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The Human Perforrnance Center is a federation of research
programs whose emphasis is on man as a processor of information.
Topics under study include perception, attention, verbal learning and
behavior, short- and long-term memory, choice and decision proc-
esses, and learning and performance in simple and complex skills.
The integrating concept is the quantitative description, and theory,
of man's performance capabilities and limitations and the ways in
which these may be modified by learning, by instruction, and by task
design.

The Center issues two series of reports. A Technicsi Report
series includes original reports of experimental or theoretical
studies, and integrative reviews of the scientific literature. A Mem-
orandum Report series includes printed versions of papers presented
orally at scientific or professional meetings or symposia, methodo-
logical notes and documentary materials, apparatus notes, and ex-
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ABSTRACT

The visual search task is to find one or more objects embedded among
a set of objects placed on a common background., A distinction was made
between two aspects of visual search, random search in which each object
changes position from trial to trial and graticular search in which each
object remains fixed in position from trial to trial.

The salient facet of graticular search is that object fixity allows
the S to develop knowledge of the objects’ identities, locations, and
characteristics that he uses in searching, This knowledge is defined as
his graticule. An initial approach was proposed which suggested that
each S develops an idiosyncratic graticule as a function of practice and
uses that graticule to delineate where to look, that arrangement of
objects acts to provide cues which S uses to develop his graticule, that
object locations are learned differentially both within a particular
arrangement, and between differing arrangements of identical objects,
that visual search speed varies as a function of memory for objects'
locations, and that improvement in visual search speed with practice both
within a particular arrangement and between differing arrangements corre-
sponds with the amount of learning of object locations. According to
this view the finding in studies investigating display-control relation-
ships that response time with matrix-format, pushbutton control panels
was fastest on the periphery and slowest at the center of the matrix is
lue to inefficiencies in graticular search, This relationship was termed
the response time gradient.

Five experiments were conducted to investigate the approach. The
first experiment confirmed that at least a major portion of the response
time gradient was attributable to search variables rather than to move-
ment time variables. The second and third experiments showed that, with
practice, performance on a display which grouped targets was superior to
a display on which no grouping was provided because grouping aided memory
for target location. When neutral placeholders, i.e., asterisks or empty
boxes, substitute for the targets for both a grouped and an ungrouped
display, Ss respond far better to the grouped placeholder display than
they do to the ungrouped placeholder display. The fourth experiment
replicated the prior results with arbitrary symbols rather than letters
of the alphabet and demonstrated that grouping differentially affected
memory for target locations. The fifth experiment examined a finding
that Ss respond more slowly when performing with neutral placenolder
displays. This experiment showed that this finding does not hold when
the number of well learned objects displayed is well within immediate
memory span.

Taken together the results suggest that the approach used, although

tentative, is a useful initial attempt to explain systematically an
important aspect of visual search.

Preceding page blank vii



CHAPTER I
INTRODUCTION
The visual search task is to find a specific object embedded among
a set of objects placed on a common background. The set of objects
constitutes the "ground." The figures and the ground together comprise
the "visual field." The visual search task can be characterized into
four different types depending upon which figure or figures move in the
visual field from trial to trial: 1) all figures randomly move within
the visual field from trial to trirl, 2) all figures remain fixed in
the visual field from trizl to trial, 3) the target figure remains
fixed in the visual field while the nontarget figures randomly move,
and 4) the nontarget figures remain fixed in position in the visual
field from trial to trial while the target figure randomly moves.
The first of these four characterizations is defined as random
search because the figures move randomly within the visual field from

trial to trial. The second is defined as graticular search: The

figures in the visual field remain fixed across trials. Graticule is
defined in Webster's Seventh New Collegiate Dictionary as "a scale on
transparent material in the focal plane of an optical instrument for the
location and measurement of objects." Only random search and graticular
search are considered in this paper because these two characterizations
of visual search allow a worst case analysis. Once the worst cases are
analyzed and understood, the solutions to the intermediate cases should
be straightforward.

The distinction between these two tasks is exemplified by finding

the price of a given stock in a crambled listing (random) versus an



alphabetical listing (graticular) or by learning to operate a typewriter
with a keyboard which is scrambled from moment to moment (random) as
compared with a fixed keyboard (graticular). The salient aspect about
graticular search is that since the visual field is stable, repeated
search allows S to learn where objects are located. The map of a visual
field a subject develops and stores in memory is defined as the graticule.
The dictionary definition of "graticule" does not refer to the nature of
the objects in the visual field; vather it refers to an instrument for
locating objects. The distinction between random and graticular search
then is based not on the nature of the objects in the visual field, but
on the existence of a stable visual field which permits the S to develop
a graticule (as defined by the author)., While the ground could con-
ceivably vary from trial to trial, typically in applied situations it
does not and so this aspect of search will not be discussed further.

The purpose of this dissertation is to extend work in visual search
by initiating studies of graticular search, a heretofore neglected
aspect. While virtually all research on visual search has been done for
random search and none for graticular search, we may review the wajor
findings for random search as a starting point for thinking about
graticular search.

The visual field itself may vary in many respects: area, number of
objects, object similarity, and geometric patterning versus random
patterning of objects. ‘TQe chief findings for random search are the
following: search time increases with the number of candidates to be
examined (Green, McGill, & Jenkins, 1953; Green § Anderson, 1956; Baker,
Morris;;& Steedman, 1960; Smith, 1961); when display area and number of

objects are confounded, both the number of eye fixations and the average



interfixation distance increase with increases in display area, while
average duration per fixation decreases (Enoch, 1959; ﬁaker, Morris, §
Steedman, 1960); and search time increases with target-nontarget simi-
larity (Smith, 1961; Gould § Schaffer, 1965; Gould, 1967). Geometrical
patterning versus random patterning has not been investigated.

The effects of target cueing have also been studied in the random
search paradigm, The main cue used to aid Ss has been color coding. The
finding here is that somewhat informed Ss find targets faster than unin-
formed Ss (Green, McGill, § Jenkins, 1953; Green § Anderson, 1956; Smith,
S. L., 1962), but this finding is not without its complications., Green
and Anderson's Ss searched displays for two digit targets under three
conditions: 1) all numbers were the same color, 2) Ss were ignorant
of the target's color when two colors were displayed, and 3) Ss were
informed about the target's color when two colors were displayed.

For these three conditions, search time was an increasing function
of the number of symbols that were the same color as the target. How-
ever, the color specified condition was always slower than the single
color condition, and the color unspecified condition was always slower
than the other two.

Thus, regardless of whether or not they knew the target's color, Ss
did not ignore the presence of the other color on the display, i.e., they
did not completely filter irrelevant information. S, L, Smith (1962), in
a similar experiment, did not veplicate this finding. The issue is
important because it ties in with experiments designed to discriminate
between serial and parallel processing models for reaction time. Egeth
(1966) found that Ss did not completely filter information that was

irrelevant to their present task.



Williams (1966) examincd the effect of specifying target color,
size, and shape singly and in combination, on S's eye movements and
search times when searching for wwo digit targets. He found that Ss
who were provided with color information used it rather than size or
shape information. When color informaticn was not provided, Ss used
both shape and size information. Thus, Ss impose a preference ordering
on cues when several are available to them.

The picture which emerges from these findings is the following:

Ss require increasing amounts of time to find a target as the number of
possible candidates to be examined increases and as the similarity of
targets and nontargets increases. In order to accomplish the task, they
look more quickly, more often and over a wider area per look. When they
are given cues about the nature of the target, Ss use the cues to find
the target more quickly, but additionally they impose a preference
ordering on cues when several are available to them,

Let us now briefly adopt the language of information theory to
discuss the effect of cueing, If we regawd each object in the visual
field as a message with a nonzero probability of occurrence and the
aggregate as a message set, then S's average uncertainty about the
message set increases with the number of possible messages. The effect
of a cue is to reduce the size of the message set the S is considering,
i.e., the cuc allows the S to partition the total message set into two
sets, one relevant and one irrelevant, and thereby to reduce his total
uncertainty. A cue thus acts as a rule which S can use to partition the
total message set to reduce his average uncertainty, Ss prefer and/or

are more able to use some rules than other rules,



No parallel analysis of either the visual field or of the effects
and limitations of cueing has been done for graticular search. However,
some literature which can be related to graticular search comes from a
series of studies investigating display-control relationships (Garvey §
Knowles, 1954; Garvey § Mitnick, 1955),

These studies used pushbutton control response panels on which the
pushbuttons were arranged in n rows and n columns (8 or 10), The rows
were labeled alphabetically on the side, and the columns were numbered
at the top. The pushbuttons were unlabeled. The S's task was to press a
designated pushbutton upon command. This task can be partitioned into
two parts: 1) to find the designated pushbutton; and 2) to depress
the pushbutton. The first part is clearly a graticular search task since
the pushbuttons and their labels remained fixed from trial to trial. No
controls were incorporated in either study for the distance moved by the
hand.

Garvey and Knowles (1954) showed that when pushbutton controls were
arranged in a matrix, response time was shortest for those pushbuttons
located on the periphery. Furthemore, for any row or column of the
matrix, response time increased from either end toward the center of the
row or column. These statements are a gross characterization of the
relationship, since there were local minima in the curves. The phenomenon
of increased response time toward the center of an array will be referred
to as a response time gradient.

The importance of the response time gradient for visual search is
that the gradient disappeared when some lines were added to an 8 x 8
control panel but reappeared when more lines were added, suggesting that

the Ss used the lines to partition the visual field when searching for a



target. One set of two lines partitioned the panel into four equal
quadrants, another set of six lines partitioned the panel into 16 equal
segments, and a third set of four lines partitioned the panel into four
segments of four pushbuttons, four segments of eight pushbuttons, and

one central segment of 16 pushbuttons. The response *time gradient dis-
appeared equally with each of these partitisnings. An 8 x 8 partitioning
restored the gradient. Further, the partitioning which restored the
gradient increased response time such that it was equal to response time
in the condition where no lines were present at all (Garvey § Mitnick,
1955). A similar finding on the effects of number of cues has been found
in a time reading task in which Ss read the time from a pair of pointers
alone or with cues provided singly and in combination (Zeidman § Lyman,
1963; Groth § Lyman, 1961).

The response time gradient may be either a perceptual effect or a
motor effect, i.e., it may result from processes in finding the pushbutton
or from processes in pushing the pushbutton. With the matrix response
panel, a gradient, as a motor effect, rnay have resulted simply because
a subject moves more slowly when concerned about pushing the wrong
response button. By this analysis, buttons on the extreme periphery,
being easily accessible from one direction, would be less subject to
inadvertent responses and hence would show the fastest response times.

The evidence against the response time gradient as entirely a motor
effect is that adding some partitioning lines enhanced performance, but
adding too many lines degraded performance. Since the same responses
were executed, motor variables cannct account for the gradient's appear-
ance and disappearance. The effect of partitioning lines on response

time implies that Ss were using the lines to find the pushbuttons.



Models explaining the response time gradient must therefore consider
more central processes dealing with the flow of information.

The central issu: in the study of graticular search is to delineate
the processes that Ss use in locating a target. The response time
gradient suggests that fixed target locations permit the learning of
particular locations of the array at different rates. These resulting
remory differences are reflected in the longer times to locate the
target positions that have been acquired less firmly,

From an intuitive standpoint, many variables might affect thes rates
of learning object locations: object differences such as size, shape
and brightness; visual cues such as lines, spaces and color; differing
geametrical arrangement of the objects in the visual field; and the
labeling of the objects with an unordered, partially ordered, or com-
pletely ordered set of labels, The effect of geometric arrangement of
identical targets has been chosen as the major independent variable in
this research because arrangement of targets in a stable visual field
seemed to the author to be the single most important variable for under-
standing graticular search,

If ve accept arrangement as the crucial variable, then we can ask
what we expect the effect of arrangement to be, From previous research
on random search and display-control relationships the results most
salient for graticular search are the effects of cueing and the response
time gradient. We previously noted that providing Ss with cues about
the nature of the target could be interpreted as providing Ss with rules
for partitioning the visual field, thereby reducing his subjective
uncertainty about where to look. We might then expect that the effect

of arrangement would be to provide one or more cues for partitioning the



visual field. We also noted that the response time gradient suggested
that fixed target locations permit the learning of particular locaticns
of the array at different rates. Thus, within a given arrangement of
ob;ects in a stable visual field, we would expect that target locations
would be learned at different rates., In addition, if arrangement
provides cues which suggest rules for partitioning the visual field,
then we would expect that since Ss find some cues more useful than
others they would find some arrangements more useful than others. These
differences in usefulness would be reflected as differences in average
search time,

A cue is useful only insofar as someone uses it. If arrangement
provides cues for partitioning the visual field in graticular search,
then in order to understand the effect of arrangement we need to develop
a description of what § does in a graticular search task. A tentative
approach we can adopt to initiate studies in graticular search is to
suppose that S learns and remembers the identities, characteristics, and
locations of objects located in the visual fieid as a function of prac-
tice. The alternative, of course, is that the: knowledge is mastered at
once and that subsequert improvement in performance with practice
results from learning h. to look rather than where to look. Under the
supposition we have adopted, the learning of both shere and how to look
are considered continuous functions of practice, We will refer to this
knowledge as the graticule, Lach S develops his own graticule for each
visual field based in part on his past experience and habits and in
part on the perceptual properties of the visual field, As he gains

increased experience with a particular stable visual field and learns



more abou: it, the 5 will adjust his graticule from initial gross repre-
sentations to finer representations.

