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ABSTRACT

SOME QUALIFICATIONS OF THE ALPHANUMERIC CATEGORY EFFECT

SEPTEMBER 1988

CHRISTOPHER B. YOUNG, B.A., FRANKLIN AND MARSHALL COLLEGE

M.S., UNIVERSITY OF MASSACHUSETTS

Ph.D., UNIVERSITY OF MASSACHUSETTS

Directed by: Professor Donald L. Fisher

Whether the alphanumeric category effect in visual search tasks

is due to physical or ’’conceptual" differences between target and

distractor categories has been a matter of long-standing debate.

Typically, subjects can search for digits in a letter background or

vice-versa (between-category condition) more efficiently than for

targets in a background of same-category distractors (within-

category condition). Some recent work by Krueger (1984) indicates

that the effect is mediated entirely by physical feature differences

between the digit and letter categories. In the present study,

subjects were presented with brief (175 ms) visual displays of two,

four, or six alphanumeric characters. Subjects then made a speeded

(button-press) response indicating the presence or absence in the

display of items in a search (memory) set defined prior to the onset

of the display.

In Experiment 1, parallel search functions (i.e., functions

exhibiting very little increase in response time with increases in

display size) were observed with two memory set sizes (one and four)



in between-category conditions, but not in within-category

conditions. In Experiment 2, the effect was obtained even when

target-background featural differences were controlled (in a manner

similar to Krueger, 1984). Based on a significant difference (in RT

means, but not slopes) between the two between-category memory set

size conditions, it was argued that the effect is due to physical

features when the memory set consists of a single target and

category membership when there are multiple targets in the memory

set. This conclusion was confirmed by catch trial data from

Experiment 3- When the memory set consisted of more than one item,

nine of fourteen subjects incorrectly responded "present” to a same-

category (but featurally-discrepant from the memory set) foil. When

the memory set consisted of a single item, none of fourteen subjects

incorrectly responded "present" to this same foil. Alternative

explanations of the results and some methodological considerations

were discussed.
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CHAPTER 1

INTRODUCTION

One of the most fundamental issues in the literature on human

attentional processes is the early/late selection dichotomy.

Proponents of "early" selection theories maintain that subjects

select from competing stimulus inputs (or "channels") based on

simple physical properties of the stimulus, e.g., pitch, location,

or color (see, for example, Treisman, 1964). This implies that a

stimulus (e.g., a letter) can be selected from among other inputs

before the inputs make contact with their long-term memory

representations if appropriate physical cues are present (e.g., an

"A" in a background of "C"’s). Conversely, "late" selection

theorists maintain that stimuli are selected for after they "make

contact" with their long-term memory representations (see, for

example, Deutsch and Deutsch, 1963).

The ability of subjects to search "in parallel" for digits

among letters (or letters among digits) and the relative inability

of subjects to search in parallel for targets in a background of

same-category distractors (e.g., letters in letters) has been

ascribed to the existence of a "semantic" category difference

between digits and letters (Egeth, Jonides, and Wall, 1972). As

such, the "category effect" in visual search has until recently been

offered as a shining example of late selection at work.

Unfortunately, the picture is no longer so clear. Recent studies



(e.g., Krueger, 1984) have suggested that the effect is due entirely

to ’'uncontrolled physical feature differences" between the target

and distractor sets. If this is the case, then selection in these

tasks is based on simple physical features and occurs (relatively)

early in the course of information processing. To the extent that

we can arbitrate between these two explanations (semantic category

vs. physical features) of the effect, we gain insight into the locus

of selection question.

Review of previous findings

There is now a substantial body of data demonstrating a

"category effect" in visual search tasks. In the typical visual

search task discussed here, subjects are asked to search for one or

more "targets" (usually alphanumeric characters) which may or may

not be present in a background of "distractors" (also alphanumeric

characters). The subject is first presented with the "memory set"

[the target(s) for that trial] for some interval (either controlled

by the experimenter or self-paced). After presentation of the

memory set, the subject is presented with a brief (typically 150-200

ms) display which may or may not contain one of the members of the

memory set. The subject's task is to respond "present" (there was a

target in the display) or "absent" (no target in the display) as

quickly and as accurately as possible. By varying the

target/distractor relationship and looking at the effect on the

response time, one gains insight into the perceptual processes

involved in the task. When subjects are asked to search for digits

in a background of letters or letters in a background of digits
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( between-category condition), their performance is much better than

when the target and background items are drawn from the same

category (within-category
, e.g., both letters).

