Memory source confusions: Effects of
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Fighty subjects viewed and visually imagined upright or rotated alphanumeric
characters and later judged whether test characters were previously seen or
imagined (yeality monitoring). Identification and test characters were present-
cd verbally or visnally, When characters were identified and tested verbally,
source confusions (misjudging a seen character as “imagined™ and vice-versa)
were infrequent and were comparable for rotated and upright characters. When
characters were identified and tested visually, source confusions were more
frequent and were influenced by character rotation. Memories for imagined
characters were especially susceptible to source confusion. Also source confu-
sions for seen characters increased when characters were rotated. These results
are consistent with the proposal that increasing sensory similarity hetween
perceived and imagined items increases source confusion and that perceived
rotation generates cognitive operations similar to those gencerated when the
subject imagines a character rotated.

Most of us can describe occasions when we had difticulty discriminat-
ing memories for real events and memories for imagined cevents. For
example, during vour morning commute, vou find vourselt wondering
whether you locked the front door or simply planned this action in vour
imagination. Johnson and Rave (1981) term this decision process real-
ity monitoring. The Johnson-Raye reality monitoring model (Johnson &
Raye, 1981: Johnson, Hashtroudi, & Lindsay, 1993) describes the pro-
cesses involved in the discrimination and confusion of memories orig-
inating with perceptual processes and memories generated through
imagination.

Major assumptions of the Johnson-Raye reality
monitoring model

A major assumption of the reality monitoring model is that the char-
acteristics of memortes for actual and imagined events differ in predict-
able ways. All memories include sensory, contextual, or semantic details
of an event, along with information about the cognitive operations (such
as scarch, decision, or imagery processes) that were engaged when the
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memory was originally established (sce alio Johnson, 1983, 1985:
Johnson & Hirst, 1993). Perception typically pyoduces memory records
with more sensory, contextual, and semantic information, whercas imag-
inaton wypically produces memory records with more mlormation about
cognitive operations.

When individuals retrieve a memory, they may decide that the event
actually happened because the memory inchides sensory detail typical
of perception (c.g., "I must have actually caren the papava because 1
recall its rich, smooth aste™). Or, they may atpibute the memory to an
mternal source because the memory includes considerable information
about cognitive operations (c.g., “I recall Leing in a hammock and
watching a technicolor sunset. I must have imagined this experience
because I recall mentally painting the sky wity my favorite colors™). In

both cases, the individual makes a judgment about the likely origin of

the memory based on the typical characteristics of memories from imag-
ined and perceived sources.! Although individluals are typically quite
good at discriminating memories for perceived and imagined cvents
(reality monitoring), there are occasions when reality monitoring is
difficult such as memory source confusion(see Johnson et al,, 1993 for a
revicw).

The major intent of the present study was to ¢xtend previous rescarch
on memory source confusions by testing threc hypotheses derived from
the following reality monitoring proposition: the greater the overlap
between characteristics of memories for imagination and perception,
the harder the discrimination between the two will be (Johnson & Rave,
1981: Johnson et al., 1993).

The first two hypotheses concern specific conditions under which
memories for imagined events are likely to be misattributed to percep-
tion, whercas the third hypothesis concerns conditions under which
memories for perceived events are likely to be misattributed to imagi-
nation. Although several previous studies have tested these hypotheses
individually, the hypothieses were (ested jointy in the present study. This
permitied us to investigate whether or not memories for imagined
events are more susceptible to confusion with chr('cpliml and whether
particular qualitative characteristics of memgries are more likely to
contribute to memory source confusions (see Johnson ctal., 1993).

Producing source confusions for imagined events

Most previous studies of reality monitoring ¢ pnlusions were designed
to produce memories for imagined events that were atypical of their
class and, henee, likely to be misattributed to pereeption. For example,
Johnson, Foley, and Leach (1988) found that participants could readi-
ly discriminate memories for words imagined in their own voice and
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words heard in aspeaker’s voice. However, this discrimination was mote
difficult when participants imagined the words in the speaker’s voice,
In the latter case, imagined words were especially likely to be misattrib-
uted to perception, presumably, because the memories for imagined
events were more like typical perceptual events in terms of their (audi-
tory) sensory detail (also sce Johnson, Rayve, Wang, & Taylor, 1979:
Mohsen, Kahan, Tandez, & McDonald, 1996). This led to my first hy-
pothesis: memories for imagined events will tend to be misidentified as
perceived events when memories for imagined and perceived events in-
clude considerable sensory detail.