When he wants to find a particular object, S uses his knowledge
about that object and the visual field to ascertain where to look. At
least four cases are distinguishable: S's state of knowledge about
the display could be partial or complete and his strategy of knowledge
utilization could be to use all available knowledge or to use some
available knowledge. Consider, for example, 27 objects arranged in
groups of three into three columns and three rows. S would have com-
Plete knowledge about the display if he knew each object's identity,
its vow, its column, and its position (left, middle, or right) within
its group, 1f, however, S knew anything less his knowledge would be
partial, For each state of knowledge S could use all he knew about an
object or only some of what .ie knew in looking for it, He might then
randomly search within a row for an object because he remembered only
which row was appropriate or because he felt that this was as quick a
way as any to find it, The situation becones more complicated, however,
because for each of these cases S can alternate looking with using his
knowledgc. As an example, suppcse that S knows an object's row and
column, He could begin looking at one end of the row, remember the
object belonged to the column at the other end, subsequently look at the
other end; or he could initially remember both the row and column infor-
mation and consequent.y look there imnediately, In both instances S
would completely utilize his partial knowledge, but the behavior
exhibited would be quite different and :ould require df <ferent amounts

of time to complete.
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Decpite this additional complication we would expect in general
that the more S knows about the visual field the better he will be able
to locate specified targets. Thus, when S is uncertain about the visual
field the search strategy he uses will be relatively crude but when he
is more knowledgeable about the visual field the search strategy he uses
will be more precise. We could then expect certain things: a) that
when S is uncertain about the target location he will use his partial
knowledge to delineate an area of the visual field in which to look and
will then scan for the target. At this point we wili assume that the
scan is a random search process within the delineated area, b) That
the number of eye movements necessary to locate a target will decrease
as a function of practice because S, with more knowledge about the visual
field, will know more precisely where to look. c¢) That Ss may use cues
such as lines, spaces, and color as aids in looking, d) that there may
be a trade-off between being able to partition a visual field more
finely and a buildup of difficulty in remembering the partitions, and
2) that the way S looks for a particular target might become increas-
ingly automatic in the development of a motor skill,

One comment about the foregoing approach to graticular search is
in order, and that is that we presently know nothing and the approach
specifies nothing about how S sets up a graticule, what information he
stores in the graticule, how he organizes the structure of the graticule,
or how he processes the graticule once he has set it up., These are
entirely open problems.

while the foregoing approach is speculative, the results from the
display-control cxperiments cited earlier can be explained by the con-

cepts we have developed. Given a linear array of objects in the visual
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field without spatial demarcators, each S partitions the array and then
scans within the selected nartition, Let us assume that some S5s parti-
tion the first and last objects of the array from the remainder, that
other Ss partition the first two and last two objects froem the array,
and so on, and that thc middle partition contains more objects than does
any other partition. Response times for the end objects are fast since
there are few objects to examine, while response times for the middle
objects are an increasing function of the number of objects examined.
The response time gradient, while evident in individual Ss, emerges most
strongly when all responses are averaged over all Ss,

As they gain more experience with the array, Ss develop better
graticules and techniques for partitioning the array more effectively.
They thereupon decrease the number of objects examined, and so reduce
their overall response time, Spatial cues such as lines or spaces aid
the Ss in developing better graticules and partitioning techniques.

The operator's memory, however, gradually limits the beneficial
effects he realizes from additional spatial cues. Adding more spatial
cues yields better segmentation in principle, but the orerator may choouse
to handle his memory problem by using a simpler partitioning, i.e., fewer
sets with more members per set, and scanning more. llis using a simpler
partitioning increases the number of objects per partition, which in
turn increases scan time to find a target and restores the gradient for
him, Individual differences between operators in both the approach of
memory saturation and in the number of objects that can be held per
partition are expected; when response time: are averaged over operators,
the gradient is restored. How far the memory limit can be extended with

additional practice must be tested for various operators and displays.
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Summarx

Two characterizations of visual search, random search and graticular
search have been distinguished. What little related literature exists
has been reviewed, but since this dissertation is proposing a new
approach and area of research, relevant literature is scarce. Certain
experiments in display-control relationsﬁips have been classified as
instances of graticular search. The effects of partitioning lines on
the control panels require that approaches purporting to explain the
response time gradient consider central processes dealing with the flow
of information, Such an approach was then suggested. The approach is
based on the assumption that tiie S develops a mapping of the visual
field which he references to partition the field, The results of the
display-control experiments can be understood within the framework of
this approach,

If the approach is viahb'e, then certain hypotheses become reasonable.
Specifically the following should be shown: 1) A response time gradient
can be obtained in a search experiment im which motor effects have been
avoided, 2) Partitioning the visual field shuuld yield superior perfor-
mance over a visual field which has not been partitioned, 3) A display
yields superior performance because it aids memory for targest locationms,
and 4) Partitioring the visual field differcntially affects the strength
with which object locations are learned. The experiments which follow

were designed to these hypotheses.



CHAPTER 11
EXPERIMENTS

Five experiments were conducted to investigate the usefulness of
the approach. The approaci. suggests that the operator searches memory
one or more times to determine the appropriate areca on the panel in
which to look, and then looks for a desired target. In particular, the
approach suggests that the response time gradient is due to the result
of a memory proc 2ss and is not strictly due to motor variables. The
first experiment shows, indeed, that the gradient can be obtained when
movement time variables have bcen controlled. The second experiment
examines the prediction that, with practice, performance on a display
which groups targets is superior to a display on which no grouping is
provided, The third experiment shows that the grouped display yields
superior performance because it aids memory for target location, When
neutral placeholders, i.e., asterisks or empty boxes, substitute for the
targets for both a grouped and an ungrouped display, Ss respond far
better to the grouped placeholder display than they do to the ungrouped
placeholder display. The fourth experiment extends these results to
arbitrary symbols rather than letters of the alphabet. It also demon-
strates that grouping differentially affects the strength with which
symbol locations are learned. The fifth experiment examines a finding
that Ss respond more slowly when performing with neutral placeholder
displays than wher performing with the usual displays. Experiment V
shows that this finding does not hold when the number of objects displayed

is well within immediate memory span.
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Experiment I

The purpose of Experiment I was to obtain a response time gradient
in a visual search task under conditions which avoid movement time
variables. The S's task was to read a letter in a warning box, find
that letter on the display, and press orc of two response keys to indi-
cate whether a dot had been placed either above or below the target
letter. Response time was the dependent variable.

Subjects

Two Ss were run, the author (DC) and a laboratory technician (RG).
Each S had 20/20 corrected vision,

Apparatus

A Digital Equipment Corporation PDP 7 computer was used to control
a Model 340 cathode ray tube. The cathode ray tube was 14 in, in diam-
eter, and tilted back 20 degrees with respect to vertical., A two-key
response box was employed. Ss were seated approximately 18 in. from
the cathode ray tube.

The display was a semicircular array of English capital letters.
The order of the letters was alphabetical, except for the omission of M
and V (see Figure 1). Both the distance between letters and the dis-
tance from eacin letter to the warning box position were constant, Each
letter was 3/8 in. tall and 5/32 in. wide. A dot appeared 3/8 in., above
or below each letter. The display was sufficiently bright for easy
visibility. The average distance of the letters from the warning box
position was 3.8 in., The computer seclected the target for each trial
within the constraint that each half of the alphabet was sampled equally

often,



15

Fig. 1. Display S for Experiment I.
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Procedure

There was a dot above or below each letter on the display. The dot
positions were assigned randomly to the letters by the computer on each
trial, S's basic task was: to read a letter in a small box on the
cathode ray tube; to find the position occupied by that target letter on
the display; to detemine whether the dot position for that target for
that trial was above or below; and to press the appropriate response
key. The mapping of dot positions to response keys was constant and the
same for each S. Prior to each trial, the S positioned the index finger
of each hand on the response keys. The Ss were instructed to respond as
quickly as possible while performing at no more than a 5% error rate.

On each trial, a warning box appeared below the array. Two seconds
later the target letter appeared in the box, and simultaneous the
randomly placed dots came on the screen. The target letter, the warning
box, and the dots terminated after S responded, or 3 sec later, whichever
came first., The warning box came on again 2 sec later to begin another
trial, Three hundred and sixty trials in six blocks were run per day
for 10 days. Ss were informed of their total number of errors and
average correct response time at the end of each block. Response omis-
sions were scored as errors.

Results

Both Ss responded within the instructed error rate. Overall,
Subject DC made 1% errors and Subject RG made 3% errors. Errors were
evenly distributed across letters. The response time results are
presented in Figures 2 and 3, which plot mean response time over letter
positions. The upper curve in each graph presents the means over the

first five sessions, and the lower curve presents the means over the
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last five sessions. Within each S, the shape of the curves ic quite
similar. The vertical bars represent plus and minus one standard error
of the mean. The mean response times of both Ss within a session rarely
4i ;fered by more than 0.1 sec.

The graphs indicate that response time for the ends of the array is,
in general, faster than response time for the middle of the array.
Response time is particularly fast for the early part of the alphabet,
where the trend in response time appears almost linear, especially for
Subject RG. For both Ss the slopes of the curves for the first six
letters are in the range of 40 to 50 msec per item; the slope values do
not appear to change with practice. These figures are consonant with
scanning rates found in memory search tasks (Sternberg, 1966) and suggest
that S uses letter order to find the first six targets. It is reascnable
to conclude from these graphs that the response time gradient is not due
only to movement time variables, since the gradient has been obtained
using a search task in which movement time variables have been controlled.
This is the first experimental demonstration anywhere of this finding.

Idiosyncratic differences between the Ss with respect to individual
letters are also quite noticeable. Although the grand mean for the data
for Days 6 to 10 was the same for both Ss, RT = .93 sec, the standard
deviations of the means of the individual letters about the grand mean were
0.04 sec for Subject DC and 0.14 sec for Subject RG. Both Ss responded
more slowly to the second half of the alphabet than they did to the
first half, but the difference between the average of the means between
the first and second halves of the alphabet was 0.05 sec for Subject DC

but 0.10 sec for Subject RG. Thus, while both Ss had the same overall
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average respongse time, the manner in which they responded was somewhat
different.

This difference supports the approach's contention that given the
same stimulus configuration, Ss can and do develop graticules. The idea
that Ss have graticules gains plausibility from the fact that the physical
distance of each letter from the warning box was constant, so that the
difference in average resprise time between the two ha:ves of the alpha-
bet cannot be explained on the basis of the minimal eye movement distance.
Perhaps the Ss required more eye movements on the average to find a
target in the second half of the alphauet. But the reason ' are associ-
ated with the individual Ss, and not the display.

Experiment II

The purpose of Experiment II was to examine the effect of grouping
targets. The prediction was that average response time after practice
with a grouped display would be less than average response time with an
ungrouped display. The independent variable was geometric arrangement
of the target letters, and the dependent variable was response time.

The approach states that Ss reference their graticules to ascertain
where to look in the visual field, and that they modify their graticuler
and ways of looking as a function of practice. If arrangement acts as a
cue to provide aids for partitioning the visual field, then we would
expect that just as Ss find some cues more useful than others they would
find some arrangements more useful than othera. These differences in
usefulness would be reflected as differences in average search time. In
particviar, a grouped dis, lay should provide more cues for Ss ic use as
they learn more about the display, thereby enabling each of them to

develop a more precise graticule and technique for looking. By
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partitioning more efficiently the S directs his eyes to a smaller group
of objects. Since fewer objects need be examined, he saves time and
the net effect of thest savings over trials is to reduce mean response
time.
Subjects

Two Ss served, one for seven sessions (DG), and one for 10 ses-
sions (MM). They were draftsmen supplied by a contractor, and they
performed as part of their regular duties. Each reported his sight as
20/20,
Apparatus

The presentation and timing apparatus employed wcs the same as in
Experiment I. Two displays were used, The first, denoted by S, merely
arranged the letters of the alphabet in order (except M and V) along an
arc. This was the same .isplay used in Experiment I. The second dis-
play, denoted by P, arranged the letters as is shown in Figure 4. Since
no algorithm exists in the literature for partitioning a visual field to
minimize average response time, the layout used was chosen purely on the
basis of experimenter intuition. This particular physical partitioning
divided the visual field into a left and a right half and subdivided the
halves into three rows. Further, no group of targets contained more
than three items. This number is well within the maximum number of
items per partition used in the Garvey and Mitnick (1955) experimént.
The letter sizes and distances of the dots from the letters were the
same in both displays. The average distance of the letters from the

warning box was 3.81 in. for Display S and 3.76 in. for Display P.
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Procedure

The only difference in procedure between Expcriment I and Experi-
ment I1 was that Ss in Experiment II ran four consecutive blocks of
trials on each display per doy. Thus, on each session the subject gave
240 responses for each display. The order of display administration was
balanced within each subject over the experiment. The experimental
seszions lasted 2 hr, with a 20-min break between the presentation of
the twu displays.
Results

Each S performed at a 1% error rate on each display. The response
time results are shown in Figures 5 and 6 which plot mean response time
over sessions for both displays. The vertical bars represent plus and

minus one standard error of the mean. These graphs show the development
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of the clear superiority in performance on Display P over perfocrmance on
Display S. A separation of more than two standard errors between two
means is equivalent to a t test which is significant at the 0.05 level,

For the last two days of practice, each S gave a mean response
about 100 msec faster to Display P than to Display S. If we minimally
estimate by order of magnitude the time to read the letter in the warning
box at 100 msec, the time for one eye movement at 10 msec, the time to
ascertain whether the dot was above or beiow the target letter at 100
msec, and the time to press the response key at 150 msec, then we can
estimate the time to reference the graticule for eye movement instruc-
tions at 500-600 msec. In relation to this number, a difference of 100
msec between displays is reasonably large.

While both Ss responded faster on Display P, Subject 0G did not
significantly improve on either display during this last two days of
practice, while Subject ™ apparently was improving at least on Display
S on his final day. Overall, Subject DG responded more variably to
individual letters on Display P than on Display S, while Subject ™ did
not, The standard deviation of the individual letter mean response
times about the display mean response time was 0,06 sec on Display S and
0.16 sec on Display P for Subject DG (F23,23 = 7.11, p < 0,05), but 0.10
and 0.1]1 sec respectively for Subject T (F23,23 = 1,21, n.s.).

