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In three experiments, we examined the internal processing mechanisms of relatively independent
visual-form subsystems. Participants first viewed centrally presented word pairs and then completed
word stems presented beneath context words in the left or right visual field. Letter-case-specific
priming in stem completion was found only when the context word was the same word that had pre-
viously appeared above the primed completion word and the items were presented directly to the
right cerebral hemisphere. This pattern of results was not found when participants deliberately rec-
ollected previously presented words when completing the stems. Results suggest that holistic pro-
cessing, not parts-based processing as assumed in many contemporary theories of visual-form recog-
nition, is performed in a subsystem that distinguishes specific instances in the same abstract
category of form and that operates more effectively in the right hemisphere than in the left hemi-

sphere.

The ability to distinguish specific instances in the same
abstract category of visual form is an important human
faculty. One can differentiate a particular cup from other
cups as well as an individual’s signature from other writ-
ten versions of the same set of letters. An interesting as-
pect of this ability is that most theories of visual-form
recognition, aside from theories that address only face
recognition (e.g., Bruce & Young, 1986; Rhodes, 1985),
do not focus on how it is accomplished. Most theories
focus instead on the ability to distinguish different abstract
types of visual forms (e.g., Biederman, 1987; Morton,
1979). Of course, the latter ability is also important and
interesting. One can distinguish a cup from a pen, as well
as the word form “cup” from the word form “pen,” even
when the input is an instance that has not been seen be-
fore. In the research reported in this article, we tested
whether at least relatively independent processing sub-
systems support the two abilities. More importantly, we
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examined form-specific priming for novel holistic struc-
tures to test whether holistic processing, as opposed to
parts-based processing of the sort assumed in many con-
temporary theories of visual form recognition (e.g., Bie-
derman, 1987; Morton, 1979), characterizes the opera-
tions in a subsystem that distinguishes specific instances
in an abstract category of form.

VISUAL-FORM SUBSYSTEMS

We hypothesize that a specific visual-form (SVF) sub-
system underlies recognition of specific instances of
forms and operates more effectively in the right cerebral
hemisphere (RH) than in the left cerebral hemisphere
(LH). In contrast, an abstract visual-form (AVF) subsys-
tem supports recognition of abstract categories of forms
and operates more effectively in the LH than in the RH.
These subsystems likely focus on different properties of
visual-form inputs to achieve different goals.

SVF Subsystem

In order to produce different outputs when different in-
stances in the same abstract category appear as inputs, an
SVF subsystem must process a form’s visually distinc-
tive information effectively. Visually distinctive informa-
tion refers to the specific structural properties that vary
across the different instances in an abstract category. For
example, the lowercase form “p” and the uppercase form
“P” have structurally distinct vertices at both connecting
points between the vertical line and the enclosed space,
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as well as structurally distinct shapes to the enclosed
spaces. All of this information may be needed to distinguish
specific instances of that letter.

Recent evidence indicates that visually distinctive in-
formation is stored in a subsystem that operates more ef-
fectively in the RH than in the LH. In word-stem com-
pletion experiments (Marsolek, Kosslyn, & Squire, 1992;
Marsolek, Squire, Kosslyn, & Lulenski, 1954), greater
repetition priming has been obtained when initially pre-
sented prime words and subsequently presented word
stems appeared in the same letter case than in different
letter cases. More importantly, this letter-case-specific
priming effect has been found to be greater when stems
were presented directly to the RH (in the left visual field)
than when stems were presented directly to the LH (in
the right visual field).

AVF Subsystem

In order to produce the same output when different in-
stances in the same abstract category are accepted as
input, an AVF subsystem must process visual features
that are relatively invariant across the different instances.
These relatively invariant features may include the non-
accidental properties of the edges of structures, such as
instances of connectivity, collinearity, paralielism, and
other properties (Lowe, 1985, 1987). For example, re-
gardless of the font or typestyle in which the form is
printed, both “p” and “P” contain a vertical line and an
enclosed space that exhibit some kind of connectivity
near the top of the vertical line and at a point roughly
halfway down the vertical line. This is the kind of infor-
mation that is needed to recognize abstract categories of
forms effectively.!

Further evidence indicates that relatively invariant fea-
tures are stored in a subsystem that operates more effec-
tively in the LH than in the RH. In visual classification
experiments (Marsolek, 1995), previously unseen proto-
types of newly learned types of forms, but not previously
seen nor previously unseen distortions of the prototypes,
were categorized more effectively when the forms were
presented directly to the LH than to the RH. A subsystem
that stores relatively invariant features effectively should
process prototypes effectively, because they contain the
features that are common to the different instances within
an abstract category but not the information that distin-
guishes the different instances.

Taken together, these findings indicate that two visual-
form subsystems operate relatively independently in the
brain. In divided-visual-field tasks, the visual informa-
tion presented directly to one hemisphere must cross brain
commissures to be processed by the other hemisphere.
As a result, subsystems in the first hemisphere obtain
higher quality information and obtain it more quickly
than do subsystems in the other hemisphere. Because
SVF processing is performed more effectively when
higher quality visual input is processed initially in the
RH than in the LH, whereas AVF processing is performed
more effectively when higher quality visual input is pro-
cessed initially in the LH than in the RH, an SVF sub-

systemn and an AVF subsystem must operate in at least a
weakly modular manner.?

These subsystems are hypothesized to store visual
structure information about word and object forms, but
not semantic or conceptual information associated with
them. Hence, they appear to operate as subsystems of the
perceptual representation system (Schacter, 1990, 1992,
1994; Tulving & Schacter, 1990). This system stores
modality-specific information that normally supports
perceptual repetition priming effects like those described
above. This system is composed of visual and auditory
subsystems and perhaps more. Schacter (1994) pointed
out that it is not clear yet whether the visual subsystems
should be delineated into LH and RH (AVF vs. SVF)
subsystems or whether they should be parceled into vi-
sual word-form and structural-description systems that
each are composed of LH and RH (AVF vs. SVF) sub-
systems. We leave this question open for now. Our the-
ory and findings are discussed in terms of AVF and SVF
subsystems that should be understood as components of
the perceptual representation system.

INTERNAL PROCESSING MECHANISMS

In the following series of experiments, we further test
whether these two visual-form subsystems operate rela-
tively independently, and we investigate the structures
and processes utilized by these subsystems. Important
clues about these properties can come from analyses of
the kinds of inputs they accept and from examinations of
the goals for the outputs they produce (Marr, 1982).
Such analyses lead to the hypothesis that holistic pro-
cessing characterizes an SVF subsystem, whereas parts-
based processing characterizes an AVF subsystem.

Holistic Processing in an SVF Subsystem

An analysis of the goals for an SVF subsystem sug-
gests that holistic processing may characterize its com-
putations. In this article, “holistic” processing means
that parts are not explicitly represented as such at any
stage of processing and information about perhaps an
entire input form is represented at all stages of process-
ing. Usually, the information that distinguishes a spe-
cific instance is the holistic structure of the form, in-
cluding potentially all of the information in the entire
form. For example, information about the whole of the
form “p” is needed to distinguish it from “P” or a visu-
ally similar letter like “b.” Thus, holistic processing may
characterize an SVF subsystem.

In addition, an analysis of the information available in
the input to visual-form subsystems also suggests that
holistic processing may characterize an SVF subsystem.
Primary visual cortex represents inputs in a retinotopi-
cally mapped format (Fox, Miezen, Allman, Van Essen,
& Raichle, 1987; Kosslyn et al., 1993; Tootell, Silver-
man, Switkes, & De Valois, 1982). Information is coded
pictorially, as a pattern of points distributed across a func-
tional space in two dimensions. By their nature, pictor-
1al representations can store the information that distin-
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guishes specific instances of forms as specific patterns
of points across the functional space. For example, the
pattern “p” on this paper is a pictorial representation that
is different from the pattern “P” The two representations
distinguish two instances in the same abstract category
of form. An SVF subsystem may take advantage of pic-
torially coded inputs and perform a process akin to pic-
torial interpolation or pictorial alignment (e.g., Biilthoff
& Edelman, 1992; Huttenlocher & Ullman, 1990; Lowe,
1987; Tarr, 1995; Ullman & Basri, 1991). In this ap-
proach to form recognition, a holistic comparison pro-
cess is used to compare pictorially coded inputs and rep-
resentations in storage. An interpolation or alignment
procedure is applied during the comparison process, al-
lowing the subsystem to recognize shapes that appear in
retinal locations, orientations, and sizes that have not
been seen before, hence greatly reducing the potential
number of representations that the subsystem must store
to recognize a shape.