Rescarch conducted by Finke, Johnson, and Shvi (1988) revealed
another situation when individuals are Hikely to misattribute memories
for imagined expericnce to perception. Subjects were presented with
half of a symmetrical form, imagined the form completed, and then
rated the difficulty of the imagery task (Exp ). Participants found it
easier to imagine forms that were symmetrical about the vertical axis
than forms that were svmmetrical about the horizontal axis, suggesting
that fewer cognitive operations were required for the vertical comple-
tion task. In a second experiment, subjects first inspected whole forms
and half forms. For whole tforms., subjects evaluated the complexity of
the pattern. For halt forms, subjects imagined the form completed and
then rated the complexity. A control group gave only the complexity
rating. In a surprise memory test, subjects were asked to identity whole
forms us either representing forms seen (“whole™), forms imagined com-
pleted ("half”), or as new. Relative to controls, subjects who imagined
vertical forms tended to misatribute these memories to perception
more frequently than did subjects who imagined horizontal forms. Finke
et al.’s (1988) findings indicate that memories for imagined events,
generated with refatvely little cognitive effort, a feature more tyvpical
of perception than of imagination, are especially likely 1o be misattrib-
uted to perception (also see Intraub & Hoffman, 1992; Johnson, Ka-
han, & Rave, 1984: Johnson, Rave, Foley, & Foley, 1981). Theretore,
my sccond hvpothesis was that memories for imagined events will be
misidentilied as perceived events when memorices for imagined and
perceived events include relatively littde information about cognitive
operations.

One general aim was to investigate, in a single study, two conditions
expected to result i the misatribution of memories for imagined events
to pereeption. Specifically, memories for simple imagined events should
be especially susceptible to contusion with memories {or similar percep-
tudl events when memories for the imagined events contain consider-
able sensory detail and refatively litde information about cognitive op-
erations. The other objective was to investigate a condition likely to



134 KAHAN
increase the misattribution of memories for perceptual events to imag-
ination.

Producing source confusions for seen events

A study by Kahan and Johnson (1990) suggested that memories {or
perceived events that include considerable information about cognitive
operations are likely to be misattributed o imaginaton. Subjects first

viewed a letter or number inan upright position (identification). In half

of the trials, subjects then viewed the character rotated clockwise to
several discrete positions. The remaining trials were identical except that
subjects imagined the character rotated. Later, the identification char-
acters and comparable new characters were presented and subjects
Judged whether each test character was one they had scen, imagined,
or was new. Subjects had difficulty discriminating items thev had secn
rotated (53%) trom items they had imagined rotated (58%), in spite
of excellent old/new recognition (90%). Further, source identification
did not differ from chance performance tor either seen or imagined
characters. Kahan and Johnson (1990) offerced two explanations for
these memory confusions. The memories for imagined and seen char-
acters were highly similar in terms of their sensory characteristics be-
cause subjects viewed an exemplar charactier at the onset of both the
imagined and seen wrials. Memories for imagined events may have been
confused with memories for perceived events, based on the high level
of sensory information associated with imagined events. Memories for
seen events may have been confused with memorics for imagined events
because memorics for perccived events included considerable informa-
tion about the cognitive operations engaged at the time the memories
were generated. Kahan and johnson (1990) reasoned that lmagining
or secing characters in a sequence of positions within a circle could
engage the cognitive operations involved in mental rotation (c.g.. Be-
thell-Fox & Shepard, 1988; Cooper, 1976; Cooper & Shepard, 19734,
1973b; Koriat & Norman, 1984; Shepard & Metzler, 1971). Reality mon-
itoring could have been difficult on the basis of relative similarity in
cognitive operations information (e.g., Johnson et al., 1981). Unfortu-
natcly, the conditions emploved by Kahan and Johnson (1990) did not
permit an unambiguous interpretation of the likely basis of the observed
source confusions.