While che mean distsonce of the letters from the warning box was
about equal for both displays, no two letters between the two displays
were at an equal distance., If, however, the letters across displays
whose distances differed by 0.2 in. are examined, some rcugh notion of
the effect grouping had on search is obtained. These letters were [, G,

T, and U. The results are mixed. Subject DG was faster on F and G on
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Display S and faster on T and U on Display P. Subject ™ was faster on
F on Display S and faster on G, T, and U on Display P. The only fimm
conclusion from this analysis is that both Ss were faster on Display P
to letters late in the alphabet.

Two-way analysis of variance with one observation per cell of the
letter mean response times on Display P for the last two <essions
revealed significant differences (p < 0.05) between subjects, letters,
and groups within letters (see Tahie .6 in the Appendix). Linear con-
trast analysis of the groups within letters variable showed that Ss
responded faster to the right half of the display, and showed no differ-
ence in mean response time hetween the two and threc letters groups.,
There was, however, a significant difference between the rows of the
display. The row neaiest the warning box showed faster response times
(RY = 0.87 sec) than did the other rows (RT = 0.96 sec). Thus, mean
response time for letter groups did not vary as a function of the size
of the letter group, but did vary as a function of the distance of the
group from the warning box.

This result may have been due to the difference in physical distance
the eye need traverse since the first row was close to the warring box,
or i* may have been that Ss searched for a target in the further rows
after they checked to see if the target was in the first row. The
latter argument seems implausible. If Ss checked the first row on their
way to the second or third row, then it seems equally likely that they
would check the first two rows on their way to the :hird. This double
check would result in orderly differences between the rows, but the

data showed no differences in mean resporse time between the second and



third rows. liowever, if Ss only used a single check strategy the
obtained data could have resulted,

The former argument scems the more likely explanation of this
result, Ss may sometimes have used peripheral vision to examine some
letters in the lower row while they were looking at the warning box and
consequently reduced their average scarch time, Assuming a viewing dis-
tance of 18 in.,, the distance to the farthest lctter in cach row was
approximately 10, 12, and 18 degrees from the warning hox, while the
distance to the nearest letter in each row was approximately 5, 12, and
15 degrees. These figures are for the nearest, middlemost, aund farthest
rows, respectively, The range of 5 to 10 degrees of visual angle for
the nearest row is not too discrepant from the 3 degree figure usually
adopted for foveal vision, and so it is not unreasonable that Ss conld
process some information from the necarest row while foveally examini.g
the warning box,

Experiment 111

The approach being tested suggests why the grouped display in the
orevious experiment produced significantly faster response times: With
practice the operator pradually improved his memory for targe: location
on the grouped display. 1f this explanation is correct, the S's memory
for symbol locations can Lec tested by removing the symbols from the
display and substituting neutral placeholders such as asterisks to mark
their spots. 1t is assumed that $s must rely on memory in order to
perform the dot judgment tash consistently at better than chance accuracy.
The prediction is that interrogating memory with this technique at
different stages of practice should show a) simultaneous improved

performance on the memory task and improved performance on the normal
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task, and b) superior performance with the grouped placeholder display
over the ungrouped placeholder display. The two independent variables
were 1) geometric arrangement of the letters, and 2) letters present
or absent; response time was the dependent variable,
Subects

Two Ss were run, one for 10 sessions (TB) and one for 14 sessions
(WG). They were draftsment supnlied by a contractor, and they performed
as part of their regular duties. Each S reported having 20/20 vision.
Apparatus

The control and timing apparatus employed was the same as in the
previous experiments. Four displays were used. The first, denoted by
S, arranged the letters of the alphabet, except M and V, in order in a

horizontal line. This dis,lay is shown in Figure 7.
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The average distance of the letters from the warning box on this
line display was 3.25 in. The straight line fomat was adopted rather
than the semicircular format used in the previous experiment to eliminate
Jifferences in verticality as a cue which $ could use to remember object
locations. The hope was to thereby enhance response tine differences
between this display and the second display. The second display,
denoted by P, for partition, arranged these letters in the same config-
uration as that used for P in Cxperiment II (see Figure 4). The average
distance of the letters from the warning box was 3.76 in, While the
average distance hetween the two displays was different, the discrepancy
should, if anything, have favored performance on Display S. The Ss sat
approximately 18 in. from the display.

Each letter on these displays was surrounded by a box. The purpose
of the boxes was to reduce the contribution of idiosyncratic letter
features by making the visual appearance of the targets more homogeneous.
The letter sizes and the dot to letter distances were the same as in the
previous experiments. The remaining two displays, denoted by S' and P',
were constructed from S and P by replacing the letters on these displays
with asterisks. Otherwise, S' and P' were isomorphic to S and P.
Procedure

The procedure was basically the same as in the previous experiments.
Each §_worked with both Display S and Display P on every session, On
the first and on every subsequent third session, the Ss ran three blocks
of 60 trials each on Displays S and P, and one block of trials each
on S' and P'. S' always followed the three blocks on S, and P' always

followed the three blocks on P. On the intervening sessions, the Ss ran
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four blocks of trials ~ach on S and P, The order of presentation of S
and P was balanced within each subject across the experiment,
Results

Both Ss made fewer than 5% errors. Subject TB made 1% errors on
Display S and 2% errors on Display P, Subject WG made 2% errors on both
displays. The response time results are presented in Figures 8 and 9
which plot mean response time for all displays and percent errors for P'
and S' over sessions. The data points for the error curves are only for
those sessions in which S' and P' were administered. The vertical bars
represent plus and minus one standard error of the mean. Both Ss became
significantly faste: on Display P than on Display S as is evidenced by
the separation between means of more than two standard errors. A sepa-
ration this large is equivalent to a t test significant at the 0,05
level, This finding replicates the results of Experiment II.

Performance on P' was far superior t¢ S', with respect to both
response time and percent errors. The procedure of replacing the let-
ters with asterisks showed that memory for target location was far
superior for Display P', so much so that at least one S (WG) operated on
memory alone almost as efficiently as he did with the letters present.
Subject WG also performed as well on Disélay P' as he did on Display S.
Thus, the grouped display allowed him to operate as well on the basis
of memory alone as he did on the other display when the letters were
present.

The figures also show that memory task improvement corresponded
with response time improvement on Displays S and P. Subject TB, with
practice, became faster on both Displays S' and P' and becam: more

accurate on Display S'. Subject WG reduced both his response time and
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percent error on Display S' and consistently maintained a low error
rate while markedly reducing his response time on Display P'.

The data for the last two sessions on Display P were analyzed by 2
two-way analysis of variance with one observation per cell, representing
letter mean response time. The variables were Ss and letters. The
letters' variance was partitioned into variance between groups of
letters and residual variance. The Ss variable, the letters variable,
and the groups within letters variable were each significant at the 0.05
level (see Table 27 in the Appendix).

Linear contrast analysis of the groups within letters variance
showed a significant difference in r~ onse tiwe between the left and
right halves of the display (RT = 0.94 sec and RT = 1.00 sec, respec-
tively). Thi- result is the reverse of the corresponding result in
Experiment I?. In that experiment, Ss responded faster to the right
half of the display. Linear contrasts also failed to reveal any differ-
ences either hetween letter groups as a function of the number of items
they contained (RT = 0.97 sec for both sizes) or as a function of the
distance of the rows from the warning box (RT = 0.97 sec for all the
rows). The former result replicates the corresponding result in Experi-
ment II, but the latter result does not. Thus, for the Ss in this
experiment, response time did not vary as a function either of letter
group size or of distance from the warning box.

Since the distance result was somewhat surprising, three orthogonal
posterior linear contrasis were performed on the letter group means (see
Table 27 in the Appendix). A Scheffe decision rule criterion was used
to test significance; each of these contrasts was significant at the

0.05 level. The contrasts taken together accounted for 100% of the
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groups within letters variance. The contrasts partitioned the letter
group mean response times into four sets (slowest to fastest) which were
homogeneous within a set and heterogeneous between sets. Inspection of
each S's data for these sets only revealed a strong S by letter inter-
action, i.e., one S's mean response time to a particular letter would be
much slower or much faster than his overall mean response time to all
the letters; the other S's data sometimes corresponded and sometimes did
not correspond.

The change to using a straight line format for the unpartitioned
display (S} permitted many more comparisons across displays between
letter pairs whose distances from the warning box differed by no more
than 0.2 in. Forty-four such comparisons were made on letters' mean
response times for the last two sessions. Subject TB responded as
quickly or more quickly to the letters on pisplay P on 86% of the compar-
isons, and Subject WG responded as quickly or more quickly to the
letters on Display P on 89% of the comparisons. While some of this
effect might have been due to differences in time to read the letters in
the warning box, it is heartening to note that the single comparison
which involved the same letter on both displays, the letter J, showed
the same vesult. Both Ss responded more quickly to the letter J on
Display P than on Display S. Thus, partitioning the visual field by
grouping thg targets enhances search speed when target distances are
roughly equal.

Experiment IV

The results of Experiments I, 11, and III, although they support
the worth of the proposed approach, are restricted to a few Ss and to

the letters of the alphabet. The alphabet itself is an ordered set of
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symbols and is well knowii. The proposed approach would be more gencral
if the previous results could be extended to another, less well known,
symbol sct. In addition to cxamining the gencralizability of the
approach, this experiment was designed to extcnd prior results showing
that different geometrical arrangements of the same symbols lead to
differential memory strengths in learning the symbol locations.

Onc specific way to strengthen this conclusion is to compare per-
formance differencc scores. Suppose that S's memory is interrogated at
different times for the locationms of objects on the display by requiring
him to perform his usual task with another corresponding display, one on
which all the objects have been replaced with empty boxes. Then for
each object two performance scores can be compared, one for when the ob-
ject is present and one for when the object is absent. The mean for
these diffcrence scores for all objects on the display gives a single
mumber to measure how well this S performs on this display when he must
rely on memory alone as compared with how well he performs when the ob-
jects are available to him in the visual field,

1f there is another display, then, of course, a mean difference
score for this S on that display can similarly be vbtained. Two mean
difference scores for this S, one mean difference score for each display,
now exist and can be compared by subtracting one from the other. A
final measure between the two displays thus exists which measures how
well this S performs on the basis of memory alone as compared with how
well he performs when the objects are present in the visual field, This
final measure for each S can be obtained, and results can be averaged

to yield a grand mean difference score.
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Since the original performance scores were obtained by sampling
the Ss' behavior at different times, this grand mean difference score
gives us a measure of differences in strength of memory for object loca-
tions for objects arranged in different geometric configurations across
practice. If there is no difference in memory strength between two
configurations, then the grand mean difference score will not differ
significantly from zero. Othervise, it will,

The two independent variables were 1) geometric arrangement of
the symbols, and 2) symbols present or absent; response time was the
dependent variable.

Subjects

Eight Ss served from a paid subject pool. All were male undergrad-
uates at the University of Michigan. Each reported his vision as 20/20.,
Apparatus

he apparatus consisted of a Digital Equipment Corporation PDP 1
camputer, a Standard Proctor and Equipment Co., Inc. Model 750 Automatic
strip film projector for 35 mm strip film, and four i1luminum vesponse
boxes, each housing two Minneapolis-Honeywell Regulutor Co. 3 pole
BZ-2RD Microswitches. The strip film projector was 106 in. from a wall,
and presented the display upon the wall.

Four displays were used. The first, denoted by S, arranged 12
arbitrary symbols in a horizontal line, as is shown in Figure 10, The
numbers in this figure refer to the actual sizes of the projected images
on the wall. The dot size was 1/8 in, in diameter, and each dot was
situated above or below each box by 1/16 in. The second display, denoted
by P, arranged these same symbols in four groups of three symbols each.

This is shown in Figure 11. The remaining two displays, S' and P', were
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constructed from S and P by removing all symbols from them, leaving only
the boxes. The symbol below the layout in each display designated the
target to be found. The average symbol distance from this box was con-
stant in all displays.
Procedure

The Ss were run in two groups of four each for i4 sessions. They
sat about a table, in a darkened room, each with his response box in
front of him, Two Ss sat approximately 48 in. from the wall, and two
sat approximately 90 in., from the wall.

The S's task was the same a: that in the previous experiments. The
Ss were instructed to perform at no more than a 5\ error rate. To rein-
force this instruction, Ss were told that the two fastest men in each
group would be paid a bonus at the end of the experiment, if they had
not exceeded the 5V overall error rate, Each individual's total number
of errors and average response time were posted on the following day.
Response omissions were scored as errors,

On each trial, the computer advanced the film strip and presented
a stimulus frame for 3 sec. After all Ss had responded, the film strip
was advanced two blank frames (for a total of 2 sec) and then advanced
to the next stimulus frame. If a S did not respond within the 3-sec
time limit, he was given additional time, but his response was scored as
a 3-sec error. This happened very infrequently.

Each group worked with both Display S and Display P on every session,
On the first and on every subsequent third session, the Ss ran three
blocks of 60 trials each on Displays Sand P, and one bloc: of trials
each on S' and P'. S' always followed the three blocks on S, and P'

always followed the three blocks on P, On the interveaing sessions, the
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$s ran four blocks of triuls each on § and P, The order of presentation
of S and I' was balanced within each group across the experiment, and was
reversed between the two groups.

Resuits

50 many data were pencrated in this experiment that the results of
only two Ss, Subject 4 and Subject 8, will be presented here. The data
for all the Ss are presented in the Appendix. Most Ss operated at or
below the 5% error level on Display S and on Display P, with a range of
1% to 5% error on cach display. Subject 2, however, operated at the
instructed error level only through the first 11 sessions. On the last
three scssions, however, he operated at an 8% to 15% error level. The
average error rate over all Ss was 3% for Display P and 3% for Display
S. Figures '2 and 13 plot mean response time and percent error over
sessions, The vertical bars represent plus and minus one¢ standard error
of the mean; the vertical bars are sometimes obscured by the triangles
and circles on the graphs. Whenever this happens, the standard error of
the mean is less than the vertical extent of the triangle or circle (a
typical value for the standard error is 0,02 sec). The data for the
error curves is only for those occasions in which S' and P' were admin-
istered.

