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SUMMARY

A menu-driven program is described that is designed to generate and present visual

stimtli for use in shape discrimination research. The main function of the program is to

present stimuli on an IBM PC equipped with a Professional Graphics Adapter (PGA).

The program is modular in design and may be easily modified for use with other laboratory

computers. Provision has also been made for the presentation of several adapting and/or

noisc (masking) stimuli and for accurately controlling the temporal relationship of each

to the primary stimuli. In addition, the program initializes the PGA, accepts subject

specifications, and collects response data via a switch interfaced to the computers parallel

port. The response data are collected using a procedure that changes the test stimuli

depending on the subject's previous response. Program options allow both analysis and

plotting of the response data. Auxiliary programs are provided for generating stimulus

outlines of various shapes; for modifying stimulus parameters such as spatial location,

size, contour amplitude, and phase; and for formatting and storing the final stimuli such

that they can be used by the main program.

Accession For

NTIS GRA&I
DTIC TAB

Unannunced El
justification-OF

By

Availability Code,

S l, va il and/or
tDist tspecial

I I II I4S' I I I



PREFACE

This research was performed in support of the Training Technology Planning

Objective of the Research and Technology Plan at the Operations Training Division of

the Air Force Human Resources Laboratory, Williams Air Force Base, Arizona. The

general objective of this training research and development program is to identify and

demonstrate cost-effective strategies and new training systems for developing and

maintaining combat effectiveness. The purpose of the present experiment was to elucidate

the basic mechanisms underlying visually guided behavior in flight simulators.

The authors thank Susan Baroff, who provided the auxiliary program for gcncratin1g

the Fourier Descriptor stimuli. Drs. Don Lyon, Yehoshua Zeevi, and John Uhlarik

contributed to the design of the experimental procedures which have been implemented
in the programs described in this report. We also thank Dr. Elizabeth Martin for her

support and encouragement. This research was supported by the Air Force Office of

Scientific Research, Work Unit 2313-T3-12, Cognitive Aspects of Flight Training, Dr.

Elizabeth Martin, Principal Investigator; and by Air Force Contract F33615-87-C-0012

(UDRI), Flying Training Research Support, Capt. Paul M. Choudek, Contract Monitor.

ii



TABLE OF CONTENTS

Page
I. INTRODUCTION I

II. DOCUMENTATION FOR PROGRAM "FOURIER4.BAS" 2

II. LISTING OF PROGRAM "FOURIER4.BAS" 5

IV. LISTING OF AUXILIARY PROGRAMS 32

REFERENCES 77

iii



SHAPE DISCRIMINATION RESEARCH USING AN IBM PC

I. INTRODUCTION

The program FOURIER4.BAS, which is described here, has been used to conduct

shape discrimination research in the Basic Research Laboratory at the Air Force Hunan

Resources Laboratory, Williams AFB, Arizona. Shape stimuli, known as Fourier

Descriptors (Kuhl & Giardina, 1982; Zahn & Roskies, 1972), were generated off-line and

subsequently presented to observers who were asked to distinguish the various higher

harmonic stimuli from a fundamental (elliptical) stimulus. The stimuli were presented in
pairs whose members were displayed at various distances to the left and right of the fixation

point-- thus constituting a two-alternative, spatial forced-choice paradigm. The amplitude
associated with each harmonic stimulus was either reduced or increased on each trial

depending on whether or not the observer was able to distinguish the two stimuli on the
previous trial. The resulting data were analyzed using standard techniques and plotted

when required.

