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NTRODUCTTON

The experimenter can ngefully think of a computer as consisting
of a central part (which has very considerable powers to generate and
record the sequential and temporal form of one or more sequences of events),
and a peripheral interactive part (which confronts and responds to his
subject) .

The power of the central part can be taken for granted - it will

aimosgt alweys be possible to write a program to caxry oub the sequencing

and recording that you regquire; the only important question about the
central part of the system is how long the programming will take.,

The most important absolute restriction in the computer is not
the centre, but the periphery. In the following discussion we want
to txy to give some idea of what the existing and proposed peripherals
on MOD 71 can and could do.

The discussion will start by listing the equipment, then go on
to discuss its possible applications, and then to summarise its

actual applications so faxr,
LIST OF BEXISTING AND PROPOSED HARDWARE

The central part of the system:

drer ‘wmpeaary, ar v

1. Processor (operations at ca. 500KHzZ. )
2. Core store (24K 16-bit words).

3, Disc (1 m’1lion 16~bit words, transferable at up to 150KHZ., )

4o Fast paper tape reader (Characters al 300Hz, or more).
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5e Fast paper tape punch (charaoters at 150Hz¢)

6, 'Three teletypes (characters at 10Hz.) - considered below also,

7. Three clocks (various characteristics - in theory up to 65KHz,

but for norxrmal use they tick at a selected frequency below 250HZ. )

Interactive peripheralss fully operationadl:

1¢ A system so that binary changes (switches, keys, buttons, logic
level changes) interrupt the processor, and tell it which event nas
just occurred. Connected to this are a variety of buttong, and five-
choice key sets, a footpedal, a post-office-type digit mavrix, and &
voilce key.

2., Analog-to-digital and digital-to-analog converters; we have

one of each, each multiplexed to eight sample-and-hold circuits,

This means wa can input or output up to 8 analog voltages at a total

sampling rate over all chamnels in one direction of up to ca. 60+KHzZ,

™n terms of sinusoidal rcesponse, we can cope with zero to ca. 30+KHz,

i.es well above the main gpeech frequencies.,
3, Keyboard input and typed output are provided by the three teletypes.

High quality keyboard input is provided by a Honeywell solid state key~

=

board which incorporates a standard QWERTY keyboard, a block of function

keys, and a Post Office digit matrix.

4 e Waveform output is provided by the Wavetek, a single channel
programmable waveform generator capable of giving square, triangular,

or sinugsoidal output over a wide range of frequencies and amplitudes.

5. Visual output is provided by two dual purpose (storage or transient)
Cils connected in parallel. For some purposes they can be used as a

single, double~width CRT, or two scmi-independant CRTs.
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Interactive peripheralsg: under constructions

Wil . bt ddudas vy, Sy, g ep—

These devices and their software controlliers will be finished
at various points over the rest of this ycar.
1« A gsystem for binary digital output -~ basically a bank of 16
switches and/or binary voltage levels which can be operated by a
program so that they can generate pulse trains - e.g. to switch
external devices on and off (lights, tones, tape-recorders, the
Carousel, shutters, tachiztoscopes, etc., etc. ).
2o A rudiﬁentary word recognition system. With its associated
software it will be set up to distinguish one pair of words from
a subject - i.e. subjects can rcspond with !'Yes'/'Wot, 'up'/fdown',
tone!/ttwo', !'same'/'diffcrent! cte. rathor than having to use two
keys.
3. A PAT - a device for generating specch-like sounds under program
conbrol.
4. A graphic input device - cssentially a type of light pen syztem
to a’low the user to point to parts of the CRT.

