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1. INTRODUCT 10N

The experimental facllity describied in this paper (and in more detail in
Naltord et al, 1980) has been developed for use In researeh into the clfects
of wearing hearing protection on the perception of warning sounds. In the
context of this resestch it is necesaary to control the presentation of a
variety of sounds to subjects Iln the presence of backgrouml noise, and to
moniter the suhjects' responses to the gounds and their performance at a load-
ing task. The number of experiments required in the research programme, the
difficulties in controlling the atimulur variables, and the large muount of
dsta generated by each experiment indicate the need for a gemi-nutomated means
of running the experiments. The recent advent of velatively cheap micro-
computer systems lead to the development of the facility around oone such
system. Whilat the factlity was tailored to the specilic veeds of this
research programme, the Elexibility inherent in the use of the micrucomputer
suggests that similar Eacilities could be used In o wide vangn of subjective
experimentation.

2. GENERAL FEATURES

The sounds presented to the eubject are tape recorded envirounental sounds
including both warning and other meaningful induatriol sounds. The tacility
was designed such that six different gounds can readily be presanted during
one experimental mesafon. The eounds used are generatly diactete eyvenls
having 8 durction of spproximately six seconds, though wilthin this time they
may vary in both Intensity and frequency content.

An additienal feature of the facility is the nhility to measure frea-ficld or
pressure field audiograms (Rendetl, 1380). The pure tone sfignals for this
are provided by a synthesiser and presented vla a loudspenker or headphoues

) respectively.

It is necessary to control bath the time of presentatlon of a pavticular sound
and the relative intensity of the scunds, The sounds are presented individnal-
1y in the presence of a background of nolse throughout the experiment.  The
background noise can be provided Erom any external avurce auch ns a random
nolee genmerator or tape recorded industcial noise. The intensity of the
noise can be adjusted prior to running an experiment, or varied during a ses—
gion under the control of the microcomputer to simulate the effects of time
varying noise.

The loading task used Ls a modified version of & Tv-game. In the "footba)l”
marde the subject has contrel over the vertical poaltion of two players, with
the objective of directing & ball through a gual on one side of ihe display

scteen, whilst protecting the goal at the other end.
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The data to be collected ave measures of the subject's responses to the sound
events, and his performance at the loading task. The subject indlcates his
responses by pressing a button which provides a measure of the number of reg~
ponses and also the respouse Lime relative to the onaet of the sound. The task
perforwance is recorded as the points wun end lost at particular times.

J. LESCRIPYION OF TIE FACILITY

The role of the microcomputer within the facility is both ms a process con-
trotler and as a data logger. Separately it ia able to carry out much of the
data provessing and thereby reduces the dependence on other computing facili-
ties for analysis of the data.

The diagram iu Figure 1
indicates the main compo- CALSLINE P PO -
wents of Lthe facilicy. 0':“‘:;3“ o BV e u"?l:‘:-"' :.'\'llc;:-
The microcomputer is a IR, GEIrCY. GAIE
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which is made accessible
to the wser by a visual
digplay unit {(VIN),

a teletype providing
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facilities, and a

separate paper tape vew j—— AMD — | °* |—1
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The noise is provided by
an external random noise
generator, whereas the
signals sre either repro-
duced on a set of six

cassette decks or o ’c":’c":"" o |-~
generated by a pure tone

synthesiser, The pre-
sentation of the signals
is cuntrolled by a 7
pscudo—expoucutiol pate . i
with rise and fall times MOHIOR coNIm LANFS SrEAKER
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The intensities of the
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The signal and noise are supHe)
electronically mixed aud -

then amplifliced prior to

being fed cither tu a Figure 1. Cowmponents of the Facility.
single louwdspeoker
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headphones.
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The loading task ia based om an iutegrated circult ehip, bur lias exrennive
addltional clrcuitry to make the task acreasible to the computer. The v]sunal
display from the task is fed to two telcevision sets, one a menitar for the ex-
pecimenter, and the ather the dispiay for the subject. The subject has control
via a potentiometer over the position of his two players.

In addition, the suhject has a response hutton with which to ifwlicate his
decision that a8 sound has occurred. Two Lamps, one red and Lhe ollier green,
located albove the subject's TV screen can he used to {ndicate to the subject,
the progress of the experimental peasion.