As the program FOURIER4.BAS has been used as part of an ongoing visual shape

discrimination research project, portions of the program and its documentation are specific
to the stimuli and techniques used in that research. The program is, however, modular

in design and we have indicated in the documentation some of the changes which may be
made to adapt it to other experimental paradigms. For instance, stimuli other than Fourier

descriptors may be used provided certain conventions are observed (e.g., the stimulus file
must be in the PGA Run Length Encoded format [IBM, 1984], and the stimulus file namscs

must be of the particular format used here). Also, changes can be made in the

psychophysical procedures used to collect data as well as in stimulus characteristics such

as color and intensity, the time interval between adapting and test stimuli, and the tradcolIf
between the number of stimuli and the number of gray-levels in each stimulus. Familiarity
with the program's structure and function may be required in order to make some of the

changes mentioned; and in some cases, readers may find it more expedient to use individual
modules in their own programs.
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It. DOCUMENTATION FOR PROGRAM "FOURIER4.BAS"

FOU RI ER4.BAS is a menu-controlled program whose primary function is to present
visual stimuli on an IBM PC equipped with an IBM PGA. The program also (a) initializes
the display controller, (b) randomizes trial blocks, (c) accepts subject specifications, (d)
collects response data, (c) analyzes response data, (f) plots mean data, (g) demonstrates
the chosen stimulus sequence, and (h) tests the subject response box. Note that the PGA
requires an analog monitor (an IBM 8514 monitor, any NEC Multisync monitor, etc.).
The program will present any images previously created using PGAGRAPH.BAS. (If
single images are desired, a modification must be made in module BEGIN.TESTING
wherever there are two consecutive calls to LOAD.SCREEN). The images to be used
must reside in files named using the following convention: WWWXXYZ.IMG where
"WWW" is the image specification (e.g., "P40" denotes a peripherally presented 40-mm
stimulus), "XX" is the number of the harmonic (or other stimulus parameter), "Y" is the
step level (0-9, and corresponding in the FD study to the harmonic amplitude), and "Z"
is either 'L' or 'R' indicating whether the image is to be displayed to the left or to the right
of the fixation point (assuming that image pairs are required). The field "WWW" ma'y
consist of any alphanumeric characters, whereas the fields "XX" and "Y" are numeric and
padded as necessary with leading zeroes. Because FOURIER4.BAS, as presently
configured, presents pairs of images, the images created using the program PGAGRAPH
should, in general, not overlap (see description of the area-of-interest [AOI] box in the
PGAGRAPH documentation). Further, if the fixation point is used, the images should
not overlap the fixation point image.

The menu-option "ENTER STIMULUS INFO" is usually run once at the beginning
of each experiment. This option prompts the user to enter the number of stimulus blocks
(i.c, harmonics or other stimulus parameter), the particular harmonic levels to be run,
and the starting amplitude (specified as a step from 0 to 9) of the upper and lower staircases.
This information is stored in the file Fourier4.dat. The menu-options "INITIALIZE
PGA," "RANDOMIZE TRIAL DATA," "ENTER SUBJECT DATA," and "COLLECT
DATA" are run prior to each experimental session. For each of the stimulus blocks
specified above, a double-random staircase sequence is implemented until the cho.,tcii
number of response reversals (%max.num.trials) has occurred. In each trial, the subject
.. s shown a pair of stimuli, one of which is a standard (here the first harmonic ellipse) that
is presented randomly to the left or right of fixation. The second member of the pair is
the stimulus associated with the block presently selected and the particular staircase step
being run. The amplitude corresponding to each staircase step is determined by the
specifications chosen when the images were created (using PGAGRAPI.BAS in the case
of the FD stimuli). Following stimulus presentation, the subject responds by deprcssino a
debounced switch corresponding to that side of the screen which appeared to contain the
test stimulus. The switch is connected to parallel port #1 such that bits 7 and 3 (bits
numbered left to right from 7 to 0) are toggled at each keyprcss. For the data analysis

2



and plotting output to bc valid, it is necessary that the amplitude increment, chosen during
image generation, matches the variable "amp.step" in section "GLOBAL VARIABLE
INITIALIZATION." Note that data may be collected using unequal staircase step sizes,
but in that case the data analysis cannot be done by this program.