These data replicate the findings in the previous experiments: The
partitioned display (P) with practice produced faster response times
than did the straight display (S). Every S showed this effect for at
least three consecutive days somewh~re in the experiment, usually late
in practice. Six of the eight Ss consistently showed the effect over
the last three days of practice. The exceptions were Subject 2 and

Subject 7 (see Table 2 and Table 7 in the Appendix). Subject 2 did not
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improve over the last three days of practice on Display P, but he did
improve on Display S on the last day. Interpretation of his data for
the last three sessions, however, is obscured by the change in error
rate to an average of 11% errors for each displar. In particular, he
made half again as many errors on Display S as on Display P on the last
session. Subject 7 showed no significant improvement in performance
within either display on the lasz three days of practice and performed
significantly more slowly on Session 13 than on Session 12 on Display P.
lle did, however, perform significantly faster on Display P than un Dis-
play S on Session 14.

If we ignore Subject 2's change in error rate, it might be argued
that these two Ss developed equally useful graticnles for Display S and
Display P, and therefore showed no difference in response time., How-
ever, their performance when the symbols werc removed from the displays
invalidates the argument, Both Ss showed a clear superiority of Dis.
play P' over Display S' on Session 13 with respect to both mean response
time and percent error. Thus, some unknown variable other than memory
for symbol locations must account for the elimination of the previously
consistent superiority of Display P over Display S.

With the exception of Subject 2, the difference in mean response
time for the last session between Display S and Display P ranged over
Ss from 70 msec to 100 msec. The size of this difference is about the
same as the sizes of the differences obtained in the previous experi-
ments. Two major differences, however, between the present and the
earlier results are the amount of practice necessary to produce the
effect between Display S and Disrlay P, and the mmber of times the

curves crossed in the response time plots. In general Ss took much
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longer to show consistently the response time effect between Displays S
and P in this experiment than Ss did in the previous ones, although once
again there were marked individual differences. One S showed the effect
throughout the experiment (Subject 6) while another §‘consistently
showed the effect only on the last three days of the experiment (Sub-
ject 3).

The number of times the RT curves crossed is a single measure of
the variability of the RT difference between Display S and Display P.
For example, Subject 4 in Figure 12 showed a switch between Session 7
and Session 8. 1n general Ss oscillated much more in this experiment
than in the previous ones, but there were wide individual di fferences.
Subject 6, for example, had no switches while Subject 3 had eight
switches (see Table 3 and Table 6 in the Appendix). A change from a
well-known ordered symbol set of 24 items to an unknown unordered symbol
set of 12 items yielded, with practice, approximately the same results
for response time in graticular search, but more practice was required
and more variability in the RT effect was shown.

Removing the symbols from the displays produced several interesting
effects., The first was that performance on P' bLecame superior to per-
formance on S'. This superiority indicates that Ss learned symbol
locations better when the symbols were grouped than they did when
the symbols were ungrouped. The second result was that improvement in
performance on the memory task corresponded with improvement on the
reference task., Thus, §§ developed more useful yraticules as they
became more proficient on the reference task. The third result was that
as they became more practiced, Ss responded on the memory task either

faster or more accurately or both. There was no evidence, however, for



43

a speed-accuracy tradeoff whereby Ss responded more accurately by
responding more slowly or more inaccurately by responding more quickly.
Finally, individual differences were very apparent, both in the overall
accuracy and manner of responding. Thus, some Ss showed the superiority
of P' over S' for both response time and percent error, whereas other
Ss with practice responded approximately as accurately on both displays
(0% to 7% error) but more slowly on Display S', These individual dif-
ferences support the contention that given the same stimulus configura-
tions, Ss can and do develop different graticules.

Figures 14 and 15 present mean response time over symbol positions
for both displays early and late in practice, The left half of the
figures presents Display P, while the right half presents Display S.
The upper half of the figures presents the means for Days 1 to 4, while
the lower half presents the means for Days 10 to 13. Each symbol is
indicated below its corresponding response time. Each mean is composed
of 70 observations.

Note that practice did not equally affect performar.ce for each
symbol and that the effect of practice depended on the layout of the
display. Particularly for Display S, the most marked improvement came
at the ends and toward the middle of the display. The marked improve-
ment at the ends of the display replicates the response time gradient
found in the previous experiments.

Figures 16 and 17 present & comparison of the response times for
all the displays over practice, The left half of each figure presents
the partitioned displays, while the right half of each figure presents
the straight displays. The upper hal{ of each figure presents the

Symbols-Absent Condition, while the lower half of each figure presents
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the Symbols-Present Condition., Each mean responsc time represents 25
observations. The data for S' and P' represent the pooled observations
gained from the five administrations of each of these displays. The
data for S and P result from pooling the numbers for the single block
of trials just preceding each administration of S' and P'. These num-
bers thus compare the displays over equivalent practice.

Response time with the symbols present is faster than when the
symbols are removed, indicating that Ss experience greater subjective
uncertainty for symbol location when a visual check is lacking; more
importantly, because it shows differential memory strength in learning
symbol locations, the difference in response time for a given symbol
between the symbol present and absent conditions depends on the layout
of the display. In general, the response time differences for symbols
in P' and P are smaller than the response time di fferences for symbols
in S' and S,

The following procedure was used to test this interaction effect:
For each Symbol i and Subject j, the difference in mean response time
on Displays P'ij and Pij was subtracted from the difference in mean
response time on Displays S'ij and Sij‘ This is represented symboli-
cally by Yij = (S'ij - Sij) -(P'ij - Pij) where Yij is the difference
between difference scores for each Symbol i and Subject j. This was
done for all symbols and Ss, and then a two-way Analysis of Variance was
computed with symbols and Ss as the variables, and the Yij score as the
one observation per cell.

The critical question for this analysis is whether the grand mean
for Yij scores (0.24 sec) differs significantly from zero. This analysis

is given in Table 25 in the Appendix. The mean square for interaction
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was used as an estimate of the error variance. The grand mean diffcred
significantly from zero at the 0.05 level with a t value of t =« 14,12.
The data therefore supported the interaction hypothesis that the differ-
ence in response times for symbols when they were present and absent

was greater for the memory unaided display. The conclusien to be drawn
is that memory strength for symbol locations depends on the grouping of
the symbols in the visual field.

The RT data for Display P for Days 10 through 13 were analyzed to
obtain a more precise idea of how Ss used the grouping arrangement. The
data were analyzed by two-way analysis of variance, with Ss as one vari-
able and symbols as the other variable; since Subject 2 violated the
permissible error rate, his data were excluded from the analysis.

The Ss, symbols, and Ss x symbols interaction effects were all
significant at the 0.05 level (see Table 28)., Orthogonal prior linear
contrasts on the symbols effect showed significant differences (p < .05)
between the upper and lowec rows (RT = 1,01 sec and RT = 0,93 sec,
respectively) and the left and right halves (RT = 0.94 sec and RT = 1.00
sec, respectively) of the display.

If we denote the outer two symbols in each group of three symbols
as the "flanks'" and the center symbol as the "middle," then a third
prior orthogonal linear contrast showed faster response times for the
flanks (RT = 0.94 sec) than for the middles (RT = 1.03 sec).

Corresponding analyses of variance were performed on the RT and
error data for Display P' for Days 10 and 13 combined. The analysis of
the error data showed a significant S effect (p < .05) but nonsignificant
symbol and symbol x S interaction effects. The overall error rate was

9% (see Table 29). The analysis of the RT data showed significant S and
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symbol effects (p < .05) and a nonsignificant §_x symbol interaction
(see Table 30), Prior orthogonal linear contrast analyses of the symbol
effect showed the same results obtained previously: The lower row was
faster than the upper row (1.10 sec and 1.17 sec, respectively), the
left half was faster than the right half (1.10 sec and 1,17 sec, respec-
tively), and the flanks were faster than the middles (l1.11 sec and 1.20
sec, respectively).

The correspondence of the response time results for Displays P and
P' is both heartening and suggestive., First, it suggests that the way
Ss look for targets in graticular search, for a given level of practice,
is to use their knowledge about the visual field to delineate portions
of the visual field to serve as starting points for search. In particu-
lar, the finding that response times to the flanks is faster than the
middles both when the symbols are present and when they are absent
suggests that when Ss search for a middle target they sometimes look
first to one of the flanks and then to the middle target. This inter-
pretation pemits us to reject the idea that Ss initially use their
knowledge about the visual field to delineate an area in which to
perform a random search. Clearly, Ss make more use of their knowledge
than that idea would indicate.

Second, the correspondence of the response time results suggests
that we can eliminate a single check interpretation to explain why
visual search time was a function of the row distance of a target from
the warning box. This finding couid have resulted from Ss checking the
first row for the target when searching for a target which actually
belonged in the second row. However, since visual search time in this

experiment was a function of the target's row distance both when the
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target was visually present and when it was absent, it appears unreason-
able that Ss checked the first row for the presence of the target when

no targets were visually prosent at all. The single check interpretation
thus becomes untenable.

A more likely explanation of this result is that Ss sometimes used
peripheral vision to examine some letters in the lower row while they
were looking at the warning box and consequently reduced their average
search time. For those Ss who sat 48 in. from the display, the distance
to the farthest symbol in each row was approximately five and six
degrees from the warning box, while the distance to the nearest lotter
in each row was four and six degrees. These figures are for the nearest
and farthest row, respectively. For those Ss who sat 90 in. from the
display, the corresponding figures were two snd three degrees, and two
and three degrees, respectively. The magnitude of the difference
between maximum and minimum visual angle is admittedly small, one to two
degrees, but nevertheless might have been large enough to pemmit Ss to
capitalize on it by sometimes extracting information peripherally while
looking at the warning box.

Experiment v

One previous experimental result yet to be discussed is that search
time was significantly slower when the symbols were removed from the
displays. What activity occupied the additional time is a puzzle. If
Ss used their knowledge about the visual field to delineate where to
look and then looked, what they were looking for when the symbols were
missing is unclear. What is clear is that Ss did use their knowledge
about the visual field in some respect since they performed the dot

judgment task at much better than chance accuracy. One possibility is



52

thee Ss used their hnowledge several times perhaps either to count sub-
vocally to the appropriate hox or to construct images of the targets in
their appropriate locations.

Another possibility is that Ss used a dual strategy, depending on
whether the symbols were present or absent. When the symbols were
present they could have used the prosence of the symbols as a confirma-
tory check on whether they had looked correctly. When the symbols were
absent so was the check. The Ss therefore adopted the strategy of doing
samething else when the symbols were missing. In particular, they did
not use their knowledge about the visual field to delineate where to
look. Rather they engaged in some other unknown but time-consuming
activity. This view suggests that evon when the visual field is well
known, Ss do that something else when tho symbols are absent and so
require more time. Specifically visual search time for four well-known
targets should be slower when the targets have been removed. This
experiment was designed to test this prediction.

Subjects

Fifteen male undergraduate Ss at the University of Cincinnati
served as part of a course requirement. Each § reported his vision as
normal.

Apparatus

A back-projection slide system was used in a well-illuminated quiet
room. A Kodak Carousel Auto-Focus 850 slide projector presented slides
onto a frosted glass rear projection screen. The timing requirements
were controlled by three timers, a lunter Model I1I-C Series D Decade
Interval Timer, and two Electromed Decade Interval Timers, Model TIII.

One of those pulsed a Vincent Associates External Shutter Model 2250



53

which was mounted before the slide projector. The shutter controlled

the onset of the slide image on the screen, and opened with a rise time
of approximately 5 msec. A Standard Electric Time Model S-1 Clock began
timing when the external shutter opened. The clock stopped, the shutter
closed, and one of two differently colored response signal lights glowed
when S pressed one of two Minneapolis-lioneywell 3 pole BZ-ZRD Micro-
switches housed in a chassis. The S sat, with a respunse box in front of
him, at one end of a long table. The res: projector screen was mounted
22 in. from him., The E and the remaining equipment were located at the
other end of the table, and were screened from S's view,

Two displays were used, Display S and Display S'. Each display was
sufficiently bright ‘or easy visibility. Display S contained four targets,
the letters A, B, C, and D, arranged in alphabetical order in a row.

These particular targets were used Lecause the letters of the alphabet,
particularly at the beginning, are well known. Four items are well within
immediate memory span. Futura Medium 48-point Letraset letters were used.
The projected image sizes were 3/8 in. high and 3/8 in. wide at their
maximum, Each letter was centered in and surrounded by a square border
whosc maximum height and width was 13/16 in, and whose minimum height

and width were 10/16 in. A dot 1/8 in, in diameter appeared equally
often either above or below each box; the dot was centered horizontally
and was separated from the outer perimeter of the box by 1/32 in. An
additional identically dimensioned box was located midway horizontally
and 13/16 in. (from the lower edge of the row to the upper edge of

the box) below the row of four letters., Each of the letters A, B,

C, and D appeared singly equally often in the box. Display S' was
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constructed from Display S by removing all the letters from the row.
Otherwisc S' was isomorphic to §.

Eighty slides were made for each display. Forty of these were
placed in one Carousel tray and 40 in another. Each group of 40 consti-
tuted a block. There were thus four blocks altogether, two for S and
two for S'. Within each block each letter was used as a target equally
often. The letter presentation order was randomized separately once
for each block, and was then fixed. Within each tray the S block always
preceded the S' block.

Procedure

The procedure and S's task were basically the same as in the previ-
ous experiments. Each S served individually. He was shown a diagram of
the displays and the task was explained to him. Any questions he then
asked were answered before proceeding. Each S was instructed to respond
as quickly as possible while cammitting no more than two errors jer
block of trials, a 5% error rate. The mapping of dot position (above
and below) to response keys (right and left) was balanced across Ss. No
feedback was given, but Ss often commented when they made mistakes. The
E said "Ready" to indicate the beginning 80 trials, consisting of a
block on Display S followed immediately by a block on Display S'. The
E said "Switch" following the Display S block to signal the S that the
next slide would be the first of a block of S' trials. On each trial E
logged S's response and response time and manually reset the clock. The
intertrial interval was constant at 5 sec. The S was given a 5 min rest
period following the first 80 trials. During this period E switched the

two Carousel trays to prepare for the final set of 80 trials. The order
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of Carousel tray usage was balanced across Ss. Each experimental ses-
sion lasted no more than 45 min.
Results

The first set of 80 trials was considered as practice; consequently,
only the data for the second set of 80 trials were analyzed, one block
each on Display S and Display S'.