The present study

The present study replicated and extended the Kahan and Johnson
(1990} study in order to test three hypotheses concerning the condi-
fions fikely to increase reality monitoring confusions. The similarity
between memories for seen and imagined events was varied along two
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dimensions identified as important for reality monitoring: information
about the sensory characteristics of the event and information about the
cognitive operations involved in the formation of the memory.

The basic paradigm developed by Kahan and Johnson (1990) was
used: @ letter or nuimber was identified and then the character was seen
or imagined. Later, the identification characters were re-presented as
test items, intermixed with new characters. The subject’s task was to
decide whether test characters were originally seen, were originally
imagined, or were new (reality monitoring).

Manipulating sensory characteristics. In the present study, the acqui-
sition task was always visual: secing or visually imagining the characters.
The first experimental manipulation involved the sensory modality used
to identify the characters and to present test stimuli. Identification and
test characters were presented visually (visual mode) to half of the sub-
jects and verbally (verbal mode) to the other half of the subjects. Senso-
ry similarity between seen and visually imagined events should be high
in the visual mode and low in the verbal mode. This is because the vi-
sual mode imvolves perceptual input (identification of a character) that
is in the same sensory modality as the imagined and scen tasks. How-
ever, the verbal miode involves perceptual input (identification of a char-
acter) that is in a different sensory modality as the imagined and seen
tasks. The first prediction is that memories for imagined characters
should be more often misidentified as “seen”™ in the visual mode than
in the verbal mode.

Manipulating information about cognitive operations. The amount of
cognitive operations induced by the experimental task was also manip-
ulated. Half of the subjects viewed and imagined the characters rotat-
ed (rotation) and half of the subjects viewed and imagined the charac-
ters in a single upright position (no rotation). More cognitive operations
should be required to construct an image in several different orienta-
tions than to construct and maintain a single image (e.g., Corballis,
1986; Logan, 1978), even if imagining letters is a relatively casy imag-
ery task (e.g., Jolicoeur, 1988). The memories for the characters imag-
ined in a single position should be casily confused with the memories
for similar scen characters because both types of memories include
relatively livde information about cognitive operations, a feature more
typical of perception than of imagination. This information about the
relatively low level of cognitive operations could Tater serve as a cue that
these memories originated with primarily perceptual processes. The
sccond prediction, then, was that memories for items imagined in a
single position (no rotation) should be misattributed to perception
more frequently than memories for characters tnagined in several ori-
entations (rotation).
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acter’s next position (see Figure 1). Rotation sequences differed in how far the
character was rotated. Four different character sequences were defined at each
of three Tevels of rotation: “low rotation” sequences terminated between 20 and
80 degrees, “modcerate rotation” sequences terminated between 110 and 170
degrees, and “high rotation” sequences terminated between 200 and 260 de-
grees. The 12 imagined and 12 seen characters were assigned to a rotation
sequence so that four imagined and four seen characters thus occurred at cach
rotation level (low, moderate. high). A sccond character set was constructed
by reversing which items were seen or imagined. The two character sets were

counterbalanced across the two rotation conditions.

Design and procedure

A 2 (modality: visual, verbal) x 2 (rotation: yes, no) X 2 (source: seen, imag-
ined) mixed design was used. Modality and rotation were varied between sub-

jeets and source was varied within subjects. Subjects” tendency to confuse mem-
ories for the source of scen and imagined items was compared across the four
combinations of modality and rotation. Old/new recognition and false posi-
tive rates were also compared.

Acquisition. Subjects were told that this study compared the qualities of
imagination and perception and, in particular, secing versus imagining letters
and numbers. Subjects were scated 1.22 m from a computer screen clevated
25.4 cm and were asked o fixate on a small cross centered inside a cirele. The
circle remained illuminated throughout the acquisition phase. The computer-
presented stimuli were amber capital letters and numbers against a black back-
ground (sece Figure 1).

