGES HAVE NOT BEEN I‘IENTIDNED-
MATHEMATICS AND

14040 PRINT*THE ENGINEERING VARIABLES TO NHICH THE THEORY

IS APPLIED HAVE

14050 PRINT®ALL BEEN IGNORED.” ¢

14060 PRINT . .

14100 PRINT" TO LEARN MORE AEBOUT THIS IMPORTANT AREA

OF SCIENCE» e

14110 PRINT"EXPLORE THE 'Q 3640' .SECTION OF THE LIBRARY

AND VIEW THE FILM ’ $
14120 PRINT"'A DUHNLINICQTIDNS PRIHER‘ IN CAVE." o
14150 'GOSUB 1900 2 W S
14190 GOSUB 2400 — ) % g

Iy
w
°
=4
o

'14310 PRINT@192," SYOU' HAVE NOW COMPLETED THIS

COMPUTED-ASSISTED LESSRN ON*

14 20 PRINT“INFORMATION mEo’v. 1 . "
é:m PRINT : §
14850 PRINT® ~ PLEASE OBTAIN THE SHORT QUESTIONAIRE FROM j 1

THE LAB -

14355 PRINT®ASSISTANTs FILL IT IN; AND RETURN IT.®
14340- PRINT {PRINT* THANK YOU.*  *

14365 GOSUB 1900

14370 :

14380 'CIU;[Z RESULTS FILED ON DISK AND EXIT

14390 T$=INKEY$ .

14400 PRINT@960:" * PRESS THE SPACE BAR TO
EXIT x* —_—

14410 ,;[F PEEK(l‘I‘WB)()XZB THEN 14400

14490 CLS . -~
15000 DIM R(S0), .
15100 OPEN *I's2, *RESULTS/TXT® ( "

. 15200 FOR N=a-TO 50 - h ‘

15210° INPUT#2/R g
15215 R(N)=R . N

15230 NEXT N

15240 CLOSE 2 . = .

15230 FOR N=1 TO 50

‘15255, IF R(N)=0 THEN R(N)=S:{GOTO 15300 .

15270 NEXT N “
15300 OPEN 'D'va'REEULTE/TXT' Wy %

15310 FOR N=1 T0 5 ' P




15315 R=R(N)
15320 PRINT#2:R
15330 NEXTN
15390 CLOSE 2

19000 CLS

19999 END

A

.
N

.. :
e

-\ '
7
? r

‘119
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I original versich (lz_seuond‘delaxs)

Lines 10-230 only are shown. The remainder is identi-

cal to (?t shown in I.. above.

10 ¥ EXPERIMENTAL CAIY LBSSON ON ' INFORMATION THEORY

20 N VERSION #2 . .

30 < MEAN DELAY = 12 SECONDS * * * -
40 E

200 N ' DELAY CONSTANTS (SECONDS X 339)

210 DIM PY(10) N 3
220 D¥(1)=6246:DY¥(2)-2498:D¥(3 EZEXDY(5)=2319
230 DY(6)=7047:D¥(7)=3301:DY(8 ¥(9)=4639:0¥ (10)=1784

ol ~ s | -
III. Original Exp 1 version (24 seconds delays)

Idnes 10-230 only aré shown. The remainqer_"is
identical to that shown in I. above.

©10 ' ¢ EXPERIMENTAL® cu LESSON ON INFORMATION: THEORY
20" ' |, VERSION #3
30 : MEAN DELAY .= 24 sscouns L : ®
40 -
200 ' DELAY CONSTANTS (SECONDS X 339) . -,

210 ° DIM DY(10) . !
220° mm)- 2492:DY(2)=4996:DY(3)=7494:DY¥(4)=7672:DY(5)=4638

: 4094:DY(7)=6602:DY(8)=10526:DY(9)=9278: .
py( o) 3568 . i .




IV. Final Control group version (ho delay)
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— ) e
' 122
10 '@ EXPERIMENYAL CAI LESSON ON INFORMATION THEORY :
30 ' VERSIOI g w .
50 ' MEAN DELAV = 0 SECONDS »
70 —
______________ . L .2 v
90 ¢ DELAY CONSTANTS (SECONDS X 339)
110 DIM DY(7)
130 FOR N=1 TO 7{DY(N)=03NEXT N
. 150 - .
170 ¢ ' INTRODUCTORY TEXT &
. 190 CLSIFRINTAFRINT .
210 PRINT® HELEOME 'TO A COMPUTER nEsmTeo INSTRUCTION -
UNIT ON

230 PRINT"INFORMATION.THEORY.

"250 PRINT!FRINT*TD ADVANCE THE LESSONs YOU MUST F‘RESS THE
APFROPRIATE .KEYS ON ' o 3

270 PRINT*THE EDHPuTER KEYEOARD .- THE ONLY KEYS REQUIRED % <
ARE THE SPACE EAR

' 290 FRINT*AT THE BDTTUM oF THE KEYEOARD » THFKETS

NUMEERED 15 2y 35 AND 4

310 PRINT*(EITHER AT THE TOF DR FAR RIGHT ﬂ} “THE |

KEYEDARD) » AND- THE .

\330 FRINT"LETTERS T “AND Fa SHDGLD YOU FRESS A KEY AND

HING HAFPENS»

350 PRINT*FRESS AGAIN - FIRM Yo
370 PRINT!FRINT® & THE CUE QS TD HHICH KEY TO® FRESS'
WILL ALWAYS AFFEAR:ON

~ 390 PRINT*THE EOTTOM OF THE SCREENy LIKE THIS: ’
410 GOSUE 2030
430 GOSUE 2430 § " .
450 CLEIGEOTO 2710 s B -

470 - . .
490 =
SUBROUTINES. - .
510 ' GR |
530 FOR N=
550 READ AIPRINT CHRS(H) 5 SNEXT N . o
570 FOR N=i TO DY(3)INEXT.N . o . .
590 FOR N=149 TO 255
§10 READ AIPRINT CHRS$(AY3 INEXT. N
430 RESTORE »
650 RETURN
670 ' MAIN GRAPHIC susnumms
490 FOR N=0,T0 255
710'READ AIPRINT CHRS (M) INEXT N . ¥ ]
i 156714011’mv19011401140119071401140717 1128,128+128,128,12
I'ay1 " :
750 DaTA : :
- |
: *




g;! 156:1401lll‘hlﬁlh“ﬂu\ﬂﬂrlﬂlyiﬂh140r172712911231119112
128

770 DﬁTh
‘128:1281 128 lZEvl!EvISS- i‘lﬂv!ﬂh 140,140,140,140,140,150,17
28

790 DATA
125.:29.129.125.1zsyxza.155114u.110.140'140.110r14n.140111
0,172

810 DATA
1171128-63177n55182v67|6711281l701176-17611761176vl761178
830 DAT
164»1191128.alyaz.s$.78193.45.1"ay170.176.1761175,17&,176
850 DATA
1769176+176117811641149,82,69/67169173186169182,170,176
870 DATA
17&.175.176.175.x7s.154,149.1~s.as.a9.aa.aq.7:.4s.xﬂa.17a
890 DATA
149»1zay173.1ﬂe,1"a.125y1~av1"9'125,170.125,125.173.145,14
8r136 i
910 DATA

. 1294149, 1"Bv77v73vBQvB4 169982, 121 9117011281 1181128-129;125

930 DATA . )
128,128,128,136,1291149,128,128,128,128,128,128,128,128,17
+0,128

950 DATA
129.125'123.:25.;36.127,1«9.1za,7a.as.54,7:.79.73.123,17n
970 DAT
131,131'131,131.131.131.1:1.131.131.:3:.1"5.125.125.123.12

B

990 DATA

128,131,131,131,131,131,131,131,131,131,131,128,128,128,12

8,128

1010 DATA

123.1"9.1"8.129»1"611:1.131.131.131.101.131.131”31.1@.13

1,128

1030 DATA »

128,128,128,128,128,128,131,131,131,131,131,131,131,131,13

1,131 .