The average error rate for both Display S and Display S' was 4%
each, Thus, Ss responded on the average within the instructed error
rate. The response time data were analyzed by three-way analysis of
variance, with Ss, displays, and letters as the variables. There were
10 observations per cell. The analysis revealed a significant differ-
ence (p < .05) between the letters, but no significant difference
between Display S (RT = 1.04 sec) and Display S' (RT = 1.02 sec) (see
Table 30). Thus, for the admittedly small amount of prac ice and small
number of letters these Ss experienced, there was no evidence to support
the dual strategy hypothesis. Since the first few letters of the alpha-
bet are a well-known set in the population of Ss sampled, it secas
unlikely that further practice would have yielded such support. While
the major result of this experiment allows us to rule out the simple
version of a dual strategy hypothesis for a small letter set, it does
not suggest any explanation of the activities Ss engaged in when they
used additional time in the memory interrogation task of the previous

experiments. This finding remains a puzzle.



CHAPTER III
SUMMARY AND CONCLUSIONS

All the experiments wtse based on the distinction made between
random and graticular search; each experiment investigated an aspect of
graticular search. kxperiment I showed that it is possible to obtain a
response time gradient in a search task in which motor variables have
been avoided. Experiment II showed that, a) grouping objects in the
visual field speeded visual search as contrasted with search for a non-
grouped set of objects, and b) search time is in part a function of
object distance from a common starting point.

Experiment III replicated the grouping effect found in Experiment
II. Additionally, it demonstrated the following: 1) Improvement on
the reference task corresponded with improvement on the memory interro-
gation task, 2) Performance on the P' display was superior to perfor-
mance on the S' display, both for speed and accuracy, and 3) The Ss
found objects which were grouped faster than they found objects which
were not grouped, when the distances of the objects from a common start-
ing point were roughly equal.

Experiment IV extended the results of Experiment III to another
less well-known symbol set, and demonstrated again that grouping speeded
search time, that improvement on the reference task corresponded with
improvement on the memory task, that performance on P' was superior to
performance on S', and that the response time gradient is a replicable
phenomenon. Experiment IV also showed that grouping objects in the
visual field differentially affects memory strength with which objects'

locations are learned. The experiment additionally demonstrated that

56
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visual search time for the grouping arrangement used was, a) faster to
the lower row than to the upper row, b) faster to the left half than to
the right half, and c) faster to the outer two members of a group of
three objects than to the middle member, for both Display P and Display
P'.

Experiments II, III, and IV all yielded an additional puzzling
finding, namely, that performance when the symbols were removed was
slower in general than performance when the symbols were present. The
puzzling aspect is the question of what Ss were doing during the addi-
tional time. Experiment V examined the hypothesis that when the symbols
were present Ss used their knowledge about the visual field to decide
where to look and then looked, but when the symbols were absent Ss did
something else which required more time., Experiment V showed that
visual search time for a small well-known target ensemble was equally as
fast when the symbols were absent as when they were present,

Certain limitations to these results should be noted. One limita-
tion is that the only independent variable manipulated has been grouping
of the objects in the visual field, Williams' (1966) data, however,
suggest that Ss impose a preference ordering on the cues they use in
visual search when several cues are available. Coler in particular was
the most strongly preferred and utilized cue, and could easily be used
as a means of partitioning objects in the visual field. Size and shape
are other useful cues, All these cues could be used in a graticular
search task, singly and in combination, to determine their effects. One
question, for example, is whether color coding is a better cue than

grouping in reducing search time.
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A second limitation of the research was the lack of interpretation
of errors. The Ss may have commiited errors either because their eyes
landed on an incorrect object, or because they could not remember where
to go next, or both. Presumably, greater physical separation between
objects would reduce the first type of error. The present research did
not systematically vary physical separation in order to investigate this
question. lowever, since the overall error rates were low, since there
were no differences in error rates between the partitioned and the unpar-
titioned displays (P and S) in any of the experiments, and since the
comparisons between displays were typically nade within a S, the results
of the experiments remain.clear.

Perhaps the most important limitatiou on the xesults is the limited
amount of practice used. There was no strong evidence that Ss had
reached a steady state level of learning and performance; the response
time differences between the grouped and nongrouped displays obtained in
these experiments might well disappear with additional practice. The
slope values of 4) to 50 msec per item found in Experiment I are conso-
nant with scanning rates found in memory search tasks, and suggest that
Ss at least part of the time use letter order to find targets. Grouping
the targets generally produced a savings in search time of 100 msec;
th:s figure is equivalent to the savings which would be realized if the
size of the positive set in a high-speed memory scanning task were
reduced by three items (Sternberg, 1966) . The 100 msec figure was
obtained in two situations, one with 24 letters of the alphabet on
display and one with 12 arbitrary symbols on display. If the over-
learned nature of the alphabet permitted Ss to reject almost immediately

half the alphabet as irrelevant, then perhaps the size of an effective



59

positive set for the alphabet and for the arbitrary symbols might have
been equivalent. Nevertheless, nothing in the data forces such a con-
clusion, and too much should not be made of what is probably a coinci-
dence. It seems reasonable, however, that sufficient practice could
overcome the slower rate of learning object locations found with a non-
grouped set so that eventually performance would equal that for a
grouped set of objects.

The purpose of this dissertation was to begin to investigate
giaticular search so that a more complete theory of visual search,
rather than a theory based only on random search, could begin to be
developed. An approach which, while simple, accounted for the available
related data and served to guide the conduct of inquiry was that Ss
develop idiosyncratic mappings of stable visual fields which they use
when searching for targets. The Ss adjust their graticules with experi-
ence, and use cues such as grouping in lecking. Arrangement provides
one or more cues to use in looking; differing arrangements provide dif-
ferent numbers of cues. In particular, a grouped arrangement provides
more cues than a nongrouped arrangement. The greater number of cues
provided by a grouped arrangement allows Ss to develop better graticules
and thereby to find targets faster.

The picture which emerges from these results is that in a graticular
search task Ss develop idiosyncratic graticules which they adjust with
practice. The Ss improve in visual search speed at least in part
because they develop better graticules. They use their graticules to
delineate where to look and look, perhaps alternating between deciding
where to look with looking. Within a particular ariangement of objects

in a stable visual field, Ss learn certain objects and their locations
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better than they do others; these differences in memory strength are
reflected in differences in search speed, even when the objects are
equally distant from a common starting point. Between differing arrange-
ments of the same objects, Ss learr the objects' locations better for a
grouped arrangement than for a nongrouped arrangement. Once again the
difference in overall learning is reflected in a difference in search
speed. Finally, even within the grouped arrangement, Ss learn object
locations as a function of position. The Ss seem to use grouping to
develop anchor points for search, i.e., they seem to use the flanks of
a group to find the middle member of the group since search time to the
flanks is faster than to the middles both when the symbols are visually
present and absent,

There are two possible objections from the data at hand which might
possibly cloud the picture. The first is the finding in Experiment II
that search time was a function of the target distance from the warning
box. This finding led to the single check hypothesis which was rejected
at the time on the basis that Ss could as well have checked the second
row of the display while going to the third as the first on the way to
the second or third. The replication of the distance finding in Experi-
ment IV might well have revived the hypothesis except that the memory
task data showed the same pattern. The data pattern correspondence
suggests that the distance result is not due to checking one row while
in transit to searching another row, but rather is due at least in part
to a memory process wherein the further row is not as well remembered as
the nearer. While eye movement records would most easily settle the
issue, it seems unreasonable that Ss would check an empty row for a

target that is not there. However, the explanation most likely lies in
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the visual distances of locations nearest the warning box. On some
occasions Ss may have used peripheral vision to extract information
about symbols whose locations were nearest the warning box while simul-
taneously looking at the warning box, and thereby reduced their search
times for those symbols. Eye movement records would indicate the extent
to which Ss used this strategy.

The second objection is that since much of the picture of what Ss
do in graticular search arises from interpretation of the memory interro-
gation task data, that picture is clouded by the discrepancy in search
times between the memory task and the usual task, What additional
activities Ss engage in during the longer search times found when the
symbols are removed remains a puzzle. The result in Experiment V that
search time for a small, well-known symbol set was equally as fast when
the symbols were present as when they were absent suggests that the
additional time requirements of the previous experiments are not an
artifact of the experimental technique wherein Ss adopt a different
strategy altogether when the symbols are removed. While the yet to be
discussed key to when the discrepancy appears may well lie in the nature
and particularly in the number of objects in the visual field, one rea-
sonable approach to its existence is to suppose that Ss use the presence
of the objects as a confirmatory check that they have looked correctly.
When the objects are absent they engage in some activity to serve as a
substitute check, an activity which is in addition to using their knowl-
edge about the visual field to delineate where to look and then looking.
While the additional activity might be to count to the location, to
construct images of the targets in their locationms, to re-reference

their graticules, or whatever, clearly, Ss would spend less time in
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substitute checking the more certain they were of the target's location.
Since grouping produced better knowledge about object locations, we
could expect that Ss substitute check less either in mmber of checks or
time per check or both with a grouped display and consequently that the
magnitude of the search time difference when symbols were present and
absent would be smaller for the grouped display. The analysis of dif-
ference scores in Experiment IV support this expectation, but we should
remain wary of what is after all an ad hoc explanation. Future research
is required.

These experiments meanwhile have practical implications for the
design of displays and control panels. In any large system, once the
system analysis has been completed, system functions are allocated among
components in such a way as to minimize some overall cost function equa-
tion. Man quite often serves as an interface between other men and
machines. Since operator response time clearly enters into the overall
cost function, minimization of the cost function benefits by minimiza-
tion of operator response time.

Man quite often functions in a system as a decision maker. In
order to perform this function, the man monitors information displays
which present the current state of different system components. These
displays often use lights as indicators of components' states. For
example, an energized light might represent telephone call traffic over-
load in a particular switching machine, and the man might want to shunt
some of these calls via another machine. He would then desire to
examine the current state of the second switching machine. The present

experiments imply that grouping the lights on the displays and grouping
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the displays is one way to speed the decision maker's search time, He
could then initiate a directive to an operator,

The operator's function as an interface between the decision maker
and a machine is to receive massages from a manager and to execute the
specified actions by pressing appropriate control panel buttons. The
experiments reported here clearly delineate visual search as a component
of the task, and show that grouping objects in the visual field is one
way to speed search time.

Suppose that the system analysis has produced a priority ordering,
either in temms of action frequency or action value, on the actions the
operator can implement, and suppose that the operator implements each
action by pressing one pushbutton. While the overall implication of the
present experiments is that pushbuttons should be grouped, Experiments
II and IV result that search time, at least for some Ss, varies as a
function of object distance suggests that those high priority pushbut-
tons should be placed close to the operator's starting point. If space
limitations for same recason preclude grouping the pushbuttons, the high
priority actions should be placed at the ends of the pushbutton array.

The strong individual differences among Ss also have implications
for the selection and training of operators. Clearly men should be
selected whc respond both quickly and accurately, or who can be trained
to do so. All the present experiments imply that Ss given the same
stimulus configuration can and do develop different graticules, Future
research should investigate how 3s develop graticules and how they use
them.

Several questions, just in the domain of grouping targets as the

experimental manipulation, remain as topics for future research, Some



64

are listed below: What should be the size of the objects? Within a
group, what should be the minimal separation between objects? Should
objects be grouped with respect to some common characteristic, varying
the characteristics between groups? low should objects be arranged
within a group? Should objects within a group be the same size, shape,
color, brightness; i.e., physically visually homogeneous? What is the
maximun number of groups people can remember within the visual field?
Does this number change as a function of practice? What is the maximum
number of objects within a group that people can easily remember? Does
this number change with practice? Do number of groupings and number of
items per grouping interact? 1f so, how? Once one has fixed the number
of objects per group and the number of groups, how should one place the
objects in the visual field? Is there some optimum placement? How do
eye movements vary as a function of target distance from a starting
point? How do Ss' graticules correspond with the visual field? How are
graticules developed? Given that a S has a graticule, how does he use
it, in parallel, serially, exhaustively, etc.?

The last questions require some speculation about the nature of
graticules. In the broadest sense a S's graticule is his knowledge
about a stable, experiential world based on encoded representations of
events which occur both in space and time. While some psychologists
would refer to this knowledge as a cognitive map, the term map unfortu-
nately connotes spatiality and thereby limits our scope. We have there-
fore used graticule instead because it more easily allows us to incor-
porate the temporal domain, A S uses his graticule as a tool to delimit
where to look and thereby reduces the size of the possibility space he

considers. For example, in a dial reading task employing a continuous
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scale dial with a pointer, successive short illuminations of the dial
allow the S to reduce successively the neighborhood in which he looks
about the pointer., The successive illuminations thereby function as a
type of graticule built up temporally.