The functions of the microcompuber as a process controller are:

(i) selection and timing of the presentation of a particolar mRunmd:~
frequency syntheniser or cassette decks, pate, left or ripht chnnnel,

(ii) wetting of pignal attenuator,
(1i1) eercing of noime attenuator,
{iv) etarting, stopping or resetting the task,
{v) switching on and off the tvo indicator 1amps,

The functions of the microcomputer as a date logper are to record the time of
occurrence of the [ollowing events:

(1) btart of a signal {a sound event)
{ii) =ubject's response )
(if1) points won and lost at the task

4, INTERFACING WITU THE MLCROCOMI'UTER

The Cromence 2-2D system has 48 Khytes of memory, a diegc controller Lhoard, a
gingte mini-€loppy digkette drive, and a Tuin Universal Asynchronnus Receiver/
Transmitter {TUART) beard for interfacing to parlphecal devices. Thin con-
figuration provides the minjmm requirements for a flexible syrten capable of
controlling experimental variabtes and the lopglng of data, It reprogents a
relativefy standard microcomputer syatem and will not he descrihed In detail
lere. Of naote, however, is the strategy ndopted in intecfacing the computer o
the peripheral devicen and in programming the computer to provide a time hase
for the experiment.

The inferfacing is achleved uaing the two parallel inpt/output ports on the
TUART board. The controlling Functions of the mictocomputer are nchieved via a
two stage process. The ocutput of an appropriate eight hit numbrr to one of the
parsilet ports provides an Instruction for ene of the control functinng, The
subsequent output of an appropriate numher to the other paraliel port dicects
the instructlon to one of the controlling functlons listed ahova.

The data logging Function of the microcomputer is achieved hy inputting an eight
bit numbet to one of the parallel porta. Five of the eight hits were usned to
represent one each of the events game in propgress, point lost, point won,
guhject response and sound event. The sjmiltancous occucrence ol more than one
event can therefote be indicated hy appropriate setting of the hien.
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An essentinl requirement of the facility is the provision of a time hase both
for the serquencing of the sound events, and For the measurement of the subjects"
respouse times.  This cannot, lwwever, be achieved using the avallsble set of
instructions within the BASIC language. It was however intended that tle
facility could be operated with BASIC as its uge would minimize the programming
{software) development time. 'This objective was achieved by patching into the
BASIC package two assemkly language swbroutines, The First pubrontine, QTIM
initiates a vyclical interrupL procedure whereby at approxlmately 4 ms intervais
the program being run in DASIC is Interrupted and part of the subroutine reads
the input pori, 1F the input port value indicates that an event has occurred
the value and its time of cecurrence are entered into a bwffer memory. At the
eud of the subroutine the computer returns to the next step In the DASIC program,
The second subroutine stops the interupts and is called at the end of the ex-
perimental session.

This programmiog strategy makes use of oae of the ten timars on the TUART hoard
which is prograwsed to count uvp te¢ approximately 4§ ms before causing an {nter-
rupt to occur. In addition it relies on the USR function in Cromemco 16K
Extended BASIC which makes it pessible to call up the assembly language sub-
routines. The BASIC program ls transparent to the interrupts, that is provided
that certain precautions are taken the BASIC program is not disturbed In any
way by the subroutine processing which occurs after every interrupt.

5. CONCLUSTUN

A microcomputer bnsed experimental facility has been bullt and commissioned
which is stitable for & wide range of peychoacoustic experimentation. The
Eacility is capable of presenting complex sound stlmuli or pure tones to a
subject, either under free Eield or pressure fleld conditions. The facility
can alpo provide one of o range of loading tasks derived from a set of tele-
vision pames, Tie microcomputer can control tliese events, and also log theic
occurrence in conjunction with the subject's responses te the sound stimuli and
the subject's performance at the loading task. The microcomputer alse has the
ability vo manipulate and analyse the data.

FThe Eacility was specifically designed [or a programme of research into the
effects of wearing hearing protection on the perception of warnlag sounds. low-
ever, the range of its features supgests that it is suitable for many different
experiments in psychoscoustics. 1t is of a Elexible design and thevefore
amenable to wodi{ications end addjtions to meet Future requirements.
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