1050 RETORE '

1070 REFURN

1090 PRINTRPS,CHR$ (156)5CHR$(172)}

1110 PRINTR158,CHR$(152) ;CHR$(171)iCHR$(151) iCHR$ (1645

1130 PRINT@
ByCHRi(lqb)nCHR‘(JW)-CHR’(I‘IU);CHR'(,H")FCHR%(ljl);CH

(1‘!0)'CHR$(14!1).CHR$(17")

1150 PRINT@284,CHRS (149) i *NOISE 'iEHRs(lﬂi): ~

1170

F‘RINTDS4E:L‘HR‘(141)nCHRﬁll‘!ﬂ)oCHR‘(14ﬂ)nCHRt(lMl)yCHRs(I‘W

) iCHR$ 1'"])lCHRC(lQﬂHCHR‘(lV’)' '

NT D !Ov'MESSAGE';:PRﬁ!T e 29:‘SIGNAL';XPRINT e

RETU! .
Sﬂ PRINT E 156+ "CHANNEL " §

ssanz -, ) | G



124/

1270 PRINT @ 256," *!RETURN
1290 PRINT@1S56."* *3

1310 RETURN .

<1330 FOR N=1 TO 6:PRINT@4S," . s ] "
1350 FOR C=1\TO 30:NEXT C b
1370 PRINTESS\ SDURCE'HFDR Cgl.TO 60:NEXT,
1390 PRINT@2S54,* ETURN }
1410 FOR N=1 TO &:PRINT@10," "3 IPRINT@47," .
1430 FOR C=1 TO 30INEXT*C

1450 GOSUB 1210 !FOR C=
1470 NEXT NIPRINT@2S6,*
1490 FOR N=1 TO 6:PRINT@BZ," *iIPRINT@1464,"

1510 FOR C=1 TD 30INEXT C S22

1530 PRINT@82," TRANS-';IPRINT@144," HITTER'F.FUR a
B0INEXT C g

1550 NEXT NiPRINT@256,* *IRETURN . 4 - .
1570 FOR N=1 TO &3PRINT@27," "

1590 FOR C=1 TO 30!NEXT C:GOSUE 1210 * .
1610 FOR C=1 TO ‘30 INEXT C ) .
1630 NEXT NIRETURN " '

1650 FOR N=1 TO AIF‘RINTEME&; . U

1470 FOR C=1 TO 304NEXT C

1690 GOSUEB 1250 {FOR C=1 TO 30:NEXT C .
1710 NEXT NIPRINT@2567" *IRETURN N L >

1730 FOR N=1 TO 6:PRINTR10Z,* b v .
1750 FOR C=1 TO 30INEXT C :

1770 PRINT@102,"RECEIVER®; {FOR C=1 TO 30:NEXT &

1790 NEXT NIRETURN 4

1810 FOR N=1 TO 46!PRINTR119," *iIPRINT@183,"

o

1830 FOR C=1 TO 30:NEXT C

NEXT N

TO 30INEXT C
ETURN

1850 PRINT@119,* DESTI-*;:!FRINT@183,* NATION®;:FOR C=1 TO
30INEXT C g

1870 NEXT NiRETURN 7.

1898 FOR N=1 TO 6'PRINTEZG LI

1910 FOR'C=1 T0 3

IVSDAINTEZBSHNDISE'HFDR C=1 TO 30:NEXT C .
1950 NEXT NIRETURN

1970 FOR_C=1 TO 400 INEXT CIRETURN -
1990 ] 3 .oy
) O
2010 ‘. MIBC. SUBROUTINES .
2030 FOR C=1 T0 100 INEXT CIRETURN . «
2050 PRINTIFRINT! L. LIGHT :
2070 FRINT* 2, WORD : e
2090 PRINT* 3, PRINTED PAGE . D = B $

2110 PRINT® 4., EYE .

2130 RETURN . . .

2150 PRINT® THIS IS AN EXAMPLE OF WHICH METHOD OF

COMEATING NOISE? *

2170 PRINT® 1, -USE OF REDUNDANCY

2190 PRINT® 2. INCREASED TRANSKITTER POMER
N



125

10pFPRINT* 3. MESSAGE DUPLICATED IN OTHER CHANNELS
"ZBh FPRINT* 4, CAREFUL BEAMING DF THE SIGNAL -
2250 RETURN
2270 FOR N=129 TO 833 STEP 64 F‘RINTGN;CHR%("SQ) INEXT N
2290 RETURN
”21\

2330 STUDENT BEGPONSE INPUT SUBROUTINES
T4=INKEY$ {FRINT@96 ¢ " PRESS T (TRUE) &
OR F (FALSEY x

2370 R$=INKEY$

2390 IF R$<>'F* AND R$<>"T* THEN 2370

2410 RETURN o
2430, T$=INKEY$PRINT @ 960,% . x PRESS THE SFACE BAR WHEN
YOU ARE READY TO PROCEED X*;
2450 R$=INKEY$ & -
2470 IF_R$<>* * THEN 2450 .
2490 RETURN . Tk
2510 TS=INKEY$:PRINTE960," "o PRESS THE CORRECT
NUMBER KEY X°3
2530 R$=INKEY$

2550, IF Re<*1" GOTO 2510 ELSE IF R$>*4* GOTO 2510

2570 R=PEEK (14352) {RETURN

2590 PRINT CHR$(23)% FRINTE408 , *HRONG ] * {FRINT
CHR$(28) tPRINT@448,* *
2610 RETURN
2630 FRINT CHR$(23) tPRINTR472, *CORRECT! " {PRINT CHRS$(28)

@
=

2650 RETURN : ~TN
2670 20 . . i 5 . )
2690 * MAIN TEXT STARTS HERE

2710 CLS

2720, PRINT@2564* * s X ) S

2730 PRINT*® IN ITS BROADEST BENSEs CDMMUNICATIDN CAN

BE DEFINED AS'ANY

50 PRINT*INFORMATION-! ‘iHARINR N‘TTU[TY. e g INELUUES N 5.
FORMS OF THE

2770 PRINT"TRANSMISSION OF MESSAGES FROM ELECTRICAL . _
IHF’LILSES TO HUMAN
2790 PRINT *LANGUAGES .
2795 GOSUE 2030

2800 GOSUE 2430

2810 WS IFPRINT@128,* *
2815 FRINT® - ANY INFO
OF § .

2820 PRINT® 1. LANGUA
2825 PRINT®. 2. MEANI
2830 FRINT* 3, COMMUNICATION —~

2835 PRINT* ‘4, ELECTRICITY . o

2840 GOSUE 2030.

2845 GOSUE 2510°
2850 CLSIIF R<>8 GOT

TION-SHARING ACTIVITY TS ATFORM ,

2870

. ]




. 2855 GOSUEB 2630 >
2860 GOTO 2890 :
' 2870 GOSUB 2590 .
s 2875 PRINT* TRY AGAIN®:GOSUB zuan 2 ¥ -
2880 GOSUB 2430 I
2885 GOTD 2810 ’
2690 GOSUB 2030 - O . -
. 2895 GOSUB 2430
2900 CLS:PRINT:PRINT
2905 PRINT® COMMUNICATION IS A- DYNAMIC qucsss rn
WHICH A MESSAGE*® .
291 09PRINT * SENDER -CONETOUSLY OR UNCONCTOUSLY arrsns A -
RECEIVER THROUGH
2915 PRINT*MATERIALS OR "AGENCIES USED IN SYNEOLIC Wavs, .
AT ITS SIMPEST, & .- s
2920 PRINT*THE PROCESS N BE REPREsENTED BY THIS ST
.- DIAGRAM: . .
2925 PRINTIGOSUB 690 R N ",
2930 -GOSUB 2030 :
2935 GOSUB 2430 . g San oo
2940 CLS:PRINT:PRINT
2945 PRINT® WHICH OF THE: FOLLOWING IS AN EXAHPLE OF
COMMUNICATION?*
2950 PRINT*. 1
2955 FRINT® 2. A TEACHER'S ANGRY GLANCE AT Isssmumc -
\ STUDENT - E
2960 PRINT® ‘3, A THERMOSTAT CAUSING'A HER R TO SKITCH ON
2965 PRINT® 4. ALL OF THE ABOVE
2970 GOSUS. 2030 2 R
2975 GOSUB 2510 # = % = B Song L8
2980 CLSIIF R<>16 GDTD o9,y 1 t. o - t-
2983 GOSUB 2630 . o = ~ :
2987 GOTO -3000 o S . ’ ‘
2990 GDSHE 2590 . . o
2993 PRINT® THE READING OF A BOOK' THE TEACHER'S ANGRY
GLANCE» AND
2995 PRINT*THE ACTION OF THE HEQTER. THERMOSTAT ARE ALL
FORMS OF ¢ - E
2997 PRINT*COMMUNICATION:* _ . .- " . 5
3000 GOSUE 2030 18 i : o
3005 GOSUB 2430 -~ - :
-3330 CLSIGOSUE 690 @ @
. 3350 GOSUE 1330 .
¢ 3870 PRINT* THE mr’uRnATmN snuRcE\FELEcrq A DFQIRED o
MESSAGE OUT' OF* :
. 3390 PR'[NT'G SET OF POSSIELE. MESSAGES.
$ 9410 PRINT 5 s S b
. b 3430 PRINT*" . THIS SET OF FOSSIELE MESSAGES' MAY EE A8 *
ARGE s AND COMPLEX. ' s
450 PRINT*AS ALL THE THOUGHTS 'AND IDEAS OF WHICH THE A
HUMAN_MIND IS |
|