Since so little is known about graticules, what is reqiired are
techniques for investigating them. One technique to investigate gratic-
ules for visual displays is to add an object to a well-leurned display,
for example, to add an additionsl object to just fill the gap between
the two groups in the upper row of Display P in Experiment IV (see
Figure 11), The question is whether the additional object would disrupt
performance, Under one view there should be no disruption since the
object locations are well learnsd. The S must merely learn another
object and its location. Under another view disruption would occur
because the grouping arrangement provided cues which the S learned to
use in searching and the insertion of the additional object removed
those cues. The latter view seems more intuitively reasonable than the
former and suggests that the S would need to reorganize his graticule,
Whatever the actual outcome of this thought experiment might be, the
technique is one example of what is needed to examine the nature of
graticules,

This is only one of the problems remaining to be examined in
graticular search., This dissertation makes the posing of this and other
related problems possible by, 1) pointing to a neglected area of visual
search, that of graticular search, and 2) suggesting an approach by
which relevant data can be understood, experiments generated, and

results explained. Although this approach is tentative, as all first
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approaches must be, five experiments have tested aspects of it and sug-
gest that it is a useful initial attempt to explain systematically an

important aspect of visual search,



APPENDIX

TABLE 1
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC)% - SUBJECT 1

Session Display P pisplay S Display P' Display S'
1 1.40 1.30 1.55 1.56
.04 .03 .07 .06
2 1.20 1.29
.02 .03
3 1.19 1.20
.02 .02
4 1.16 1.14 1.28 1.51
.02 .02 .06 .06
5 1.08 1.22
.01 .02
6 1.02 1.11
.01 .02
7 1.04 1.15 1.19 1.49
.01 .02 .05 .06
8 1.14 1.17
.02 .02
9 1.20 1.30
.02 .03
10 1.20 1.20 1.u43 1.57
.02 .02 .07 .07
11 1.12 1.22
.02 .03
12 1.00 1.10
.02 .02
13 1.01 1.04 1.07 1.23
.02 .02 .06 .05
14 1.00 1.07
.02 .03

Per-Cent Error for Memory Tests

Session Display P' Display S'
1 22 38
[T 3 33
7 3 0
10 7 12
13 12 15

%#The standard error is the lower figure in each box

67
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TABLE 2
SUMMARY DATA OVER SESSICNS

MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 2

Session Display P Display S Display P' Display S'
1 1.61 1.91 1.67 2.08
.03 .04 .06 .07
2 1.49 1.68
.02 .03
3 1.40 1.77
.02 .03
4 1.43 1.55 1.46 2.14
.03 .03 .05 .09
5 1.43 1.51
.02 .03
6 1.36 1.21
.02 .02
i 1.12 1.15 1.22 1.78
.02 .03 .04 .09
8 1.13 1.19
.01 .02
9 1.08 1.11
.02 .01
10 1.08 1.20 1.16 1.48
.01 .02 . 04 .07
11 1.01 1.06
.01 .02
12 .97 1.06
.01 .0L
13 1.03 1.06 1.12 1.41
.02 .01 .03 .06
14 +96 .97
.01 .02

Per-Cent Error for Memory Tests

Szession Display P' Display S'
1l 3 50
4 2 28
7 7 23
10 5 8
12 8 17

“#The standard error is the lower figure in each box.



69

TABLE 3
SUMMARY DATA OVER SESSIONS

MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 3

Session Display P Display S Display P!’ Display S'
1 1.57 1.65 1.57 2.14
.03 .03 .05 .08
2 1.50 1.44
.02 .02
3 1.51 1.51
.02 .03
4 1,47 1l.41 1.u49 1.85
.03 .03 . 06 .08
5 1.30 1,34
.02 .02
6 1.29 1.15
.02 .01
7 1.10 1.10 1.36 1.44
.01 .01 .06 .07
8 1.13 1.16
.01 .01
9 1.12 1.07
.02 .01
10 1.11 1.20 1.30 1.65
.02 .02 .06 .07
11 1.12 1.0°
.01 .02
12 1.08 1.13
] .02 .02
13 1.07 1.11 1.21 1.50
.01 .02 .03 .06
14 1.03 1.12
.01 .01
Per-Cent Error for Memory Tests
Session Display P' Display S'
1 2 20
4 2 8
7 2 3
10 3 13
13 3 5

*The standard error is the lower figure in each box.
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TABLE 4
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 4

Session Display P Display S Display P' Display S'
1 1.49 1.60 1.67 2.01
.02 .02 .06 .08
2 1.29 1.33
.02 .02
3 1.31 1.27
.02 .02
b4 1.36 1.30 1.48 1.76
.02 .02 .06 .09
5 1.25 1.23
.02 .02
6 1.22 1.04
.02 .01
7 1.07 1.01 1.33 1.36
.02 .02 .06 .05
8 1.06 1.11
.01 .01
9 1.02 1.05
.01 .01
10 1.05 1.06 1.15 1.39
.01 .02 .o .07
11 .97 1.00
.02 .01
12 .94 1.01
.02 .02
13 .95 1.00 1.10 1.26
.01 .01 O . 04
14 .91 1.01
.01 .01

pPer-Cent Error for Memory Tests

Session Display P' Display S'

1 2 15

4 2 12

7 8 S
0 2 7
e 2 5

%The standard error is the lower figure in each box.
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TABLE 5
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 5

Session Display P Display S Display P' Display S'
1 1.32 1.73 1.37 1.99
.02 .0l .05 .08
2 1.21 1.30
.02 .02
3 1.16 1.25
.02 .01
4 1.21 1.31 1.29 1.72
.03 .02 .06 .08
B 1.1u 1.14%
.02 .02 _
6 1.08 1.16
.01 .01
7 1.13 1.20 1.12 1.68
.02 .03 .03 .08
8 1.05 1.12
.01 .01
9 1.14 1,14
.02 .02
10 1.06 1.13 1.08 1.49
.01 .01 .03 .06
11 1.04 1.06
.02 01
12 1.00 1.10
.01 01
13 1.03 1.08 1.08 1.49
.01 .02 .04 .06
14 1.0l 1.11
.01 .01

Per-Cent Error for Memory Tests

Session Display P’ Display S'
1 5 27
4 5 22
7 2 10
10 3 10
13 0 7

%The standard error is the lower figure in each box.
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TABLE 6
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 6

Session Display P Display S Display P!’ Display S'
1 1.27 1.74 1.34 1.85
.03 .0l .06 © .06 '
2 1.09 1.24
.01l .03
3 1.04 1.19
.01 .02
Yy l1.04 1.18 1.08 1.55
.02 o0& .03 .08
5 335 1.08
.01 .01
6 .96 1.06
.01 .01
7 .99 1.05 1.07 1.33
.01 .02 .03 .06
8 .98 1.03
.01 .01 R
9 .9 .99 )
L0l .01
10 .87 .95 .90 1.01 )
.01 .01 .02 . Ol
11 .88 .93
.01 .01
12 .84 .96
.01 .01
13 .93 .97 .99 1.14
.01 .01 .02 . 04
14 .87 .95
.01 .01

Per-Cent Error for Memory Tests

Session Display P' Display S'
1 12 40
4 0 43
7 2 22 *
10 5 22
13 20 35

“The standard error 1s the lower figure in each box.
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TABLE 7
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 7

Session Display P Display S Display P! Display S!
1 1.17 1.48 1,27 1.51
.02 .03 .06 .06
2 1.08 1.16
.02 .02
3 1.02 1.11
.01 .01
4 1.00 1.07 1.00 1.38
.01 .02 .01 .07
5 .96 .98
.01 .01
6 .93 1.00
.01 .01
7 .97 1.02 .98 1.22
.02 .02 .01 .05
8 .92 .97
.01 .01
e .90 .92
.01 .01
10 .87 .92 .85 1.01
.01 .01 .02 . 04
11 .80 .82
_:01 .01
12 .80 .90
.01 .01
i3 .87 .88 .85 1.00
.01 .01 .02 .02
14 .82 91
.01 .01

Per-Cent Error for Memory Tests

Sesgzion Display P' Display S'
1 7 32
4 13 20
7 3 3
10 7 17
13 5 18

%#The standard error is the lower figure in each box.
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TABLE 8
SUMMARY DATA OVER SESSIONS
MEAN RESPONSE TIME (SEC) AND STANDARD ERROR
OF THE MEAN (SEC) - SUBJECT 8

Session Display P Display S Display P! Display S'
1 1.27 1.49 1.2y 1.67 .
.02 .03 .03 .07
2 1.11 1.23
.01 .02
<! 1.056 1.14
.01 .01
4 1,02 1.17 1.10 1.68
.01 .02 .03 .09
5 1.01 1.05
.01 .02
6 .95 1.06
.01 .01
7 .80 1.03 1.06 1.33
.02 .02 .02 .05
8 .94 1.03
.01 .01 .
9 .90 .96
.01 .01
10 .90 .98 .96 1.26 -
.01 .01 .01 .04
11 91 «95
.01 .01
12 .88 .94
.01 .01
13 .92 .95 .96 1.29
» J1 .01 .02 .05
14 .88 .97
.01 .01

Per-Cent Error for Memory Tests

Session Displar P! Display S'
1 3 28
4 0 12 .
7 7 23
10 7 25
13 5 18

“*The standard error is the lower figure in each box.
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TABLE 9

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE®* - SUBJECT 1

Daxs 1-4
DisElaX p DisElax S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl 1.13 .03 .03 1.05 .02 .06
Cc2 1.09 .03 .06 1.12 .02 .04
C3 1.17 .03 .10 1.20 .02 .ou
Cu 1.05 .03 .00 1.14 .03 .07
C5 1.04 .03 .04 .94 .01 .01
C6 1.13 .05 .01 1.08 .04 .01
Cc7 1.49 .06 .07 1.44 .06 .04
Cc8 1.52 .05 .09 1.49 .05 .07
C9 1.35 .03 .10 1.38 .04 .03
Cclo0 1.12 .03 .03 1.21 .03 .01
Cl1 1.58 .06 .07 1.72 .06 .0k
Cl2 1.08 .02 .06 1.04 .01 .04
Dazs 10-13
DisElay p DisElay S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl 1.16 .05 .04 1.12 .04 .0l
Cc2 1.16 .0l .0l 1.18 .03 .0€
C3 1.12 .02 .07 1.21 .03 01
cu .93 .02 .03 1.06 .03 .06
c5 .93 .01 .03 .96 .03 .01
(of3) .85 .02 .00 .83 .01 .01
Cc7 1.12 .02 .03 1.16 .0l .01
c8 1.35 .ol .14 1.36 .05 .01
C9 1.20 .ob .01 1.19 .02 .0l
C.0 .96 .02 e 1.14 .03 .01
Cl1ll 1.23 .05 .01 1.53 .05 .10
Ccl2 .94 o ? .0l .96 .03 .Oh

“#The desigi “+ions Cl...Cl2 refer to the leftmost to rightmost ordering

of symbols on Display S.

o
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TABLE 9

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE® - SUBJECT 1

Days 1-u
Display P Display S
Mean S.E.M, Error Rate Mean S.E.M. Error Rate
Cl 1.13 .03 .03 1.05 .02 .06
C?2 1.09 .03 .06 1.12 .02 .04
C3 1.17 .03 .10 1.20 .03 .04
Cu 1.05 .03 .00 1.14 .03 .07
C5 1.0u4 .03 .0l .94 .01 .01
C6 1.13 .05 .01 1.08 .ol .01
c7 1.49 .06 .07 1.u44 .06 .04
of:} 1.52 .05 .09 1.49 .05 .07
C9 1.35 .03 .10 1.38 .04 .03
Cl0 1.12 .03 .03 1.21 .03 .01
Cll 1.58 .06 .07 1.72 .06 .ol
Cl2 1.08 .02 U6 1,04 .01 .0u
Days 10-13
DisElaX P DisElay S
Mean S.E.M, Error Rate Mean S.E.M. Error Rate

Cl 1.16 .05 .04 1.12 .0u .01
C?2 1.16 .04 04 1.18 .03 .06
C3 1.12 .02 .07 1.21 .03 .01
Cu .93 .02 .03 1.06 .03 .06
C5 L% .0l .03 .96 .03 .01
(o]3) .85 .02 .00 .83 .01 .01
c7 1.12 .02 .03 1.16 .04 .01
C8 1.35 .04 L1 1.36 .05 .01
Cc9 1.20 .0 .01 1.19 .02 .04
Clo .96 .02 . 04 1.14 .03 .01
Cll 1.23 . (1D .01 1.53 .05 .10
C12 .94 .02 .04 .96 .03 . Ok

%The designations Cl...Cl2 refer to the leftmost to rightmost ordering

of symbols on Display S.
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TABLE 10

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE® - SUBJECT 2

Days l-4
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
cl 1.31 .ou .01 1.34 .03 .00
Cc2 1.40 .0b .00 1.49 .0l .03
C3 1.66 .0l .01 2.11 .06 .07
cu 1.29 .03 .01 1.68 .05 .0l
C5 1.40 .03 .00 l.64 .05 .01
Cc6 1l.41 .0l .00 1.90 .06 .10
c7 1.57 .04 .00 1.92 .06 .Q6
C8 1.79 .03 .00 2,15 .06 A1
C9 1.53 .05 .01 1.73 .05 .01
C1l0 1.40 .04 .00 1.57 .05 .03
cll 1.69 .05 .01 1.84 .06 .07
cl1l2 1.27 .03 .00 1.36 L0 .01
Days 10-13
DisElaX P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl .94 .01 .06 .98 .02 .03
Cc2 1.05 .02 .10 1.06 .02 .10
C3 1.08 .02 .09 1.17 .03 .06
cu .95 .01 .10 1.10 .02 .09
C5 .95 .02 .13 .98 .02 .06
C6 .99 .03 .04 1.09 .03 .09
c7 1.07 .02 .07 1.09 .03 .09
Cc8 1.18 .02 .11 1.36 .03 11
C9 1.10 .03 .06 1.20 .03 .03
clo0 .96 .03 .10 1.12 .03 .o
Cll1 1.01 .02 .06 1.06 .03 .03
cl2 .92 .01 .ou .89 .02 .ou

%#The designations Cl...Cl2 refer to the leftmost to rightmost ordering

of symbols on Display S.
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TALLE 11
MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE#* - SUBJECT 3