Subjects received a verbal overview of the trial sequence, followed by one
secen and one imagined practice trial. For two of the experimental conditions
(visual modality: rotation, no rotation), trials consisted of five stimuli: a visual
identification stimulus and four visual acquisition stimuli (see Figure 1. For

Visual Modality Verbal Modality
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Figure 1. Representative seen and imagined trials for the four experimental
conditions: in the verbal modality, characters were verballv identified and ver-

ballv tested
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the other two conditions (verbal modality: rotation, no rotationy, cach char-
acter was verbally identified prior o presentation of the four visual acquisition
stimuli. For example, for a seen character presented i the visual modalite and
with rotation, subjects first saw a circle on the screen (see Figure 1) A small
cross then appeared in the center of the circler subjects were instructed to fo-
cus on the cross. A letter or number replaced the cross (eagn, an "R7)0An ar
row pointing down through the top ot the character was added. Next, the char-
acter and arrow were ve-presented in several discrete positions representing o
clockwise vatation. At the end of the wial, only the circle was displaved. hinag-
ined wials ditffered from scen trials in that, when the arrow was displaved, the
character disappeared (see Figure 1) Subjects were instructed to vividly imag-
inethe previous character (e.g.. a "V7) in the positions indicated by the arrow.
with the arrow pointing down through the top of the imagined character.

Subjects assigned to the verbal modality with rotation experienced the pro-
cedure just deseribed except that the character was identified verbally while the
subject was focused on the cross. Subjects assigned to a condition involving no
character rotation experienced the procedure appropriate o ther assigned
sensory modality (visual or verbal) and all characters weve seen or imagined
in a single, upright position (sce Figure ). Fach wrial (character identification
followed by four acquisition stimuli) was 15 s with a 2—s interstimudus interval
(phi motion did not occur at this presentation rate).

The mirror image judgment was inchided ina second run through the prac-
tice trials. Subjects were asked to verbally rate the difficulty ranging from 1 (very
easy) 1o 7 (very difficult) of imagining the mirror image of cach character in its
final position.” The mirror iimage ratings werve designed to increase the face
validity of the experimental task and 1o provide an indirect index of whether
subjects were following the imagery instructions.”

The 24 experimental trials followed, with the subject reporting his or her
mirror image rating after each trial. The imertrial interval was about 6 s.

Distractor task. Following acquisition, subjects completed Marks’s (1973)
Vividuness of Visual Imagery Questionmaire (VVIQ). This task averaged 5 min,
during which subjects were asked to visualize and rate the vividness of several
complex memory images (e.g., a mountdin scene; a familiar person). The VVIQY
was expected to prevent incidental rehearsal of the acquisition items and to
maintain subjects’ task involvement

Source monitoring test. All subjects were tested for their ability to identify
the source of 32 computer-presented test characters (the 24 identification char
acters used during acquisition intermixed with 8 new characters). Test charac-
ters were randomized in blocks of cight, with cach block containing two new,
three seen, and three imagined characters, Within each block, the seen and
imagined characters also encompassed the three rotation conditions (Tow,
moderate, and high). Items (rom cach third of the acquisition set were included
in each third of the test order to veduce possible prisacy and recency effects.

Test trials began with the subject tocused on the cross inside the circle (see
Figure 1). For subjects in the visnal mode, test characters were then presented
vistally, i an upright position and centered inside the circle. For subjects in
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(M=.25), I{1. 76) = 833, MSE = 50, and for the visual modality (M=
A3) than for the verbal modality (M= 200, F(1.76) = 53.50, MSIL =212,
Source confusions did not differ for characrers that were rotated (M =
32) and characters that were not rotated (M =.31), I(1,76) = .16, MSE =
01, However, a significant Source x Rotation X Modality interaction, /11,
76) = 3.86, MSI = .23, revealed that the influence of chavacter source
on subjects’ tendency 1o misjudge the source of memories depended
on the sensory modality of identificadon and test characters and on
whether characters were rotated. Figure 2 illustrates this pattern.

Differences across sensory modalities. The three-way interaction was
explored by conducting separate anovas for the verbal and visual mo-
dalitics. When identification and test characters were presented verbal-
iy (Figure 2, 1cft panels), source confusions were generally fow (M = .19)
and comparable for seen (M= .20) and imagined (M = .20) characters,
> .10. Source confusions were also comparable for rotated (M= .24)
and upright (A = .16} characters, p > 10, There was no interaction
between source and rotation.