THE READING OF A BOOK

ot

@

3470 PRINT*CAPAELE, IT HAY BE AS_SIMPLE AS:THE. 'ON AND

‘OFF' STATES OF 2% .
3490 PRINT*AN ELECTRIC CIRCUIT- o ' % : ~



3495

,/_‘ X

PRINT{FRINT® "IN HUMAN SPEECH, THE ERAIN OF THE

SPEAKER IS THE *

3500
as10
3530
3550
3570
3590

13610

630

FRINT*INFORMATION SOURCE.*
GOSUE 2030
GOSUE 2430 .
CLS1GOSUE 490 - A

GOSUE 1210 x 1 y

GOSUB 1250 «

GOSUE 1410 . .

PRINT® THIS MESSQGE: WHICH HAS BEEN SELECTED BY

THE 'SOURCE» 'CAN

3850
3670
VERY
3875
3680
3685 G
3700
3705

IS THE SFEAKER'S"

3710
3715

PRINT*BE OF hkNV FORMS. IT.MAY CDNSIST OF WORDS»

FICTURES, MUSICy

PRINT*IDEAS; DR ELECTRICAL STATES) ETC. IT MAY BE
SIMPLE OR il
PRINT*VERY coansx. ) -
GDS £ 2030 ., - ' Lo

05Ue_ 2430 & . N
CLS:ZﬁINT‘PRINT SPRINT » i g
PRIN IN HUMAN. SFEECH- THE INFORMATION SOURCE

FRINT*EBRAIN« THE HESSAGE 184"
FRINTSFRINT® 1. A’ WORD

’,77”0 FRINT® 2, A THOUGHT : . P A

725 PRINT® "3, *'ON’- OR 'OFF'

3730

3775

3780

=

FRINT® 4. AN ELECTRICAL INFULSE

GOSUE 2030

GOSUE 2510 » .
CLSIIF R<>4 GDTD 3770 - W
GOSUE 2630

6070 3790
GOSUE 2590

-PRINT* ,IN HUMQ;‘J E.:PFEECMD THE MESSAGE IS A.
THOUGHT. ANSHWEI 5y =

FRINT " THE- 'CORRECT DNE¢:
GOSUE 2030
FOR N=1%T0 DY(]) NEXT N

5-GOSUR 2430

CLS$GOSUE 690
GOSUE 1210 - ;
GOSUE 1250 i ; 2
GOSUE 1490  ° . .
FRINT- .

FRINT® THE TRANSHITTER BPERATES ON THE HESSAGE,

IN SOME WAY TQ

3870
0OVER
as9o

PRINTPRODUCE ‘A SIGNAL SUITAQLE FOR T, ANSMISSION v
THE CHANNEL .
FRINT*THIS INVOLVES A DDDING PROCEBS. AN EXAHPLE Is

A TELEFHONE -

3910

PRINT" INSTRUHENTv WHICH CHANEES SDUND PRESSURE INTD

A PROPORTIONAL

3915
avzo

PRINT"ELECTRIC CURRENT, 5

FRINT{FRRINT® "IN HUMAN SFEECH»y, THE TRANSMITTER IS
THE SPEAKER'S VOCAL® N x

”



3925
3950
3940
3970
3975
3980
3990
4010

PRINT *HECHANISH. *
GOSUE 2030

GOSUB 2430
CLS:GOSUB_690
GOSUB 1219 .
cosug 1250 -
GOSUB 1570
PRINT@320,*

' . 4030«PRINT" ’ THE SIGNAL IS THE ENCODED OUTPUT OF THE
.TRANSMITTER WHICH
4050 PRINT®IS SENT ALONG THE CHANNEL. IT MAY BE SDUND
- WAVES, ELECTRICAL

4070
"ETC.

4075
L4080

@ 4085
4090

4095

© 4100
4105

4107

3 T EERCIR £1)
' i % 4115
7 4120
% » 4125
3130

. 14135

a150

4155

PRINT‘IHPULS!B% THE DOTS AND DA

GOSUB 2030
GOSUE - 2430
CLS{PRINT$FRINT $PRINT
FRINT*
FRINT$PRINT® 1. suuno
FRINT*. 2. TH

FRINTY 3.

_FOR_NE1 TU DY(:'.)%NEXT
PRIﬁT' 4. NONE OF TH ABOVE

COSUE 2030
GOSUE 2510
CLS!IFR<>2 GOTO 4150
GOSUE 2630
GOTO 4180
GOSUB 2590
PRINT®

* - 'SIGNAL IS VOCALIZED®

4160
4180

4195

PRINT “SOUND. *
GOSUE 2030

GOSUE 2430 s
CLS:IGOSUB 690
BOSUE 1210
COSUB" 125,
GOSUB 145
PRINT'

IN HUMAN SFEECH» THE EIGN/\I

)

IN, THE CASE DF SPEECHy THE 5

8 OF MORSE CODEs

#1 IS CORREET. IN NUHﬁN SPEECH: THE

THE CHANNEL IS MERELY THE HEDIUH JUSED .TO

A RADIO FREQUENCY, A EEAH oF

IT HRV BE

FRINT* THE\ ATR THROUGH WHICH  THE SDUND WAVES TRﬁUEL.
¢ 4285 GOSUE 2030 .
Ey 4290 GOSUB 2430 i’ N - %

7 4300 CLS:GDSUE 690 - ' .

4305 GOSUB.1210 .. .
4310 GOSUB 1250 . .
4315 GOSUEB 1730. .

4330 ‘GOSUE’ 1730




a: ]
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4350 PRINTE320,"
4370 FRINT" - THE RECEIVER IS AN INVERSE TRANSMITTER.
IT DECODES THE

. 4390 PRINT*SIGNALs CHANGING.IT BACK. INTD A MESSAGE AND
HANDING IT ON TO .
4395 PRINT*THE .DESTINATION.*
4400 GDS\JB 2030 —
4405 GOSUE 2430 :
4410 CLS!PRINT:PRINTIPRINT IS
4415 PRINT' . IN HUMAN SPEECH, WHICH IS THE RECEIVER?"
. 4420 PRINT!PRINT" ‘1. .SOUND WAVES® .
4425 PRINT® 2, THE LISTENER'S EAR bl
4430 PRINT* 3. THE LISTENER'S BRAIN v .
4435 PRINT® 4, THE SET OF POSSIBLE MESSAGES
. 4440 GOSUE 2030
~ - 4445.GOSUE 2510
4450 CLS$IF R<>4 GOTO 4470 '

4455 GOSUE 2630 . .
4460 GOTO 4490 /
4470 GOSUB 2590 ’

4475 PRINT® #2 IS CORRECT, THE LISTENER'S EAR IS THE
RECEIVER, * K . . N

4490 GOSUB 2030 % §

4495 GOSUE 2430 .

4500 CLS$GOSUE 530 -

4505 GOSUE 1210 . : -

|, 4510 GOSUE 1250 "