Parts-Based Processing in an AVF Subsystem

In contrast, an analysis of the goals for an AVF sub-
system suggests that parts-based processing may char-
acterize its computations. An AVF subsystem should
store relatively invariant features effectively, and most of
such features are parts of forms. Therefore, this subsystem
should represent parts explicitly as parts. For example, a
parts-based representation of the letter “p” may indicate
that one part (an enclosed space) is upper-left-connected
to another part (a vertical line). Such a representation is
general enough to represent both a lowercase “p”” and an
uppercase “P”

Consistent with this analysis, an AVF subsystem may
perform a structural-description process (e.g., Bieder-
man, 1987; Hummel & Biederman, 1992; Marr & Nishi-
hara, 1978; Palmer, 1975; Schacter, Cooper, & Delaney,
1990; Sutherland, 1968; Winston, 1975). This is a parts-
based approach to form recognition, in which informa-
tion is coded propositionally, as a list of symbols repre-
senting parts and spatial relations among them. The parts
of an input form necessarily are represented as such be-
fore propositional representations of inputs are com-
pared against propositional representations in storage.>

PRIMING FOR NOVEL VISUAL-FORM
INFORMATION

The following experiments test the foregoing hy-
potheses in a way that may help to illuminate critical as-
pects of how unfamiliar visual forms are learned. We ex-
amine SVF priming for new visual-form information.
Critically, we assume that the unique aspect of any novel
visual form is its holistic structure. At least for adults,
most novel forms contain parts that are familiar and/or
shared with well-known forms (cf. Biederman, 1987;
Biederman & Cooper, 1991). Moreover, most forms ex-
hibit edges that contain nonaccidental properties (Lowe,
1985, 1987), whether the forms are novel or not. Thus,
the nonaccidental properties of a novel form could be
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processed in the same way as the nonaccidental proper-
ties of a familiar form. For these reasons, representations
of the holistic structures of unfamiliar forms, but not
representations of their parts per se, should support
priming for the novel aspects of unfamiliar forms.

Both parts-based and holistic processing subsystems
could store the information about holistic structure that
supports priming for novel information, but in different
ways and to different degrees by proportion. In a parts-
based subsystem, structural changes in the final stage of
processing, a stage in which the whole of a form is rep-
resented in terms of how parts are spatially related to
each other to form the whole, could support priming for
novel information. It is important to note, however, that
structural changes in a prior stage of processing, a stage
in which the parts are represented as such but the holis-
tic structure is not represented yet, should support prim-
ing for nonnovel information in the form. In contrast, all
of the priming in a holistic subsystem should be sup-
ported by structural changes in a mechanism that always
represents holistic structure, as there are no stages of
processing in which holistic structure is not represented.

This reasoning leads to an interesting prediction. At
least some of the priming in a parts-based subsystem
should not be influenced by representations of holistic
structure, whereas all of the priming in a holistic sub-
system should be based on representations of holistic
structure. Given that the novel aspects of an unfamiliar
form reside in its holistic structure, a holistic subsystem
should support priming for those novel aspects to a greater
degree by proportion (100% of its priming is for holistic
information) than a parts-based subsystem (<100% of its
priming is for holistic information). We can assume that
an SVF subsystem supports an overall level of priming
that is at least close to the overall level supported by an
AVF subsystem (see results in Marsolek et al., 1992).
Thus, if holistic processing characterizes an SVF sub-
system whereas parts-based processing characterizes an
AVF subsystem, an SVF subsystem should support
greater priming for novel information (e.g., new holistic-
structure information) than an AVF subsystem.

We have tested this reasoning through examinations
of priming for new visual associations between unrelated
words (e.g., Graf & Schacter, 1985, 1987, 1989; Schacter
& Graf, 1986a, 1986b, 1989). We have used the word-
stem completion task for several reasons. First, we wish
to examine priming for novel holistic information using
a task that is very similar to that used in previous studies
indicating that an SVF subsystem operates more effec-
tively in the RH than in the LH (word-stem completion;
Marsolek et al., 1992, 1994). Second, other word prim-
ing tasks tend to be problematic for the purpose of in-
vestigating hemispheric asymmetries for SVF priming;:
word fragments cannot be viewed with a high degree of
accuracy when presented briefly in the visual periphery,
and completing them tends to promote time-consuming
search strategies that need not involve processing of vi-
sual information per se; lexical decisions are binary de-
cisions that potentially can be made without accessing a
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representation of each entire target word, unlike when
particular word responses are produced (this may be es-
pecially important for examining SVF priming that ap-
pears to be supported by holistic representations); and
perceptual identification tends to produce asymmetries
in baseline performance (Burgund & Marsolek, 1996;
Koivisto, 1995, in press) and usually requires backward
pattern masking, which very likely interferes with nor-
mal patterns of SVF priming (see Marsolek et al., 1992;
cf. Schacter & Church, 1992, in the auditory domain).
Third, word-stem completion may be a relatively conser-
vative task for our purpose. During test, the target item
(a word stem) is always a visual form that differs from
the prime item (a complete word). Thus, the SVF prim-
ing we have obtained is found under a condition that to
some extent works against finding any such effects at all.
Yet, we have consistently found significant results (see
also Marsolek et al., 1992, 1994).

EXPERIMENT 1A

During the initial encoding phase of this experiment,
participants viewed a list of word pairs, one word printed
above the other in each pair, and determined whether the
number of vowels in each word of a pair was the same or
different. Both words in each pair were presented in all
lowercase or in all uppercase letters. During the subse-
quent test phase of the experiment, participants viewed
three-letter word stems presented beneath complete con-
text words and completed each stem to form the first
word that came to mind. Both items in each trial ap-
peared briefly in either the left or the right visual field
and in either all lowercase or all uppercase letters. In half
of the test trials, the stems could have been completed to
form words that were previously presented (old trials),
and in the other half of the trials, the stems could not
have been completed to form words that were previously
presented (new trials). In half of the old trials, the stems
could have been completed to form words that had ap-
peared previously beneath the same context word that
was presented above the stem. In the other half of the old
trials, the stems could have been completed to form
words that had appeared previously beneath a different
context word from the one that was presented above the
stem. Furthermore, half of the same-context trials and
half of the different-context trials included stems that ap-
peared in the same letter case as that in which their cor-
responding words had been presented earlier, and the
other halves included stems that appeared in the differ-
ent letter case from that in which their corresponding words
were presented. Repetition priming was measured as the
greater-than-chance tendency to complete stems using
previously processed words.

In this experiment, priming for novel holistic struc-
tures could be obtained in the same-context condition, but
not in the different-context condition. This is important
because all of the priming supported by a holistic process-
ing subsystem, but only some of the priming supported
by a parts-based processing subsystem, should be based

on representations of holistic structure. Thus, if holistic
processing characterizes an SVF subsystem whereas parts-
based processing characterizes an AVF subsystem, we
should observe an interaction between context, case, and
hemisphere. We should find greater letter-case-specific
priming (i.e., greater same-case priming than different-
case priming) in RH than in LH test presentations (as in
previous single-word priming experiments; Marsolek
et al., 1992, 1994), but only in the same-context condi-
tion in which priming for holistic structures can be ob-
tained, and not in the different-context condition, in
which priming for holistic structures cannot be obtained.
Such a finding would indicate that the same subsystem
that supports letter-case-specific priming also performs
holistic processing to support priming for novel visual
wholes.

Method

Participants

Thirty-two male Harvard University students volunteered as
paid participants. All were native English speakers, and all were
right-handed as assessed through the Edinburgh Handedness In-
ventory (mean laterality quotient = .80; Oldfield, 1971). Exclu-
sively right-handed males were tested in this and in the following
experiments because they generally exhibit more consistent func-
tional asymmetries than do females and left-handed males (see,
e.g., Hellige, 1993).

Design

Four within-subjects variables were manipulated: context be-
tween initial encoding and subsequent test (same context vs. dif-
ferent context), letter case between initial encoding and subsequent
test (same case vs. different case), hemisphere of test presentations
(LH vs. RH), and letter case of test presentations (lowercase vs.
uppercase).

Materials

Ninety-six cue—target word pairs served as critical items. All
words were nouns selected from the Kucera and Francis (1967)
volume, and each word was always either a cue word or a target
word. All cue words satisfied the following criteria: (1) Each was
between 4 and 10 letters in length and of medium frequency in the
language (mean number of occurrences per million = 64; range =
3-232; Kucera & Francis, 1967); and (2) half of the cue words
were highly concrete according to the Paivio, Yuille, and Madigan
(1968) norms (mean concreteness rating = 6.84; range = 6.25-
7.70), and the other half were not (mean concreteness rating =
2.07; range = 1.18-2.95).

All target words satisfied the following criteria: (1) The three-
letter word stem of each target word (its first three letters) was
unique among the set of all words used in the experiment; (2) the
stem of each target word could be used to complete at least 10
common English words; (3) each target word was between 4 and
10 Ietters in length and of medium frequency in the language
(mean number of occurrences per million = 64; range = 4-244;
Ku¢era & Francis, 1967); and (4) an experimenter judged that half
of the target words were relatively concrete but the other half were
not.

The cues and targets were combined to form word pairs so that
only weak semantic associations existed between the words in a
pair {in both same- and different-context pairings) and both words
in a pair (again, in both same- and different-context pairings) were
Jjudged to be either concrete or not. Concreteness was not manipu-
lated as an experimental variable to be tested; instead. half con-
crete and half nonconcrete pairs were used only to assure that we
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did not unintentionally use more of one kind than another in the
experiment. Furthermore, 10 additional cue words and word stems
were selected to form 10 practice pairs of one cue word and one
stem each. Each practice cue word satisfied the constraints of the
critical cue words, and each practice stem satisfied the word-stem
constraints of the critical target words. Finally, five word pairs
were used as buffer items in the encoding phase (three appearing
at the beginning and two at the end of each encoding phase list) to
attenuate primacy and recency effects.