Days 1l-4
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl 1.39 .0l .00 1.33 .03 .00
Cc2 1.u46 .04 .01 1.35 .03 .00
Cc3 1.u45 .03 .00 1.58 .05 .0ou
Cu 1.u7 0L .00 1.u47 e .00
C5 1.36 .03 .00 1.27 .03 .00
C6 1.33 .05 .01 1.40 .05 .00
c7 1.62 .04 .03 1.31 .07 .00
C8 1.86 el .00 1.83 .05 .01
C9 1.62 .04 .01 1.53 .04 0
Cl10 1.37 .03 .00 1.70 .05 .0u
Cll 1.83 .05 .01 1.72 .05 .01
Cl2 1.40 .03 .00 1.39 .03 .00
Days 10-13
DisElaz P Displaz S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl 1.05 .03 .03 1.12 .0 .0ou
Cc2 1.08 .02 .06 1.11 .02 .00
C3 1.05 .01 .04 1.16 .02 .04
Ch4 1.16 .02 .03 1.14 .03 .00
C5 1.01 .02 .06 1.00 .02 .03
ce .97 .02 0L .99 .02 .03
c7 1.12 L0l .03 .96 .02 .00
C8 1.21 .02 .01 1.40 .03 .00
C9 1.09 .02 .04 1.15 .02 .07
Clo0 .93 .02 .03 1.15 .02 .01
Cli 1.u40 .03 .13 1.28 .03 .01
Ccl2 1.07 .02 .07 1.09 .03 .03

%Tha designations Cl...Cl2 refer to the leftmost to rightmost ordering
of symbols on Display S.
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TABLE 12

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE* - SUBJECT 4

Daxs 1-4
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M, Error Rate
Ccl 1.25 .03 .00 1.34 .03 .00
C2 1.30 .03 .00 1.33 .0b .00
C3 1.u43 .04 .00 1l.u42 .03 .CO
o 1.20 .02 .00 1.u42 .03 .00
CS 1.26 .02 .00 1.23 .03 .00
Ccé 1.17 ,03 .00 1.24 .03 .00
Cc7 1.u48 .04 .01 1l.24 .03 .00
C8 1.74 .03 .01 1.68 .0l .00
C9 1.70 .03 .00 1.38 .03 .01
C10 1.17 .03 .00 1.29 .03 .00
Cll 1.56 o .01 1.58 .0l .00
Cc12 1.27 .03 .00 1.21 .02 .00
DaXS 10-13
Disglax P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl .95 .01 .01 .94 .01 .00
Cc2 1.00 .02 .03 1.03 .02 .01
c3 1.00 .02 .03 1.04 .02 .00
Cuy .97 .02 .00 1.07 .02 .00
C5 .94 .02 .03 L91 .02 .00
C6 .82 .02 .00 .81 .01 .01
c7 1.02 .01 .03 .98 .03 .03
Cc8 1.15 .02 .01 1.29 .03 .00
Cc9 1.01 .02 .03 1.07 .02 .01
Clo0 .80 .01 .00 1.01 .02 .01
Cll 1.11 .03 .00 1.07 .02 .01
Cl2 .91 .01 .01 .96 .03 .01

“The designations Cl...C1l2 refer to the leftmost to rightmost ordering

of symbols on Display S.
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TABLE 13

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE® - SUBJECT 5

Days 1-4
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl 1.12 .02 .01 1l.24 .05 .01
Cc2 1.15 .01 .00 1.39 05 .04
C3 1.25 .03 .03 1.53 .05 .03
ch 1.13 .03 .00 1.26 .03 .00
C5 1.08 .02 .00 1.14 .03 .00
C6 1.11 .03 .00 1.34 .05 .03
c7 1.38 .05 .03 1.45 .05 .06
C8 1.47 .03 .01 1.53 .07 .01
C9 1.29 .02 .01 1.44 .03 .00
Ccl10 1.11 .02 .00 1.36 .02 .00
Cll  1l.u4 .04 .06 1.65 .05 04
Cl2 1.11 .01 .03 1.19 .03 .03
Days 10-13
DisElaX P DisElax S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl X355 .01 .01 1.02 .02 .00
C2 1.05 .02 .01 1.15 .03 .01
C3 1.11 .03 .01 1.13 .02 .00
C4 .96 .01 .00 1.06 .01 .00
C5 .94 .01 .03 .95 .01 .00
C6 .89 .01 .00 1.00 .02 .00
c7 1.08 .02 .00 1.11 .03 .00
c8 1,17 .02 .01 1.35 .03 .00
C9 1.04 .01 .00 1.13 .02 .00
Cl10 1.06 .0l .00 1.11 .02 .00
Cll 1.1g .02 .00 1.12 .02 .00
Ccl2 .95 .02 .00 .96 .02 .00

*The designations Cl...C12 refer to the leftmost tc rightmost ordering

of symbols on Displey S.
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TABLE 14

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
ERKOR RATE OVER DISPLAYS FARLY AND LATE IN PRACTICE#® - SUBJECT 6

Daxs 1-4
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
cl .99 .02 .00 1.11 .0l .03
Cc2 1.03 .01 .01 1.23 .04 .00
Cc3 1.20 Ol .00 1.39 .05 .06
cY4 .98 .02 .00 1.23 o .00
C5 983 .02 .03 .92 .01 .01
cé 1.06 L0l .00 1.17 .04 .00
c7 1.22 .05 .01 1.55 .08 .10
C8 1.35 .03 .00 1.80 .07 .11
c9 1.10 .02 .01 1. 44 .05 .01
Cc10 1.10 .03 .00 1.25 .02 .00
Cll 1.29 .03 .00 1.69 .07 .06
cl2 1.00 .01 .01 1.08 .04 .00
Days 10-13
DisElaX P DisElaX S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Ccl .82 .01 .03 .86 .01 .01
c2 .91 .01 .03 .96 .02 .01
C3 .90 .02 .01 1.04 .02 .06
Cu4 .90 .02 .04 .99 .02 11
C5 .85 .02 .07 .78 .01 .00
(o]3) . 84 .01 .01 .88 .02 .04
c7 .90 .01 .03 .92 .02 .05
(oF:] 1.02 .02 .11 1.11 .03 .10
c9 .86 .02 .01 1.05 .02 .01
Cl0 .77 .01 .04 .96 .01 .04
Ccll .95 .02 .07 1.01 .02 .04
Ccl2 .82 .01 .01 .86 .02 .01

%The designations Cl...Cl2 refer to
of symbols on Display S.

the leftmost to rightmost ovrdering
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TABLE 15

MEAN RESPONSE TIME (SEC), STANDARD ERROR OF THE MEAN (SEC), AND
FRROR RATE OVER DISPLAYS EARLY AND LATE IN PRACTICE* - SUBJECT 7

Dazs 1-4
DisElaX P DisElay S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Ccl 1.00 .02 .01 1.13 .05 .07
Cc2 1.02 .01 .03 1.19 .03 .00
C3 1.08 .03 .01 1.24 .03 .06
Ccu .95 .01 .03 l.04 .02 .01
C5 .94 .02 .01 .99 0L .03
Co6 .94 .02 .06 1.18 .05 .03
Cc7 1.08 .02 .03 1.20 .06 .06
cs8 1.41 .05 L0l 1.36 .03 .01
C9 1.08 .02 .07 1.30 .03 .04
Cclo .99 .02 .00 1.36 .03 .00
Ccll 1.29 .05 Sl 1.36 .05 .10
Cl2 .97 .02 ML .99 .01 .06
Days 10-13
DisElaz P Disglay S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl .79 .0l .03 .82 .01 .03
C2 .87 .0l .06 .93 .02 .10
C3 .86 .0l .03 .98 .01 .13
ch .80 .01 .03 .87 .02 oL
C5S .76 .01 .0l 5 .01 .00
C6 .80 .02 .06 o .02 .03
Cc7 . 8u4 .02 .11 .80 .01 .03
c8 .88 Lol .06 1.04 .03 .10
C9 .85 .02 .09 .97 .01 .09
Clo . 80 .01 .04 .91 .02 .07
Ccll .91 .01 .13 .91 .02 .0l
Ccl2 . 80 .01 .06 .78 .0l .00

“The designations Cl...C1l2 refer to

of symbols on Display S.

the leftmost to rightmost ordering
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TABLE 16

MEAN RESPONSE TIME (SEC), STANDARD ERRCR OF THE MEAN (SEC), AND
ERROR RATE OVER DISPLAYS EfRLY AND LATE IN PRACTICE® - SUBJECT 8

Days 1l-4
Disp’w P Display S
Mean S.E.M. Error Rate Mean S.E.M, Error Rate
Cl 1.01 .02 .00 1.06 .04 .03
Cc2 1.12 .02 .01 1.12 .02 .00
c3 1.20 .02 .01 1.49 .06 .01
C4 1.08 .02 .00 1.32 .05 .00
C5 1.04 .02 .00 1.05 .02 .00
C6 .99 .02 .01 1.20 .04 .01
c7 1.25 .04 .03 1.22 .03 .01
C8 1.32 .03 .00 1.56 .04 .00
C9 1.22 .04 .04 1.32 .03 .01
Cclo .98 .01 .00 1.29 .03 .00
Cll 1.19 .03 .01 1.36 .04 .0l
Cl2 .93 .0l .01 .98 .02 .03
Qiys 10-13
DisElax P DisElaz S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate

Cl .89 .01 .09 .85 .0l .01
Cc2 .95 .01 .03 .97 .01 .07
C3 .95 .0l .06 1.11 .01 .10
o .90 .0l .03 1.00 .02 .01
CS .87 .0l .03 .82 .01 .0L
Ch .79 .01 .00 .88 .01 .01
c7 .96 .01 .09 .80 .01 .01
C8 1.05 .02 .13 1.11 .02 .20
C9 .95 .01 .06 .99 .02 .03
Cl0 .78 .01 .01 .99 .02 .07
Cll .95 .02 .04 1.09 .02 .01
Ccl2 .79 .01 .03 .85 .01 .01

*The designations Cl...Cl: refer to
of symbols on Display S.

the leftmost to rightmost ordering
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TABLE 17

Display P! Display S'
Mean S.E.M. Error Rate Mean S.E.M, Error Rate
Cl 1.19 .07 .08 1,07 .07 .00
c2 1.14 .07 .00 1.16 .0h .C8
Cc3 1.29 .08 .0l 1.43 .07 .16
ch 1.13 .06 .00 1.36 .06 .16
C5 1.35 .10 .20 1.56 .10 R
C6 1.20 .07 d2 1.58 .09 .20
c? 1.39 Jd2 .12 1.4l .08 .12
Cc8 1.81 .10 .16 2.07 .13 LU0
Cc9 1.32 A1 .16 1.70 .09 .12
Cl10 1.22 .07 .04 1.47 .05 b
Cll 1.60 .10 .12 1.60 .09 .20
C12 .99 .05 .12 1.01 .05 .00
Displax P DisElay S
Mean S.E.M. Error Rate Mean SHERME Error Rate
Cl 1.13 .07 .ol 1.06 .05 .08
c2 1.11 .06 .04 1.11 .03 .00
C3 1.08 04 0 1.19 O .00
Ch .93 .02 .08 1.11 .07 .00
C5 .97 04 .00 .89 .03 .00
C6 1.00 .07 .00 .91 L0l .00
Cc7 1.14 .ol .00 1.20 .05 oL
C8 1.33 .05 .20 l.48 .08 .00
C9 1.21 .ob .00 1.27 .04 L
Cl10 1.02 ) .04 1.21 .05 L0l
Cll 1.33 .08 .00 1.62 .09 .ou
Ccl2 1.03 .04 .08 1.00 .02 .04

%Cl,,.Cl2 as defined in Table 9.



84

TABLE 18
A COMPARISON OF PERFORMANCE WITH SYMBOLS

PRESENT AND ABSENT® - SUBJECT 2

Display P'

Display S!
Mean S.E.M. Error Rate Mean S.E.M, Error Rate
Cl 1.20 .09 .08 1.15 .08 .12
Cc2 1.23 .07 .00 1.17 .05 .08
C3 1.40 .08 .00 1.81 .12 .16
cu 1.17 .06 .00 1.66 .09 .16
C5 1.50 11 .16 2,33 1l .56
C6 1.22 .0u .12 2.32 .11 .6u
c7 1.4l .08 . QU 2.17 12 L8
Cc8 1.61 .09 0L 2.09 .10 .16
C9 1.36 .09 .ol 2,30 11 .36
Cl0 1.36 11 .ol 1.71 11 .12
C1l1 1.32 .07 .08 1.45 .12 .16
Cl2 1.14 .05 .00 1.13 .06 Ol
Display P Display S
Mean S.E.H. Error Rate Mean S.E.M. Error Rate
Cl 1.21 .08 .00 1.10 .05 .00
c2 1.29 .08 NI 1.25 .0S L0u
c3 1.33 .06 .08 1.61 .12 .0
Cu 1.10 .04 .08 1.37 .09 .00
C5 1.11 .05 .08 1.20 .06 .00
C6 1.08 L0l .00 1.39 11 12
Cc7 1.26 .05 .00 1.42 .12 .08
C8 1.39 .07 Ol 1.55 .09 .20
Cc9 1.30 .08 .00 1.37 .0€E .00
Cl0 1.11 .08 .ou 1.26 .06 .0l
Cll 1.31 .09 .ou 1.u2 LIS Lol
Ccl2 1.07 .05 .04 1.01 .03 .00

-

%#C1,,,Cl2 as defined in Table 9.
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TABLE 19

A COMPARISON OF PERFORMANCE WITH SYMBOLS

PRESENT AND ABSENT# - SUBJECT 3

Display P!