4515 GOSUE 1810

4520, FRINT@320%* * .
> 4525 PRINTL THE DESTINATION IS THE PERSON OR THING
. . FOR WHICH THE' .
3 | 4530 FRINT'MESSAGE IS INTENDED.
} 4535 PRIN RINT" IN HUMAN SFQECH: THE DESTINATION IS

/ THE BRATN OF THE®
4540 FRINT"LISTENER, *
550 GOSUE 2030
4570 BGOSUE 2430 : s
4590 CLS:PRINTFRINT {FRINT *FROELENS * {FRI
4610 FRINT* IN READING, THE SOURCE 15 THE MIND OF THE
AUTHORs THE
4630 FRINT*DESTINATION THAT OF THE READER.
4650 PRINTIPRINT® WHICH OF THE FOLLOWING IS’ THE
w TRANSMITTER? -
4670 GOSUE 2050
4690 GOSUE 2030
4710 GOSUB 2510 CI
4730 CLSIIF R<>8 GOTO 4790 §
4750 GOSUB. 2630 M -
4770] GOTD. 4870
4790 GOSUR 2590 i .
4810 PRINT® THE CORRECT ANSWER IS #3. IN.READINGs THE
PRINTED FAGE
4830 PRINT*IS THE TRANSMITTER,
4850 GOSUE 2030




- ~
4870 GOSUE 2430 ¥
4890 CLSIPRINT:PRINT:PRINT \
4910 PRINT* ALSO IN READING, WHICH IS THE CHANNEL? \
4930 GOSUE 2050 i
4950 GOSUE 2030 .
4970 GOSUE 2510 :
4990' CLS
5030 IF R<>2 GOTO 5090 ¢
5050 GOSUE 2680
5070 BOTD 5170\
5090 GOSUB 2590
5110 PRINT* THE CORRECT ANSWER IS #1, IN READING, -
LIGHT ACTS AS THE
5130 PRINT*CHANNEL . :
S150 GOSUE 2030 * . ! 2
5170 GOSUB 2430 : ; i
5190 CLS . : ’
5zxu FRINT{PRINT

230 FRINT*IN READING!®?PRINT
=zsn PRINT'SOURCE* ;CHRS ¢ 149)i* THE MIND OF THE AUTHOR

270 PRINTHESSAGE * s CHRS (149) 5" THOUGHT
5290 PRINTYTRANSNITTER®  CHRS (149)1° PRINTED PAGE
5310 FRINT*SIGNAL*»CHRS (149 * "WORD'
5330 FRINT*CHANNEL * yCHRS (149)3* LIGHT

350 PRINT*RECEIVER *yCHR$ (149) 5 * EYE
5370 FRINT*DESTINATION®yCHR$(149);" THE HIND OF THE
READER
5390 GOSUB 2030.
5410 GOSUE 2430 .
5430 CLS!GOSUE 690
5450 FRINT @320,*
5470 PRINT* IT 15 UMFORTUNATELY CHARACTERISTIC OF
COMMUNICATIONS
5490 FRINT'SYSTEMS THAT CERTATN' THINGE HAY
THE SIGNAL BETWEEN
5510, FRINT* TRANSHISSION AND RECEFTION THAT WERE NOT
INTENDED EY THE s
5520 FOR N=1 TD DY(4)INEXT N ;
5530 PRINT*INFORNATION SOURCE.
5550 GOSUB 2030
5570 GOSUE 2430
5590 GOSUE 20 .
5210 PRINTo Badyr * - -

. P

£ ADDED TO .

' 5630 FRINT® “I\NY SUCH CHANGE ,IN THE TRANSMITTED SIGNAL

IS CALLED A .
5650 FRINT*'NDISE' . . S

' 5670 GOSUE 2030 - i

5690 GOSUB "2430°
5710 CLSIGOSUE 690 °
5730 GOSUE 1090 . » # 2
5750 GOSUB 1890

5770 FRINT@38B4," - NDISE MAY 'BE DEFINED AS ANY OUTSIDE
FORCE WHICH ACTS ON 4

5790( PRINT*THE - TRANSMITTED SIGNAL IO VARY IT FROM THE




ORIGINAL. >

5810 GOSUE 2030. ¢

5830 GOSUE' 2430 ;

5850 PRINT@S12,* * / 3 .
5870 PRINT® EXAMPLES /ARE DISTORTIONS OF SOUND (EG. IN

\ RECORDING) »

5890

PRINT"STATIC (IN RADID): DISTORTIONS IN SHAPE,

SHADING, OR COLOUR

5910
(EG,
5930
5950
5970
5990

PRINT*(IN TELEVISION), OR -ERRORS TN TRANSMISSION
IN TELEGRAPHY). ’ .
GOSUE 203D

GOSUE - 2430;

CLSPRINTFRINT o

PRINT* YOU ARE A PASSENGER IN A'CAR WHIH IS

BEING *DRIVEN RAFIDLY .
6010 PRINT*ALONG A SMALL COUNTRY,ROAD. YOU ARE ATTEMPTING --
TO READ A BOOK.

6030 FRINT*IN THIS SHTUATION, HHIEH OF THE FOLLOWING FITS
THE DEFINITIOI

6050 FRINT'OF ? .

6070 PRINTIFRIN 1+ JOLTS AND VIERATION CAUSED EY THE
BUMFY ROAD

6090 ,FRINT® 2, FLICKERING LIGHT CAUSED BY THE TREES AND

OTHER CARS
6110 FRINT® 3, FAINT OR DISJOINFED TYFE CAUS%D BY A
FAULTY .PRINTING FRESS

6130 PRINT* 4, ALL OF THE ABOVE
6150 GOSUE 2030
4160 FOR N=1 TO DY(S)INEXT N "
6170 snsue 2510
6190 CL! .
& 6210 IF R<316 GOTO, 6270
GOSUE 2630° - .
GOTD 6390
* GOSUE 2590 .
FRINT* THE CORRECT ANSWER IS #4, ALL OF THE
THE .
XINT*UNSTEADINESS OF. THE EODK, THE UNCERTAIN LIGHT,
AND THE POOR
6330

FRINT*TYFE ARE ALL OUTSIDE FORCES WHICH DEGRADE THE
v

SIGNAL.s AND ARE

350 FRINT*THEREFORE NOISE

4370 GOSUE 2030 i .

6390 GOSUE 243 , . ~

6410 CLSIFRINTET92y" ©
6430 - FRINT* THERE ARE A NUMBER OF WAYS IN WHICH NuxsE
IN

6450 PRINY COMMUNICATIONS MAY BE OUERCOME. THESE INCLUDE!
6470 PRINT* - THE USE OF ‘REDUNDANCY IN THE MESSAGE
6490 PRINT' - INCREASING THE POWER OF THE TRANSHITTER
6510 PRI < DUPLICATING THE MESSAGE IN OTHER
SICNALS, CHANNELS

6530 PRINT* - CAREFUL BEAMING OF THE SIGNAL

6550 GOSUE 2030

N




4570 GOSUE 2430

6590 CLS

6610 PRINT'EXAMPLE: THE MESSAGE 'HELFP

6630 FOR N=1 TO 27$PRINT CHR$(131) 3 {NEXT NIFRINT -
N 6550 PRINT:PRINT*USE OF REDUNDANC

6670 FOR N=1 TO' 10¢PRINT *HELP *

6690 GOSUE 2030

6710 GOSUR 2430 - .
6730 FRINT@384, *INCREASING TRANSHITTER .FOMER:*
4750 .
PRINT@448 5 CHRS (191) CHRS (195) ICHRS (191) 3 CHRS (193) 3 CHRS (191
)3CHR$(131) jCHR$(131) 5CHRS C131) s CHRS (131) SCHR$ (193 s CHR$ (1
91),cuks<197).cuns(191),CHRs(131).tHRs<1a1).cHRs(131>.cuRs
(189); .
6770 :
FRINTE532yCHR$(191) i CHR$ (131)5CHR$ (131) 5 CHR$ (131) 3 CHR$ (191
)3CHR$(193) iCHR$ (191) SCHR$T131) s CHR$(131) iCHR$ (131 ) jCHR$ (1
94) 5 CHRS (191) CHRS (197) JCHRS (191) CHRS (131) CHR$(131) CHRS
CHR$(129)3 ° -

& 90 FOR N=1 TO.DY(3) tNEXT N, B 4

NEXT N .

