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Picture Perception Lab: A program for picture
perception experiments on the Macintosh II

STEPHEN W, KOHLMEYER
University of Minnesota, Minneapolis, Minnesota

Picture Perception Lab (PPL) is a program for picture perception experiments. PPL capitalizes
on the sophisticated drawing software available for the Macintosh computer by allowing the user
to create stimulus images by using almost any drawing package. Through a series of user-friendly
dialog boxes, PPL enables even nonprogrammers to develop, quickly and easily, tachistoscope
like vision experiments. The program allows a wide variety of experimental designs. Image ex
posure durations and subjects' reaction times are precisely monitored with millisecond timing
functions. Each image is drawn on the screen in a single 60-Hz refresh.

The Picture Perception Lab (PPL) software package
allows easy design of picture perception experiments on
the Apple Macintosh IT computer. PPL is designed to load
standard PICT, EPSF, and MacPaint files and display
them on a second monitor that is viewed by the subject.
The drawings can be constructed with any graphics soft
ware that is capable of saving images in one of these three
fIle formats.

The basic paradigm for the program is based on a
cue-target-mask sequence for each trial, but this para
digm can be altered in various ways to meet the specific
needs of particular experiments. The cue can be elimi
nated, and any number of targets, with or without masks,
can be added. Optional practice and word familiarization
sections can also be included. Each image in a trial is
copied to the video memory between 6O-Hz video
refreshes, so that the image appears to be instantaneously
displayed (see Rensink, 1990). The exposure duration for
each image, which is predetermined by the experimenter,
is precisely controlled by a timing board. Subject reaction
times along with errors and other data are saved to a text
file for each subject.

The information necessary for conducting an experi
ment is collected from the experimenter, who enters it
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into a series of user-friendly dialog boxes. With the use
of these dialog boxes, PPL allows a wide variety of differ
ent experimental designs without increasing the difficulty
of setting up an experiment. The program closely follows
the user interface guidelines set forth by Apple. Anyone
with modest familiarity with the Macintosh will therefore
be able to use the program.

BACKGROUND AND DEVELOPMENT

The PPL program takes advantage of the high quality
and efficiency of drawing packages available for the
Macintosh. By using PPL with a library of drawings
created on the Macintosh, we have significantly reduced
the amount of time and effort ordinarily required to set
up a picture perception experiment.

The program was developed with Symantec's Think C
compiler for the Macintosh. Much of the code for the pro
gram exists as a series of dialog boxes in which the ex
perimenter enters information for setting up particular ex
periments. This information is saved in several files, which
the researcher can view and edit from PPL or with a sep
arate word processor. The remainder of the code is dedi
cated to loading the images and running the experiment.
Timing routines for the package are taken from the libraries
provided with the National Instruments timing board.

HARDWARE REQUIREMENTS

PPL requires a Macintosh IT with 5 MB of RAM, two
monitors, one NationalInstruments NB-MI0-16 or Lab-NB
timing board, two mice, and, optionally, a voice key and
a microphone. Because the program needs two slots (one
for the second monitor and one for the timing board), it
is not designed to operate on any of the smaller Macintosh
computers.
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Figure 1. Typical arrangement of the hardware in a picture per
ception laboratory.

Timing
Along with the normal timing functions, the timing board

can also provide an interface between a voice key and the
computer and thus allows the timing of a vocal event.
Although the Macintosh is capable of millisecond timing,
to access timing routines is difficult from events other than
a press on the mouse button or a keypress. Furthermore,
since the timing board is capable of microsecond timing,
it is more accurate than any of the Macintosh system rou-

CREATING AN EXPERIMENT

Drawings
The first and typically the most time-consuming step

in setting up an experiment involves creating the stimu
lus images. This can be accomplished with any commer
cial drawing package for the Macintosh that can save its
files in the PICT, EPSF, or MacPaint format. These stan
dard formats for Macintosh drawings are found in nearly
all drawing packages. PPL stores the images in black and
white (1 bit of depth) bit maps. If the original images are
not smaller than the bit map, truncation will occur. PPL
automatically centers the image in the middle of the bit
map. Once the images have been drawn, they must be
copied into a single folder. The program also assumes that
image files for each of the masks are present in the pro
gram folder. The user selects the number of different
masks to use (0-4) and their respective file names. The
standard cue can be replaced by entering a new file name.