The 96 critical word pairs were divided into 32 sublists of 3 pairs
each. For each participant, 16 of the 32 sublists were used for stim-
uli in the encoding phase as well as for stimuli in the test phase
(these were old test items), and the other 16 sublists were used for
stimuli in the test phase but not in the encoding phase (these were
new test items). New items were presented in the test phase to mea-
sure baseline probabilities of completing the word stems using the
critical target words, without those words having been presented
earlier in the experiment.

In order to counterbalance old items across participants, the 16
old sublists were rotated through the 16 conditions defined by or-
thogonally combining context between initial encoding and subse-
quent test (same context vs. different context), letter case between
encoding and test (same case vs. different case), hemisphere of test
presentations (LH vs. RH), and letter case of test presentations
(lowercase vs. uppercase). Thus, each sublist represented each of
these conditions an equal number of times across subjects. In ad-
dition, each sublist represented the old and new conditions an
equal number of times across subjects. During the test phase, half
of the new items were presented directly to the LH (half of these
pairs in all lowercase letters and the other half in all uppercase let-
ters), whereas the other half of the new items were presented di-
rectly to the RH (again, half of these pairs in all lowercase letters
and the other half in all uppercase letters).

Therefore, for each participant, 16 of the sublists of items (48
pairs) that were presented during the test phase were old and the
other 16 (48 pairs) were new. Eight of the 16 old sublists (24 pairs)
were presented in the same cue—target pairings between the en-
coding phase and the test phase, and the other 8 of the 16 old sub-
lists (24 pairs) were presented in different cue—target pairings be-
tween phases. Four of the 8 same-context and 4 of the 8 different-
context sublists (12 pairs each) were presented in the same letter
case between the encoding phase and the test phase (with two of
these same-context sublists [six pairs] and two of these different-
context sublists [six pairs] presented to the LH at test, and the other
two of these same-context sublists [six pairs] and the other two of
these different-context sublists [six pairs] presented to the RH at
test). These items were the same-letter-case items. The other 4 of
8 same-context sublists and the other 4 of 8 different-context sub-
lists (12 pairs each) were presented in the different letter case be-
tween the encoding phase and the test phase (again, with two of
these same-context sublists [six pairs] and two of these different-
context sublists [six pairs] presented to the LH at test, and the other
two of these same-context sublists {six pairs] and the other two of
these different-context sublists [six pairs] presented to the RH at
test). These items were the different-letter-case items.

For all participants, the pairings of cue words and word stems used
in the test phase were always the same. In order to create different-
context encoding pairs, the pairings of cue and target words within
one sublist were recombined within that sublist to form different
pairings. These recombined pairs were presented to participants
only during the encoding phase. In this way, the pairings of cue words
and word stems utilized at test were the same in both the same-
context and different-context conditions for all participants. Fur-
thermore, to validate that each of the original and recombined pairs
had similarly weak semantic associations, we collected ratings
from 16 naive judges. The items in each original and recombined
pair had sufficiently weak associations that the judges could not
rate the strength of association on a 5-point scale (1 = very weak;
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5 = very strong) and distribute their ratings across the points. Thus,
instead, each participant compared the original pair that includes
a certain target word against the recombined pair that includes that
target word and judged which pair had a stronger semantic rela-
tionship. They chose neither kind of pair more frequently than the
other (p > .50), assuring that similarly weak associations existed
in the same- and different-context pairs.

The stimuli were presented on an AppleColor High Resolution
RGB Monitor with a Polaroid CP-50 filter placed over it to reduce
glare. Stimulus presentation and response time measurement were
controlled by a Macintosh II or Macintosh IIfx computer. All let-
ters were presented in black against a white background in a 24-
point, Helvetica bold font (letter size varied, but was approximately
5 X 6 mm for most letters). Both words in each word pair during the
encoding phase and both the cue word and word stem during the
test phase were presented in either all lowercase or all uppercase
letters. A 2-mm dot (subtending 0.23° of visual angle) served as the
central fixation point that indicated the beginning of a trial. During
the encoding phase, the word pairs appeared at the center of the
monitor, with one word approximately 2 mm above the other and
both words centered with respect to the monitor. In the test phase,
the cue words and the word stems were presented in the same posi-
tions as they would have appeared in the encoding phase, with the
following exceptions: The letters following the first three letters of
each target word were deleted (to form a word stem), and each pair
was presented in the left or right visual field so that the center of
each pair was presented 4.57° (4 cm) from the center of the moni-
tor, and the inner edge of any pair never appeared closer than 1.15°
(1 cm) from the center. Finally, a chinrest was used to keep a par-
ticipant’s eyes approximately 50 cm from the monitor.

Procedure

Each participant was tested individually in an experimental ses-
sion that had two phases, an encoding phase and a test phase.

Encoding phase. In the encoding phase, participants silently
read 48 word pairs (plus 5 filler word pairs, 3 at the beginning of
the list and 2 at the end), 1 pair at a time. Participants determined
whether the two words in each pair contained the same number of
vowels. The vowel-counting task was used to encourage visual—
structural processing of the word forms.

An encoding-phase trial began with the presentation of the fix-
ation point, which appeared at the center of the screen for 500 msec.
Immediately thereafter, a word pair appeared centrally for 6 sec,
with the target word centered beneath the cue word. Participants
pressed the “s” or “d” key on the computer keyboard to indicate
whether the pair contained the same or a different number of vow-
els, respectively. They were instructed to deliver this response after
the pair disappeared from the screen; thus presentation times were
self-paced. The average presentation rate was about 7 sec per word
pair. The next trial began automatically 1 sec after the “s” or “d”
key was pressed.

Each participant viewed 16 sublists of word pairs in the encod-
ing phase (48 word pairs) plus 5 filler pairs (3 at the beginning and
2 at the end of a list to attenuate primacy and recency effects). The
list of 53 word pairs for each participant was presented twice in
succession. Participants were told to follow the same instructions
for the second iteration as those they had followed in the first. For
each of the two successive list presentations for each participant, a
different pseudo-random order was used. These orders were ran-
dom with the constraints that no more than three pairs appeared
consecutively in the same letter case, and that no more than three
pairs appeared consecutively whose cue words and target word
stems would be presented at test in the same or different context as
at encoding, in the same or different letter case as at encoding, or
in the same visual field.

Test phase. This phase began approximately 6 min after the en-
coding phase ended. A practice session of 10 trials conducted like
test trials intervened between the encoding and test phases. Prac-
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tice was performed so that participants would become familiarized
with the test procedure and with speaking responses into the mi-
crophone before the experimental trials began. Participants were
instructed that in each test trial a word and a three-letter word stem
would appear briefly, both to the left or right of the center of the
monitor, with the word presented above the stem. They were told
that each of the word stems was the beginning of an English word
and that they were to add a few letters to each group to make a
common English word and then immediately speak it aloud into
the microphone. They were instructed to produce any English word
but to report the first word that came to mind, excluding proper
nouns. Furthermore, they were told that the context word above the
stem might help them to think of a completion, but that it was
unimportant whether the completion was related to the context
word in any way.

A test-phase trial began with the presentation of the fixation
point at the center of the screen for 500 msec. Immediately after
the fixation point disappeared, a cue word and a word stem ap-
peared in the left or right visual field for 183 msec. The cue word
always appeared above the word stem, and the three letters in the
stem always appeared in the same position relative to the cue word
that they would have occupied if they had been presented as part
of a complete word centered below the cue word. A blank screen
followed the presentation of the pair. Each trial was terminated by
the registration of a spoken word via the microphone. Participants
were instructed to focus their attention on the fixation point when
it appeared and to speak aloud each word response as soon as they
thought of it. They were also told that the computer would record
the times it took them to respond and that the experimenter would
record their responses. After a response was registered, 1 sec elapsed
before the next trial began.

For each participant, all 32 sublists of word pairs were used to
provide cue word and target word stem presentation pairs in the
test phase (96 test pairs). However, the trials were presented in a
different pseudo-random order for each participant. The orders
were random with the constraints that no more than three old or
three new test pairs appeared consecutively, and no more than three
test pairs appeared in the same letter case, in the same or different
context as at encoding (for old items), in the same or different let-
ter case as at encoding (for old items), or in the same visual field.

Results

In all experiments reported in this article, each response
word was scored as one of the 96 critical target words
only if it was exactly the same as the critical word asso-
ciated with the word stem presented in that trial. Thus, a
strict scoring criterion was used. No plural forms, past
tense forms, or other changes from an original critical
word were accepted.