To collect data, first initialize the display controller, randomize the stimulus blocks,
and enter the subject information using the appropriate menu options. Next, select
"DATA COLLECTION" and respond to all prompts (see also above). There arc then
two run options corresponding to whether or not an adapting stimulus is specified in
menu-option "DATA COLLECTION."

If an adapting stimulus is specified, the following sequence is followed:
(1) noise screen displayed until either switch is pressed,
(2) stimulus in current block is previewed for subject,
(3) noise screen displayed until next switch press,
(4) adapting stimulus is displayed for 2 see,
(5) noise screen is displayed for 1 sec,
(6) stimulus pair is displayed for 150 msec,
(7) noise screen is displayed,
(8) subject's response is recorded,
(9) return to (1) if not end of block.

If no adapting stimulus is specified, the following sequence is followed:
(1) display noise screen for I sec,
(2) 1000 ms later, display thc stimulus for 150 msec,
(3) the noise screen is displayed,
(4) the subject's response is recorded,
(5) return to (1) if not end of block.
The module labeled BEGIN.TESTING is used to display the chosen stimuli and

collect the experimental data. As it is the most complex of the modules, we provide the
following description of its function.

The module does the following at the beginning of each experimental session
(assuming that an adapting stimulus has been chosen):

(A) opens the random number data file (Fourier4.dat),
(B) reads the total number of blocks and the line number of the stimulus to be

displayed next,

(C) moves the pointer to that line (usually representing the first block unless this
is a continuation of a previous session).

The module does the following [through (P)] for cach of the stimulus blocks (whose number
is specified by "num.block%"):

(D) reads the upper and lower staircase starting points, reads the number of the
stimulus to be displayed next (2, 4, 6, etc. in the case of the FD stimuli), and
reseeds the random number generator.

(E) initializes variables to be used for current block,

3



(F) switches to the PGA display mode, a displays blank screen, loads (but does not
display) the chosen noise screen and displays the fixation point, loads the preview
stimulus, and beeps,

(G) waits for a signal from the response box,
(H) displays the preview stimulus, displays a blank screen, waits for a signal from

the response box, and displays the noise screen.
The module does the following [through (0)] until the maximum number of reversals
(%max.num.trials) has occurred:

(I) if the number of times a given staircase has been used (num.case%) is greater
than the maximum (max.num.case%), then switches to the other staircase, or
else picks a staircase at random;

(J) determines the next amplitude to use for the current staircase and randomly
chooses the side of the screen (side%=1 => left, side%=2 => right) on which to
display the comparison (here zero-harmonic) stimulus;

(K) loads in the test and comparison stimuli, presents the adapting stimuli if the
adapting flag (adapt.flag%) is set, and then presents the noise screen, the test
and comparison stimuli, and the noise screen again;

(L) gets the subject's response, and writes to the output data file (opened by the
"enter.subject.data" module) the current stimulus number, the current
amplitude, which staircase (stair.case%=O => upper, =1 => lower) was used,
whether the response was correct (1) or incorrect (0), whether the subject
responded left (0) or right (1), and the side on which the comparison stimulus
was presented;

(M) determines the amplitude to display whcn the current staircase is used next (as
determined by the amplitude level [0-9] stored in "up.case%" and low.case%"),
sets the reversal flag (reverscd%) if a reversal has occurred, and, if a reversal
has occurred, increments the count of the number of reversals (num.trials%);

(N) if the subject responded incorrectly, then sounds the error tone,

(0) if the escape key has been pressed, then switches to the CGA display mode,
closes the output file and returns to the main menu, otherwise returns to 1);

(P) prints a blank line to the output file, increments the block number, and returns
to D);

(Q) switches to the CGA display mode, prompts user for comments which are
appended to the end of the output file, and closes the input and output files.

4



Ill. LISTING OF PROGRAM "FOURIER4.BAS"
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IV. LISTING OF AUXILIARY PROGRAMS
PGAinc

PGAgraph.bas
PGAtran.asm
PGArecv.asm
PGAerrcv.asm
mkgrdata.bas
response.inc
toolbox.inc
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