When identification and test characters were presented wvisuwally (Fig-
ure 2. right panels), the difference i source confusions for seen and
imagined characters was greater when characters were not rotated than
when characters were rotated, /{1, 38) = 4.27, MSE = 40. Also, iagined
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Figure 2. Mean proportonal source conlusions of seen and imagined charae-

ters as a function ol sensory modaliny and character rotaton. Vertical lines
indicate the 95% confidence interval for the mean
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characters were morce often misidentified as “seen” (Mf .:')43 than W(:l"—(’
seen characters misidentificd as “imagined” (M = .{%2), F (1, 38) = ]().4)‘/,
MSE = 1.00. Subjects who were instructed to imaglm.% the (‘har;l(‘l'crs 1‘11
a single upright position (M = .64) were much more ll.k(‘,l}’ to later judge
these characters as having been “seen” than \.v("rv subjects mstr‘m‘tlc(l to
imagine the characters rotated to various posmons (M:. 44y, 101, 38) 7
999 Contrary Lo expectation, the tendency to IIllSllllI'l.l)lll(‘, scen char-
acters to imagination did not differ for subjects who \’lf,‘\\'(’(l 111\(5 char-
acters rotated through a sequence of positions (M =.36) and for sub-
jects who viewed the characters in a single, upright position (M= .28),

F(1, 88) = 1.29, p > .10.

A two-wav Rotation x Modality interaction effect was observed in sub-
) . L . : . eyt e Sapags »og) =( _
jects” tendency to misjudge imagined characters as “seen, (1, 79) =

\7.06, MSE = .45. When identification and test characters were present-

ed verbally, subjects were no more likely to misidentity memories for
imagined characters as having been seen when characters were 1“()1;110(1
(M= .24) than when characters were not rotated (M= .15), "< 1.0.
When identification and test characters were presented visually, subjects
were more likely to misidentify memories for imagined characters as
having been seen when the characters were not rotated (M= .64) than
when the characters were rotated (M= .44), I1(1, 38) = 2.22. In gener-
al, memories for imagined characters were misidentified as “seen”™ more
often when the same sensory modality was used tor the identification
of test characters relative to the acquisition task, visual mode, (M= .54)
than when different sensory modalitics were used, verbal mode, (M =
220), 101, 79) = 35.74, MSE = 2.28.

Source confusions were generally more [requent in the visual mode
than in the verbal mode. This linding is consistent with the imitial hy-
pothesis that memories tor imagined events will tend to be misidentified
as originating with perception (judged “scen™) when memotics for
imagined and perceived events arve similar with respect o sensory de-
tail. In the visual moce, each character was visually identified before the
acquisition trial, so imagined and seen characters were highly similar
in sensory detail. In the verbal mode, cach character was verbally iden-
tified, so imagined and seen characters were less similar in sensory de-
tail. Consistent with the Johnson-Raye reality monitoring model (1981),
memories for seen and imagined characters were confuscd in the visu-
al mode because of the relative similarity in sensory qualities. Memo-
ries for scen and imagined characters were not confused in the verbal
mode because of the refative differences in sensory qualities. In short,
source confusions were increased when the sensory input preceding an
imaginal task involved the same sensory modality as the imaginal task
(sce also Brooks, 1968).
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Results from the visnal mode are consistent with the hypothesized role
of cognitive operations in source monitoring judgments. The second
prediction was that memories for imagined characters would tend to be
misidentified as having been scen when memories for imagined events
include little information about cognitive operations. Source contusions
occurred more often when characters were imagined in an upright
position than when characters were imagined rotated to several posi-
tions. Presumably, more coguitive operations were required to gener-
ale images of the rotated characters and this information about cogni-
tive operations was preserved in memory. In spite of the sensory
similarity between imagined and seen characters, subjects were able o
later correctly identifly the source of imagined items that were rotated
on the basis of information about cognitive operations (Johnson & Raye,
1981; Johnson et al., 1993). ltems that were imagined in a single posi-
tion were readily conlused with seen items because the memories for
these ittems weve similar 10 memories for seen items in high sensory
detail and litde information about cognitive operations.