In a four-way repeated measures analysis of variance
(ANOVA), we analyzed priming effects directly after com-
puting difference scores. For each participant, we sub-
tracted the critical-word completion rates for new items
from the critical-word completion rates for old items.
These rates for new items were 8.0% and 7.5% for low-
ercase and uppercase items presented directly to the LH
and 9.9% and 8.6% for lowercase and uppercase items
presented directly to the RH (these baseline rates did not
differ significantly across test hemisphere or letter case
of test presentations, ps > .35). Appropriate subtractions
were calculated for each participant, in that the comple-
tion rates for the four new-item conditions (crossing two
levels of test hemisphere and the two levels of letter case

at test) were subtracted from the completion rates for the
analogous old-item conditions. These subtractions pro-
duced “priming scores,” which served as the dependent
variable, allowing us to measure and analyze priming per
se in a direct manner. Context between initial encoding
and subsequent test (same context vs. different context),
letter case between initial encoding and subsequent test
(same case vs. different case), test hemisphere (LH vs.
RH), and letter case of test presentations (lowercase vs.
uppercase) were within-subjects independent variables.*

Figure 1 illustrates the priming scores from this exper:-
ment. The important result was that the interaction be-
tween letter case (between encoding and test) and test
hemisphere was marginally significant in the same-context
trials [F(1,62) = 3.80, MS, = 504.4, p <.06] for the inter-
action contrast (cf. Rosenthal & Rosnow, 1985), but did
not approach significance in the different-context trials
(F < 1.0) for the interaction contrast. In fact, when same-
context items were presented directly to the RH, same-
case priming (15.3%) was significantly greater than
different-case priming (1.3%) [F(1,124)=12.3, MS, =
514.0, p <.001] for the simple effect contrast. However,
when same-context items were presented directly to the
LH, same-case priming (9.1%) was not significantly
greater than different-case priming (6.0%) (¥ < 1.0) for
the simple effect contrast. Also, when different-context
items were presented directly to the RH, same-case prim-
ing (7.5%) was not significantly greater than different-
case priming (6.0%) (¥ < 1.0) for the simple effect con-
trast; and when different-context items were presented
directly to the LH, same-case priming (8.1%) was not
significantly greater than different-case priming (2.8%)
[F(1,124)=2.04, MS,=514.0, p > .15] for the simple ef-
fect contrast. Thus, the three-way interaction among con-
text, letter case (between encoding and test), and test hemi-
sphere was marginally significant [F(1,31)=4.02, MS, =
455.1, p <.06].

The only other significant effect in this analysis was
the main effect of letter case between encoding and test (all
other ps > .15). Same-case priming (10.0%) was reliably
greater than different-case priming (3.9%) [F(1,31) =
9.37, MS, = 511.4, p < .01]. It is important to note that
the main effect of context did not approach significance.
Same-context priming (7.9%) was not significantly
greater than different-context priming (6.0%) overall
(F<1.0).

Discussion

As predicted, in word-stem completion, letter-case-
specific priming was observed in RH test presentations
only when the word presented above the stem was the
same word presented above the primed completion word
during initial encoding. Letter-case-specific priming
was not obtained in RH trials when a different-context
word appeared above the stem. Furthermore, letter-case-
specific priming was not observed in LH trials in the
same- or different-context conditions. These results in-
dicate that a subsystem that operates more effectively in
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Figure 1. Word-stem completion priming results from Experiment 1A. Mean priming scores
(critical-word completion rates when the stems could have been completed to form previously
presented critical words minus critical-word completion rates when the critical words were
not previously presented) are presented as a function of context between initial encoding and
subsequent test (same context vs. different context), letter case between initial encoding and
subsequent test (same case vs. different case), and hemisphere of test presentation (left hemi-
sphere vs. right hemisphere). Error bars indicate standard errors of the mean.

the RH than in the LH stores form-specific information
and information about novel holistic structures (i.e., the
same subsystem that stores SVF information also stores
information about both the context form and the target
form in the same representation). These properties are
characteristic of a subsystem that performs holistic pro-
cessing to accomplish SVF processing. Thus, an SVF
subsystem that operates more effectively in the RH than
in the LH appears to perform holistic processing, not
parts-based processing.

Although context did interact with letter case (be-
tween encoding and test) and hemisphere of test presen-
tation in a three-way interaction, same-context priming
generally was not greater than different-context priming
in a main effect. This is an important result because the
interaction is a novel finding, yet the main effect repli-
cates earlier results. In this experiment, vowel counting
was performed during initial encoding. Past research in-
dicates that a main effect of context is not found when
participants perform a nonconceptual encoding task like
vowel counting (Graf & Schacter, 1985; Schacter & Graf,
1986a; but see Micco & Masson, 1991), even though a
main effect is found when participants perform a con-
ceptual encoding task like generating sentences that
meaningfully relate the pair words (Graf & Schacter, 1985,
1987, 1989; Schacter & Graf, 1986a, 1989). In addition,
some amnesic patients exhibit impaired context effects
in this paradigm (Cermak, Bleich, & Blackford, 1988;
Schacter & Graf, 1986b; Shimamura & Squire, 1989),
and the effects they do exhibit are correlated with word
fluency measures (Mayes & Gooding, 1989). Finally, nor-
mal participants exhibit decreased context effects in this
paradigm when cue words are homographs that are given
different interpretations at test and encoding (Micco &
Masson, 1991). These findings indicate that context ef-

fects in this paradigm are not supported solely by per-
ceptual subsystems.

We suggest that the main effects of context in the ear-
lier experiments were supported by amodal and multi-
modal information stored in conceptual systems in addi-
tion to visual information stored in perceptual subsystems
(see also Schacter, 1990; Tulving & Schacter, 1990). How-
ever, in the present experiment, structural changes in an
SVF subsystem likely supported the effect of context in
a three-way interaction. A conceptual system likely did
not contribute to this context effect, because participants
performed nonconceptual encoding and the brief visual
presentation of each test stimulus probably encouraged
participants to concentrate on perceptual processing of
each stimulus.

Typically, priming effects in word-stem completion
experiments are expressions of implicit memory. This is
a form of memory that is exhibited when previously en-
coded information facilitates performance in a cognitive
task, yet the facilitation is not influenced by deliberate
recollection of the previously encoded information. In
contrast, the form of memory that is exhibited when mem-
ory performance requires deliberate recollection of pre-
vious learning events is explicit memory (Graf & Schac-
ter, 1985). Participants in this experiment were asked to
complete stems using the first words that came to mind,
and they were not asked to recollect previously presented
words. Thus, we assume that implicit memory was ex-
pressed. We test this assumption in Experiment 1B.

An SVF subsystem is one of many subsystems that
store perceptual, conceptual, or motoric information in neo-
cortical regions of the brain (Damasio, 1989; Gabrieli,
Milberg, Keane, & Corkin, 1990; Kosslyn, 1987; Mar-
solek et al., 1994; Petersen & Fiez, 1993; Schacter, 1990;
Squire, 1987; Tulving & Schacter, 1990; Ungerleider &
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Mishkin, 1982). For a short time after such a subsystem
produces a particular output in response to receiving a
particular input, structural changes cause the same input—
output mapping (or a very similar mapping such as in
primed word-stem completion) to take place more effi-
ciently than it would if the prime event had not taken
place. This facilitation likely accounts for repetition prim-
ing and many implicit memory effects. Importantly, pro-
cessing in the hippocampal formation and related struc-
tures is not necessary for repetition priming effects;
however, interactions between these structures and neo-
cortical subsystems are necessary to store functional
links between to-be-remembered information and unique
elements of the encoding situation (see, e.g., several chap-
ters in Schacter & Tulving, 1994), as needed for explicit
memory expression. Accordingly, neocortical subsys-
tems store information that can be used to support both
priming and explicit memory, albeit in different ways
(see also Marsolek et al., 1994).

We reason that information stored in an SVF subsys-
tem supports implicit memory but not explicit memory
under the conditions used in the experiments reported in
this article. An SVF subsystem likely supports explicit
memory expression only when it is useful as a strategy to
retrieve information explicitly from an SVF subsystem.
Recent evidence suggests that this occurs when relatively
few items are tested, a relatively short time intervenes be-
tween encoding and test, and all of the test items are pre-
sented in the same letter case as during encoding (see
Marsolek et al., 1994; Schacter, Alpert, Savage, Rauch, &
Alpert, 1996; Squire et al., 1992). Under these condi-
tions, cued recall of SVF information is obtained when
stems are presented directly to the RH (Marsolek et al.,
1994), and such a finding should be supported by infor-
mation stored in an SVF subsystem through interaction
with the hippocampal formation and related structures.
However, in most priming experiments, a more effective
strategy is to retrieve information from a conceptual sys-
tem than from an SVF subsystem. In the present experi-
ments, like most priming experiments (e.g., Marsolek
etal., 1992), a relatively large number of items are tested,
a relatively long retention interval is used, and not all of
the test items are in the same letter case as during encod-
ing. Under these conditions, cued recall of SVF informa-
tion is not obtained when stems are presented directly to
the RH (Marsolek et al., 1992). Therefore, we reason that
the interesting results from Experiment 1A are supported
by information stored in an SVF subsystem, indepen-
dently of the hippocampal system, and these results re-
flect implicit memory but not explicit memory. We tested
this reasoning in the next experiment.

EXPERIMENT 1B

The procedure in this experiment was the same as that
in Experiment 1 A except that we measured explicit mem-
ory through word-stem cued recall. Participants recalled
words that had been presented during initial encoding to
help them complete test stems. In all other respects, the

procedure was the same as that in Experiment 1 A. In par-
ticular, vowel counting was performed during encoding.