>

NTE 961CHRS(131)ﬁDHRﬁ(l?u):BHR“&USl):DHR‘&(l‘?B):CHRS(lSl
1);CHRS(l?l);CHR‘(131):CHR$(131)vCHR$(193)yCHRi(l W -
31) 5CHRS (X31) 3 CHR$(131) §CHRS (131) § CHR$ (131) 5CHR$(193) i CHR$

6870 PRINT| HER CHANNELS
6890 "PRINT* e
6910 FOR N
4930 GOSUE
i 6950 GOSUE
4970 CLSEF

6990 FRINT/ ; Ynu AND A FRIEND ARE AMONG A EOTISTEROUS

0
| - 7030 FRINT*OVERCOME THE DIN, YOUR FRIEND LEANS OVER AND
SPEAKS DIRECTLY
i 7050 PRINT*INTO YOUR EAR. Y
7070 PRINT:GUSL)EI,ZIEK- M ¥ . : v
© 7090 GOSUE 2030
7118 GOSUE 2510 ! B

i 7130 CLSIIF R<>16 GOTD 7190 .

i 7150 GOSUE, 2630 B J

i 7170 COTD 7310 4 . 5

i * 7190 GOSUE 2590 2 ) N

) 7210 PRINT* THE CORRECT ANSWER IS #4..BY LEANzNG)}E‘R/

FEAK ;

7230 PRINT*DIRECTLY INTO YOUR EQER YOUR FRIEND WA

CAREFULLY BEANING HIS

7250 PRINT*VUOCAL SIGNAL. IN SUCH A CASE' YOUR FRIEND MIGHT '
ALSO SHOUT, THUS s
7270 FRINT*INCREASING THE FOMER OF THE TRANSMITTER. A o

i
{




7

7290 GOSUB 2030

7310 GOSUB 2430

7330 CLS!PRINTAPRINT'PRINT

7350 PRINT® - . T THE SAME EASKETEA
CATCHES YOUR

7370. PRINT*ATTENTION BY SAYING
THE RIES WITH

7390 FRINT"AN ELEOW..

7410 PRINT!GOSUE 2150

7430 GOSUE 2030 .

7450 GOSUE 2510

7470 CLSIIF R<»8 GOTO 7530
7490 GOSUB 2630

7510 GOTO 7630

7530 GOSUE 2590

'HEY'

7550 F’RINT' * THE CORRECT ANSKER T
RIBS WHII

7570 FR[NT'SPEN\ING TO ATTRACT YOUR
FRIEND WAS

7590 F'RINT’DUF‘LICATINB PE MESSAGE Ii
7610° GOSUE' 2030

7630 GOSYE 2430

7650 CLS N

7670 PRINT THE LANGUAGES HHICN
HAVE EXTRA

7690 PRINT*FRANENORK TO HELP ENSURE

7710 FRINT*SFITE OF ANY DIGTDRTIGN.

THE USE OF

7730 PRINT" Ra}UNDANCY TD CDMBQT THE

THE COMMUNICATIONS .-

7750 FRINT*CHANNEL .

7790 PRINT CHR$(23)5

7810 FRINTR3ZZ, " THE ENNISH LANGUAGE

7830 PRINTE408, IS AEOUT
“FRINTRA62y'ONE~HALF REDUNDANT

0 GOSUE 2030 -

7890 FRINT CHR$(28) 3 iG0SUE~2430

7900 F‘RINTE‘?&B:CHRS(ZSE)

7910

LL GAME s YDUR FRIEND

NHILE JAEBBING YOU IN

S #3. BY JABEING YOUR

ATTENTION, Your -

N ANDTHER CHANNEL , ~

TN
WE HRITE AND SFEAK

THAT DUR MESSAGES GET
THIS IS AN EXANFLE OF

EFFECTS OF NOISE IN

Ky

PRINTR4621CHRS (191) 5 CHRS (191) :CHRl( 191)3CHR$(191) ,CHR§(19i

) $CHR$ ¢ 191) iCHR$(191)
7930 GOSUE 1970
7950

FRINTR414,CHR$(191) 3 CHR$ (191) ;CHR$(191) 3CHR$ (191) 3 CHR$ (191

) $CHR$ C191) SCHR$(191) ;CHR$ (191) jCHRS
7960 FOR N=1 TO DY(&)INEXT N o
7970 GOSUB 1970 Fiad

i
B010 GOSUE 1970

(191)3

3

* 7990 N x
FRINTR332,CHRS (191) 5 CHR$( 191') FCHR$(191) 3CHR$ (191) ;CHRS (191

8030 &
F’RINT@_ﬁSﬁyCHRs(l‘?l) $CHR$ (191) FCHR$(191) $CHR$ (191 ) ;CHR$ (191




*

' o

o g 3
\ ) SCHRS (191) 5CHRS (191 F CHRS (191) SCHRS (191> S CHRS (191) § CHRS (1
91)3CHR$(191) 5 CHR$ (191 5CHRS (191) iCHRS (191> 5
8050 COSUE 1970 /
,© 8070 PRINT@S76s" THE MEANING IS STILL CLEAR AFTER
HALF OF THE WORDS HAVE
8090 FRINT*BEEN DELETED, 3 .
8110 GOSUE 2030 .
8130 GOSUB 2430 . -

13130

13150
13170 4 ) i
13190 TO 15487 tPOKE Ny176INEXT N
13210 5 TO 16255 STEF 64!POKE Nyl?l.NEXT N' i o
13230 FOR N=16319 TO 16256 STEP -~1:FOKE Ns131!NEXT\N %
13250 FOR N=16192 TD 15488 STEF —64‘PDKE/N7191'NEXY N :
13270 FRINTRI307 "1,

< 132 PRINT@A450, "ANY INFORHQTIDN SHARING ACTIQITYHIS A

-7 13310

13330

13350

o - 18370
. ¥ 13390
. 1341

=

ann OF COMMUNICATION.*; . & By
GOSUE—2030 i e

v ¥ QUIZ

GOSUE 2350
IF R$="T* THEN.8=S+1
.Gosue 2270
PRINT@130+"
FRINTE450:'INFDRMATIPN 18 THF EDNTENT DF THE

COMMUNICATIONS FROCESS. " v
13430 GOSUB 2030 . - S "
13450 GOSUE 2350 3 . . .
13470 IF R§="T* THEN S=S+1 ’ 1 5 5
13490 GOSUE 2270 : : &)
. 13510 PRINT@130,'3.%5 ~ ST
. s 13520 FOR-N=1 TO DY(7)INEXT N i 4
13530 FRINTR386 " IN.HUMAN SFEECH, THE SIGNAL I5
smmn. _THE INFORMATION" vy ., B .
550 FRINT@AS0,"CHANNEL 16 THE LISTENER'S® EAR.®} Ly
13%.70 GOSUE 2030 . 4 : :
13690 GOSUB 2350 - L 3
38610 IF R$='F* THEN §=8+1 . "L
13630 GOSUB 2270
13650 PRINTER1305%4," . ] .
‘13670 PRINT@386," THE FUNCTION OF THE INFORMATION .
SOURCE IS TO SELECT®; /
13690 FRINT@4S0,*A DESTRED MESSAGE ouT OF A %sT oF

Ly

IF R$="T"

Gosue 2270
FRINT@130,"
FRINT@460/
cosue "030
GOsul

IF R ='F'

THEN S=5+1 e A

'THh HESSQGE MusT BE UERY SlMPLE~"

