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Assessment of Age-Related Changes in Inhibition and Binding Using Eye
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Age-related memory deficits may result from attending to too much information (inhibition deficit)
and/or storing too little information (binding deficit). The present study evaluated the inhibition and
binding accounts by exploiting a situation in which deficits of inhibition should benefit relational
memory binding. Older adults directed more viewing toward abrupt onsets in scenes compared with
younger adults under instructions to ignore any such onsets, providing evidence for age-related inhibitory
deficits, which were ameliorated with additional practice. Subsequently, objects that served as abrupt
onsets underwent changes in their spatial relations. Despite successful inhibition of the onsets, eye
movements of younger adults were attracted to manipulated objects. In contrast, the eye movements of
older adults, who directed more viewing to the late onsets compared with younger adults, were not
attracted toward manipulated regions. Similar differences between younger and older adults in viewing
of manipulated regions were observed under free viewing conditions. These findings provide evidence
for concurrent inhibition and binding deficits in older adults and demonstrate that age-related declines in
inhibitory processing do not lead to enhanced relational memory for extraneous information.
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Older adults typically demonstrate poor memory performanceenough information, causing memory representations to be impov-
compared with younger adults, as assessed by tests of recall aedished.
recognition (e.g., Craik & Jennings, 1992; Graf, 1990; Winocur, On the first account, older adults encode too much information
Moscovitch, & Stuss, 1996). There are numerous theories regardecause of a deficit in inhibitory processing, which would otherwise
ing the underlying cause of such age-related memory problemsllow one to filter out irrelevant information and select only the
including general cognitive slowing (e.g., Salthouse, 1995, 1996)information needed to perform a given task (Hasher & Zacks, 1988;
sensory difficulties (Schneider & Pichora-Fuller, 2000), and de-Rabbitt, 1965). Deficits in inhibitory processing allow too much
creases in attentional processing resources (e.g., Cerella, 198&formation into memory, leading on some occasions to competition
Craik & Byrd, 1982) or the level at which encoding processes areat retrieval between relevant and irrelevant information (Hasher &
directed (e.g., superficial vs. elaborative encoding; Craik & Lock-Zacks, 1988; Hasher, Zacks, & May, 1999; May, Zacks, Hasher, &
hart, 1972), among others (for reviews, see Balota, Dolan, &Multhaup, 1999). By contrast, should the irrelevant information be-
Duchek, 2000; Light, 1996; Zacks, Hasher, & Li, 2000). The come relevant, older adults can also show a performance advantage
present work investigates two current theories of age-relatedver young adults (Kim, Hasher, & Zacks, in press; Rowe, Valder-
changes in memory: Older adults encode and store more informaama, Hasher, & Lenartowicz, 2006). On the second account, age-
tion than is needed for any given task and older adults do not storeelated declines in memory performance are due to a binding deficit
at encoding that prevents information from being stored successfully
into a memory representation that can later be retrieved (e.g., Chal-
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mation. Older adults show increased access to irrelevant informaadvantages for binding as have been observed for priming. In fact,
tion, as assessed by later priming tests (Hasher, Quig, & Maythe findings outlined below suggest a distinct age-related impair-
1997; May et al., 1999), including ones that are quite differentment in binding performance.
from the initial encoding task (Kim et al., in press; Rowe et al.,
2006). Moreover, in reading tasks, Qlder adults are more likely Age-Related Impairments in Binding
than younger adults to generate multiple inferences regarding text
passages and are less likely to quickly abandon erroneous inter- Older adults have shown deficits in forming associations, or
pretations in the face of conflicting evidence (Hamm & Hasher,binding relations, among distinct items (Naveh-Benjamin, 2000),
1992). as evidenced by decreased sensitivity in the recognition of previ-
Findings from eye movement studies also provide evidence foously studied word pairs (Castel & Craik, 2003), combinations of
an inhibition deficit in older adults. For instance, age-relatedpictures (Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003), and
deficits are observed on the antisaccade task, in which a targebmbinations of face and name pairs (Naveh-Benjamin, Guez,
stimulus is flashed to one side of fixation and the viewer isKilb, & Reedy, 2004). Older adults have also demonstrated poor
instructed to not look at the location of the abruptly presented cueyewitness identification and poor memory for source information
but rather to make an antisaccade (i.e., initiate a saccade of equalative to younger adults, which may be indicative of a general
amplitude) in the opposite direction of where the cue was preimpairmentin binding, in forming relations among distinct objects,
sented. If the viewer fails to inhibit responding to the cue, an eyeor in forming relations between an object and a context (e.g.,
movement toward the cue, a prosaccade, is generated before thiashtroudi, Johnson, & Chrosniak, 1989; Multhaup, de Leonardis,
antisaccade (see Munoz & Everling, 2004, for review; Olk & & Johnson, 1999; Schacter, Koutstaal, Johnson, Gross, & Angell,
Kingstone, 2003). Compared with younger adults, older adultsl997). Binding of between-object relations would thus appear to
have more difficulty suppressing the reflexive prosaccade in rebe compromised in older adults.
sponse to an antisaccade cue, but, when they respond correctly, It is important to note that the above tasks assessed binding
there are no age differences in the accuracy of the location of thasing explicit memory instructions in which younger and older
eye movement (Butler, Zacks, & Henderson, 1999; Olincy, Rossadults must report on the contents of their memories. Tasks that
Young, & Freedman, 1997). In other words, although older adultsuse such instructions may elicit a negative stereotype regarding
may have intact memory for the location of the cue, their eyememory and aging and/or cause an increase in arousal levels that
movement data point to an inhibition deficit. would otherwise cause poor memory performance to be observed
Further eye movement evidence for an age-related deficit ifRahhal, Colcombe, & Hasher, 2001; for review, see Zacks et al.,
inhibition comes from oculomotor capture studies in which an2000). Evidence suggests that merely requiring older adults to
array of stimuli is presented and the viewer is instructed to moveexplicitly report on the contents of their memory can elicit poor
his or her eyes to the location of a color singleton while ignoringperformance in older adults for reasons that have nothing to do
an abrupt-onset stimulus (Colcombe et al., 2003; Kramer, Hahnwith memory per se, thereby potentially obscuring otherwise intact
Irwin, & Theeuwes, 1999). Older adults made more saccades to thieinding performance (e.g., Rahhal et al., 2001). Therefore, an
location of the abrupt-onset stimulus than did younger adults whemdvantage of the current work is that participants were not required
the abrupt onset was patrticularly salient (Kramer, Hahn, Irwin, &to report on the contents of their memories. Instead, eye movement
Theeuwes, 2000). Oculomotor capture tasks also reveal ageneasures were used to assess inhibitory and binding performance
related deficits in inhibition when singleton features, rather thanwithin a single task.
abrupt onsets, serve as distractors. For example, older adults were
!ess accurate than younger adults at fixating on a shape singleton The Current Study
in an array of letters (e.g., a greramong greei®s) when a color
singleton was also present (e.g., a ¥)das color is a more salient To examine inhibition and binding within the same paradigm,
feature than shape and serves to attract attention. Older adults alparticipants were presented with displays of three novel objects on
made more saccades in anticipation of the display onset comparedal-world scenes while their eye movements were monitored.
with younger adults, further providing evidence for age-relatedTwo of the objects were presented concurrently with the onset of
deficits in inhibition (Ryan, Shen, & Reingold, 2006). the scene, and one object was presented as an abrupt onset 500 ms
Although the above findings suggest that there are age-relateldter. Participants were instructed to either freely view or ignore
impairments in inhibitory processing, no existing study, to the besthe object that served as an abrupt onset. Examining eye movement
of our knowledge, has assessed whether binding impairmentsehavior under free viewing conditions provides an indication of
coexist with inhibition deficits in older adults. There is some whether older and younger adults generally differ in their patterns
evidence to suggest that having processed an irrelevant stimulue scanning scenes. Using the logic from antisaccade and oculo-
(for which there is an existing representation in memory) as amotor capture paradigms, the extent to which older and younger
result of an inhibitory deficit confers an advantage in a subsequeradults direct eye movements to the abrupt onset under ignore
priming task for older adults (Hasher et al., 1997; Kim et al., in conditions relative to free viewing conditions provides a measure
press; Rowe et al., 2006). However, it remains unclear whether thef age-related differences in inhibition. If inhibitory processing is
additional information encoded by older adults can be bound intdmpaired in older adults, then older adults should direct more
a memory representation with other processed information. Giveriewing toward the abrupt-onset object compared with younger
that binding and the processes underlying priming may be mediadults.
ated by distinct neural systems (Cohen & Eichenbaum, 1993; Eye movement monitoring can also inform us about the integrity
Moses & Ryan, 2006), there is no a priori reason to expect similaof binding. Previous work has demonstrated that eye movements
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are attracted to regions in a display that change across display$able 1