Interactive peripheralgs being discusseds

Complaints, comments and further suggestions welcome,
1o A system for passive digital input; like the system descridbed
above for keys, buttons, ctc., but instead of interrupting the processor,
they merely raise a flag, which the program inspects vhen it is ready.
This will be inappropriate if very exact timing of covents is required,
2o A syste for multiple digital input, and possibly outpub, so
that simple group experiments could be run, each subject having a couple

of keyn an’d pouuibly o couple of signal lights,
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3»  Closed circult TV arrangements so that the GRT output can be blowm
up and brightened up, again with a view to group experiments,

4o Connecting up a flexible pulsce gencrator such as the Devices
tDigitimer?.

5. Arranging to drive a camecra for photographing the CRT, both

for sequences of one-off operations such as phovographing disgrems you
have set up, and for preparation of computer gencrated cine films for
complex stimuli,

6. Ixploring thce usce of the new Devices cheap micro-mini transmitter

to link cquipment to the computer from any part of the housc or garden
without any of the restrictions of permancent wiring, and without

encuwbering subjects.

SUGGESTED USES 1IN BXPRRIMENTS

Dimple digital input and output:

Inputs

A digital input is something like a key press, a switch operation,
a binary voltage change from some bit of logic circultry, a squared up
pulse, etc., ebtecs It dis ective if 1t interrupts the processor, and
pagsive if it merely raises a flag which the program has to look for when

1t is ready.
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The commonest digital input in an cxperiment is a key pregs, but
it could also come from some kind of prcanalyscr, such as a volce-key,
or a threshold detector looking for spikes in an clectro-physiological
rccord, cither direct from a subject, or off~line from a magnetic tape,
It could also be a special fced-back signai from some mechanlsm to
indicate that it is rcady for a new command; for instancce the Carouscl
might be made to signal back vhen it had finished its slide changing
cycle, so that the computer kunovs thot it can sizmal for the next .one.

All thesce heterogenceous types of event arce treatca uniformly by the
hardwarc. An interrunt occurs or a flag is ralsed to indicatce that an
event has occurred, and & code word is made availlable to indicate which
event 1t was.

crogremming is usually casy when there arce 5-10 millisecs. botween
inputs. It gets a 1little more complicated, though still romaining
perfectly feasible, at rates up to several orders of magnitude highexr

than ﬁhis o

Outputs

A digital output is a aswitch, or a binary voitage level, or &
pulse, operated by the computer. Anything that can be operated by a
switch, level, or pulse, can bc connceted to it. At its simplest you
can usc 1t to switch & light or tone on «x off, oxr operatc a solenoid
in gome gadget such as & shutter or & Smértie digpenser or a ncnory dium,.
You can generate squarce waves, or traing of pulscs or clicks. You can
operate the Tarousel, or a camere, or a sultable projector, or any other
device designed for rcmote controls

Again, like the digital inputs, programming is casy 1f you are happy
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with, say, centigccond rcsolution though with care rates of 10KHz ox more

arce pexrfeetly feasible,

Simple analog input and output ¢

AW e A edphed wA, ¥ i s

Input 2

The analog inputs can digitise continuously variable voltages to an
amplitude resolution of just over 1 part in 2000, and with relatively
1ittle distortion for sinusoidal input frceguenciega fron DU to about. J0+KH%,

That is to say, the computer can very cagily recad a knob that the

—
b

subject twiddles, or xcad the subjects EEG, EKG, EOG, etc., with plenty of -

time to gpare and it can rcad and store audic inputs with a minimum of

extra computation.,

Thexe arce five obvious groups of applicationss

Firstly, the analog inputs can always be used in a degencrate way
as passive digital inputs, using two arbitrary voltage lovels for the

wo digital logic levels. This application will be less relevant when
our proper passive digital input systom is ready.

