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Abstract
Memory for the temporal order of events is an esalecognitive function, but has been
observed to decline in the process of normal, hgaging. One avenue that has yet to
be explored in this body of research is how temipmder memory relates to the
establishment of new, causal associations betwekster events, and how prior causal
knowledge influences judgments of event order deohdults. These questions are
evaluated in two experiments using a novel stimagis The stimulus set introduced
here includes paired images depicting both caudeeffect sequences, and pairs of
events that merely share a semantic or thematic@d®n. Continuous sequences of
both related and unrelated pairs of these images presented during an incidental
encoding task, and participants’ memory for theeoxf target pairs was later evaluated
in a yes / no temporal order recognition judgmaskt A subset of participants also
completed an item recognition task to address diggons between memory for item
identity and for item order. The results providev support for age-related declines in
memory for order, together with relatively intaetrformance for recognizing an item’s
identity. The results also identify age-relatedndes in the ability to form new ordered
associations between unrelated, unassociated evengsbasic features of causal order
learning are evaluated in light of these resuhs, oint to the importance of temporal
proximity between events in establishing orderagseaand-effect relations. Of
particular interest was the influence of prior cdusder knowledge on order memory
judgments, and mixed support is found for an irgéoa between prior knowledge of

an event sequence’s ‘logical’ order, and accumategnition memory for those events.
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INTRODUCTION

Organizing our memories of events into an ordeegpience is a fundamental
and pervasive component of human cognition. Tage#lith memory for item identity
and context, the temporal order of events formaof essential information encoded
in memory traces (Li & Lewandowsky, 1995). Onevant example of the utility of
temporal order involves the all-too-common expearéeaf losing one’s keys. An
effective strategy to aid in their recovery is engrate a sequential list of all the places
one had visited, and then to proceed to check igattiin. While mere recognition of
having visited each location is helpful in our famwe can use ordered event
representations to determine the |glate we remember seeing the keys, or we can use
events as temporal “anchor-points” to determirathr events took place either before
or after the last sighting to effectively narrowddncus our search.

The capacity for placing events within a tempoegjisence also plays an
important part in providing a structure to @utobiographical memorge.g., Rubin, &
Schulkind, 1997; Shum, 1998), or memory for perterperiences, in that we can
place the moments of our lives in the context bBoevents. This temporal framework
helps us establish a personal narrative of ouriogividual development and life
experiences. Alternately, this process plays amakggimportant role in helping plan
for the future. The effective use mfospective memorfe.g., West & Craik, 2001), or
memory for our intentions relating to events thatdnyet to occur, often requires that

we plan for event sequences that will occur at shuee time. This skill provides us



with the tools to schedule our day’s activitiespptize goals, or even to prepare a
devious sequence of chess moves.

Of the myriad ways in which ordered event represt@ris support our
cognitive functions, perhaps the most vital istible this process plays in helping
establish ordered representations for events agedawith predictable outcomes. One
example is an event sequence in which one eventlmeusffectively completed before
another action can proceed, or is otherwise alltevaBompleting tasks in the proper
order, such as when we prepare a meal, travetiestination, or perform maintenance
on our car, illustrate the effective usescfiptsin guiding our behavior (Schank &
Abelson, 1977). For example, executing a scripthanging a car’s flat tire requires
that several discrete activities be performed, padicular order, otherwise the process
cannot be accomplished effectively. An individoalst first correctly place and extend
the car jack, remove the lug nuts, remove the dahéige, and properly secure the
replacement. Failure to complete these stagesler oesults in unacceptable
performance; one cannot remove a tire that is faslidby the weight of the car, and
incorrectly placing the car jack before removing tine can be a dangerous prospect.