Perhaps the best-known and most often-cited demonstration of

the category effect is a study by Jonides and Gleitman (1972).

Jonides and Gleitman had subjects search for the letters "A", "Z",

and "0" (oh) or the numbers "M"
,
"2", and "0" (zero) in a background

of digits or letters. Either a single target was present on a trial

or the target was absent, and the subject's task was to judge

"present" or "absent" as quickly as possible. One of the three

targets was specified verbally prior to each trial. Jonides and

Gleitman found that reaction time was independent of the number of

nontargets (i.e., flat slopes of reaction time as a function of

display set size) in the between-category conditions for both

target-present and target-absent trials. This was not the case for

within-category conditions, which exhibited significant nonzero

slopes for both present and absent trials. What is even more

striking is that the results for the stimulus "0" mirrored those of

the other stimuli, even though the only difference between the two

category conditions was the name "0" was given by the experimenter

(i.e., the character "0" was physically identical in the between-

and within-category conditions).

Jonides and Gleitman interpreted this result as indicating that

the difference in reaction times was not mediated by simple physical

differences between the target and distractors. They further
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suggested that categorizing alphanumeric stimuli requires less

processing capacity than identifying them. Such a hypothesis would

make sense if the membership of a stimulus in an alphanumeric

category is defined by fewer features than its unique identity, if

this were true, then perceptual processing (e.g., feature

extraction) would only need to proceed to the point needed to

categorize the stimulus.

This hypothesis, termed the "partial processing hypothesis"

(Jonides and Gleitman, 1976), has received some support. Jonides

and Gleitman (1976) further hypothesized that the partial processing

which occurs on a between-category trial results in a spatial tag

allowing further analysis (identification). Thus, localization of

the target in between-category conditions can be done independently

of display set size (since the spatial tag allows the category-

discrepant item to "pop out" of the display, eliminating the need to

search the display). This account is consistent with the "oh-zero"

effect described above if it is assumed (as do Jonides and Gleitman)

that the character "0" contains some features of both the letter and

digit categories. The subject could then choose to extract the

"digit" features contained in the "0" if the background is made up

of letters, and the "letter" features if the background is made up

of digits. This does, however, assume that the subject's feature-

extraction mechanism is flexible and amenable to modification by

instruction and/or practice.

4



Jonides and Gleitman (1976) reasoned that subjects who were

presented with between-category catch trials (containing a digit

other than the digit specified as the target) would be forced to

identify the digit rather than responding on the basis of category

membership. Subjects were run in a between-subjects design, the

three groups being assigned to the between-category, within-

category, and the ’’modified" between-category ( 25% catch trials)

conditions. The display consisted of two, four, or six stimuli

placed around the circumference of an imaginary circle, with two

possible targets specified on each trial, i.e., the memory set size

was two (hereafter, "memory set size" and "M" will be used

interchangeably)

.

Jonides and Gleitman also reasoned that subjects in the

modified between-category condition should show RT functions

(against display set size) with the same slope as subjects in the

between-category condition, but much lower than subjects in the

within-category condition. This follows from the idea that "pop-

out" (the spatial tag) eliminates the need to search the display -

even if the digit is the wrong one, it will still be localized

independently of display set size. Further, modified between-

category subjects should also show elevated RT's at all display set

sizes with respect to between-category subjects, since a further

memory comparison stage is necessary to reject false "targets".

There is no reason that this factor should interact with display set

size, since subjects should get the "spatial tag" at all display set

sizes. These predictions were upheld.
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Gleitman and Jonides (1976) provided further evidence for the

partial processing hypothesis by demonstrating a cost associated

with shallower processing. Gleitman and Jonides replicated the "oh-

zero" effect in a letter background, and later looked at recognition

memory for the distractors as a function of category condition. The

within-category group had significantly greater recognition scores

than the between-category group, indicating only "partial"

processing in the between-category group. Recognition scores showed

no correlation with RT in the within-category group, and no

correlation between "fast" and "slow" stimulus cards. This latter

result rules out the alternative explanation that the superior

performance of the within-category subjects on the recognition task

was an artifact of having more time to process the stimuli.

Gleitman and Jonides further demonstrated that between-category

subjects did not need to identify or compare the target in the

display to the target in memory by showing that nine out of ten of

the between-category subjects responded "present" on a final catch

trial on which they were presented with a digit not in the memory

set. The RT’s on this trial were comparable to normal between-

category trials, suggesting that subjects used the same strategy

(respond on the basis of category membership) on the two kinds of

trials

.