Display S'

Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl 1,28 .10 .04 1.13 .08 .0l
c2 1.37 .09 .00 Lopl-8 . 04 .0l
Cc3 1.40 .09 04 1.70 .11 04
cy 1.20 .04 .00 1.52 .08 .08
C5 1.50 .03 .0l 2.18 .12 .16
C6 1,15 .05 .04 2.01 .12 .20
c7 1.28 .04 .00 2.34 L4 .28
C8 1.81 .12 NI 2.04 .08 .00
c9 1.33 .06 .00 2.00 .09 .24
Cl0 1.46 .10 .00 1.91 .10 .08
Cl1 1.70 .09 .08 1.50 .10 L0
c12 1,16 .03 .00 1.15 .03 .00
Display P Display S
Mean S.E.M, Error Rate Mean S.E.ul, Error Rate
Cl 1,10 .05 .0l 1.23 .09 .04
c2 1,16 .0l .00 1.16 .02 .00
C3 1.16 .03 .04 1.36 .08 .0l
cu 1.20 .05 .04 1.28 .05 .00
C5 1.13 .05 .08 1.11 .08 .00
C6 1,02 . 0u .00 1.15 .05 .0l
c7 1.30 .08 .04 1.12 .07 .00
C8 1.49 .08 .00 1.49 .06 .00
C9 1.26 .05 .00 1.26 .12 .00
Cl0 1,11 .06 .00 1.36 .08 .00
Cll 1.52 .09 .08 1.48 .08 .00
Cl2 1.16 .05 .04 1.23 .07 .08

*C1,..Cl2 as defined in Table 9.
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TABLE 20
A COMPARISON OF PERFORMANCE WITH SYMBOLS
PRESENT AND ABSEN™* - SUBJECT u

Display P! Display S'
Mzan S.E.M. Error Rate Mean S.E.M. Frror Rate X
c1l 1.18 .06 .00 1.14 .06 .00
c2 1.30 .08 .00 1.17 N .08
c3 1.53 J11 .00 1.78 .13 .12
Cu 1.22 .06 .00 1.57 .10 .00
c5 1.30 .10 .04 1.81 .14 .20
ce 1,19 .08 .00 1.44 ,08 .00
c7 1.51 .12 .0l 1.55 .10 .08
cs 1.72 J11 . Ob 2.12 .08 .16 '
c9 1.41 .11 . Ol 2,19 .12 .24
Cl10 1.36 .10 .08 1,56 .10 0L ’
Ccl1 1.4l .08 .00 1.35 .10 .12
Cl2  1.04 0L .00 .97 .03 .00
Display P Display S ‘
Mean S.E.M. Error Rate Mean S.E.M, Error Rat_e;_
cl 1,09 .05 .00 1.13 .05 .00
c2 1.19 .05 e 1.16 .05 .Ob :
c3 1.22 .08 .00 1,22 .05 .00
cu 1.05 .03 .00 1.22 .07 .00
cs 1,05 .04 . 0L 1.10 .05 .00 .
ce .92 oI .00 1.01 .07 .00 g
c7 1.20 L0u .00 1.08 .07 .00 1
c8 1,40 .08 .00 1.u43 .06 .00
c9 1.15 o .00 1.21 .05 .00 |
clo .94 . Ol .00 1,14 .05 .n8 .
c11 1.29 .07 .00 1.38 .08 .00
c12 1,09 .08 .00 1.06 .05 .00 ,

%Cl,..Cl2 as defined in Table 9.
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TABLE 21

A COMPARISON OF PERFORMANCE WITH SYMBOLS
PRESENT AND ABSENT® - SUBJECT 5

Display P' Display S'
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Ccl 1,07 .03 .00 1.08 .0u .00
Cc2 1.08 .04 .00 1.24 .08 .04
Cc3 1.17 .06 .00 1.94 .12 .28
cu 1.04 ol .CO 1.67 .06 .04
C5 1.25 .C7 .04 1.88 .12 .28
C6 1.14 .07 .00 1.95 .11 .28
c7 1.18 .03 .00 1.48 .07 .00
cs l.42 .10 .12 1.97 .11 .28
Cc9 1.16 .04 .04 2.17 .11 .28
clo 1.28 .10 .04 1.95 .10 .16
Cll 1,45 .10 .12 1.72 .14 .16
cl2 1.07 .02 .00 1,02 .04 .00
DisElay P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl 1.09 .05 .00 1.05 .0 .00
Cc2 1.09 .02 .00 1.20 .0 .00
C3 1.29 .05 .00 1.31 .05 .00
cu 1.01 .02 .00 1.24 .04 .04
C5 1.06 .03 .00 1.11 .05 .00
C6 1.02 .02 .00 1,20 .08 .ou
C7 1.21 .07 .00 1.23 .05 .04
c8 1.28 .04 .00 1.45 .06 .00
C9 1.16 .03 .00 1.27 .07 .00
Clo0 1.09 .04 .00 1.20 ou .00
Cll 1.40 .08 .04 1.33 .07 00
Ccl2 1.09 .04 .04 1.05 .03 )

%#Cl,,.Cl2 as definz:d in Table 9.
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TABLE 22

A COMPARISON OF PERFORMANCE WITH SYMBOLS

PRESENT AND ABSENT® - SUBJECT 6

DisElaz p! DisElaz St
Mean S.E.M. Error Rate Mean S.E.M. Errcr Rate
Cl .91 .03 .00 1.08 .09 .12
c2 .99 .0l .00 1,07 .05 .08
c3 1,16 .06 .12 1.70 12 .20
Ch4 1.01 .06 .12 1.323 .08 .56
C5 .92 .03 .00 1.2¢ .08 .20
(o]3] .93 .03 .00 1l.u48 .12 .52
c7 1.21 .08 .12 1.45 .09 .40
c8 1.4y .08 .24 1.69 .10 .32
Cc9 .99 .03 .00 1.55 .10 .60
clo 1,12 .07 .24 1.46 .11 .60
cll 1.23 .08 .08 1.58 .12 .24
cl2 .99 .03 .00 1.05 . 06 .04
DisElaX p DisElaz S
Mean S.E.M, Error Rate Mean S.E.M, Error Rate
C1 .98 .03 .00 .96 .04 . 00
Cc2 1.01 .03 .00 1.10 .07 .00
c3 1.06 .04 .00 1.20 el .04
C4 1.01 .04 .00 1l.19 .07 .04
C5 .96 .06 .00 .85 .02 .00
C6 .91 .0l .00 1.05 .07 .08
c7 1.01 .05 . Ou 1,33 .12 .12
c8 1.21 .0l .00 1.53 .12 .08
C9 1.00 .03 .00 1.17 .04 .04
c10 .95 .05 .00 1.09 . 04 .00
cl1 1.11 . 04 .08 1,41 .13 Ol
Cl2 .93 .02 .00 .9€ .03 .00

*Cl..,C1l2 as defined in Table 9.
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TABLE 23

A COMPARISON OF PERFORMANCE WITH SYMBOLS

PRESENT AND ABSENT* - SUBJECT 7

Display P! Display S!'
Mean S.E.M. Error Rate Mean SIERME Error Rate
Cl .99 .05 .08 .93 .05 .0l
c2 .99 .04 .04 1.00 .07 .08
C3 .96 .06 .00 1.37 .08 .16
c4 .87 .02 .00 1,27 .10 .08
C5 .96 .03 .08 1.31 .11 24
Cb .87 .03 .00 1.37 .10 .48
C7 . 94 .03 .04 1.16 .07 .20
Cc8 1.32 .10 .16 1.46 .11 22
C9 1.05 .08 .0l l.41 .07 32
Cl0 .99 .08 .04 1.32 12 .16
Cll 1.14 .10 .12 1.19 .07 .08
Cl1l2 .91 .02 .00 .88 .03 .00
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M, Error Rate
Cl .97 .03 .00 .95 .03 .04
C2 1.00 .02 .08 1.05 .04 e
C3 1.00 .0l .00 1.09 . Ok e
Cy .91 .02 .00 .97 .01 .00
C5 .88 .02 .04 .87 .04 .00
Cb6 .88 .04 .00 .97 .03 .00
C7 .97 .02 .00 .93 .07 .00
c8 1.10 .05 .00 1.20 .05 .00
Cc9 .98 . 04 .00 1.10 .06 .00
Cl0 .92 .02 .0l 1.10 .05 .00
Cll 1.13 .05 .00 1.18 .06 .00
Cl2 .96 .04 .00 .87 .02 .04

%Cl...Cl12 as defined in Table 9.



TABLE 24

A COMPARISON OF PERFORMANCE WITH SYMBOLS
PRESENT AND ABSENT# - SUBJECT

8

Display P! Display S' °
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl .97 .02 .04 1.08 .06 .00
c2 1.05 o .00 1.04 .0 L0
C3 1.16 .05 .00 1.67 A1 .16
cy 1.04 .03 .00 1.69 .09 24
C5 1.05 .03 .12 1.58 .12 .32
C6 .98 .05 .04 1.54 .10 .12
c7 1.16 Lo .00 1.47 .08 .20
c8 1,23 .04 .16 1.67 .10 Sl
Cc9 1.17 .05 .04 1.69 A1 40
Clo0 .98 .02 L0l 1.54 .10 .32
Cll 1.10 L Ou Ol 1.u46 .10 ]
Cl2 .92 .02 LOu .93 .02 .00
Display P Display S
Mean S.E.M. Error Rate Mean S.E.M. Error Rate
Cl .97 .02 .00 .34 ,03 .00
Cc2 1.02 .03 .00 1.04 .03 oL
c3 1.09 .03 .00 1.45 11 .08
Ch .97 .02 .00 1.20 .07 .00
C5 1.00 .04 ,00 .93 Ol .00
C6 .88 .02 .00 1.02 .06 .00
c7 1.1y .C8 .12 .92 .03 .00
Cc8 1.1 .ol .00 1.29 .05 .08
C9 1.18 .09 .08 1.10 .04 .00
Cl0 .91 .03 .00 1.10 .05 .04
Cll 1.06 04 .08 1.22 .05 .00
Cl2 .87 .03 .08 .87 .03 .00

#Cl...Cl2 as defined in Table 9.



TABLE 25

ANALYSIS OF DIFFERENCE SCORES

Source d.f. S.S. M.S. F
Grand Mcan 1
Subjects 7 .98 14 4, 67%
Stimuli 11 4,35 40 13.33%
Subjects x Stimuli 77 2,23 .03
pa 224 = 0.0 o
/ .03
V 738

*Significant at .05 level.
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TABLE 26

RESPONST TIMEE ANOVA AND LINEAR CONTRASTS

FOR THE LAST TWO DAYS OF PRACTICE

ANOVA
Source d.f. S.S. M.S. F
Subjects 1 0.09 0.090 22,50%
Letters 23 0.41 0,018 4.50*
Groups 9 0.17 0.019 4,75*
Residual 14 0.24 0.017
Subjects x Letters 23 0.10 0,004

*Significant at 0,05 level

Linear Contrasts

Groups of 3 vs. Groups of 2 F1 23 = 3.50 n,s.
»

Left llalf vs., Right ilalf F1 23 = 4,50*
’

Upper Row vs, Middle Row Fl 23 = 0.10 n,s.
’

Upper Row vs, Lowur Row F = 14,50*

1,23
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TABLE 27
RESPONSE TIME ANOVA AND LINEAR CONTRASTS

FOR THE LAST TWO DAYS OF PRACTICE

ANOVA
Source d.f. S.S. M.S. F
Subjects 1 0.27 0.270 38.57*
Letters 23 0,32 0.014 2.00*
Groups 9 0.15 0.017 2,42*
Residual 14 0.17 0.012
Subjects x Letters 23 0.17 0.007
*Significant at 0,05 level
Linear Contrasts
Groups of 3 vs, Groups of 2 F1 23 = 0.04 n.s.
»
Left llalf vs, Right Half F = 6,31*
1,23
Upper Row vs. Middle Row F1 23 = 0.01 n.s.
»
Upper Row vs. Lower Row F1 23 = 2.14 n,s,
»
QR and WX vs. Remaining Groups Fl oz = 9,00**
»
ABC, DE, KL, and YZ vs, FGH, 1J, NOP, and STU F1 23 = T 71%*
’
KL vs, ABC, DE, and YZ F1 23 = 6,43%*
»

**Significant at the 0,05 level by posterior Scheffe test.
QR and WX were the slowest groups; KL was the fastest group.
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TABLE 28
DISPLAY P RESPONSE TIME ANQOVA AND

LINEAR CONTRASTS FOR SESSIONS 10-13

ANOVA
Source d.f. S.S. M.S. F
Subjects 6 53,88 8.98 299,33+
Symbols 11 38.90 3.54 14,75*
Subjects x Symbols 66 15,84 0.24 8.00*
Errors 5,796 172,31 0,03

*Significant at the 0,05 level

Linear Contrasts

UP?er Row vs. Lower Row F1.5,796 = 416.67*
Left Half vs, Right Half F1,5,796 = 216,67+
Flanks vs, Middles = 346,67*

F1,5,79



DISPLAY P' ERROR ANALYSIS FOR

SESSIONS 10 AND 13 COMBINED
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TABLE 29

ANOVA
Source d.f. S.S. M.S. F
Subjects 6 3.36 0.56 3.29%
Symbols 11 1,76 0.16 1.23
Subjects x Symbols 66 8.35 0.13 0.76
Error 756 126.10 0.17

*Significant at the 0,05 level
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TABLE 30
DISPLAY P' RESPONSE TIME ANOVA AND

LINEAR CONTRASTS FOR SESSIONS 10 AND 13 COMBINED

ANOVA
Source d.f, S.S. M.,S. F
Subjects 6 12,03 2,00 18,18+
Symbols 11 10,59 0.96 6.86
Subjects x Symbols 66 9.05 0.14 1.27
Error 756 79.74 0.11

*Significant at the 0,05 level

Linear Contrasts

Upper Row vs. Lower Row F1,756 = §,00*
Left Half vs. Right Half F1,756 = 8,00*
Flanks vs, Middles F = 12,82*

1,756
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TABLE 31
RESPONSE TIME ANALYSIS FOR

DISPLAY S AND DISPLAY S'

ANOVA

Source d.f, S.5. M.S. F
Subjects 14 14,21 1,02 23,57
Displays 1 0.19 0.19 1.46
Letters 3 1.01 0.34 4,81*
Subjects x Displays 14 1.81 0.13 2,99
Subjects x Letters 42 2,95 0.07 1.63
Displays x Letters } 0.13 0.04 1.11
Subjects x Displays 42 1.61 0.04 0.89

x Letters
Error 1080 46,53 0.04

*Significant at the 0,05 level
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