regardless of whether people are intentionally trying to detect anjMeans and Standard Deviations for Younger and Older Adults
changes. This pattern of findings suggests that information regardsn the Background Measures

ing the relations among objects has been bound into a lasting

representation (Ryan et al., 2000; Ryan & Cohen, 2004a). To F_ref Vi?_""ing _ 'tgnotr_e
examine binding function in the present study, the object that instructions instructions
served as the abrupt onset during initial viewing either did or did Variable M sD M sD

not change its spatial position (and so between-object spatiat
relations) during a subsequent viewing. This design thereby exAge dul
ploits a situation in which deficits of inhibition should benefit ~ Younger adults 2350 328 2392 459

- L . ) Older adults 71.54 7.21 73.83 6.66
relational memory binding because of increased processing of th@gars of education
to-be-manipulated objects. Younger adults 16.08 153 16.25 1.82
Three possible outcomes can be considered depending on Older adults 14.96 357 1544 5.86
vv.hther age differences are _res.trl_cted to inhibitory d_ef|C|ts_, to Younger adults 17.25 806 1940 8.66
binding deficits, or to both. If inhibitory processes are impaired o er adults 2461 1141 2699 1052
with aging, then older adults should look longer or more often atcyLT: Short-delay free recall
the abrupt-onset stimulus during the encoding phase than should Younger adults 11.17 3.02 12.04 2.81
younger adults when specifically instructed to avoid looking at the \%_‘I’_e[_adu'tds vt ! 9.62 356 792 326
. . . . . : Long-delay free recal
ons_et_. If binding processes are impaired with aging, then old_e Younger adults 11.87 259 1142 283
participants should fail to show increased eye movement behavior g ger adults 10.29 3.42 8.75 353
to the changed object under all conditions. If both are impairedCVLT: Long-delay recognition
then older adults should direct more viewing to the abrupt onset Younger adults 14.88 123  14.83 1.40
compared with the younger adults during the encoding phases b%t\?'der adults 14.25 165 1362 2.28
. N . . LT: Long-delay false alarms
not show increased viewing of the changed region during the Younger adults 204 214 296 3.85
critical block when changes are made to the stimuli. This paradigm older adults 417 5.71 4.71 8.18

allows predictions from inhibitory and binding accounts to be
assessed within the same session, using the same materials and . ERVT = Extended Range Vocabulary Test; CVIT California
same eye movement measures in a manner that is not confound¥g°a! Learmning Task.

by issues surrounding task demands and negative stereotypes

about memory and aging. in Table 1. Younger and older adults did not differ on years of
educationF(1, 92) = 1.74,p = .19; there was no difference in
Method years of education across instruction conditioRs<( 1) and no
significant interaction between age group and instruction condition
Participants (F < 1). However, younger adults performed significantly worse

than the older adults on the ERVF(1, 92) = 14.80,p < .001,

Ninety-six participants participated in this study in exchange forgimiiar to previous reports (e.g., Rahhal, May, & Hasher, 2002).
monetary compensation. Forty-eight younger adults (22 men, 2§here was no difference on ERVT scores across instruction con-
women; age range: 1835 years) and 48 older adults (7 men, 41 yitions, F(1, 92) = 1.35,p > .2, and no significant interaction
women; age range- 6085 years) were recruited from the ROt petween age and instruction conditioR € 1). Younger adults
man Research Institute (Toronto, Ontario, Canada) participanberformed either marginally or significantly better than older
pool. Post hoc examination of the eye movement data revealedqyis on the short- and long-delay measures of the CVLT: short-
similar patterns of performance between genders; therefore gend@@ay free recallF(1, 92) = 19.15,p < .001; long-delay free
was not included as a factor in the reported analyses. recall, F(1, 92) = 11.15,p = .001; long-delay recognitiorf(1,

The design was between-participants; half of the younger an@z) = 7.08,p < .01; and long-delay recognition false alarrfél,
older participants received free viewing instructions during the92) = 3.03,p = .085. CVLT scores were not significantly differ-
study block whereas the other half received ignore instructions, agnt across instruction conditions (@6 < 1). The interactions
outlined in detail below. Age was significantly different between patween age group and instruction condition were not significant
the younger and older adult§(1, 92) = 1,797.31p < .001, but {61 any measures of the CVLF§ < 1) except the short-delay free
there was no difference in age across the instruction conditionsreca”',:(l, 92)= 3.98,p < .05, in which the discrepancy between

F(1,92)= 1.37,p > .2, nor was there an interaction between agene scores of younger and older adults was larger under ignore
and instruction conditionR < 1). Means and standard deviations jystryctions.

are presented in Table 1. All participants had normal or corrected-
to-normal vision and reported no incidence of traumatic brain
injury in the last 3 years.