There is, however, evidence that categorization follows (and

indeed is based on) identification. Dick (1971) found that

categorization time for a single letter was equal to the time to

name the letter plus a constant. White (1977, Experiments 1-4)
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replicated and extended Dick’s results, finding faster

identification than categorization responses when target stimuli

were presented alone or in various backgrounds and for various

durations, ranging from 100 to 500 ms. In Experiment 1, subjects

responded with the name (identification) of a cued stimulus

(presented in a blank field or in between- and within-category

backgrounds) or with its superordinate category (categorization).

In Experiments 2 and 3, subjects ’’searched" (the target was

localized by a bar marker) for a particular member of a category

(identification) or for any member of the category (categorization).

The paradigm in Experiment 4 was essentially the same as in

Experiments 2 and 3> except that the target was not localized.

White found categorization times which were 80-100 ms slower (across

the different experimental paradigms) than identification times for

stimuli presented in between-category backgrounds.

Nickerson (1973) also reports evidence that categorization

of an alphanumeric character requires that the character be

identified first. Nickerson (1973, Experiment 1) found accuracy to

be no better than chance on "implicit categorization" of degraded

stimuli that had been named incorrectly (i.e., an incorrect

identification response was a member of the same category as the

stimulus no more often than would be expected by chance). If

subjects classify characters as a prelude to full identification,

one might expect the subject to classify the stimulus "correctly"

more often than chance on those trials where the identification

response was incorrect. Further, when Nickerson (1973, Experiment
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2) asked subjects to classify the same stimuli as digits or letters

("explicit classification"), performance was even poorer than

implicit classification performance in the first experiment, if

subjects were able to classify a stimulus without (or prior to)

identifying it, one would expect better performance on an "explicit"

classification task.

Faced with the above evidence indicating that categorization

was not faster than identification, some theorists (e.g., Deutsch,

1977; Taylor, 1978; Gleitman and Jonides, 1978) renounced the

partial-processing hypothesis in favor of various "semantic" (i.e.,

late-select ion ) alternatives. At the highest level, these

viewpoints are essentially the same - I will consider the viewpoint

put forward by Gleitman and Jonides (1978) as a paradigmatic

example. Gleitman and Jonides (1978) argued that subjects need to

be able to "set" themselves for the target category at a

"conceptual" level. On this view, the display stimuli would be

encoded to the level of category membership and compared with the

target category (e.g., "letter") in memory. Gleitman and Jonides

(1978, Experiment 2) asked subjects to search for a memory set

containing a digit and a letter in a within-category condition for

112 trials (i.e., in appropriate within-category distractors for

whichever one was the target on that trial). On the 113th trial,

subjects saw an unexpected between-category trial. The slope of the

unexpected between-category RT function was not significantly

different from that of the within-category condition.
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In Experiment 1, where the memory set consisted of two members

from the same category, the slope of the unexpected RT function was

significantly different from the within-category slope, and not

significantly different from the slope in a "pure" between-category

condition. Gleitman and Jonides suggested that abstract letter

(identity) and category codes were available to the subject, and

that there were "lower code overlaps" between targets and

distractors in the between-category case, resulting in faster memory

comparison times. Gleitman and Jonides did not explicitly state

whether they believed processing in the between-category condition

was done in parallel - only that category codes resulted in "...the

symptom most characteristic of the category effect, lower search

times per item in a between- than in a within-category condition"

(p. 36M). It is difficult to know whether the between-category,

target-present slopes were low enough to indicate a parallel

process, as Gleitman and Jonides reported the mean slope 0 3-0

ms/item) collapsed across target presence/absence. In any case,

category codes could not reliably tell the' subject whether a target

was present or not in Experiment 2 (since the memory set contained

representatives of both categories).

Gleitman and Jonides (1978) argued that the semantic

explanation of the category effect could explain the "oh-zero"

phenomenon as well. Subjects in between-category conditions could

choose to encode "0" as a digit when the background was composed of

letters, and as a letter when the background was composed of digits

Thus, "0" would show the same comparison time advantage as other

9



members of its category. The semantic explanation also accounts for

some of the other demonstrations of the category effect described

above. First, the results of the Jonides and Gleitman (1976)

modified between-category condition can be understood in this

framework. Recall that Jonides and Gleitman argued that subjects

could make use of a "spatial tag" to locate a between-category

target. The modified between-category condition (i.e., 25$ of the

target present trials were catch trials) resulted in longer response

times relative to the between-category condition because the

presence of catch trials required subjects to do more processing to

identify the target (according to Jonides and Gleitman). According

to the semantic argument, subjects could locate the appropriate item

based on its category code, but would then need to perform another

comparison based on identity to be certain that the category-

discrepant item was indeed the target (resulting in a longer

response times at all display set sizes).