Parameters
The PPL program organizes every experiment into a

series of trials. All of the trials are grouped by the
researcher into blocks. A block can be any continuous
set of trials. By assigning which blocks a particular sub
ject will see, the researcher controls which trials will be
presented to the subject. Blocks can also be presented in
reverse order for easier experiment balancing. The infor
mation specifying the number of trials, blocks, subjects,
practice, and familiarization are stored in the main pa"
rameter file. All other information on the individual trials
is stored in key files,

tines. The code could be easily changed, however, so that
it would use a completely different set of timing functions,
such as those described by Westall, Perkey, and Chute
(1989) and Rensink (1990).

Monitors
The second monitor displays the images to the subject.

We recommend a high-resolution monitor (780 x l ,024
pixels), but a standard resolution monitor (480x640
pixels) can also be used. To run an experiment, one must
use the Macintosh control panel to set the monitors' color
to black and white. When the monitors are in color mode,
an image cannot be copied to the screen in a single refresh.
The View Experiment function, however, allows the user
to preview the experiment with the monitors in color
mode. A physical arrangement of the equipment is shown
in Figure 1.

This particular arrangement works well for several rea
sons. First, since the experimenter sits behind the sub
ject, the subject is less likely to be disturbed by the ac
tions of the experimenter. Second, the researcher can
clearly see the subject's monitor while the experiment is
in progress.
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Memory
Most of the 5 MB of memory required by the program

are for the storage of the image bit maps. There are four bit
map sizes to choose from: 704 x 600, 640 x 480, 544x450,
and 400 x 402. Since a single image using the largest bit
map requires 52 K, 76 different pictures can easily con
sume 4 MB of memory. To load a single complex picture
file (30-90 K) into a bit map takes 3-5 sec. Thus, unless
the images are very simple, loading the pictures between
each trial would require too much time for most experi
ments. The program will run with as little as 2 MB of
memory, but the number of images that can be used in
such a case is limited to 30 (assuming the largest bit map).
On the other hand, if one uses the smallest bit map and
8 MB of memory, the program can store as many as 350
different images.

T
72"

1



PICTURE PERCEPTION LAB 69

[Hperlment Trllli TlIr et Ke

Trllli Feedbllck

Number of Trials - 10

[ ClIncel

FIle Name Chain. t .2

Target NlIme chllir
===:------'

EHposure Our ~

IIl1r one

uer two

uer three

uer four

uer flue

uer slH

[prellious] (NeHt) ~

Cencel ] ( OK )

o Stllnderd File neme IOllder

o File Check [Key NlImes)

Mesk EHposure Our

Enter the uelue or nllme for eech key

Terget # t TrilIl # 0

I NeHt )

( Jump )

[ TlIrget Key Info)

181 Correct/Incorrect

181 TlIrget Q:] neme

181 Response Time

Salle[prellious)

Correct Response

@Uocal

o Mouse

OKey 1

OKey 2

ONone

Trial # 0

I
Cue [Hposure 10i1i- 1
# of TlIrgets ~
Time limit

1
3000

I

Figure 2. Examples of tbe trial information and target information boxes. The researcher constructs the key mes
by supplying thi<i information for each trial. Default valuescan be set by the relle8I'Cber to expedite the data entry process.

Key Files
After the main parameter file has been created, the next

step is to create the key files. There can be three separate
key files: familiarization, practice, and experiment. The
familiarization key file (optional) is simply a list of words
or names that the subject might read prior to the exper
imental trials. This allows the subject to become familiar
with the names of the stimuli before they are presented.

The experiment and practice key files are both organized
as a series of trials. For each trial, the researcher must
specify at least one stimulus image, the correct response
for each trial, and the time limit for a subject's response.
Optionally, the researcher can choose to begin the trial
with a cue image and/or end it with a mask image. The
number of stimulus images can be varied from trial to
trial. If there are more than one stimulus, they are dis
played one after another. The type of posttrial feedback
for each trial is also determined by the researcher. For
easier statistical analysis, a set of six variables can be as
sociated with each stimulus image. These variables can
be used to describe the particular stimulus in any manner
suitable to the researcher. Figure 2 shows the dialog boxes
for entering the information for a trial and the stimulus
for that trial.

This information must be entered for every experiment
and practice trial in the experiment. Since an experiment
can have up to 1,000 unique trials, data entry (e.g., stimu
lus type, correct response, etc.) has been streamlined to
make the process as easy as possible. A built-in file-name
spelling checker and standard file-name loader helps
reduce errors when trial information is being entered.

RUNNING AN EXPERIMENT

To run the experiment, the experimenter chooses Run
Experiment from the File menu. After reading all of the
key files, the program responds with a dialog box that
asks for the experimenter's name, the subject number to
be run, and whether there will be practice and familiar
ization. After the experimenter has entered this informa
tion, the program loads all of the corresponding experi
ment and practice images from their files. To minimize
subject running time, we have found it preferable to load
the images before the subject arrives.