The results from this experiment should be qualita-
tively different from those of Experiment 1 A. We should
not find an interaction between case and test hemisphere
(same-case cued recall greater than different-case cued
recall only in RH trials) in the same-context condition.
Although an SVF subsystem stores information that sup-
ports implicit memory under many conditions (Marsolek
et al., 1992, 1994), this subsystem appears to support ex-
plicit memory only under certain conditions that are not
present in the experiments reported in this article (see
Marsolek et al., 1994; Schacter et al., 1996; Squire et al.,
1992). Thus, the results from Experiment 1A likely do
not reflect explicit memory and should not be found in
this cued recall experiment.

Method

Participants

Sixteen male Harvard University students volunteered as paid
participants. All were native English speakers and right-handed as
assessed through the Edinburgh Handedness Inventory (mean lat-
erality quotient = .72; Oldfield, 1971). None participated in any
other experiment in this study.

Materials and Procedure

The materials and procedure in this experiment were the same
as those in Experiment 1A, with the following exceptions: In the
test phase, participants were asked to recall words that they had
previously seen during the exposure phase, using the word stems
as cues. Thus, they were asked to complete the stems to form words
that had appeared during the vowel-counting task. They were in-
structed to guess when they could not think of such words, and
they were told that not all of the stems could possibly be completed
to form previously presented words. Finally, for each of the 10
practice trials, participants were asked to report only the three let-
ters in the word stem, because none of the practice stems could
have been completed to form previously presented words.

Results

We analyzed cued recall performance by computing
difference scores similar to those in Experiment 1A. For
each participant, the critical-word completion rates for
new items were subtracted from the critical-word com-
pletion rates for old items in the same manner as in Ex-
periment 1A. The rates for new items were 10.1% and
9.5% for lowercase and uppercase items presented di-
rectly to the LH and 9.7% and 10.0% for lowercase and
uppercase items presented directly to the RH (these
baseline rates did not differ significantly across test
hemisphere or letter case of test presentations, ps > .80).
Using difference scores allowed us to analyze cued recall
performance without the possible contamination pro-
duced by critical-word responses when those critical words
had not been presented during the initial exposure phase.
Thus, in a three-way repeated measures ANOVA, cued
recall score was the dependent variable. Context between
initial encoding and subsequent test (same context vs.
different context), letter case between encoding and test
(same case vs. different case), and test hemisphere (LH
vs. RH) were within-subjects independent variables.
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Figure 2 depicts the cued recall scores from this ex-
periment. In contrast with results from Experiment 1A,
the interaction between letter case (between encoding and
test) and test hemisphere did not approach significance in
the same-context trials (F < 1.0) for the interaction contrast
or in the different-context trials (¥ < 1.0) for the interaction
contrast. In fact, the only condition in which same-case
cued recall was marginally greater than different-case
cued recall was when same-context items were presented
directly to the LH (19.3% vs. 5.8%, respectively) [F(1,60) =
3.92, MS,=374.9, p < .06] for the simple effect contrast.
The three-way interaction among context, letter case (be-
tween encoding and test), and test hemisphere did not
approach significance (F < 1.0).

No main effects or interaction effects were significant
in this analysis (all ps > .10). In particular, same-case
cued recall (14.5%) was not reliably greater than differ-
ent-case cued recall (8.3%) [F(1,15)=2.88, MS,=867.9,
p > .10] and same-context cued recall (14.1%) was not
reliably greater than different-context cued recall (8.6%)
[F(1,15)=2.30, MS, = 833.6, p > .15].

Discussion

In an explicit memory experiment, letter-case-specific
cued recall was not obtained in RH test presentations
when the word presented above the stem was the same
word presented previously above the correct recall word.
In fact, a trend for letter-case-specific cued recall was ob-
tained only in LH test presentations in the same-context
condition, a trend in the opposite direction to that of the
analogous priming results from Experiment 1A. In that
experiment, letter-case-specific priming was found in
RH trials, but not in LH trials, in the same-context con-
dition. Together, these findings indicate that an SVF sub-
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system supported the priming effects in Experiment 1A
but did not support explicit memory performance under
the conditions of these experiments.

In the next experiment, we attempted to replicate the
findings from Experiment 1 A, using other nonconceptual
encoding tasks. Past research indicates that same-context
priming is not greater than different-context priming in a
main effect when participants perform nonconceptual en-
coding (Graf & Schacter, 1985; Schacter & Graf, 1986a;
but see Micco & Masson, 1991), as we found in Experi-
ment 1A. Yet, in that experiment, the pattern of results
obtained in same-context priming (letter-case-specific
priming following RH but not LH test presentations) was
not found in different-context priming. Thus, we judged
it prudent to test whether the important pattern of results
from Experiment 1A would be obtained again when dif-
ferent nonconceptual encoding tasks are used.

EXPERIMENT 2A

This experiment was conducted similarly to Experi-
ment 1A, except that participants performed different
nonconceptual encoding tasks. Half of the participants
counted the number of letters in each word pair that had
structures defining enclosed spaces (e.g., a, b, and d
have enclosed spaces, whereas ¢, f, and # do not). The
other half of the participants rated which of the words
per pair was more easily readable, following a task used
by Graf and Ryan (1990). We assumed that both of these
tasks require structural processing of the word forms,
but not conceptual processing.

The results in this experiment should replicate the
priming results obtained in Experiment 1A. Letter-case-
specific priming should be found in RH test presentations
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Figure 2. Word-stem cued recall results from Experiment 1B. Mean cued recall scores (critical-
word recall rates when the stems could have been completed to form previously presented crit-
ical words minus critical-word completion rates when the critical words were not previously
presented) are presented as a function of context between initial encoding and subsequent test
(same context vs. different context), letter case between initial encoding and subsequent test
(same case vs. different case), and hemisphere of test presentation (left hemisphere vs. right
hemisphere). Error bars indicate standard errors of the mean.
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in the same-context condition but not in LH test presen-
tations in either the same- or different-context conditions.

Method
Participants
Thirty-two male Harvard University students volunteered as paid
participants. All were native English speakers and right-handed as
assessed through the Edinburgh Handedness Inventory (mean lat-
erality quotient =.73; Oldfield, 1971). None participated in any other
experiment in this study.

Materials and Procedure

The materials and procedure were the same as those in Experi-
ment 1A, with the following exceptions: Half of the participants
performed an enclosed-letter counting task, and the other half per-
formed a readability rating task during the encoding phase. For the
enclosed-letter counting task, participants were asked to determine
whether the two words in each pair contained the same number of
“enclosed” letters. These were described as letters that are printed
in such a manner that they form an enclosed space. “A” and “d”
were used as examples of enclosed letters, and “F” and “m” were
used as examples of letters that are not enclosed. Participants re-
sponded in the same manner as in Experiment 1A. For the read-
ability rating task, participants were asked to determine which of
the two words in each pair was more easily “readable.” They were
asked to focus on the visual characteristics of each printed word
(the shapes, font or typestyle, and letter case in which they were
printed, etc.) that contributed to the ease with which it could be
read. Participants responded by pressing the “t” or “b” key on the
computer keyboard to indicate whether the top or bottom word was
more easily readable, respectively. These tasks were used to en-
courage visual-structural processing of the word forms, but not
conceptual processing of the words.

Results

As in Experiment 1A, we analyzed priming scores in
a four-way repeated measures ANOVA. Critical-word
completion rates for new items were 8.3% and 6.9% for
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lowercase and uppercase items presented directly to the
LH and 9.7% and 6.4% for lowercase and uppercase
items presented directly to the RH (these baseline rates
did not differ significantly across test hemisphere or let-
ter case of test presentations, ps > .12). Thus, priming
score was the dependent variable. Type of encoding task
(enclosed-letter counting vs. readability rating) was a
between-subjects independent variable. Context between
initial encoding and subsequent test (same context vs.
different context), letter case between initial encoding
and subsequent test (same case vs. different case), and
test hemisphere (LH vs. RH) were within-subjects inde-
pendent variables.

Figure 3 displays the priming scores from this exper-
iment. Similar to results from Experiment 1A, the inter-
action between letter case (between encoding and test)
and test hemisphere was significant in the same-context
trials [F(1,60) = 5.58, MS, = 342.1, p < .05] for the in-
teraction contrast, but was not significant in the differ-
ent-context trials (F < 1.0) for the interaction contrast. In
fact, when same-context ilems were presented directly to
the RH, same-case priming (16.8%) was significantly
greater than different-case priming (2.4%) [F(1,120) =
8.81, MS,=376.7, p <.01] for the simple effect contrast.
However, when same-context items were presented di-
rectly to the LH, same-case priming (14.0%) was not
greater than different-case priming (15.1%) for the sim-
ple effect contrast (F < 1.0). Furthermore, when different-
context items were presented directly to the RH, same-
case priming (12.0%) was not significantly greater than
different-case priming (9.4%) for the simple effect con-
trast (F < 1.0); and when different-context items were
presented directly to the LH, same-case priming (11.7%)
was not significantly greater than different-case priming
(9.1%) for the simple effect contrast (F < 1.0). The three-
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Figure 3. Word-stem completion priming results from Experiment 2A. Mean priming scores
(critical-word completion rates when the stems could have been completed to form previousty
presented critical words minus critical-word completion rates when the eritical words were
not previously presented) are presented as a function of context between initial encoding and
subsequent test (same context vs. different context), letter case between initial encoding and
subsequent test (same case vs. different case), and hemisphere of test presentation (left hemi-
sphere vs. right hemisphere). Error bars indicate standard errors of the mean.
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way interaction among context, letter case (between en-
coding and test), and test hemisphere approached signif-
icance [F(1,30) = 3.33, MS, = 286.8, p < .08].