Each participant completed a background information sheet, the Participants were presented with displays consisting of three
Extended Range Vocabulary Test (ERVT; Educational Testingabstract objects placed on a real-world background (see Figure 1).
Service, 1976), and the California Verbal Learning Test-secondEach display measured 1,024768 pixels and subtended approx-
edition (CVLT-Il; Delis, Kramer, Kaplan, & Ober, 2000). Means imately 33.4° of visual angle 25 in. (63.5 cm) from the monitor.
and standard deviations for the background measures are present@tjects were created using Corel Draw V. 12; likewise, the real-

Stimuli and Design
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A. Study Block B. Critical Block

0-500 ms  ......... 500-5000 ms 0-5000 ms

Novel

Repeated

Manipulated

Figure 1. Examples of displays of novel, repeated, and manipulated scenes for the study blocks (A) and the
final critical block (B). Novel scenes are shown only once during the experiment; repeated scenes are shown
once in each block. Manipulated scenes are shown in their original version once in each of the study blocks, and
during the critical block a change is made to the left—right spatial location of one of the objects. During the study
blocks, scenes are presented with only two abstract objects from 0 to 500 ms. After 500 ms, a third object is
added to the scene as an abrupt-onset object (late-onset area is outlined in black), and the scene remains for the
rest of the 5-s viewing period. During the critical block, a change occurs in the spatial relations for the previously
viewed onset object in the manipulated scenes (critical regions for novel, repeated, and manipulated scenes are
outlined in black).

world scenes were taken from the gallery of outdoor scenes availdistance between the objects. Across participants, each scene was
able on Corel Draw. The objects were uniquely designed to minviewed in each condition. As a result, viewing patterns were
imize resemblance to real-world objects and are likely void of analways compared for physically identical stimuli to guard against
associated verbal label or other contextually meaningful informastimulus-specific effects resulting from left-right and size changes
tion. This was done to prevent participants from using linguisticwithin the scene.
strategies (i.e., “The cat is to the left of the boy”) to circumvent Participants viewed 30 scenes in each of two study blocks in a
difficulties in binding processes per se (see Moses, Villate, &different random order. A set of 10 scenes served as novel scenes
Ryan, 2006, for further discussion). Real-world scenes were useih the first study block, and a separate, unique set of 10 scenes was
as the background to provide an understandable spatial contepresented as novel scenes in the second study block. A set of 20
onto which the objects were overlaid. scenes was shown in the first block and was repeated in the second
In total, 180 uniquely designed abstract three-dimensional obblock. Participants then viewed 40 scenes in a final critical block.
jects and 60 backgrounds were used. Three objects were randomlyventy of the scenes presented in the final block were novel and
paired with a background to create a unique scene. Sixty suchad not been previously viewed in the experiment. A group of 10
unique scenes were thus created for the experiment; thereforecenes served as repeated scenes in the final block; these were
objects were presented with only one background. For each disscenes that had been presented in each of the study blocks and
play, there was an original and a manipulated version in which onevere re-presented in the same form in the critical block. A separate
of the objects underwent a change in its left—right spatial relation-group of 10 scenes served as manipulated scenes in the final block;
ship relative to the other objects within the scene, similar tothese scenes had been presented in each of the two study blocks
previous work (Ryan et al., 2000; Ryan & Cohen, 2004a, 2004band a modified version was presented in the critical block. For the
see Figure 1). Every manipulation thus involved a change in thenanipulated scenes, the object that had been viewed as the late-
object-location relations and in the between-object relations. Ocenset object during the study blocks was always the object that
casionally, the manipulated object was also reduced—expanded imderwent a change in its relations during the final critical block.
size in an effort to change the perceived relations of depth and/oBtimuli were counterbalanced such that across participants, each
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scene was viewed equally often as a novel, repeated, or manipwr ignore instructions during the study blocks. The extent to which
lated scene. In addition, displays that served as the manipulatettie older adults directed more eye movements to the late-onset
version for one set of participants were presented as the originalbject compared with younger adults under ignore instructions
and repeated versions for another group of participants. Thisver and beyond what occurs in free viewing instructions provides
procedure exactly follows that of Ryan et al. (2000) and permitsan index of an age-related inhibition deficit.

comparisons of viewing across physically identical stimuli. Eye movement measures of interest included ones characteriz-
ing viewing across the entire trial length for the critical region
Procedure corresponding to the late-onset interest area. The following mea-

. A - ideures were analyzed: duration of viewing time, proportion of total
Prior to testing in the eye movement study, participants provided. > " o ! )
viewing time, number of fixations, and proportion of total fixa-

informed consent and were given the short-delay section of th%ons. These measures provided an index for the amount of encod-

CVLT. The long-delay section of the CVLT was completed after ing younger and older adults directed toward the late-onset object.
the eye movement task.

- . . The duration of viewing time and the number of fixations mea-
In the eye movement task, participants were told to imagine that . Y
. . . sures provide an indication of whether younger and older adults
aliens have invaded planet Earth and that they would view scene . . S . "
iffer in the baseline amount of viewing directed to the critical

of places where the aliens have been sighted. Participants Wel&gion. The proportion measures take any potential baseline dif-
further told that the aliens always traveled in groups of three. In th gion. prop yp

- . ) . Gferences into account to determine whether the pattern of viewing
two study blocks, participants were instructed to either freely view. ~ .
is different across younger and older adults.