Sccondly, they can be used for DC and very low frequency applications,
such as reading a knob or slider that the subject operates. The valuc
read in this way might be used by the program to provide continuous
adjustment of some characteristic of 2 stimulus -~ e.g. continuous
rotation of a display, or adjusting the phasce lag between two audio
gtimulio Alternatively, it could be the subject's response on a

Semantic Differential type of scale,
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Thirdly, again at fairly low frequoncioes; the analog inpubs can
be used in traocking cxperiments, connected to a joy-stick, or %o
monitor the stecring wheel and other controls in driving studiecs,.
Fourthly, at intermcdiale freguencics, they can be used to pick
up clectro-physiological data. It is trivial for the computer to carry
out Biomac-like averaging operationg, and it would be feasible for it
to carry out simple pattern rccognition opecrations, such as recognising
saccades or blinks. More complex pattern recognition operations c.ge. on
BEG arc again theoretically possible, and arc limited not by the computer,
but by the state of the physiologists (and programnexris) art, It is algo

possible to present stimuli contingent on certain clectro-physiological

inputs ~ c.g. ot a certain phase of EKG, or during or between saccades,

cte,

Finally, at high fregquencies, it can carry out limited manipulations
of audio naterial without undue distortion. With onc analog input
connected to a sound source, and onc to & knob, and with two analog
output chammecls, the sound can be output with no lag from one output,
and with a knob~controllied lag from the other. Simple word manipulations
arce algo possible - e.ge given a pre~recorded set of spoken digits,
1t could re~order thom in various random sequences for inflexion—frec
stimulus tapces. Using the computer as a temporary buffer for a tape-
reeQrder, 1t would be posgible to got up a systen for preparing very

accurate timed transcriptions of subjects'! spoken responses,
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Output:

The analog oubtputs have the same conversion characteristics ag the
analog inputs. Agein they can be used as if they were digital outputs.
but they are intended to be used for oporations such as controlling
brightness or loudness or the excursion of a pcen or & CRT beam., or for
generating continuous waveforms of any required kind up to the limiting
ratce of aboult 30+KHzs

If the program used to drive thom contains a suitable random

nunber generator, they can be used to generate noisce of any required

characteristicg; and to supexinpose on this sgome kind of signal at
any rcequired time. Depending on the device hooked up te the channel,
this could appear as an audio, visual, or cven tactile stimulus,
Since there are eight channels, cross-modal presentation is perfectly
feagible,

Many of the applications discussced above under the analog inputs
involve the analog outputs as well «~ c.g. speech delay.

Sinple control of an ordinary CRT is possible, particularly if the
beam can be left on all the time. Sone types of stimuli would be better

preparced this way than on the nain systoem CRT.

Koyboard input and oubpub:

Inputs
This is provided by the three teletypes and the special Honeywell
keyboard. Xeyboard input is of course simply an cxtension of the

digital input systcnme
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Keyboard input is neccded nmainly for systen control -~ the experimentor,
for instance, uses it to sct his cexperiment up. Subjects, however,
will clearly have to have a keyboard in cxperiments on keyboard skills,
and in interactive oxperiments wherc the subjecet's key presses aie as
nuch commands as responses. It is always possible to usce a Zull keyboarl
as if it were a single response button by using only one of the keys.

The teletypes include printing and punching nechanlsns, are noisy.
and have a very long action, so that they arc not very suitable for use
by'subjects for nany purposes - the Honcywell Keyboard is much smailor,

lighter, easier to usc, and very quiet, and is noymally to be proeferrcd

for subject ugCe.

Qutput ¢
The only print-out mcechanisns available arc the three teletywves,
and they are obviously essential for controlling the system, and forx

getting results printed out. They have been used for outputting lists

of words to subjcets during cxperiments but they are not ideal fox

this, since the words arc output at only 10 characters a sccond, and the
whole process is noisy and a bit awkward ~ output on the CRT is nuch noxe
gatisfactory for many purposcs. Teletypes axe, nowever, very good for
the highly interactive Yproblen-~sgolving! type of experinent, wherce the
computer and the subject carry on a faixly claborate question and answer

discussion, and time is not very important.
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Input and output of waveforn complexes such ag spuoche