Differences for seen and imagined characters. An alternative view of
the three-way interaction effect for source confusions was evaluated by
considering the eftects of sensory mode and character rotation separate-
ly for scen and imagined characters.

Participants in the visual mode misidentified seen characters as "imag-
ined” more frequently (M= .32) than did subjects in the verbal mode
(M=.20), I{1,79) = 11.20, MSLE'= .39. Also, subjects tended to misiden-
tify seen characters as “imagined” more trequently when characters were
rotated (M= .29) than when characters were not rotated (M= .22), I
(1,79) = 3.43, MSE= 12, p=.07.

These findings lend qualified support for the third prediction that
memories for scen characters will tend to be misidentified as having
been imagined when memories for seen events include considerable
information abont cognitive operations, particularly when memories for

scen and imagined events are qualitatively similar in other respects (e.g.,
contextual information or sensory detail).

Recognition

The measure ol source confusions takes into account the subjects’
overall level of item recognition, so extreme variation in recognition
could potennally skew source confusions. It is therefore important to
know whether recognition varied acvoss the four experimental condi-
tions.

First, a corrected measure of overall recogniton was analyzed (hits-
false alarms divided by the total number ol items). For cach subject, the
number of seen and imagined tems judged “scen”™ or “imagined” and

Ny ¥ -, THARACTT RS i 24
( US 5 1 SEEN AND 1M/ GINED CH
Ny 1()NI‘USI()NS FFOR SEI? A
SOU RCK

1 “ l. \'” 'l‘hC nun-
e ’ n i 3 ¢ * wowas '1(1(1(’(1 ( h )
n ]I’nl) o ()i Ccw 1ten .\.]Hd?(,d new  was «

: > wo ot ed” was then subtracred
the f new items j\\dg('d “seen” or fimaging d \\Ah‘ th O
b y. The 1 i - was divided by the told -

y. The res 1o number was Qi ) .
(“false Alarms™). The resulting s divided By iz,
fitems (32) vielding the percenmage of items ! ctly i e
D A ws 1 ‘ hese percentages as @ luncuon oFsenst:
¢ analyze these percentages as«
x was used to analyze the . i
An A ] Taracter rotation (1o, yes).
o (verbal, visual) and character rot ) ‘ )
" modalts (\“bdl’l\ ( ) ( the verbal mode (M=91) than in the vi-
ition was hetter m : . > | D)  the v
Recogmt(l(;; 86), (1, 79) = 7 0B, MSE = .05, but it did not differ for
NV = 3] ' , Ay = LA - ‘
;ual mode (U . , . e (M = 88). There
S ted characters (M= .8%) and upright characters (M= .88) her
o oractio aracter rotagon.
0 Heraction hetween sensory modality and character }‘ 1
as no s . y . arable to that ob-
‘;“‘h overall level of recognition (M= .89) was comparable t P
€ €Ye ) TGO
¢ : Y 1990).

ve ; Kahan and‘()lms(m( Q . | o
served ition as '111() considered separately for scen and imagined

Recognition was als . F o O eemtage

: -ogniti 'S tems was defined as I )
. e cognition of seen 1 ‘ ! ety
items. Correct FC “ " or “imagined” and correct
S - 19} udeed “scen’ or Tnmagl A

8 “haracters (= 12) judg hd correct
of scen (e i (' i Cwas defined as the percentage of imag
recognition of imagincd items was delined e ¢ ot

ed : CAeed “seen” or “imagined.” AnANOVA Dat
ined characters (n=12) judged “seen” Or TINAGICd. b o

‘ eSS 3 "CE 28 S ¢
2 mixed model was used 1o analyze the vesulting percen (.‘g ((
e L isual haracter rotanon (no,
ity (ver 13 character rofte
; i ~censory modality (verbal, visual),
function of sensory 1 3 ' - character sorfimn
& im: e > widenced a o
erer source (seen, imagined). Subjects ¢
o) character source {seen, ¢ n "
e - i oss the verbal and visual modes
i Of v 3 : 1e verbal an
P 'h leve recognition across . ‘

arably high level of ¢ v : 4 d viswal o
[()Mq /89 90), respectively). Recogmuon of seen and nndgmul;}t;