" rHEN s=tet ,



. 13890 GOSUR. 2270° . \
r‘\"« 13910 WRINT@130 t
“V\gvau FAINT@45S, * THE DESTINATION DECODES THE TRaNsnmED

N SIGNAL. !}
- 13950 GDSUB 2030,
. 13970 GOSUB 2350
13990 IF R$="F* THEN §=S+1 !
14010 GOSUE 2270
14030 PRINT@130,°7.%; % -
14050 PRINT@386," mcnsasmc THE FOMER OF THE
TRANSMITTER IS A METHOD OF*
14070 PRINT@450, 'EUERCOHING REDUNDANCY.*§
. 14090 GOSUB 2030 .
' 14110 GOSYE 2350 . . \
L 14130 In/gs—‘r- THEN l—su . o ; o P
v S % . 14150 GOBUB 2270
1. 14170 FRINTR130
14190 PRINTR386
" SIGNAL TO 'VARY IT"j
. . 14210 PRINT@450,*FROM THE ORIGINAL IS KNOWN a5 iNoTSE" |
; woReEE 14230, GOSUE 2030, .
. * 14250 'GOSUE: 2350 .
F - 4270 IF Rg="1~ THEN 5=5+1 °
. . 14290 GOSUE 2270 28 - - 2
L.+ 14310 PRINT@130,294 %5, . \
’ a 4330 PRINTE3BGy" . CAREFUL BEAHSNG OF THE SIGNAL IS ONE
s THOD OF* . -
; © 14350 PRTNT@'!EDND\JERCDMING NOISE
i . 14370 GOSUE 2030, .V
. © 14390 GOSUE ‘2350
. 14410 IF Re=*T¢ THEN S=5+1
1 14430 GOSUE 2270.
\ 14450, FRINTE1309 10, %5 ¢
. 14470 FRINTR3H6, " THE ENGLISH LANGUAGE HAS EXTRA
STRUCTURE WHICH HELPS®j
14490 FRINT@450,"TO ENSURE 'THAT OUR MESSAGES GET THROUGH !
. IN SPITE OF ANY \
. 14510" FRINTR514, *DISTORTION £
: 714530 GOSUE 2030
14550 GOSUE 2350 :
14570 IF R$=*T* THEN é éu g
g T T 15390 CLSIPRINT B y 5
: 15410 IF S»B THE 5 EXCELLENT, " 16070 15510
. 15430 IF 857 TREN PRINT VERY GDOD.*;$GOTO 15510
v 15450 IF S>5 THEN PRINT * GOOD,*#3G0TO 15510 .
@ 15490 FRINT® POOR, "7 ;
- - "15510° FRINT® YOU cm-’s;-qu OF 10.CORRECT: . ', .
15530 PRINT - i

ANY QUTSIDE FORCE WHICH ADTS D JHE

' 15550 PRINT® . THIS SHORT LESSON HAS BARELY.SCRATCHED .
THE_SURFACE OF* ) : %
15570° PRINT* INFORMATION THEORY 4 ¢ i
15670. FRINT . . 1
15690 PRINT® TO LEARN MORE ABOUT THIS SUBJECT»aVIEW
THE FILM .

; :”:/Ax_i
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15730 PRINT*'A COMMUNICATIONS PRINER' IN CAVE.®

15850 PRINT

15870 PRINT® PLEASE OBTAIN THE SHORT QUESTIONAIRE FROM
.THE LAB

15890 PRINT*ASSISTANT, FILL IT IN
15910 PRINTIPRINT® THANK YOU.*
15930 GOSUB’ 2030 i s
15950 ° i » ) .

AND RETURN IT.*

15970 ' QUIZ RESULTS FILED ON DISK Ano,‘,@ .
15990 T$=INKEYS ) " e

16010 PRINTE960," % PRESS THE ‘SPACE BAR TO
EXIT x*3 . 2

16030 IF PEEK(14400)<>128 TNEu,unxn §, " .2
16050 CLS '

146070 DIM R(50) 3 © .
16090 OPEN 'I'n.v'REsULTﬁ/TX'I' : . .
16110 FOR N=1 TO 50 i .
16130 "INPUT#Z/R " % s A .
16150. R(N)=R L Yok T . a
16170 NEXT N ¥ d x
16190 CLOSE 2 oy . at &
16210 FOR'N=1,T0 S “a_d s - -
16230 IF R(N)EO THEN R(N)’ $GOTO 14270

16250 NEXT N

16270 OPEN 'u',z.'REsuLTsthr'

16290 FOR N=1 TO 5 eyl »

16310 R=R(N) . ¢ Pk

16330 PRINT#2,R . >
16350 NEXT. : x N

16370 CLOSE 2 B & -

16390 CLS .

16410 END, . T




v. inal Experimental version (B second ¥mean delays)

Lines 10-130 only are shown. The remainder is

identical to that shown in IV. above.

4
10 ). EXPERIMENTAL CAI LESSON ON INFORKATION 'n—nzpn
30 ', VERSION #2
50 ''' MEAN DEIAY ='8 SECONDS - ' PP
70. ! - &
90 ! DELAY CONSTANTS® (SECONDS X 339)°

110 DIM DY(7
DY (1)=: 511DY(2) 4783 :DY(3)=3434:DY(4)=] 24441DY(5) 1092:
* /DY (6)=3017:DY(7)=1559

o
w
o

4 /

) 3
VI. Final Experimental version (16 second mean delays)
o -
Lines 10-130 only are’ shown: The remainder is
identical to that shown in IV. above.

\ . i
1\9 * EXPERIMENTAL CAI LESSON' ON IN?ORHATION THEORY l z
©30 ', VERSION #3 . \
50 ¥ MEAN DELAY = 16 .SECONDS
; 0
Lo, %0 ¢ DELAY|CONSTANTS (SECONDS X 339)

110 DIM DY(7)
130 DY(1)= 5302!DY(2)—9567xDY(3)=6668 DY(4)=4BBE DY(S) 21831
DY(6)=6034: DY(7)=3119
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P .
APPESDIX C
CAI module frame printouts Y

<
" The following pages show the individual instructional
<«games Of the CAI unit. Tvo frames are presented per page.
The introductory, feedback,.quiz and end .frames have been

omitted:

. .

Each frame shown is a typewriter gppro;imav_id}, of what
was seen on the CRT display of the computer. All graphics
characters are represented by periods. Many of the fram
included dynamic elements such as building in steps, flashing
and simple animatibn. All such elemeats have had to be

eliminated.
o

Only “the screen display is represented. One of the
frames utilized the syst:m printer -as antdexample of the
duplication of a message in a different channel.

- s

. .~




~

ANY INFORMATION-SHARING ACT IVITY. IT INCLUDE
THE TRANSMJSSION OF MESSAGES FROM ELECTRICAL
HUMAN IANGUAGES . ®

IN ITS BROADEST SENSE, COMMUMNICATION CAN,

T

v
]

BE DEFINED AS

AL}

FORMS OF

MPULSES™TO

INFOMATION SHARING ACTIVITY IS A FORM b

GUAGE
MEANING *
COMMUNICAT ION

.~ 4 \ ELECTRICITY

* PRESS THE CORRECT NUMBER KEY *




' COMMUN ICATION IS.A DYNAMIC PROCESS IN WHICH A NESSAGE :
SENDER CONSCIOUSLY OR UNCONSCIOUSLY AFFECTS A RECEIVER
THROUGH MATERIALS OR AGENCIES USED IN SYMBOLIC WAYS. AT ITS .
SIMPLESTY THE PROCESS CAN BE RBPRESEMEh‘BY THIS DIAGRAM;:,

eeeiiees TRANS- oocauins
A -, MITTER .

.- Y p W
: i .8 i 1
. 2 *  PRESS THE SPACE BAR WHEN YOU ARE READY TO. PROCEED “* i
7 = WG - &k ;
o o~ d :
Y " i
WHICH OF THE FOLLOWING IS AN BXAMPLE OF DOMMUNICATIOM? = F {
= s 1. ‘THE READING OF A BOOK i
2. N A TEACHER'S ANGRY GLANCE AT l MISBEHAVING STUDBNT , o
. 3. A THERMOSTAT CAUSING A HEATER TO SYITCH ON P 5 ’
4. ALL OF THE ABOVE . N . v
- |
, ;
» * PRESS THE CORRECT ION NUMBER.KEY * 5 S
i
: . !
| € § -
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- " o )
: ¥ .
.