R WA o, i, Al R o

Inpats

In theory it is possible to feed anclcg wavefomms dircetly into
the analog inputs and to carry out all analysis ance data rcduction by
soft-warc, In practicce this can put & vexy heavy Load on the computer
if it has to operatc in real time, and it is often more convenicnt and
much fagter to carry out well defined transforintions of the wavaoeform
by special purpose analog hardware ousside the computer, only fceding
the reduced data into the conputer, 8o reducing “its load very suo
stantially. So far in our system, the only roelevent dovices are the
two voice key systemsg, but this category would also include devices
such ag continuous spectrum analyserss

The simple voice key is « gtralght forward integzrator and threshold
type of system that will operate indiscriminately on any word and many
other types of gound, The 'Hwo word' gyston ig calibrated for cach
subjcect and cach pair of words, so thov subjccts can make sinple
binary roplics such as yes/no, Both systenis can obvisusly be used

or~line to tae suoject, nr ofi-linc on tape~recordad naterial .

Cucpute

As with complex anolog inpui, so conplex analog output tends to
pult & heavy load on the coumputcr, whbich can be alleviated congidexably
by using the conpuser to control not the actual analog output, buh instead
the gencerator thav produces the output. This can alzo result in Hobtber
output. since the special purpose gencrator can use analeg btoohniques, and

so avoid the distortiong duc to digital ana.og conversion.
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We have two devices in this category ~ a progrommablce vaveforn
generator (Wavetek') and a specialised specch phonene gonerator'(iPAT')e
The Wavetek can generate one channel of squawe; triangular; or
sinugoidal output of controlled amplitude, freguoucy, and starting phase.

A1l varancters can be varicd while the bus ig in ..otion, 80 & wide
¥

variety of audio pulsc and tone structures ace possible. It could

be usced online, or off-line for generating stimulus tapes., Witn a second
channel, it could be usecd to generate beat patteims, or to gencrate visual
Lissajous figures on a CRT.

The PAT will be able to generate something that sounds lika speoch,
with obvioug applications to psycholinguists, and also uscful spin-off

in that it will be cagy to gencrate stimulus tapes of random scquencces

of words, ctc,

Input and output of graphic natcrials

Inpute

The graphic tablet is a device which allows the computer to keep
track of the current X and Y coordinates of a 'pencil! that touches ite
It can be ugsed on its own, but since it is transparent, it is nore
often used placed against the CRT. It can therefore be usced to point to
items of interecst on the CRT, to tell the computer where to put something
on the CRT, or to actually draw in a shape (cog. handwriting, drawings,
diagrans) which the coaputer is to store,'or possibly to analyse,

Some usess pointing tc recognised items displayed on the CRT, or
selecting mul iple-choice answers$ interacting with the CRT in & dlagran-
drawing system for preparing diagrams for publication - when arrvanged to

your satisfaction they con be photographed; entering handwritten chaxacters
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for pattern rccogriticn expoerincents,

Outpute

Our dunl-purposc storage/transient Chis axe ', far the nosv powerful
dovices in the systen as far ag the cxper.nente: .8 concerncu. wWhen uscd
in store node, sintic stiwuli of almost ualimited complexivy con be
dravm up, cither to be photographed for ofi-linc use, or for direct on-

line use., A4ny pattorn is possible in theoxy, but the cxisting softvowes

(..\..Lo N

nmakes it easiest to draw up text and patterms based on straigri ox circular
continuous or dotted lines. Obvious uscs arc the presentation of wonds
or lists of words, generation of complex static stimull such ¢o Julear
natrices, sterco-pairs, mazes, and the gencrasicn of successive frarwes lur
gtirmlus films to be presented off-linc. In vransient modce the anount
of information you can get on the scrcen before it fades is cbviously
more limited, but you can still get the cequivalent of 10+15 letters up at
tachigtoscopic spouids, nnd naintain rather nore than that wndex refresh
condiviong, rodispleying the material continuelly, resvarting again as
soon ag you finish, Uadexr these trensient conditicns, the CRT can be used
for tracking experinents and foxr gencrating conplex noving and chonging
stimuli - c.g. simulating a driver's cyce view of a road as he steers down
ite

raphis output is als» possible using ordinary CHTs driven by the

analog outputs, or using the Carouscle
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ACTUATL USES SO PFAR