Further, catch trial effects like those reported by Gleitman

and Jonides (1976) follow naturally from this account. If subjects

are set to compare by category, any display element from the target

category will initiate a "present" response. Further, subjects who

are comparing stimuli in memory at the category level (between-

category condition) should not be able to recognize specific targets

(identity-level information) on a subsequent recognition test. In

contrast, within-category subjects (who have been performing memory

comparison at the identity level) should show better recognition of

10



specific targets. Recall that this was the result obtained by

Gleitman and Jonides (1976).

It would seem that this semantic explanation accounts for the

category effect rather well. There is, however, a some evidence

which suggests otherwise. There have been several reported failures

to replicate the oh-zero effect. Duncan (1983) found positive and

identical slopes of the RT vs. display set size functions for

between- and within-category "0" search. White (1977, Experiments

5-7) attempted to replicate the oh-zero effect using six-element

arrays. White found that "0" was detected faster in a background of

digits than letters, regardless of its designation as "oh" or

"zero". He argued that "0" should be detected faster in a

background of digits than letters because it is more similar to

letters than digits (subtending a wider visual angle than most

digits). If it is the case, however, that a stimulus must be named

before it can be categorized, and if it is harder to identify "0" in

a letter background, subjects could still be responding based on the

category that "0" has been assigned.

Further, results from Sperling, Budiansky, Spivak, and Johnson

(1971), usually taken as support for a category effect, suggest the

involvement of featural differences as well. Sperling et al . found

that search with instructions to search for "any digit" was as

accurate as search when the subject knew the particular digit which

would appear (the task was to locate the digit). If "0" is indeed

detected better in digits than in letters because of its visual



angle (as White, 1977 argues), then it follows that it should be

more difficult to detect in letters than the other (1-9) digits,

since it would be more similar to letters than digits on this

dimension

.

In fact, performance on trials where "0" was the target was

much poorer than performance with the other (1-9) digits. This was

true with both "particular digit" [p(correct loc.) = .019 vs. mean

of .514] and "any digit" [p(correct loc.) = .011 vs. mean of .522]

instructions. The mere fact that the localization accuracy varies

from .011 to .691 for the individual stimuli in the "any digit"

condition also suggests that it is not category membership, but

something specific to the individual stimuli (e.g., features) that

mediates performance. Such an argument must be qualified, however,

by the possibility that category codes must be derived from identity

codes, in which case more easily derivable/more veridical

identification for some stimuli might produce the observed

differences.

Additionally, several studies have manipulated both category

difference and target-background similarity (confusability )

.

Corcoran and Jackson (1977, Experiment 3) pitted category difference

against target-background confusability in a detection task with

two, four, or six stimuli in the display. Subjects saw a single

target ("C", "A", "6", or "4") on each trial in a background of

straight letters, curved letters, or curved digits (only curved

digits were used because there are too few straight ones). There
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was a main effect of target-background similarity, but no main

effect of category difference. However, one must exercise caution

when interpreting these results, since Corcoran and Jackson varied

the target category from trial to trial. Taylor (1978, Experiment

4) has demonstrated a category effect (when the target category is

the same for a block of trials) which was abolished when the target

category changed from trial to trial.

There is, however, one study where physical differences were

roughly controlled (in a manner analogous to that in Corcoran and

Jackson’s study) and a category effect was obtained. Ingling (1972)

had subjects scan rows of printed characters for 3, B, 7, or Z in

either a digit (2, 4, 5, 6, 8, 9) or letter (J, S, G, A, C, P)

background. A single target was specified prior to each trial.

According to Ingling, the digit and letter backgrounds were selected

to "closely resemble" each other. Briefly, scanning time (sec/item)

was significantly faster for both targets in a f eaturally-matched

pair (e.g., 3 and B) in between-category conditions than in within-

category conditions. These results must be tempered by the fact

that Ingling’s paradigm was quite different from the tachistoscopic

paradigm typically used to investigate the category effect.

Krueger (1984) reports particularly convincing evidence that

the category effect is due to physical feature differences. Krueger

matched both targets and distractors as closely as possible on their

constituent features (see Table 1). Krueger's subjects searched tor

a single target in displays of two, four, or six characters. Slopes

13



of RT as a function of display set size were no smaller on between-

than on within-category trials. Further, Krueger reports that the

same type font produced a category effect in another study he

conducted which did not control for featural differences.