3 : - SOURCR........- ms—.-';--..-..-RmEIVElL ssesess DESTI- . ‘
i ® MITTER . . NATION . :
P 3 &
' HE INFORMATION SOURCE SELECTS A DESIRED MsssAGE OuT OF i * s

. & A SET OF FOSSIBLE WESSAGES. .

! THIS SET OF POSSIBLE uassﬁczs MAY BE AS LARGE AND

i @ COWPLEX AS ALL THE THOUGHTS AND IDEAS OF WHICH THE HUMAN MIND
H - P IS CAPABLE.. IT MAY BE AS SIMPLE AS THE 'ON' AND 'DFF' STATES
vy . OF ‘AN ELECTRIC cmcm'r.

h - IN HUMAN SPBECH, THE BRAIN OF THE SPEAKER IS THE | INFOR-
MATION SOURCE < s
v -+ PRESS 'u;xi: SPACE nn WHEN YOU ARE READY TO moczxn * “of
L) . ¥ >
t 3 ‘ + . » .
P N7
' ' w ¥ = i e
=) ot * B > ¢
Tl e~ P [
v " ', ‘.........nzssasp.....\\ uzssacr:.....'..
L SOURCE - v+ TRAN.

N
. TRANS— . RECETVE «+s DESTI- . |
. . MITTER . CHANNEL E’ V .

=, 2 . . o
THIS MESSAGE, WHICH HAS BEEN SELECTED BY THE-SOURCE, CAN

. . BE OF MANY FORMS. IT MAY CONSIST QF WORDS, PICTURES, MUSIC, L
. IDEAS, OR ELE8TRICAL STATES, :ETC. IT MAY BE VERY SIMPLE OR. L
) VERY COMPLEX. .
. * PRESS TYE, SPACE BAR WHEN YOU ARE READY TO PROCEED *
“ | / ' ’
N A . ® = - il ’
A i '
5 - o

e s g e i3



>
IN HUMAN ,SPEECH, THE INFORMATION SOURCE IS THE SPEAKER'S
BRAIN. THE MESSAGE 1S:

1. Pworp ) r
2. A THOUGHT
3. 'ON' OR 'OFF' T

4. AN ELECTRICAL IMPULSiE/\"\

-

* PRESS THE CORRECT NUMBER KEY *

4+sees.e. JMESSAGE. .
+ SOURCE +.u... RANS= +eevansas
o . MITTER . CHANNEL ..

. SIGNAL . MESSAGE. .

RECEIVER, ...

DESTI-
- NATION

geeene
.

- : .

THE TRANSMXTTER OPERATES ON THE MESSAGE. IN SOME WAY.TO
PRODUCE A SIGNAL SUITABLE FOR TRANSMISSION OVER THE.CHANNEL,
THIS INVOLVES A CODING PROCESS. AN EXAMPLE IS A TELEPHONE
INSTRUMENT, WHICH 'CHANGES SOUND PRESSURE -INTO A PROPORTIONAL
ELECTRIC CURRENT. &

IN HUMAN SPEECH, THE TRANSMITTER IS THE SPEAKER'S VOCAL
MECHANISM. . 3

* PRESS THE SPACE BAR WHEN YOU ARE READY TO PROCEED *




ceveeesn s MESSAGE. . vuu.nn
SOURCE RAN

WHICH IS SENT ALONG THE CHANNEL.

MITTER . CHANNEL

o~
««MESSAGE.+ cvvvnn.

VER....s.0.. DESTI- .

. . NATION .

THE SIGNAL IS THE ENCODED OUTPUT OF THE TRANSMITTER

IT MAY BE SOUND WAVES,

ELECTRICAL; MfULSES, THE DOTS AND DASHES OF MORSE CODE, ETC.

2.
3.
4.

+.* PRESS THE

P AR WHEN YOU ARE READY TO PROCEED *
A "

IN HUMAN SPEECH, THE SIGNAL IS:.

SOUND
THOUGHT
AIR

NONE OF THE

* PRESS THE

ABOVE -

'
N

CORRE(E}‘ NUMBER KEY *

©TN




-
.

“MESSAGE.......... ‘SIGNAL ..........MESSAGE.......
'RAN: «RECEIVER. .. DES'

“ . . MITTER . CHAN

THE CHANNEL IS MERELY THE MEDIUM USED TO TRANSMIT THE
SIGNAL FROM TRANSMITTER TO RECEIVER. IT MAY BE A PAIR OF
WIRES, A COAXIAL CABLE, A RADIO FREQUENCY, ‘A REAM.OF LIGHT,
ETC.

IN THE CASE OF SPEECH, THE COMMUNICATIONS CHANI 1S THE
AIR THROUGH WHICH THE SOUND WAVES TRAVEL.

"
* PRESS THE SPACE BAR WHEN YOU ARE READY TO'FROCEED, -

,.........MBssAGE..........
« SOURCE ceeen

. MIT’[‘ER * " énamngr” L . « NATION .

Cepresanen ceveenanns

THE RECEIVER, IS AN INVERSE TRANSMITTER. IT DECODES THE
SIGNAL, CHANGING IT BACK INTO A MESSAGE AND HANDING IT ON TO
THE DESTINATION.

* PRESS THE SPACE BAR WHEN_.YOU ARE READY TO PROCEED *
S
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-
IN HUMAN SPEECH, WHICH IS THE RECEIVER? ¥ _
1. SOUND WAVE:
2.  THE LISTENER'S EAR
3.  THE LISTENER'S BRAIN. %
4. THE SET OF POSSIBLE MESSAGES . .
o <
* PRESS THE CORRECT. NUMBER KEY *
~
.o
- ®
« SIGNAL ......e...MESSAGE..........
TRANS= «...eooos's s ;RECEJVER. e0vresso DESTI- .
. MITTER . CHANNEL . . . NATION .

‘THE DESTINATION IS THE PERSON OR THING FOR WHICH THE
MESSAGE IS INTENDED. E

- . )
IN HUMAN SPEECH,. THE Dssn‘mno& IS THE BRAIN OF THE
LISTENER.
.

’ ) A
* PRESS THE SPACE BAR WHEN YOU ARE READY TO PROCEED *

X
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PROBLEM:

-IN READING, THE SOURCE IS THE MIND(DE, THE AUTHOR, THE
DESTINATION THAT OF THE READER. s

f s
. WHICH OF THE FOLLOWING IS- THE TRANSMITTER?

1. LIGET & »
2. WORD
3. PRINTED PAGE - .-
4. E¥e
| i “ v\ -
) s )
* PRESS THE CORRECT NUMBER KEY * . 3

ALSO IN RHDINIG, ‘EICH IS THE [CHANNEL? .

1. LIGHT 2 ) &, o
2. WORD & # S
3.  PRINTED PAGE .
4. EYE 1

* PRESS THE: CORRECT NUMBER KEY * 2




/ vy}
< . §

; y ‘

IN READING:
SOURCE - THE MIND OF THE AUTHOR
MESSAGE . THOUGHT °

- TRANSMITTER « PRINTED FAGE
SIGNAL . _WORD .

— CHANNEL . LIGHT ¥ .

RECEIVER . EYE

- DESTINATION .+ THE MIND OF THE READER

6 ‘PRBSS THE SPACE BAR WHEN YOU ARE READY TO PROCEED *

'RANS= ..........s RECET
« MITTER . “ .

. sof sessens

. NOISE . )

o IT IS UNFORTURATELY CHARACTERISTIC OF COMMUNICATIONS
SYSTEMS THAT CERTAIN THINGS MAY BE ADDED TO THE SIGNAL 12
BETWEEN TRANSMISSION AND RECEPTION THAT WERE NOT XHTZNDED BY v
THE IHE‘OMATIDN SOURCE.