After the images are loaded, a dialog box asks the
researcher for the subject's name, age, and sex. Next,
another box comes up, which allows the researcher to dis
play the cue, mask, and any selected trial on the subject's
screen while the directions are being read. Once the direc
tions have been read, the experimenter may begin famil
iarization by pressing any key.

In the familiarization section of the experiment, the
names of the images that the subject will see are displayed
on the screen one at a time. The subject controls the rate
of exposure by pressing the mouse to see the next name.
When familiarization is finished, the experimenter begins
the practice trials by pressing any key.

Typical Trial
The practice and experimental trials are exactly alike,

except that the reaction times and errors for practice are
not saved. (Typically, the images in the practice block will
not be the same as those used in the experiment.) The sub-
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00: No Error
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02: False Start, Correct Response

03: Correct Response, Clock didn't stop

04: Incorrect Response, Clock didn't stop

o 5: Technical Error
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o 7: Reaction Time out of Bounds
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Number of Syllables ~

Press <RETURN> to continue

Figure 3. Error box for vocal response task. The researcher accesses this
box by pressing any key during the trial. The researcher clicks on tbe error
made by the subject and then presses Return to continue.

ject begins each trial by pressing the mouse. The trial be
gins as soon as the subject releases the mouse button. In a
typical experiment, the cue (which can be a fixation point)
is displayed for 500 msec. The cue is immediately replaced
by a target image for a duration specified in the key file
(e.g., 150 msec). A mask ordinarily follows the image for
a specified duration (e.g., 500 msec). After the subject
responds, a feedback message appropriate to the particular
task is normally shown along with the reaction time. This
message can include the name of the image and the words
, 'Correct" or "Incorrect. " Ifno response is made within
the timelimit, theprogramdisplays' 'No Response." While
the subject is participating in the experiment, PPL displays
the current trial number, block number, number of correct
responses, and average reaction time on the researcher's
screen, so that the subject's progress can be monitored.

Errors
If the subject makes an error in a nonvocal task experi

ment, the program automatically records this event. How
ever, if the subject has made an incorrect response or
another error when responding to a vocal task, the
researcher must record this event by means of the error
window shown in Figure 3. The researcher can activate
the error window by pressing any key during the trial.
In the error box, the researcher is asked to choose one
of the seven types of errors shown in Figure 3. Ifan "In
correct Response" type of error has been committed, the
researcher can also enter the subject's response. The other
error types, such as "Correct Response, Clock didn't

stop" are for recording errors that can occur when a voice
key is used to time subjects' responses.

For each block, subject feedback can be selectively
turned on or off. The block feedback consists of the num
ber and percentage of correct trials and the mean reaction
time for that block. Feedback can also be provided at the
end of the experiment. In this case, the subject is given
performance feedback for the entire experiment.

DATA

The data from a given experiment are stored in separate
text files for each subject. A complete record of a sub
ject's performance on each trial is saved on a separate
line. Also saved for each trial are the keys that the
researcher has associated with every target in the trial and
the file name of the image that was shown. This enables
the researcher to analyze the data quickly and efficiently.
A data summary ftle is also maintained for each experi
ment. For each subject, it contains the experimenter's
name, any practice and familiarization conditions, and the
subject's name, sex, age, percentage correct, and mean
reaction time. The files are placed in the Data folder for
the particular experiment.

The data files are named by appending the subject num
ber to the name of the experiment and adding the suffix
".dat." In this manner, the names of the files are also
ffiM compatible. The data in these files can be analyzed
by almost any statistical package for the Macintosh that
accepts data formatted by columns. Furthermore, since



these files are merely simple text files, they can also be
easily transferred to an IBM or other system for analysis.

UTILITIES

Also included in the PPL program are two useful utilities.
The first is a simple function to quickly display any image
file the user chooses. The chosen image appears exactly
as it will in the experiment. This gives the researcher the
ability to preview one or more images without having to
load the entire experiment. The second utility is a pixel
counter. This function loads a selected image and then
counts all of the pixels that appear black on the screen.
To count the pixels of a 704 X 600 bit map takes less than
a second. This function provides a precise means for com
paring the size of two different images.
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AVAILABILITY

PPL is available directly from the author. The cost of
the software is $200. The C-Ianguage source code is avail
able for an additional $100. The program requires a Na
tional Instruments I/O board. Two different boards will
work with the program: NB-MIO-16 ($1,200) and Lab-NB
($700). PPL has been recently upgraded to work with Sys
tem 7.0 and color images.
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