S = . , U, S § ) ¢ ‘ e .
was not generally influenced by source, rotation, ot m()d‘lllm ¢ L
e li fon > Alitv interaction was observed, £,

o or a4 reliable rotation x modality interaction
1). However, a reliable rotat ity 1 was observed, 1
723) ~6.71, MSE=.10. When identficadon and test haracters ;\616‘, pre
ed verbally (v ecoanit as higher for characters
sented verbally (verbal mode), recognition was l)lga}:( " ‘m aer

4 . : : M = elative ar-

pre%ented or imagined mn an upright posiaon (M=t _.)1. I¢ -‘ﬁ oo
) ’ ( it =.87). Whe : catio

acters rotated to different posions (M =.87). Whendenn Hon LW'H
p ’ i ), recognitio <

test characters were presented visually (visual mode), 1(1(355 [ f(

' G ) . A= an for
1 o characters rotated to different posinons (M=91) tha .
higher for characters ‘ ‘ M- - o
‘ tated (M= .86) The fact that recognition was not 1
characters not rotated {1 =0/ : : 8! ! o

e source indicates that the pattern of source confu
fluenced by item source €8 . AT RO e rec-
described above cannot be cxpl;\mt'd in terms of ditler :
ognition of seen and imagined characters.

False positive responses | .

The possibility ol'a general bias to 1‘(‘&{){)11(1 ":wcnv fn‘l 11-(?\;1%:(1‘1:)1(]” (\1\1;(1
explored by comparing the proportion of new 11’(:1’11‘5\])\\( gf ( n. i:'l,]w .
the proportion of new ilt’ms‘]udgtﬂ"d “121;\5&;\\1.6(1. Ih( m::: 1(‘; .()“‘m“
itive rate (new items judged “seen or nn'ugln(‘(l ) \NIS\I O ther
(M proportion = .06) and did 1.\m vary wltil m()v("in'htyl ( )‘<d“ i;mm -
words, subjects could readily discriminate "new A‘m( 1 ( 4 1‘0, e
there was no greater tendeney o respond, for example, os

<



i KAHAN

items when the characters were identified and tested visually rather than
verbally. The Jatter finding is especially important because it indicates
that rhe source monitoring confusions ol imagined items in the visual
modality cannot be explained by a generalized response bias 1o sa
“seen.”

An anvova was conducted to evaluate whether subjects evidenced a
response bias to judge new items as imagined or scen. A significant
Rotation X Source interaction revealed that subjects” tendency to call
new items “seen” or “imagined” was retated to whether or not targei
items had been rotated, I1(1, 76) = 4.04, MSE = .03. When subjects imag-
ined and saw characters in a single, upright position (no rotation), sub-
jeets were more inclined to misidentify new items as “seen”™ (M = .06)
than as “imagined” (M= .03). When subjects imagined and saw char-
acters rotated, they were more inclined to misidentity new items as
“imagined” (M= .07) than as “seen”™ (M= .00).

Memories for scen and imagined characters in the no rotation con-
ditions should include relatively little information about cognitive op-
crations, a feature more tvpical of perception than ot imagination. And
it the memories for these items are also similar in terms ol other qual-
itative characteristics important for reality monitoring, then subjects
who are uncertain of the source of a test character would hikely apply
the judgment heuristic *when in doubt, judge the item as ‘seen.”™ The
present false positive results suggest that when subjects in the no rota-
tion conditions were uncertain of the source of a new iteny, they applied
this same heuristic. Similarly, memories for seen and imagined rotated
characters should include more intormation about cognitive operations,
a teature more typical of imagination than ot perception. The talse
positive results suggest that when subjects are uncertain of the source
of a new item. they apply the heuristic “when in doubt, judge the item
as ‘imagined.”” These results are consistent with the reality monitoring
model and the predicted basis for source confusions in the present
study. That is, subjects were expected 1o base their source judgments on
implicit heuristics concerning the average dilferences typical of mem-
orics for perceived and imagined events. The present results are also
congruent with the reality monitoring proposition that the judgment
hearistics applied in a source monitoring task are influenced by the
relative differences between memories for seen and imagined events in
a particular task.