Another form of ordered sequencing is the abilitydentify when one event
directly causeshe occurrence of another event. In these caaaseeand-effect
sequences are usually defined by three charaatsrigtoximity, exclusivityand
priority (following Hume, 1739).First, proximity refers to the temporal distance
between two events, in that causes and effectsalpioccur at proximal moments in

time. Much previous research has establisheddhger temporal delays between
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causes and effects tend to weaken the perceptiarcadisal relationship between them
(for reviews, see Hagmayer & Waldmann, 2002; BueBnklay, 2003). Second,
exclusivityrefers to the possible contingent causes for amgome: cause-and-effect
sequences should have an exclusive associatitimatim given outcome would not be
possible without a particular causal predictor.isTdspect of causal sequencing has
been well established in the study of perceptuasaton (Michotte, 1963, Wagemans,
van Lier, & Scholl, 2006), and reinforcement scHedReed, 2001). Finallpriority
or asymmetrycorresponds to the fact that causes can prects#sefout effects do not
typically precede the cause (Fenker, Waldmann &bfak, 2005, Friedman, 2002).
Combined, these three factors interact to providescto causal order, and also raise
further questions about the relations between t¢assaciation formation, and memory
processes for ordered information.

The primary objectives of this project are two-foléirst, this project aims to
establish a new method by which to access memafgrpgance for sequences of
causally and non-causally associated items. Asheifeviewed below, much previous
research has identified the factors contributinthtoeffective use of temporal context
in memory (Wheeler, Stuss & Tulving, 1997; Rubi@03), but there remain many
unanswered questions about how these temporalgzesaid in causal inferences
between ordered events, and alternately, regaftmagprior causal knowledge is
invoked during attempts to recollect event ord8iven that identifying a cause and
effect relationship requires that we accuratelyaligbe order in which events occur,

this project seeks to investigate the possibiligttausal reasoning is subject to the



same cognitive mechanisms as those invoked whéentiaing serial order.To this
end, a new stimulus set of pictures of common daurghnon-causal events was
created. These stimuli were used in a seriesméraxents to evaluate order and item
memory for everyday events that share varying aegoé semantic or contextual
similarity.

Second, this project seeks to investigate ageectlaemory disruptions for
temporal context, and its subsequent impact onteweler and causal association
learning. As reviewed above, there is an abundahapplications for temporal order
memory in our daily lives, and yet many of theséskave been found to decline with
age (e.g., Maylor, Vousden, & Brown, 1999; Kessidlshbel, & Postma, 2007).
Indeed, many researchers have uncovered age-relatédes in serial order recall
(e.g., Golomb, Peelle, Addis, Kahana & Wingfiel@08), visuospatial sequence
learning (Turcotte, Gagnon, & Poirier, 2005), and® or action sequencing (Allain,
Berrut, Etcharry-Bouyx, Barré, Dubas & Le Gall, Z00 There remain, however, many
unanswered questions about the interaction bete@esality and memory for ordered
sequences, particularly within older adult popuolias. By comparing the recognition
performance of older and younger adults for segeen€ causally and non-causally
associated events, this research will seek tomatehow age-related changes in
memory for temporal context may interfere with juegts of ordered event3hese
findings may offer new insight into some of the kegmory functions that suffer the
greatest declines with age, and may inform latekwattempting to mitigate the loss of

these essential memory processes.



To address these goals, this introductory sectidirfikgt review relevant
behavioral and neuroanatomical dissociations betwe®poral order memory, and
memory for event or item identity. Next, this refwill describe the primary
experimental methods used to evaluate our memomyrétered information, and will
critically evaluate the similarities between judgrseof event order and those for causal
direction. Throughout this review these findingdl e discussed in the context of age-

related memory declines to identify the key expental hypotheses of this research.

Item and Order Memory Dissociations

One pertinent question considers what context@ilifes are encoded with an
event representation to provide us a sense of Wieeavent occurred in time. For
instance, while it is widely understood that onérdieg aspect of autobiographical
memory is our ability to determine the appropriadatext for that memory, be it
spatial, emotional, or temporal (Rubin, 2005), gegstions remain as to how the
accurate detection and encoding of temporal comeadtually accomplished. A
number of lines of evidence have pointed to distmemory mechanisms feontextor
sourcememory, which may include these temporal, spatiaémotional aspects of a
memory trace, andontentor itemmemory, which corresponds to the perceptual or
conceptuaidentity of a particular stimulus (e.g., Johnsoashktroudi, & Lindsay,
1993; Schmitter-Edgecombe & Simpson, 2001; Margh&€05). One line of support
for this distinction is observed in classic sedaler tasks. Participants are presented a