This scction has becen written by JET. not by tne authors «iotz2d

I hope 1t ig accurate as far as it goes « if ncl clane nme, nvt Shemg

On~linc experinents fully handled by 8o 1
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Broadbent and Gregory:
1) Variations on the following theme: a list of words i m1 eswated

to the subject on a teletype. The subject recalls as many as & 3 3:di”

and the cxperimenter types the recalled words into the conmputer. The
computer then prescents the subject with anothex list consigting f a
mixture of corrcctly rccalled words, unrccalled words, and ncew woid 3.
for a rccognition test. The subject responds to cach word as it ig
presented by typing in code letters which indicate source list end
conflidences Confidence ratings for corrcet and incorrcct responscs ajyre
automatically sumned,
2) The post office koy matrix was linked to a series of twelve tolacs

from the Wevetek, Subjects arve asked to gencrate non-repeating serics

( of tones, and the coaputer rccoxrds the times botween key prosses for alil
pairs of keys. What is the relation between frequency of use and interval

between keypresses?

John Foxs
1) Pair.: of letters appear on the CRT. The subject prcesscs onc of
two buttons to signal sanc/differcat. Periodically a diagonal linc

appears on the bottom right of a letter as supcrinposed noisece WiLLL
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subjocts subscquontly sce '@ as the letteor Q' or as the lotter 10°

[
with a noisy lince?

2) Pairg of letters appear overlapsed on the CRT. The sabjoct

presses buttons to indicatce whother they arc say different. Varxiations

M

on this explore the effecets of using letters wiith varying dogrees of

syrmmetyy or othor foxms of structurc,

’

3) Randonmly placed clusters of letfers (2-3 in one study, up to 12

NN

in another) appear on the CRT. Some letters are known to § to be

-

irrelevant. He has to report whethexr the others are all the sane, o

nixede

4} A set of characters appears on the CRT, Therce is a pavsc of
varying length, and then a probe character appears. Was it in the sct?
The probe may be accompanicd by various types of visuval noigse - dots,
slashes, straight lines, oxr curvcs.

5) Variations on the forcgoing are being considerced using hand-
writton characters. The letters would be entered into the computer
using the graphic tablet and stored on the disc to e brought out ag

reqguired duning the cxprrinoent.

John T.ongs

What happens to type-writing skills if the timing of the ncmaal.
auditory and visuwal fced-back froan the printing action becones flexible, as
in the Crcol Envoy teleprinter only norce s0? 4 program was written to
sirmiate the relevant types of variable feed-back delay, and a serics
of experinents have been carried out to look at the effects of varying
the paramcters of this on the ratc anc accuracy of typists of varying

degrees of gkill confrontcd with various types of copying task, The
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teletypes ant the Honcywell keyboard have been used for input, and

the teletypes have boon, and the CRT will be, used for outputb,.

Pete McLoody

1) How late on in o rcgponse can & subjeet .uske use oF now
stimulus information? 4 carget and a dot «ppeasr on the CET.  The
dot negins to nmove tovards the target wihich thon disappears. The
subject has to press 4 key vhen he thinks the Qov has reached the
point vhoere the target used to be. In control conditions the target
reappears after the key is pressed to give normal knowledge of rusults,
In test conditions, the target rcappears Jjust befoxe the subject resvonds
- 1if this improves his perfommance, then he mugt be correcting his
regponge at a very late stage,

2) How long does an inage poersist subjectively?