Il of the aliens and th kgroun ne (free viewing instruc- . . . .
all of the aliens and the background scene (free viewing instruc Two additional measures, number of transitions into the interest

tions) or to ignore (i.e., do not look at) the late-onset alien at all . ) . .
. : . . area and number of trials fixated, outlined how often viewers
times but otherwise freely view the rest of the aliens and the . - ;
. . . . -, returned to the late-onset interest area within a trial and the number
background scene (ignore instructions). During the critical block, L . . ) -
o . . _— of trials in which the viewer fixated the late-onset interest area.
all participants were instructed to engage in free viewing of the S
. These measures were used to indicate whether younger and older
aliens and the background scene. o A .
. . . adults have a similar tendency across and within trials to view the
During the study blocks, regardless of task instructions, thﬁ -
- i . ate-onset interest area.
scene was initially presented with two objects. After a 500-ms .
. " . Analyses of variance (ANOVAs) were conducted on these mea-
delay, the third object appeared on the scene. The entire scene was - . .
sures of viewing to the late-onset object using age (young, old) and

displayed for a total of 5,000 ms. During the critical block, a”threeiﬁstruction (free viewing, ignore) as between-subject factors and

objects appe.a.red commdentall V.V'th the onset of thg Scene. Ea% ock (first block, second block) as the within-subject factor. All
scene was initiated by the participant who was required to fixatea ~ . % 7 ; ) .
ossible interactions were evaluated. Effects were considered sig-

re presen h nter of th reen and pr nRk . o
square presented at the center of the screen a dp essa butto ncmcant atp < .05 and marginally significant at < .10. Means
a keypad. The only delay between the trials was the time taken for . -
L . N . and standard errors are presented in Table 2, and the statistical
the participant to fixate at the central fixation point and press the :
. - . results for each of the eye movement measures are presented in
button. Displays for the critical block were presented in random

Appendix A. For brevity, we highlight the major findings of

order. .
interest below.

An inspection of means (see Table 2) suggests that viewing
within the free viewing condition was similar for older and

Eye movements were measured with the Eyelink Il eye-trackingyounger participants for all measures. Differences arose between
system (SR Research, Ltd., Mississauga, Ontario, Canada) anHe younger and older adults under ignore instructions, although
sampled at a rate of 500 Hz with a spatial resolution of 0.1°. Aboth groups of participants spent less time looking at the late-onset
9-point calibration was performed at the start of the experimenbbject in the ignore compared with the free viewing conditions,
followed by a 0-point calibration accuracy test. Calibration wassuggesting that both groups were attempting to comply with in-
repeated if the error at any point was more than 1°. Eye movementstructions.
were analyzed with respect to the experimenter-drawn interest The difference in viewing between younger and older adults
areas corresponding to the location of the late-onset object and tacross instruction conditions is evident in the three-way interaction
the original, but now empty, location of the late-onset object.between age, instruction, and block, which was significant for the
Specific eye movement measures that were analyzed for the studyeasures of viewing time (duration of viewing time, proportion of
and critical blocks are presented in detail in each subset of thgiewing time) and for the number of trials in which the late-onset
Results section. object was fixated and was marginal for the number and proportion

Following the eye movement experiment, participants com-of fixations (see Appendix A).
pleted the long-delay CVLT, the ERVT, and the background Planned contrasts examined the viewing to the late-onset region
information sheet and were given a written debriefing outlining thefor younger and older adults separately for each block for each

Eye Movement Data Collection and Analysis

nature of the experiment. condition. Younger and older adults directed similar viewing to the
late-onset object in the first and the second blocks under free
Results viewing instructions.

Study Blocks .I.-|owever, und.er i.gnore instructions, older adults directed gig-
nificantly more viewing, on every measure, to the late-onset object

Viewing to the abrupt- or late-onset object was examined forcompared with younger adults in the first study block (see Appen-
younger and older participants who were either given free viewingdix A for statistics). This effect was lessened in the second block;
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Table 2
Viewing of the Late-Onset Region Across the Study Blocks for Participants Under Free Viewing
and Ignore Instructions

Free viewing instructions Ignore instructions
Younger adults Older adults Younger adults Older adults
Eye movement measure M SE M SE M SE M SE

Block 1
Duration of viewing time (ms)  1,205.09 48.84 1,146.82 76.07 191.02 27.11 338.44 28.10
Proportion of viewing time 27 .01 .26 .02 .04 .01 .08 .01
No. of fixations 4.26 0.18 4.07 0.20 0.63  0.08 124 0.10
Proportion of fixations .26 .01 .25 .01 .05 .01 .08 .01
No. of transitions 2.22 0.10 2.23 0.11 0.44  0.06 0.82 0.08
No. of trials 28.88 0.51 29.17 0.25 8.92 121 13.38 1.03

Block 2
Duration of viewing time (ms) 1,186.08 56.81 1,195.87 101.12 11240 20.22 177.01 31.62
Proportion of viewing time 27 .01 27 .02 .03 .00 .04 .01
No. of fixations 4.23 0.22 4.06 0.27 0.41  0.07 0.61  0.09
Proportion of fixations .26 .01 .25 .02 .03 .00 .04 .01
No. of transitions 2.17 0.10 2.10 0.11 0.33 0.05 0.42 0.05
No. of trials 28.92 0.34 29.08 0.25 7.33 0.87 8.33  0.87

Note. No. of transitions refers to the number of transitions into—out of the late-onset regions; no. of trials refers
to the number of trials in which the late-onset region was fixated (me30).

although younger adults still directed less viewing to the abrupt-Critical Block

onset object compared with the older adults (see Table 2 for . ) ) .
relevant means and standard errors), planned comparisons revealed’€Wing to the critical region. The late-onset object during the
differences between younger and older adults to either be margingfudy Plocks always served as the manipulated object for the
or nonsignificant in the second study block (see Appendix A forMmanipulated displays during the CI’Itlca|. block. For the c.rltlcal
statistics). block, eye movements were analyzed with respect to the interest