Same-case priming (13.6%) was not reliably greater than
different-case priming (9.0%) in a main effect [F(1,30) =
2.70, MS, = 509.9, p > .10]. However, the interaction be-
tween type of encoding and letter case (between encoding
and test) approached significance [F(1,30) = 3.51, MS, =
509.9, p < .08]. In this interaction, same-case priming
(13.8%) was somewhat greater than different-case priming
(3.8%) following readability ratings, whereas same-case
priming (13.5%) was not greater than different-case prim-
ing (14.1%) following enclosed-letter counting. No other
effects approached significance (all other ps > .10). In par-
ticular, it is important to note that same-context priming
(12.1%) was not reliably greater than different-context
priming (10.5%) in a main effect (F < 1.0).

Combined Results
From Experiments 1A and 2A

In both Experiments 1A and 2A, the three-way inter-
action among context, letter case, and test hemisphere
was marginally significant. Apparently, the effect is not
large but may be consistent. In order to directly assess
the reliability of this important effect, we combined
these interaction results from the two experiments, using
the meta-analytic procedures recommended in Rosenthal
(1978). Following Rosenthal’s suggestion, we used three
different methods to combine the results, because the
number of studies is small (two). In all three methods,
the effect was reliable: For the method of adding logs
(i.e., Fisher method), x2(4) = 10.9, p = .027; for the
method of adding probabilities, p = .009; and for the
method of adding Zs, p = .016.

Discussion

The results from this experiment replicated those from
Experiment 1A, and a meta-analysis of the two studies
indicates that the important results were reliable across
experiments. Letter-case-specific priming was observed
in RH test presentations when the word presented above
the stem was the same word that had been presented
above the primed completion word during initial encod-
ing. Letter-case-specific priming was not observed in
RH test presentations in the different-context condition
(or in LH test presentations).® These findings support the
hypothesis that an SVF subsystem performs holistic pro-
cessing to store form-specific information.

Next, we tested whether the results from this experi-
ment reflect explicit memory. In an experiment that is
similar to this priming experiment, we investigated word-
stem cued recall.

EXPERIMENT 2B

This experiment was conducted in the same manner as
Experiment 2A except that explicit memory was mea-
sured through word-stem cued recall. Participants re-
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called words that had been presented during initial en-
coding to help them complete test stems. For reasons
similar to those that motivated us to conduct Experi-
ment 1B, we predicted that the results from this experi-
ment should be qualitatively different from the results of
Experiment 2A, in which implicit memory was mea-
sured. In particular, there should not be an interaction
between case and test hemisphere (greater same-case
cued recall than different-case cued recall in RH but not
in LH presentations) in the same-context condition.

Method

Participants

Thirty-two male Harvard University students volunteered as
paid participants. All were native English speakers and right-
handed as assessed through the Edinburgh Handedness Inventory
(mean laterality quotient = .78; Oldfield, 1971). None participated
in any other experiment in this study.

Materials and Procedure

The materials and procedure were the same as those in Experi-
ment 2A, with the exception that participants followed the cued-
recall test instructions that were used in Experiment 1B. They were
asked to recall words that they had seen during the encoding phase,
using the word stems as cues.

Results

We analyzed cued recall performance by first com-
puting difference scores, as in Experiment 1B. Critical-
word completion rates for new items were 11.0% and
9.1% for lowercase and uppercase items presented di-
rectly to the LH and 10.7% and 10.0% for lowercase and
uppercase items presented directly to the RH (these base-
line rates did not differ significantly across test hemi-
sphere or letter case of test presentations, ps > .45). Thus,
cued recall score was the dependent variable in a four-
way repeated measures ANOVA. Type of encoding task
(enclosed-letter counting vs. readability rating) was a
between-subjects independent variable. Context between
initial encoding and subsequent test (same context vs. dif-
ferent context), letter case between encoding and test
(same case vs. different case), and test hemisphere (LH
vs. RH) were within-subjects independent variables.

Figure 4 shows the cued recall scores from this exper-
iment. In contrast with Experiment 2A, the interaction
between letter case (between encoding and test) and test
hemisphere did not approach significance in the same-
context trials (F < 1.0) for the interaction contrast or in the
different-context trials (F < 1.0} for the interaction contrast.
Same-case cued recall was not greater than different-
case cued recall in any condition (all ps > .20). Thus, the
three-way interaction among context, letter case (between
encoding and test), and test hemisphere did not approach
significance (F < 1.0).

Only one effect was significant in this analysis (all
other ps > .10). In a main effect, cued recall following the
readability rating task was greater than cued recall fol-
lowing the enclosed-letter counting task (20.0% vs. 7.5%,
respectively) [F(1,30) = 11.7, MS, = 858.2, p < .01]. It is
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important to note that same-case cued recall (15.7%) was
not reliably greater than different-case cued recall (11.8%)
[F(1,30) = 2.73, MS, = 358.1, p > .10] and that same-
context cued recall (15.6%) was not reliably greater than
different-context cued recall (11.8%) [F(1,30) = 2.08,
MS,=438.9,p>.15].

Discussion

As predicted, a different pattern of results was obtained
in this explicit memory experiment compared with
the previous implicit memory experiment. In particular,
letter-case-specific cued recall was not obtained in RH
test presentations when the word presented above the
stem was the same word that had been presented earlier
above the correct recall word, in contrast with the analo-
gous priming results from Experiment 2A. These differ-
ences parallel the different results obtained in Experi-
ments 1A and 1B; thus whatever subsystems supported
the priming effects in Experiments 1 A and 2A apparently
did not contribute to explicit memory performance in
Experiments 1B and 2B. These findings support the hy-
pothesis that an SVF subsystem underlies letter-case-
specific priming in same-context trials in Experiments
1A and 2A, but not explicit memory in Experiments 1B
and 2B.

However, in each of the previous experiments a rela-
tively small number of observations per cell was used.
Six observations per participant were gathered in each
of the old-item conditions that entered into the difference
scores plotted in Figures 1-4. Because of this relatively
small number, on average, only a one-item difference
produced the letter-case effects in same-context RH tri-
als in Experiments 1A and 2A. Such a small difference
(one item), when expressed as a relatively large propor-

tion (1/6), could compromise differences that did not
reach significance, but may reflect theoretically impor-
tant effects. For this reason, we conducted a final exper-
iment to attempt to replicate the important results from
Experiments 1A and 2A when a larger number of obser-
vations per cell was collected.

EXPERIMENT 3

This experiment was conducted in the same manner as
Experiment 1A, except that all words and words stems
were presented in all uppercase letters throughout the ex-
periment. In this way, only same-case priming was ex-
amined. The only priming variables in this experiment
were context between encoding and test and hemisphere
of test presentations; thus there were more observations
per cell in the analysis for this experiment than in the
previous experiments.

We hypothesized that much of the priming in this ex-
periment would be supported by structural changes in an
SVF subsystem because only same-case priming was ex-
amined. If this subsystem supports priming for novel
holistic structures and operates more effectively in the
RH than in the LH, we should find an interaction between
context and hemisphere, with greater same-context
priming than different-context priming following RH,
but not following LH, test presentations.

Method

Participants

Forty-eight male University of Arizona undergraduates partici-
pated for course credit. All were native English speakers and right-
handed as assessed through the Edinburgh Handedness Inventory
(mean laterality quotient = .73; Oldfield, 1971). None had partic-
ipated in any of the previous experiments.
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Figure 4. Word-stem cued recall results from Experiment 2B. Mean cued recall scores (critical-
word recall rates when the stems could have been completed to form previously presented crit-
ical words minus critical-word completion rates when the critical words were not previously
presented) are presented as a function of context between initial encoding and subsequent test
(same context vs. different context), letter case between initial encoding and subsequent test
(same case vs. different case), and hemisphere of test presentation (left hemisphere vs. right
hemisphere). Error bars indicate standard errors of the mean.



Design

Two within-subjects variables were manipulated: context be-
tween initial encoding and subsequent test (same context vs. dif-
ferent context) and hemisphere of test presentations (LH vs. RH).