a) The CRT was used to present a line fixed at one end and
sweeping out a circle at the other end.s As it spins, persistence makes
1t appear to have a drolonged trailing cdge. The angle subtended by thig
trailing cdge gives a neasure of persistence.,

b) The CRT was used to presont a ladder of horizontal rungs,
written cyclically, so that as soon as the beam finishes the top rung, i%
starts again at the bottom rung. If persistence is less than this cycle
time the bottom rung will appcar to have faded hefore it is rewritteon.
Toie manber of s ig controlled by o oh on an anale PR SRR PR AN

cClusts the knob until the lodder boging vt foiciier or gtops flickering.
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Johm Moxrtons

1) A forcced choice categorising cxperinenis present a pair of
words defining a dinension {(v.z. tedible’ aud 'inedible') on the CRY.
Thon oresent a fixetion point foilowed by a word vo e categoriscd (oogo
Hang! ) and the subjeet pressce one of two bubltons o show whien catuegusy
it lics in. Cheices and distributions of tiunes nre recordedld. Yhat

happens to superordinate vs suborainate words (c.gs 'wine! vs Treislingt).
2} Can a hunan supcrvisor cqual or inprove on the recommcndations
of a mathenatical nodel in working oul how to organise the cash desks

and gqueues in a supcemmarket to keep certain paramcters within defincd
limits? The program displays on the CRT a nunmber of queues bullding up

and being served continuwously. The subject can interact with this

using the keybhoard.

John Moriton and John Martin:

1) Several serics of cxperinents on the ergononics of display ond
keyboard layout in various types of multiple choice and copying situations.
Basically the words or digits to be copicd or gelected from arce digplayed
on the CRT, and the subject responds using & keoyscv of some kind. Responsc
time distributions and crror counts arc rccorict.

2) Studics of the rolation between internal nemory structure and
oxtornal clagsification structure in information retrieval tasks are in
progress. We have a program using the CRT and Honeywell keyboard thatb
allows the subject to soxt laxrge (400+) mumbers of itens into any structure
of categorics - basically an oxtension of card sorting to rumbers of itens

and gtructurcs too large and too complex for oxdinary card soxting to be

feasibleo
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On-linc experinconts in which MOD 1 handles only vart of the systen:

)

Pete McLeod:

A completely scparate picce of cquipnent is ised To gonerato
tracking situation regquiring the subjecet to respond by making discrete
loever movenents. By naking parallel commectiong from the lever to
MOD 1, the computer is usoed simply as a recording device to note the
times of cach type of movenent, and to foxrm the distributions of

intexvals betweeon the movernionts.

Bruce Hennings

The analog outputs have been linked vwon to Brucce'ls own CRv
system for generating sinusoidal gratings and various audio signalg,
The conputer is used to generate random sinusoids of precisgcly known

and sharply delimited bandwidth which arc then presented in xeal time.

Off-linc analysis or stimulus gencrations

PPy w—

A wm— qrely 4 S p—— —

Joan Brand:
Joan uses a very sinple asscmbler for gene: ~ting the patterns of
holeg on punchoed tapes used for controlling other equipnent; this is

much quicker than hand punching.
Max Harmerton and Bob Wilkinson (2 separate projects):

Comvuber used for the preparation of typed tables of random digits

or letters cunstrained in specified ways for stimmlus matcrialse
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Laurence Hartley:

Magnoetic tapes recorded during an experiment containced event
narks on various channcls., The tapes wexroe tlayed into the compater

to form the distributions of intorvals between sclected event maxks,

Bruce Hennings

Used computer to perfoma very lengthy integrations arising fron
a theorctical model. These would have been very cxpensive on Titen,
but on MOD 1 they could be left running foxr hours or cven days ot
no particular cost, In general, this neans that it 1s often porssible
to carry out conputations in the conceptually simplest way, without
having to bother with elaborate extensions to cnhance Programing

cfficicnoy.

Byron Morzans
Clusteor analyscs on Titan often produce arrangements of points
in three~dinengions. Byron has a program which alliows hin to inspect

these clusters on the CRT, rotating thon as required.
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