From these findings, it appears that younger and older adult§€as corresponding to the present location of the manipulated
distributed viewing to the late-onset object similarly under freeOPiect (object-filled location) and to the original, but now empty,
viewing conditions but that older adults had more difficulty inhib- l0cation of the manipulated object. The same measures used in the
iting viewing of the late-onset object under ignore conditions. Study blocks (excluding the number of trials fixated) were also
Under ignore conditions in the first study block, older adults US€d to examine viewing to the critical region. Differences in
fixated the late-onset region on more trials, with more fixationsVviewing of the critical region between changed (manipulated) and
and more viewing time, and returned to the late-onset region morénchanged scenes (novel, repeated) reveals the extent to which
often within a trial compared with the younger adults. Theseinformation regarding the relations among the elements in the
findings are indicative of an age-related inhibition deficit that canScene was retained in memory (Ryan et al., 2000; Ryan & Cohen
be moderated through additional practice and/or repetition, ag004a). Comparing viewing of the manipulated scenes with that of
evidenced by a decrease in viewing of the late-onset region by thée novel as well as the repeated scenes ensures that any observed
older adults from the first to the second block such that viewingdifferences between repeated and manipulated scenes is not due to
performance for the older adults was similar to that of youngerrepetition rather than manipulation.
adults. The findings from the study blocks suggest that the older Eye movements to the empty critical region were not different
adults may have directed more encoding processes to the late-ond@tween the trial types (novel, repeated, manipulated) for either the
object compared with the younger adults. As a result, if bindingyounger or the older adults, regardless of condition (free viewing
were intact in older adults, then the older adults who were giverpr ignore instructions). As such, the results described below are
ignore instructions during the study blocks may have a betteexclusively for the object-filled critical region (as shown outlined
representation for that object and its relations compared with thén Figure 1).
younger adults who were also given the ignore instructions. If Custom ANOVAs were conducted that examined main effects
age-related impairments in binding also exist, then it was expectedf instruction (free viewing, ignore), age (young, old), and trial
that eye movements of younger adults would be attracted to theype (novel, repeated, manipulated), and only the interactions of
critical region of manipulated scenes compared with the samé\ge X Trial Type and Instructiorx Trial Type. Simple contrasts
regions within the novel and repeated scenes to a greater extemtere conducted to examine viewing toward the critical region for
than the older adults. manipulated displays compared with the same region within the
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novel and the repeated displays (i.e., manipulated vs. novel, masewing or ignore conditions. However, this pattern was not evi-
nipulated vs. repeated) for the main effect of trial and for thedent for the older adults, regardless of whether they had studied the
interactions of Agex Trial Type and Instruction Trial Type.  displays under free viewing or ignore conditions.
Means and standard errors for each measure of viewing for the Examination of the simple contrasts revealed significant or
younger and older adults are presented in Table 3. Appendix Bnarginal interactions between age and trial for the manipulated
presents the statistical findings for each of the measures. Farersus novel trial comparison. The simple contrast of the manip-
brevity, results of interest are highlighted below. ulated versus repeated scenes did not result in significant>Age
The pattern of findings was similar across instruction condi-Trial Type interactions, although the observed differences between
tions, as revealed by nonsignificant effects of instruction andmanipulated and repeated scenes across younger and older viewers
nonsignificant interactions between trial type and instruction (seavere similar to those of manipulated versus novel contrasts (see
Appendix B). There was a significant main effect of trial (novel, Appendix B for relevant statistics).
repeated, manipulated) on multiple measures of viewing of the Performance for the younger and older participants was exam-
critical region (see Appendix B). The main effect of trial was ined separately for each condition to further illuminate the inter-
marginal for the number of fixations directed to the critical region. actions between age and trial. Whereas younger adults showed
Altogether, increased viewing was directed to the critical region ofsignificant or marginal effects of trial type (novel, repeated, ma-
the manipulated scenes compared with the same region within theipulated) for three out of five measures under free viewing
novel and repeated scenes, as revealed by the simple contrasts. Tdwnditions—duration of viewing time;(2, 46) = 2.93,p = .06;
main effect of age was significant for some of the measures oproportion of viewing timeF(2, 46)= 3.05,p = .06; and number
viewing (see Appendix B), but these effects can be interpretedf transitions,F(2, 46) = 5.24,p < .01—and showed significant
more clearly in light of the interactions noted below. effects of trial type for all of the measures under ignore instruc-
The AgeX Trial Type interaction was either marginal (number tions—duration of viewing time(2, 46)= 3.85,p < .05; number
of fixations, proportion of fixations, number of transitions into—out of fixations,F(2, 46) = 3.60,p < .05; proportion of viewing time,
of the critical region) or nonsignificant (duration of viewing time, F(2, 46)= 3.33,p < .05; proportion of fixationsi-(2, 46)= 3.80,
proportion of viewing time), although the numerical trends werep < .05; and number of transition§(2, 46) = 4.29,p < .05—
similar (see Appendix B). As shown in Table 3, younger adultsolder adults did not show any evidence of increased viewing to the
showed an increase in viewing the critical region of manipulatedmanipulated region, as revealed by nonsignificant effects of trial
scenes, for which a change had occurred, over the novel antype on every measure, whether under free viewing (duration of
repeated scenes, for which no change had occurred. This wagewing time, number of fixations, proportion of viewing time, and
evident for both groups of younger adults, regardless of whetheproportion of fixationsFs < 1; number of transitiond = 1.97,
they had viewed the displays in the study blocks under freens) or ignore (duration of viewing time, number of fixations,

Table 3
Means and Standard Errors for Eye Movement Measures From the Critical Block for Younger
and Older Adults in Free Viewing and Ignore Conditions

Free viewing instructions Ignore instructions
Younger adults Older adults Younger adults Older adults
Eye movement measure and
trial type M SE M SE M SE M SE
Duration of viewing time (ms)
Novel 1,066.38 52.60 1,029.65 61.66 1,143.46 40.48 1,015.56 60.21
Repeated 1,052.17 62.88 1,002.58 60.79 1,203.58 76.29 1,084.07 83.23
Manipulated 1,169.68 78.07 1,021.72 45.17 1,326.10 76.28 1,098.28 61.59
Proportion of viewing time
Novel .24 .01 .23 .01 .26 .01 .23 .01
Repeated .24 .01 .23 .01 .27 .02 .24 .02
Manipulated .27 .02 .23 .01 .30 .02 .24 .01
No. of fixations
Novel 3.94 0.22 3.82 0.22 391 0.15 3.68 0.23
Repeated 3.97 0.23 3.64 024 401 0.27 3.78 0.30
Manipulated 432 0.32 3.71 0.8 444 0.24 3.79 0.23
Proportion of fixations
Novel .24 .01 .23 .01 .25 .01 .22 .01
Repeated .24 .01 .23 .01 .26 .02 .23 .02
Manipulated .26 .02 .22 .01 .29 .01 .23 .01
No. of transitions
Novel 2.09 0.13 2.06 0.10 1.99 0.09 198 0.11
Repeated 215 0.12 191 012 2.02 0.09 2.05 0.14
Manipulated 238 0.16 206 0.11 222 011 2.05 0.10