Ratings on the VVIQ. For cach person, a mean VVIQ rating was com-
puted from the ratings given for the 16 questionnaire scenes. The mean
VVIQ rating across all subjects was 3.81 on a scale of (1) (w0 image at
all) 1o (D) (perfectly clear and as vivid as normal vision ). An ANOVA bascd
o1t a mixed model was used o analyze the mean VVIQ ratings as a fune
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visual mode was information about the cognitive operations engaged
when the memory was established.

The pattern of results in the visual mode also indicated a tendency for
source conlusions to increase for scen items and decrease for imagined
items when characters were rotated, relative to the no rotation condition,
The most parsimonious explanation for this trend is that viewing or imag-
ining characters rotated to various positions induces mental rotation and
that the cognitive operations associated with mental rotation are actual-
ly of a more deliberate, controlled nature than has been previously as-
sumed (c.g., Corballis, 1986; Logan, 1978). Information about cognitive

operations is preserved in memory and, when activated in the context ol

a source identihcation task, provides a cue that the memory was likely
generated through primarily imaginal processes.

Conclusions

The present results are consistent with the assumption that specific
information concerning the conditions under which a memory was es-
tablished is preserved in memory and later serves as the basis for deci-
sions about the likely source of the memory (Johnson & Raye, 1981:

Johnson ctal., 1993; Lindsay & Johnson, 1989). Source confusions in-

crease with increased overlap in the characteristics of memories for
imagined and scen events. However, source confusions do appear to be
asymmetrical, with memories for imagined events more likely 1o be
misattributed to perception. The present data suggest that it is also
possible to increase source confusions for seen events although this type
of memory confusion is more difficult to produce and may occur only
when there is alrcady an unusually high degree of similarity between
imagined and perceived cvents.
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“hased on qualitative characteristics of activated information

ran event was perceived or imagined, the presentexpernmen-

an extended discussion of the s/\'Sl(-In;ili.(’-].l(xlll'iSl'l(T dislin(tli(‘m). o

9. The numerals “07 and “1” were eliminated because of their similarity to
the letters «O” and “L” respectively, . ‘ o

3. The resulting character assignment was 1nspv(:l(‘(1 1}() insure l.h‘;u sl]j)n];nl
characters did not consistently occur across s.c(*n and imagined conditions (c.g.,
R seen and B imagined, Fseen and F imagined). ‘ .

4. In the Kahan and Johnson (1990) study, subjects rat(‘d‘thc Pcrc(‘lvc*(l
change in visual appearance over the course ()f‘ the scen and Illlllglll(‘(-l rota-
tion sequences. This task was replaced because it was not appropriate for the
conditions in which characters were not rotated.

5. Subjects’ mirror image ratings were analyzed as an index of whether the
instructional manipulations were successful. For example, subjects who were
instructed to actively imagine a character during the acquisition task should find
the mirror image task relatively difficult because of the increased processing
demands associated with completing two simultancous imagery tasks (e.g..
Brooks, 1968). For cach person, an average mirror image rating was calculated
for seen items and for imagined items. A 2 (modality: visual, verbal) X 2 (rota-
tion: no, yes) X 2 (source: seen, imagined) ANOva based on a mixed model \\-'QlS
used to analvze the mean mirror imagery ratings. Mirror image ratings were -
fluenced by all three manipulated variables. Participants rated the mirror image
task as more difficult when they were instructed to vividly imagine alphanumer-
ic characters (M= 2.56) than when they were instructed to simply view charac-
ters (M= 2.20), M1, 76) = 14.63, MSE = 4.99. Participants also considered the
mirror image task more difficult when characters were rotated (M = 2.60) than
when characters were not rotated (M= 2.16), (1, 76) 7.62, MSE = 1.21. Finally,
subjects found it more difficult to imagine the mirror image of a character when
characters were identified visually (M = 2.67) than when characters were iden-
tified verbally (M= 2.09), I(1, 76) = 10.94, MSK = 1.21). No interaction effects
were ()bscr\'c/d. The mirror image findings are consistent with the assertion that
subjects followed instructions when they were asked o vividly imagine a charac-
ter. These findings also suggest that the demands on cognitive processing are
greater under rotated versus static conditions and under conditions when the
identification and acquisition stimuli are in the same sensory modality.
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