Table 1

Targets and Distractors Used in the Present Experiments and by

Krueger (1984)

Targets Distractors

5 6 1 2 3^79

Krueger (1984)

S G L Z B K J P

2346789 CEFHJKLNPRTUVXY

Experiment 1

ABDGMWZ CEFHJKLNPRTUVXY

ACDHMRTU •

1 2 3 5 6 7 9

Experiment 2

ACDHMRTU L Z B S G J P

Experiment 3 ACDHMRTU 1 2 3 5 6 7 9



Critical Analysis

How are we to reconcile the large number of divergent findings

reported above? When a memory set size of one is used, some studies

have failed to find a category effect in visual search (Corcoran and

Jackson, 1977; Krueger, 1984; White, 1977, Experiment 7) whereas

other studies using a memory set size greater than one (e.g., Egeth,

Jonides, and Wall, 1972, Experiments 3-5; Jonides and Gleitman,

1976; Gleitman and Jonides, 1976; Gleitman and Jonides, 1978) have

found clear evidence of a category effect. Note that the studies

which have failed to find a category effect and have only used a

memory set size of one are also the studies which argue that the

category effect is due to "uncontrolled physical feature

differences". Thus, we have a confounding of memory set size and

manipulation of target-background similarity.

Because of this confounding, two cases need to be considered,

i.e., the case where no physical differences obtain between

categories and the case where physical differences do obtain. To

begin, consider the case where no physical differences obtain. When

the subject is presented with an alphanumeric array, identity and

category codes are produced (perhaps in parallel, as Posner (1970)

suggests) with the identity code being available for response

sooner. This reasoning makes sense, given the evidence that

identification seems to be faster than categorization. If subjects

can choose to use either the identity or category "code", I suggest

that they will choose to use the category code when M is larger than

one (since the added memory load should induce subjects to group the

15



memory set as a single item, e.g., "letter"), and the identity code

when M is equal to one (since it arrives first, and the subject need

only compare the display with a single item, i.e., the target).

Implicit in the above view is the notion that the locus of a

"conceptual" category effect (that is, a category effect obtained

when M>1 which is not the result of gross featural differences)

would be at memory comparison, and not encoding or "display search".

I am assuming a parallel
, hierarchical perceptual system whose only

limitations are due to "crosstalk" and confusability within the

system (see Pollatsek and Digman, 1977, for evidence supporting the

notion of dependent channels in visual search). Although identity

information would be produced in parallel for the whole display (as

would category information), it seems that memory comparison based

on category information would be more likely to be done in parallel

than memory comparison based on identity information. This might be

expected if memory comparison based on semantic category codes were

less likely to result in "outcome conflict" (cf., Navon, 1986; Navon

and Miller, 1987) by virtue of having less "code overlap" (cf.,

Gleitman and Jonides, 1978) than identity codes. Thus, an account

which locates the category effect at memory comparison can explain

why no category effect is obtained with a memory set size of one

whereas a category effect is obtained with a memory set size greater

than one when physical differences have been equated.

Next, assume that physical differences do obtain between the

two categories. Then, if one assumes a hierarchically-organi zed



perceptual system (e.g., Selfridge, 1959), with feature detectors at

the lowest level, it makes sense that simple featural information

would be available for use before identity or category information.

Also, if feature (s ) exist which are common to the target set and not

to the distractor set, subjects could and probably would search for

said feature(s) quickly and in parallel (cf., Treisman and Gelade

,

1980; Treisman and Souther, 1985). Thus, search based on features

might be expected to be done in parallel and to be faster than

search based on category information.

Notice that this is not a restatement of the partial-processing

hypothesis - there is no claim that the stimulus is classified based

on these features, only that the response may be based on their

presence/absence. Since the features which define a "present"

response in between-category conditions would be the same features

which uniquely define the target category, subjects would, in

effect, be classifying the target as a member of the target

category. This is logically different, though, from first

classifying a target based on these features, and then responding

based on its category membership. Recall that the partial-

processing hypothesis was an attempt to explain faster between-

category RT's by recourse to the notion that less processing

(feature extraction) was required to categorize a stimulus than to

identify it. The studies by Dick (1971) and White (1977) described

above argue strongly that categorization does not take less

processing than identification. This argument should be qualified,

however, by the possibility that the character sets used by Dick and
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