Materials and Procedure

The materials and procedure were the same as those in Experi-
ment 1A, except that all words and word stems were presented in
all uppercase letters throughout the experiment. Thus, all 48 pairs
of old test items were presented in the same letter case as during
initial encoding, and of these, 24 were presented in the same cue—
target pairings between the encoding and the test phase (12 in the
left visual field, and 12 in the right visual field), and the other 24
were presented in different cue—target pairings between phases (12
in the left visual field, and 12 in the right visual field).
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Results

Critical-word completion rates for new items were 9.4%
for items presented directly to the LH and 9.5% for items
presented directly to the RH (these baseline rates did not
differ significantly across test hemisphere, p > .95). Prim-
ing score was the dependent variable, as in the previous
priming experiments. Context between initial encoding
and subsequent test (same context vs. different context)
and test hemisphere (LH vs. RH) were the within-subjects
independent variables. Unlike in the previous experiments,
there were few enough conditions and a large enough num-
ber of participants in this experiment to allow for a valid
analysis using items as the random variable. Thus, we an-
alyzed priming effects in separate two-way repeated mea-
sures ANOVAs using subjects (F) and items (F,) as the
random variables.

The priming scores from this experiment are shown in
Figure 5. The important result was that the interaction
between context and test hemisphere was significant
[Fi(1,47) = 5.33, MS, = 96.9, p < .05; F,(1,95) = 6.87,
MS, =213.8, p <.05). Simple effect contrasts revealed
that for items presented to the RH, same-context priming
(14.2%) was significantly greater than different-context
priming (6.9%) [F,(1,94) = 10.3, MS, = 123.9, p < .01,
F,5(1,190) = 11.6, MS, = 283.9, p < .01]. However, for
items presented to the LH, same-context priming (9.0%)
was not significantly greater than different-context prim-
ing (8.2%) (F, < 1.0, F, < 1.0) for the simple effect con-
trasts. In addition, for same-context items, priming was
greater for items presented to the RH (14.2%) than to the
LH (9.0%) in a marginally significant effect [F,(1,94) =
3.70, MS, = 179.9, p < .06] and in a significant effect
[Fy(1,190) = 5.62, MS, = 323.8, p < .05] for the simple
effect contrasts. For different-context items, priming was
not significantly different for items presented to the LH
(8.2%) than to the RH (6.9%) (F, < 1.0, F, < 1.0) for the
simple effect contrasts.

The only other significant effect in this analysis (all
other ps > .25) was the main effect of context [F,(1,47) =
5.15, MS,=151.1, p<.05, F(1,95)=5.17, MS, =354.0,
p <.05] indicating greater same-context priming (11.6%)
than different-context priming (7.6%).

Left Right

Hemisphere

Figure 5. Word-stem completion priming results from Experi-
ment 3. Mean priming scores (critical-word completion rates when
the stems could have been completed to form previously presented
critical words minus critical-word completion rates when the critical
words were not previously presented) are presented as a function of
context between initial encoding and subsequent test (same context
vs. different context) and hemisphere of test presentation (left hemi-
sphere vs. right hemisphere). All priming in this experiment was
same-letter-case. Error bars indicate standard errors of the mean.

Discussion

The resulits from this experiment provided further ev-
idence supporting our hypotheses. When only same-letter-
case priming was examined, same-context priming was
greater than different-context priming following RH test
presentations but not following LH test presentations.
These results support the hypothesis that an SVF sub-
system operates more effectively in the RH than in the
LH and that it stores information about novel holistic
structures.

Another interesting result in this experiment is that
same-context priming was greater than different-context
priming in a main effect, unlike in Experiments 1A and
2A. This suggests that context can affect stem-completion
priming when a nonconceptual encoding task is performed,
but perhaps only when same-case items are used through-
out the experiment (unlike in Experiments 1A and 2A)
and items are flashed briefly during the stem-completion
test, encouraging a reliance on visual processing during
the completion procedure (unlike in Graf & Schacter, 1985;
Schacter & Graf, 1986a). Of course, this explanation in-
vites further examination.

GENERAL DISCUSSION

We hypothesized that holistic processing, not parts-
based processing, characterizes the operations in an SVF
subsystem that operates more effectively in the RH than
in the LH. A holistic processing strategy should be use-
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ful for storing the visually distinctive information that
differentiates specific instances in the same abstract cat-
egory of form and also for storing the new information
in anovel form. Thus, we tested whether structural changes
in an SVF subsystem support form-specific priming for
novel holistic information. Consistent with our hypoth-
esis, letter-case-specific priming in word-stem comple-
tion was obtained only when test items were presented
directly to the RH and those items were presented in the
same context as that in initial encoding. Furthermore,
when same-case priming was examined in the final exper-
iment, same-context priming was greater than different-
context priming in RH test presentations but not in LH
test presentations. In other words, the structural changes
that support priming in an SVF subsystem also support
priming for novel holistic information.

Although these results are inconsistent with the hy-
pothesis that parts-based processing characterizes an SVF
subsystem, we should stress that behavioral results alone
cannot completely rule out this possibility. One might
argue that these results are consistent with the idea that
an SVF subsystem performs parts-based processing, if
the represented parts capture the visually distinctive in-
formation that differentiates specific instances in the
same abstract category of visual form, and if priming for
novel holistic information is supported by structural
changes in a (presumably final) stage of processing in
which representations of whole forms are stored in terms
of how those parts are related to each other. However, it
is very important to note that because such a subsystem
would store visually distinctive information and support
priming for novel holistic structures to the same degree
as a holistic processing subsystem, it would be function-
ally indistinguishable from such a subsystem. Further-
more, parts-based theories normally posit representa-
tions that capture relatively invariant features, not visually
distinctive information, and a stage of processing (that
should support much if not all of the priming in the sub-
system) in which representations of the parts of a stimu-
lus pair are stored independently as such before the
whole of the pair is represented. Thus, a parts-based the-
ory could account for the findings in this article only by
compromising these vitally important features of that ap-
proach. This is why we conclude that parts-based process-
ing does not characterize the operations in an SVF sub-
system.

It is important to note that the visual field effects in
these results are not compromised by the following ap-
parent problems. First, the target word stems were always
the first three letters of the target words and hence were
always presented roughly on the left half of the computer
monitor during encoding. Thus, one might argue that the
stems in left-visual-field test trials were presented in the
same half of visual space as they were during encoding,
whereas the stems in right-visual-field trials were not.
However, each word pair was presented for 6 sec in the
central visual field during encoding, so that, with eye
movements, the visual information was projected directly

to both hemispheres. Because visual information was
presented directly to one hemisphere only during test tri-
als, there was no confounding variable, and the above ar-
gument would not hold. Second, the strongly established
left-to-right reading habit in most adults may make it
easier to process information presented in the right vi-
sual field than in the left visual field during test, and the
stem part of a test pair was presented closer to the fovea
in right-visual-field than in left-visual-field trials. These
points are not important for interpreting our results,
however, because both produce situations favoring right-
visual-field trials, which works against our hypothesis
and results. We found left-visual-field advantages for
letter-case-specific same-context priming, as predicted.
In any case, we emphasize that we are concerned mainly
with testing interaction effects involving visual field at
test, not main effects of visual field (cf. Hellige, 1983),
using the reasoning in the Introduction.

The evidence supporting our hypothesis comes from
priming for new associations between unrelated word
forms. Although word-stem completion is a common par-
adigm for investigating priming for new associations (e.g.,
Bowers & Schacter, 1990; Cermak et al., 1988; Graf &
Schacter, 1985, 1987, 1989; Howard, Fry, & Brune, 1991;
Mayes & Gooding, 1989; Micco & Masson, 1991; Schac-
ter & Graf, 1986a, 1986b, 1989; Shimamura & Squire,
1989), such priming has been investigated using other
paradigms as well. For example, Moscovitch, Winocur,
and McLachlan (1986) and Musen and Squire (1993) ex-
amined facilitations in the time it takes to read word
pairs that have recently been read. Priming is greater for
pairs that remain intact between encoding and test than
for pairs that are recombined. In addition, McKoon and
Ratcliff (1979, 1986) and Goshen-Gottstein and Moscov-
itch (1995) investigated facilitations in making lexical
decisions for words that have been viewed previously in
the context of prime words. Greater priming is found
when words are presented in the same context than in a
different context, as before (but see also Bainbridge,
Lewandowsky, & Kirsner, 1993; Carroll & Kirsner,
1982; Dagenbach, Horst, & Carr, 1990; Neely & Dur-
gunoglu, 1985; Durgunoglu & Neely, 1987; Smith,
MacLeod, Bain, & Hoppe, 1989). Depending on the par-
ticular strategies and information storage that result
when different methodologies are used, new-associations
priming may rely on storage of information in various
subsystems. We argue that an SVF subsystem supports
priming for new associations when a visual subsystem
stores holistic information specifying a particular in-
stance of visual form.