Note. No. of transitions refers to the number of transitions into—out of the critical region.
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proportion of viewing time, proportion of fixations, and number of Free Viewing

transitions: allFs < 1) instructions during the initial study blocks. O novel

This suggests that the interactions between age and trial observed 175 - O rePe.ated
above may result from a lack of power rather than a lack of , B manipulated
consistent effects. Indeed, the younger adults showed increasedg 17 L L

viewing of the critical region for the manipulated scenes compared £ 165 |
with the same region within the novel and repeated scenes, for_g
which no change had occurred (see Table 3 for means and standard: 16 1
errors). These effects were evident irrespective of the instructions g 15.5 -

that were provided to the participants in the study blocks. This is 2 15
in contrast to the findings from older adults, who did not demon- g

strate increased viewing of the critical region of the manipulated é‘ 14.5 -
scenes even during the ignore condition, when they had directed 14

more viewing, compared with the younger participants, to the
late-onset object that underwent a change in its spatial relations in
the manipulated scenes (see Table 3 for means and standard
errors).

Overall viewing. The number of fixations made to each dis-
play was analyzed to examine whether the scanning patterns of
younger and older adults were affected by repetition of the scenes
(Ryan et al.,, 2000). The number of regions sampled was not
analyzed here because viewing was largely constrained to the 17.5 7
abstract objects within the scene—thus there was little variance in - 17 1
the number and kind of distinct regions sampled across the groupsg i
of participants. As for the analysis above, main effects of age, § 16
instruction, and trial and the interactions of AgeTrial Type and i 161
Instruction X Trial Type were examined. Simple contrasts on ‘g 155
novel scenes versus repeated and manipulated scenes for the malg
effect of trial and the interactions with trial were also conducted. 2 15 1

Main effects of ageF(1, 93) = 1.36,p > .2, and instruction, S 145 -
F(1, 93)= 1.15,p > .25, were not significant. Younger and older £
adults directed a similar number of fixations to the displays, and
previous viewing instructions did not have an impact on the
number of fixations directed to the displays. A main effect of trial Age Group

was observedf(2, 186) = 7.08,p = .001; this effect did not , o
Figure 2. Means and standard errors for the number of fixations made to

inter with either r instructiorg < 1). Viewers m
teract with either age or instructiori ) ewers made the novel, repeated, and manipulated scenes for younger and older adults

more fixations on the novel scenes compared with either the . . . . ; . X -
WI?O were either given free viewing or ignore instructions during the initial

repeated or manipulated scenes (see Figure 2). Simple Contrastssqudy blocks. Younger and older adults, regardless of instruction condition,

trial revealed a significant contrast between the novel and repeateghowed a decrease in viewing behavior for the scenes that had been viewed
scenesfF(1, 93) = 13.41,p = .0001, and between the novel and throughout the experiment (repeated, manipulated) compared with those
manipulated sceneB(1, 93)= 10.08,p < .01. Although only the  scenes that were novel.

eye movements of younger adults were sensitive to effects of

manipulation, the eye movements of both younger and older adults

were sensitive to the repetition of the scene itself. The pattern oinhibition (Hasher et al., 1999). This age-related inhibitory deficit,
findings for older adults is similar to what we have previously which was present in the first block on each of the eye movement
observed for amnesic patients who demonstrated normal memonyeasures, was lessened in the second block, suggesting that in-
for the items (scenes) but impaired memory for the relationshibitory deficits in older adults can be modulated (Hasher et al.,
among the objects within the scene (Ryan et al., 2000). 1997; Ryan et al., 2006).

In the test block, memory for the relations among the objects
was assessed by examining viewing that was directed at regions
within displays that had been altered from previous viewings.

The present work assessed inhibitory and binding function inYounger adults directed increased viewing to the altered regions
younger and older adults using eye movement monitoring. Inhibifor manipulated scenes regardless of whether they were engaged in
tion was assessed by examining the extent to which participantBee viewing or were instructed to ignore the to-be-manipulated
directed viewing toward an abrupt-onset object when instructed t@bject during the initial study blocks, consistent with the sugges-
ignore such an object. Both younger and older adults directed somtgon that younger adults formed a memory representation that
viewing toward the abrupt-onset stimulus, but older adults directedontained information regarding the relations among the objects in
significantly more viewing toward the object they were instructedthe scene. It is interesting to note that the effects for younger adults
to ignore. These findings are indicative of an age-related deficit invere more robust under ignore compared with free viewing in-

Younger Adults Older Adults
Age Group

Ignore Instructions O novel
O repeated
W manipulated

14

Younger Adults Older Adults

Discussion
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structions. Our previous findings have suggested that having conith respect to the findings here, impaired frontal function in older
scious awareness for the implemented change may lessen tlelults may have disrupted the maintenance of the goal of not
attraction of the eyes to the critical region (Ryan et al., 2000; Ryarlooking at the late-onset object. A disruption in goal activation or
& Cohen, 2004a). That is, when one becomes aware of the changgeparatory set would lead to impairments in inhibitory processing,
in the scene, that region of the display is no longer informative anduch that eye movements would be directed toward the object that
the eyes become attracted to other, more informative, regiongas to be ignored. However, the recent work of Butler and Zacks
within the scene. It is conceivable that younger adults under fre%2006), which varied the inhibitory demands in the context of a
viewing conditions may have had enhanced conscious access g’croop task while holding the goal maintenance requirements
the changes made to the relations among the objects compargdstant, suggested the existence of age differences in inhibitory
with their ignore instructions counterparts,_ perhaps because qf fegulation over and above any differences in goal maintenance.
more well-developed memory representation that arose from inayernatively, older adults may have had difficulties remembering
creased VIewing of the to-be-char_lged object _and Its reI"’monsﬂmhich object served as the late-onset object, thereby revisiting the
Further work is needed to determine the relation between cony ject they were instructed to ignore.
scious access and the observed binding effects in younger (an(jJ . - . Lo