ANY SUCH CHANGE IN THE TRANSHITTBD SIGNAL IS CALLED ,

'NO!SE'
0 5 . < ‘

". % PRESS THE SPACE BAR WHEN *DU ARE nknm{ TO PROCEED *. i




. SOURCE .......:. TRANS- . «++s RECEIVER:........ DESTI- .
. . « MITTER . , . . « NATION

NOISE MAY 'BE DEFINED AS ANY OUTSIDE FORCE WHICH ACTS ON, .
THE TRANSMITTED SIGNAL TO VARY IT FROM THE ORJIGINAL. “ #

EXAMPLES ARE. DISTORTIONS oF souND (EG. IN RECORDING),

 'STATIC (IN RADIO), DISTORTIONS IN SHAPE, SHADING, OR COLOUR

- (IN TELEVISION), OR ERRORS' IN TRANSMISSION (EG. IN g
4 TELEGRAPHY) . bl

* PRESS THE SPACE BAR WHEN YQU.ARE READY TO,PROCEED *

N ' :

. YOU ARE A PASSENGER IN A CAR WHICH IS BEING DRIVEN
RADIDLY ALONG A SMALL COUNTRY ROAD. ' YOU ARE ATTEMPTING TO
READ A BOOK. IN THIS SITUATION, WHICH OF THE ML!LOWIB,IG FI
'} THE DEFINITION OF NOISE? . ¢ .
1. JOLTS AND VIBRATION CAUSED BY THE BUMPY ROAD
2. FLICKERING LIGHT CAUSED BY THE TREES AND OTHER CARS.
3. FAINT' OR DISJOINTED TYPE CAUSED BY A FAULTY PRINTING

. PRESS
4. ALL OF THE ABOVE P % —

) r 3 .
" { * PRESS THE CORRECT NUMBER KEY * J
; . .

R S L ——




THERE ARE A NUMBER OF WAYS IN WHICH NOISE IN
COMMUNICATIONS MAY BE OVERCOME, THESE INCLUDE:
© - THE USE.OF REDUNDANCY IN THE MESSAGE
- INCREASING THE POWER OF THE TRANSMITTER @
- DUPLICATING THE MESSAGE IN OTHER SIGNALS, CHANNELS
- CAREFUL BEAMING OF THE SIGNAL g "

EXAMPLE: -THE MESSAGE 'HELE'
USE OF REDUNDANCY: £
HELP HELP HELP - HELP HELP HELP ' HELP HELP HELP

INCREASING TRANSMITTER POWER: @
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YOU AND A FRIEND ARE AMONG A BOISTEROUS CROWD/WATCHING A °
CHAMPIONSHIP BASKETBALL GAME IN A HIGH SCHOOL GYMNASIUM. TO
OVERCOME THE DIN, YOUR FRIEND LEANS OVER AND SPEAKS DIRECTLY
INTO YOUR EAR. -

THIS IS AN EXAMPLE OF WHICH METHOD OF COMBATING NOISE?
1.  USE OF REDUNDANCY
2.  INCREASED TRANSMITTER POWER
3.  MESSAGE DUPLICATED IN OTHER CHANNELS
4.  CAREFUL BEAMING Q¥ THE SIGNAL

¥
T

7
bl |
* PRESS THE CORRECTWUMBER KEY '*

v

AT THE SAME BASKETBALL GAME, YOUR FRIEND CATCHES YOUR
ATTENTION BY SAYING 'HEY' WHILE .JABBING YOU'IN THE RIBS WITH
AN ELBOW.

THIS IS AN EXAMPLE OF WHICH METHOD OF COMBATING NOISE?
1. USE OF REDUNDANCY
2.  INCREASED'TRANSMITTER POWER
3.  MESSAGE DUPLICATED IN OTHER CHANNELS
4.  CAREFUL BEAMING OF THE SIGNAL

* PRESS TH§ CORRECT NUMBER KEY *
e ) ¥

THE LANGUAGES WHICH WE WRITE AND SPEAK HAVE EXTRA .
FRAMEWORK TO ‘HELP ENSURE THAT OUR MESYAGES GET THROUGH IN
SPITE OF ANY DISTORTION. THIS IS AN MPLE OF THE USE OF
REDUNDANCY TO COMBAT THE EFFECTS OF NOISE IN THE a,

* COMMUNICATIONS CHANNEL.

v e ENGLISH G
.......HALF REDUNDM
THE MEANING 1s STILL CLEAR AFTER HALF OF WORDS HAVE

BEEN DELETED.

° % PRESS THE SPACE BAR WHEN YOU ARE READY TO PROCEED *

e
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+ APPENDIX D

Semantic differential attitude guestionnaire

Below are eleven pairs of adjectives which may bely
applied to the computer interaction which you have just:
experienced. Between each pair dre sevffi~hlanhks. Place an

"X" in the blank which best represents your feelings about

the experience.” . . 5
good : : . . bad
weak _ strong
‘worthleéss valuable
pleasant unpleasant
tense relaxed
long : . . ghort
credr 2 s g
awipl nice
active passive
fast : slow *
unfair s fair
’ r
B
o , v
~
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APPENDIX E

-

Achievement test items ,

1.

2.

3.

1

4.

5.

‘&

7.

_Increasing the power of the transmitter is a method of

v

&
The correct &nswer for each is shown in parentheses.

Any information - sharing activity is a form of communi-

“cation. \ (true) s -~

Information is the content of the communications process.

(true)’

In human speech, the signal is sound. The information

channel is the listener's ear. (false)

The function of the information source is to select a 1

desired message out of a set of possible messages.

(true) - Ry

The message must’'be very simple (false)

0 ® 2 »
The destination decodes the transmitted signal. (false)

overcoming redundancy. (false)
‘



8. Any outside force which acts on thé signal to vary it
from the original is known as 'noise'. (true)
v 7

{4
k 9. Careful beaming of the signal is one method of overcoming

. noise. (true) . > .
10. The English language has extra structure which helps to
ensure that our messages get_through in spite of any

N

distortion. (true)

153
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. v . APPENDIX F g g i
Semantic differential item factor loadings .

t - e .
. & . 4 . 2
! The following are the evaluative, potency, and activity »

factor loadings for each of the items used in tfie final

B oo version Of the semantic differential attitude: questionnaire
. (o@goé/.m Suci, 1955). . o8
- 3 - = R e
Evaluative Potency . Activity
' good/bad . - g 4 .88 .05 =09 °
. strong/weak . . ae .62 .20
valuable/worthless 79 04, - .13
pleasant/unpleasant ' .82 ’ -.05 .28
relaxed/tensé T sk 12 X
’ short/1long « 20 - o3 .34 Fihaa
clear/hazy ‘% s .59 " +03 ©10
- _ nice/awful ' 87" . L L 19
w k agtive/passice o aa T oA P59 .l
S . . fast/slow ¢ .01 ‘.00 . .70
. ) - s
fair/unfair .83 _ .o8. -0z
B g N @ 2 ) S :
. " . . S . 3
¥ -




5, W APPENDIX G
AEEENRIZSS.

Ancillary program listingd

" Both these aisrc programs dealt with'the floppy disk

file 'RESULTS/TXT" in which the results of the achievement

test wixe stored by ‘the somputer.” A vetai.cn of that fua and

a GOpy Of each of these two programs resided along!ude the

CAT' 1ésson on each cf t—.he/quee £loppy diskettes uged for the

experiment. ;J . ,\

g x_._ File' creati_qe program

[ 3

' PROGRAM -TO CREATE RESULTS PILB AND FILL WITH ZEROS

100 PRINT"DO YOU REALLY WANT TO BRASE ALL DATA?"/
110e INPUT* Y

$
120° IF YSo“y" mEN 995 3
150 R=0- . PR
200 OPEN “O" , 2, "RESULTS/TXT"
210 FOR K=l T

“220° . PRINT#2, R

230 NEXT N
290 CLOSE 2 .

, 999, END

250

71300 FOR N)-Il TO SILPRINT CHRS(IZ!):N!XT
999 B‘ND
& . g

II. Data retrieval program

hu PROGRAM TO PRINT.OUT SCORES FROK RESULTS ?ILB &

so DIM R(50) .
100 . OPEN *I", 2, 'usuyrs/'rx-ﬁ' !
110 mn llgll TO 5

UT $2,R T, { «

150 NEXT N -, I
190, CLOSE 2

195 FOR N=1 TO 5iLERINT CHRS(138)sNEXT N

210 FOR N=1 TO 50 «
220 IF R(N)=0.GOTO 300
230  LPRINT R(N) '

. 200 LPRINT "ACHXEVEHEM‘ QUIZ SCORES (mx 10):" )
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