Our hypothesis that holistic processing characterizes
an SVF subsystem that operates more effectively in the
RH than in the LH is roughly consistent with previous
theories that emphasize general aspects of lateralized an-
alytical versus holistic processing (e.g., Bever, 1980;
Bradshaw & Nettleton, 1981; Corballis, 1989; Diamond
& Carey, 1986; Levine & Calvanio, 1989). In addition,
our hypothesis is consistent with several past findings
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and may help to illuminate interesting interpretations of
them. First, hemispheric asymmetries have been found
for processing low versus high spatial frequencies and
relatively global versus local visual information. When
higher level memory comparison processes are used in
identification and discrimination tasks (as opposed to
lower level processes in detection tasks), RH advantages
are found for processing low spatial-frequency informa-
tion and LH advantages are found for processing high
spatial-frequency information (Christman, Kitterle, &
Hellige, 1991; Kitterle, Christman, & Hellige, 1990; Kit-
terle & Selig, 1991). A related finding may be that RH
advantages are found for processing global forms of hi-
erarchically arranged stimuli (e.g., a collection of small
letter Ss positioned to form a larger letter H) and LH ad-
vantages are found for processing the local parts (Robert-
son & Lamb, 1991; Van Kleeck, 1989). The low spatial-
frequency information carried by the global forms may
be responsible for the RH advantages for those forms
(Sergent, 1982). Presumably, a subsystem that performs
holistic processing of inputs should be sensitive to low
spatial frequencies and relatively global information.
Hence, these findings are consistent with our hypothesis.
In fact, to account for past research using hierarchical
stimuli, Robertson and Lamb (1991) suggested that a
subsystem in posterior cortex of the RH effectively pro-
cesses the global properties of these stimuli.

Second, several studies indicate that the RH plays an
important role in face identification, an ability that an
SVF subsystem may underlie. Faces are identified more
effectively when presented directly to the RH than to the
LH in divided-visual-field experiments (e.g., Geffen,
Bradshaw, & Wallace, 1971), although this RH advan-
tage may be obtained consistently only when the faces
are relatively unfamiliar (Sergent & Bindra, 1981). In a
positron emission tomography experiment, a region of
posterior cortex in the RH was selectively activated dur-
ing face identification (Sergent, Ohtra, & MacDonald,
1992). Furthermore, the inability to identify faces as a re-
sult of brain damage (prosopagnosia) has yet to be found
when damage is restricted to the LH in a right-handed
patient (Sergent et al., 1992). To the extent that storage
of visually distinctive information is necessary for face
identification and that faces must be processed in a rel-
atively holistic manner to be identified (see Diamond &
Carey, 1986, Farah, 1991; Tanaka & Farah, 1993), these
findings are consistent with our hypothesis.

Third, evidence from brain-damaged patients is con-
sistent with our hypothesis. Farah (1990, 1991) analyzed
a large number of cases of associative agnosia, in which
brain-damaged patients are impaired at visual recogni-
tion of stimuli but not at elementary visual perception of
the same stimuli, The combinations of impaired abilities
exhibited by individual patients indicate that two differ-
ent types of visual recognition capacities can be dis-
rupted by brain damage. Although Farah argued that
both capacities rely on structural description, one is more
effective at representing complex parts in a relatively
holistic manner (useful for face identification and some
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kinds of object recognition) and the other is more effec-
tive at representing numerous, simple parts (useful for
normal word recognition and some kinds of object recog-
nition). Generally, the former capacity is impaired fol-
lowing damage to the RH, and the latter capacity is im-
paired following damage to the LH. Thus, the former
capacity may be associated with an SVF subsystem.

Finally, Jolicoeur (1990) reviewed research on the iden-
tification of disoriented objects, concluding that two
functionally separate systems may be involved. One uses
a mental-rotation process to transform disoriented input
forms before matching them against upright orientation-
specific representations in storage. The other uses a
feature-based process to compare shape attributes of
input forms against more complete representations in
storage. Because the former system is hypothesized to
use a relatively more holistic processing mechanism than
the latter system, the theory is consistent with our notion
that an SVF subsystem performs holistic processing sep-
arately from an AVF subsystem.

Although we suggest that a subsystem based in the
neocortex of the RH contributes to the case- and context-
specific priming effects reported here, it must be em-
phasized that we have no direct evidence that bears on
which particular regions of the RH are crucial for SVF
priming. For example, previous research indicates that
some amnesic patients exhibit impaired priming of new
associations in the stem completion task (Cermak et al.,
1988; Schacter & Graf, 1986b; Shimamura & Squire,
1989) and also indicates impaired form-specific visual
and auditory priming in amnesia (Kinoshita & Wayland,
1993; Schacter, Church, & Bolton, 1995). These results
raise the possibility that the SVF priming for new asso-
ciations that we report depends not only on neocortical
regions of the RH, but also on medial temporal regions
of the RH that are typically damaged in amnesic patients
(see, e.g., several chapters in Schacter & Tulving, 1994).
Indeed, Schacter (1994) drew a distinction between
Type A priming—which involves abstract perceptual
representations and occurs within posterior neocortical
regions—and Type B priming, which involves highly
specific perceptual associations and depends on medial
temporal regions. However, one aspect of our results
suggests that medial temporal regions of the RH are not
involved in the SVF priming for new associations re-
ported here. If they were, one would expect an RH ad-
vantage for SVF cued recall of new associations as well,
yet we did not find such a result (note, however, that
form-specific auditory priming is impaired in medial-
temporal amnesia even though form-specific auditory
explicit memory is not found in normal participants;
Church & Schacter, 1994; Schacter & Church, 1992). It
remains to be determined exactly which regions of the
RH form the critical substrate of the priming effects de-
scribed in this article (and whether Type A priming has
both specific and abstract subcomponents).

To conclude, relatively independent neural subsys-
tems perform SVF and AVF recognition. An SVF sub-
system operates more effectively in the RH than in the
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LH and performs holistic processing, not parts-based
processing, to store the visual information needed to dis-
tinguish specific instances in the same abstract category
of form. These results help to place important con-
straints on our understanding of the architecture of vi-
sual memory and on our grasp of how unfamiliar visual
forms are learned initially. In addition, they may help to
constrain the application of different theoretical ap-
proaches (holistic versus parts-based processing) to dif-
ferent processing domains (SVF vs. AVF recognition).
Indeed, both of these theoretical approaches may be
needed to understand the diverse abilities in human vi-
sion and memory.
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NOTES

1. It may be important to note that an AVF subsystem and an SVF
subsystem probably store duplicate and nonduplicate information. For
examptle, the information that an enclosed space is connected to a ver-
tical line in the form “p” likely is stored in both subsystems. However,
the specific kinds of vertices that are present in the form, the specific
shape to the enclosed space, and so on, may be information that is
stored only in an SVF subsystem.

2. Hemispheric asymmetries are useful tools for testing hypotheses
about the relative independence of neural processing subsystems (Hel-
lige, 1993). Although the behavioral results support the claim that two
visual-form subsystems operate at least relatively independently, they
do not indicate the way in which these subsystems may be lateralized.
We remain agnostic about whether these subsystems are strongly lat-
eralized (e.g., one subsystem operates only in one hemisphere) or
weakly lateralized (e.g., each subsystemn operates in each hemisphere,
with different subsystems operating more effectively in the different

hemispheres). Behavioral results alone do not enable us to distinguish
between these alternatives. However, we wish to emphasize that we do
not claim that information presented directly to one hemisphere is
processed only by that hemisphere. Rather, we use interaction effects
involving hemisphere of direct presentation (Hellige, 1983) and the
reasoning described in the text to test hypotheses about the architecture
of visual-form subsystems.

3. Although most of the theories of visual-form recognition cited in
the Introduction have been developed to account for object recogni-
tion, they can be applied to word and letter recognition as well. Indeed,
because human beings have been posed with the problem of recogniz-
ing word and letter forms for a relatively short time in evolutionary his-
tory, it is unlikely that humans have evolved subsystems devoted to
word and letter recognition. Instead, subsystems that evolved to per-
form object, face, and pattern recognition may be recruited to accom-
plish word and letter recognition.

4. Inall analyses in this article, the percentages calculated for critical-
word completion rates were conditionalized, in that only trials in which
the word stems were accurately perceived by participants were in-
cluded in the computations of completion rates. Analyses of condi-
tionalized percentages did not differ qualitatively from analyses of
nonconditionalized percentages, largely because participants perceived
the word stems accurately in high proportions of the trials (range =
.93-.86 across experiments reported in this article). Furthermore, valid
analyses of response times for critical-word completions were not pos-
sible in these experiments, because a large number of cells in the de-
sign did not include an observation in which a critical word was pro-
duced.

5. Although the interactions among context, case, and hemisphere
are the important results from this experiment and Experiment 1A, we
should offer a potential explanation for the unexpected finding of an
apparent lack of priming in one condition in this experiment (in the
same-context, different-case, RH condition; see Figure 3). Assuming
that the priming obtained in different-case conditions reflects process-
ing in conceptual systems to a relatively large degree, the lack of prim-
ing in that condition could be due to the characteristic processing of
RH conceptual subsystems. Conceptual subsystems in the RH process
relatively diffuse and wide-ranging semantic information effectively,
whereas conceptual subsystems in the LH process relatively precise
and focused semantic information effectively (Beeman et al., 1994;
Brownell, 1988; Burgess & Simpson, 1988; Chiarello, 1991; Zaidel,
1987). Thus, for priming supported by conceptual subsystems, same-
context priming may be large following LH presentations because in-
formation about context may be the kind of precise information
processed effectively in LH conceptual subsystems; however, same-
context priming may not be large (or may not be found) following RH
presentations because the diffuse information processed in RH con-
ceptual subsystems may not include information as precise as context.
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