Of interest, these age-related impairments in inhibitory process-

older) adults in the present work. . g . . ;
o - - I ing (whether due to inefficient goal maintenance, impaired mem-
In addition, the findings of increased viewing to the changed . o .
ry etc.) seem to be reduced under certain conditions. For in-

region for younger adults under ignore instructions suggests that in th ; K under i nstructi Id d
either brief viewing of the to-be-manipulated object was enoughtoS ance, in the present work under ighore Instructions, older an
ounger adults directed less viewing to the abrupt-onset objects

form a memory representation comprised of relations or that’

younger adults were able to adequately encode the abrupt-ons_@?ross plocks, sugg_esting that additional practice or additional
object within the periphery, such that foveal fixation was unnec-information in some instances (Hasher et al., 1997) can modulate

essary. By contrast, the older adults did not demonstrate robugleficits in inhibitory processing. Other work suggests that predict-
increases in viewing of the critical region for manipulated scenesable locations for distractors or for targets also enables older adults
regardless of study instructions. In particular, older adults showedP ignore distraction (Li, Hasher, Jonas, Rahhal, & May, 1998;
no increase in viewing of the manipulated region on any of the eydvadden, 1983; Plude & Hoyer, 1986; Wright & Elias, 1979), as
movement measures regardless of their initial viewing instructionsgdoes cuing of locations (Ryan et al., 2006). Together, these find-
These findings suggest that older adults have deficits in binding a#gs suggest that although age-related impairments in inhibitory
well as inhibition; that is, although older adults may direct more processing exist, these deficits can be attenuated through addi-
viewing toward information, this information is not always main- tional practice, with additional external cuing of location, or with
tained in a lasting memory representation that consists of relationknowledge about probabilities. In particular, if older adults have
among objects. We turn now to a discussion of the current findingsglifficulty remembering which object served as the abrupt-onset
with respect to previous work on age-related impairments in inhi-object, then repeated exposures to the stimuli could lessen viewing

bition and binding, including underlying neural mechanisms, andwo the to-be-ignored object through the accumulation of memory
examine alternative interpretations of the current findings andor the item.

future work to be considered. However, one could interpret the present findings as suggesting
that older adults merely required additional processing time to
Age-Related Impairments in Inhibition move their eyes away from the object they were supposed to

ignore. That is, perhaps sufficient processing of an object’s loca-

~ In the current work, older adults directed more viewing 10 (o or jdentity is required before one can then successfully ignore
information they were instructed to ignore when compared W'thit. In that case, younger adults may process the object location

younger adults, consistent with oculomotor capture tasks (Butler eénd/or identity information faster than older adults, thereby result-

al., 19.99; K_ramtir ft ‘1'" 200% Ryzn_eth%i 2006) ar;dtflnd'ggs flrgmmg in a decrease in viewing that is directed to the late-onset
neuroimaging that show reduced innibitory reguation by o erobjects. Investigation of the number of trials in which the late-

adults (Ga_zz_aley, _Co_or_1ey, Rlssman_, & D Esp03|to,_2005). A.ge_onset region was fixated demonstrates that this region was fixated
related deficits in inhibitory processing have been linked to im-

paired frontal lobe function (Chao & Knight, 1997). The presenton approximately one third of the trials for younger and older

findings of increased viewing to an abrupt onset may refleCtadults under ignore instructions, whereas the late-onset region was

compromised frontal lobe function in the older adults (Munoz,ﬁxated on nearly every trial under free viewing instru_ctions. This
Broughton, Goldring, & Armstrong, 1998; Nieuwenhuis, Rid- suggests,. at the very.le_z?lst, that the late-onset object does not
derinkhof, de Jong, Kok, & van der Molen, 2000; Olincy et al., Necessarily have to be initially foveated before successful suppres-
1997). sion of viewing behavior can occur. Furthermore, older adults
Age-related increases in viewing of the abrupt-onset objects arfixated on the late-onset region in more trials under ignore instruc-
sometimes interpreted in terms of goal activation or preparator§ions compared with the younger adults, suggesting that the ob-
set, which has been shown to be impaired in older adults (Nieuserved age-related inhibition deficit was not only due to a slower
wenhuis, Broerse, Nielen, & de Jong, 2004; but see Butler &reaction time to move the eyes away from the late-onset area. As
Zacks, 2006). DeSouza, Menon, and Everling (2003) found tha@ result of an inhibition deficit, older adults directed additional eye
activation within the dorsolateral prefrontal cortex was evidentmovement behavior toward stimuli they were instructed to ignore,
following the presentation of a cue stimulus that instructed viewersalthough information regarding the relations among the viewed
to either make a pro- or antisaccade in response to the target onsebjects was not maintained into a lasting memory representation.
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Age-Related Impairments in Binding Cole, & Ryan, 2005). However, the current findings of impaired
relational binding may not be secondary to an age-related deficit in
The present findings support an account that suggests age-relatgshture binding, given that the eye movements of the older adults were
deficits in binding occur along with an age-related impairment insensitive to repetition of the scenes in a manner similar to that of
inhibition. Younger adults directed more eye movements towar({/ounger adults. This lack of a difference between age groups on
regions within a scene that had been altered, compared with the sarg@erall viewing also argues against a pure sensory deficit account of
regions for scenes that had not been changed. This effect was nge current findings (Schneider & Pichora-Fuller, 2000). Further stud-
observed in the older adults. However, both older and younger aduligs that specifically explore eye movements to feature changes would

showed eye movement evidence of memory for the scenes themahed light on whether the current findings are primarily due to a
selves; both groups showed a decrease in the number of fixations thgiature binding deficit.

were made to scenes that had been viewed throughout the experimentt js also possible that older adults have a problem in the

(repeated, manipulated) compared with the novel scenes. The patteffocessing of relations that would, in turn, create a deficit in the
of findings for older adults is similar to that observed for amnesicformation and maintenance of lasting relational representations. It
patients (Ryan et al., 2000), including a patient with damage restricteflas been suggested in previous work that the processing of rela-
to the hippocampus who demonstrated normal memory for the itemgons, in contrast to the formation of a lasting representation, is not
(scenes) but impaired memory for the relations among the objectgecessarily dependent on the medial temporal lobes and instead
within the scene (Ryan & Cohen, 2004b). Memory for the relationsmay rely on frontal systems (Moses & Ryan, 2006; Ryan & Cohen,
among objects depends on the integrity of the medial temporal lobepp4a, 2004b; Waltz et al., 1999). Further work could address the
and, in particular, the hippocampus, which would thus appear to bgrocessing versus long-term retention of relations in older adults
compromised in older adults. and the relative contribution of frontal versus medial temporal lobe
What is of particular interest here is the fact that older adults didsynction to the observed deficits.
not show memory for the changes in the relations among the A|so, further work using real-world objects would also speak to
objects even in the ignore condition. Given that older adultsyhether the current findings of age-related inhibition and binding
directed more viewing, and therefore potentially more encodingjeficits can be attenuated through the use of existing memory
processes (Deubel & Schneider, 1996; Hoffman & Subramaniamyepresentations. Binding deficits may be lessened if relations need
1995; Kowler, Anderson, Dosher, & Blaser, 1995), toward theto pe formed among objects for which there are existing represen-
abrupt onset object under ignore conditions compared withations in memory, particularly if the presented objects have al-
younger adults, it would have been expected, if binding wereready been related (i.e., semantically or otherwise) in the real
intact, that older adults would have shown better memory for theyorld (Howard, 1983). Increasing preexperimental knowledge re-
Change in relations that occurred to the tO-be-ignOI’ed ObjeCt in thgarding relations (and increasing processing time' Howard’
Subsequent critical block Compal‘ed with the younger adults. HOW‘Heisey’ & ShaW, 1986) may lessen the demands on the medial
ever, older adults did not show a more robust eye movement effe¢gbmporal lobe to form and maintain new, arbitrary associations
for the relations among the objects when compared with thgsee Moses et al., 2006, for further discussion).
younger adults; in fact, only the younger adults showed eye move-
ment evidence of memory for the relations. Because our results
were obtained using an implicit eye movement task, consistent
findings of an age-related binding impairment obtained with €x-g, i, o A Dolan, P. 0., & Duchek, J. (2000). Memory changes in
plicit memory instructions, as in studies of associative memory healthy older adults. In E. Tulving & F. I. M. Craik (EdsThe Oxford
(Chalfonte & Johnson, 1996; Light & La Voie, 1993; Light &  handbook of memorypp. 395-409). New York: Oxford University
Singh, 1987; Naveh-Benjamin, 2000; Winocur et al., 1996), are press.
unlikely to be solely attributable to the increased anxiety andButler, K. M., & Zacks, R. T. (2006). Age deficits in the control of
arousal caused by explicit memory instructions (cf. Rahhal et al., prepotent responses: Evidence for an inhibitory dechsgchology and
2001). Nevertheless, the current results should be interpreted with Aging, 21,638—643.
caution with respect to a binding account, as not all of the eyeButler, K. M., Zacks, R. T., & Henderson, J. M. (1999). Suppression of
movement measures provided significant differences between reﬂ_exwe saccades in younger an_q older adults: Age comparisons on an
viewing manipulated versus either novel or repeated scenes. A|S% antisaccade taskaemory & Cognition, 27584591.

; . . . astel, A. D., & Craik, F. I. M. (2003). The effects of aging and divided
other interpretations, outlined below, could be applied to the attention on memory for item and associative informatiesychology

current findings. and Aging, 18873-885.

Cerella, J. (1985). Information processing rates in the eld®dycholog-
ical Bulletin, 98,67—83.

Chalfonte, B. L., & Johnson, M. K. (1996). Feature memory and binding
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Appendix A

Analyses of Variance for the Measures of Viewing to the Late-Onset Object for the Study Blocks

Duration of Proportion of Proportion of No. of No. of trials
viewing time viewing time No. of fixations fixations transitions fixated
Variable F o] F p F p F p F p F p
Age? <1 ns <1 ns <1 ns <1 ns 1.82 ns 5.24 <.05
Block® 753 <.01 7.66 <.01 15.26 <.001 9.36 <.01 29.58 <.001 18.54 <.001
Instructior? 35430 <.001 38345 <.001 48158 <.001 455.90 <.001 457.98 <.001 91259 <.001
Age X Block® <1 ns <1 ns 2.93 .10 <1 ns 8.81 <.01 5.36 <.01
Age X Instructior? 1.57 ns 1.75 ns 3.48 .065 2.99 .09 2.80 .10 3.74 .06
Block X Instructior? 12.46 <.01 14.03 <.001 12.30 <.01 15.20 <.001 6.95 <.05 18.08 <.001
Age X Block X Instructior? 3.89 .05 4.06 <.05 3.47 .07 3.28 .07 235 ns 463 <.05
Planned contrasts
Block 1: Free viewing vs. ae <1 ns <1 ns <1 ns <1 ns <1 ns <1 ns
Block 2: Free viewing vs. ade <1 ns <1 ns <1 ns <1 ns <1 ns <1 ns
Block 1: Ignore vs. ade 1425 <.001 15.49 <.001 21.80 <.001 16.00 <.001 15.48 <.001 7.86 <.01
Block 2: Ignore vs. ade 2.96 .09 2.72 .10 2.80 .10 3.30 .08 2.01 ns <1 ns
adf =1, 92. °df = 1, 46,
Appendix B

Custom Analyses of Variance and Simple Contrasts for the Eye Movement Measures of Viewing to the Manipulated
Region for the Final Critical Block

Duration of Proportion of No. of Proportion of No. of
viewing time viewing time fixations fixations transitions
Variable F p F p F p F p F p
Age? 4.75 <.05 6.34 <.05 3.20 .08 8.34 <.01 1.48 ns
Instructiorf 2.64 ns 1.87 ns <1 ns 1.24 ns <1 ns
Trial 4.95 <.01 4.66 <.05 2.79 .06 3.13 <.05 6.14 <.01
Age X Trial® 2.03 ns 1.78 ns 2.40 .09 241 .09 2.85 .06
Instruction X Trial® 1.35 ns <1 ns <1 ns <1 ns <1 ns
Simple contrast
Trial: Manipulated vs. novél 11.03 <.01 10.84 <.01 6.27 <.05 8.32 <.01 11.54 <.01
Trial: Manipulated vs. repeat@gd 4.03 <.05 3.64 .06 2.79 .10 2.07 ns 7.70 <.01
Age X Trial: Manipulated vs. novél 3.78 .06 2.96 .09 6.10 <.05 5.90 <.05 6.87 <.05
Age X Trial: Manipulated vs. repeatgd 2.30 ns 2.34 ns 1.89 ns 2.17 ns 1.84 ns

adf =1, 93. bdf = 2, 186.
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