series of stimulus items, such as digits (Andeisi§quist, 1971), letters (Healy,



1974), syllables (Ellis, 1980), words (Nairne, 199ictures (Hartman & Warren,
2005), or even separate tasks (Kausler, Lichty,a%iB, 1985), and are asked to report
the order in which these originally appeared. iBigdints commonly recall theorrect

list items in thevrongorder, suggesting an intact memory for the itesalif but a
distorted sense of the temporal relationships batviieem (Brown, Preece & Hulme,
2000).

This item / order distinction has been further eattd by comparing
performance on free-recall and serial order recaosbn tasks as a function of the
item’s original list position (Fuchs, 1969; Bjorkdealy, 1974). In one notable study
(Healy, 1974), participants who attempted to rettocs the serial order of words
showed clear primacy and recency effects, in wthiehnitial and terminal list elements
tend to be reported with higher accuracy thanrkerior list items. In contrast, when
these participants needed only to choose whicle#ral items had been seen
previously in a particular location, performancesveguivalent across list positions. As
indicated in Figure 1, the U-shaped pattern ofsérgal position curve for the serial
order reconstruction is in marked contrast to gseatially flat slope of the
performance of those who needed only remembeteheidentity, and not the

temporal location in which it belonged.
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Figure 1. Memory for item and order informationaasinction of serial position,
averaged over three different filled retention iaéds. Data were calculated

from Healy, 1974, reprinted from Brown, Preece, bindime (2000, p. 128).

Neuroanatomical evidence has implicated distinainbregions in the
differential processing of context and content infation. One area of particular
interest is the medial temporal lobe (MTL), inclugithe hippocampal formation and
the perirhinal and entorhinal cortices. Curreeiws of these functional regions hold
that item memory may be instantiated in the pemahcortex, whereas the hippocampus
and posterior parahippocampal cortex are requoetturately determine the
contextual source of a memory (e.g., Davachi, Milick Wagner, 2003; Moscovitch,
Rosenbaum, Gilboa, Addis, Westmacott et al., 20@&)imal research has implicated
the dorsal CA3 and CALl regions of the hippocampuserial order memory in rats
(Hoge & Kesner, 2007).

Damage to the perirhinal and medial prefrontaleoo(mPFC) in rats has

provided evidence of a dissociation between itech@der memory for olfactory



stimuli (Fortin, Agster, & Eichenbaum, 2002) and familiarity and recency
discrimination (Hannesson, Howland, & Phillips, 208esner & Holbrook, 1987). It
is believed that the mPFC in rats is functionatiyigalent to the dorsolateral prefrontal
cortex (DLPFC) in humans, but we must be cautiousow we apply these findings
across species. Nonetheless, it is likely that species share similar memory
mechanisms, despite the fact that they may bentiatad in different cortical regions.
Further evidence of a relation between frontal laestion and the processing
of temporal context in humans has been providestingies of focal frontal lobe
damage (Sellal, Van Der Linden, Rainville & Labraeeq1996), particularly in cases of
organic or global amnesia (Shimamura, Janowsky ir8q1990; Squire, Haist &
Shimamura, 1989), delusional misidentification spmaes (Bouvier-Peyrou, Landis &
Annoni, 2000), and reduplicative paramnesia (Mo€ehen, Malloy, Stone & Rogg,
1998). One representative case was presentedlay 8wl colleagues (1996), who
described a patient with pervasive temporal digtost after encephalitic damage to
bilateral mesio-frontal and orbito-frontal regioas,well as to the right anterior mesio-
temporal lobe. The extensive damage incurred éy#tient impacted many aspects of
her processing of temporal information, as shelatdd difficulties in both gauging
elapsed time and in ordering historical eventsenes. Of particular interest was her
ability to accurately recall events from her owfig,lbut clear deficit in placing these
events in the correct order; in some cases shetegpthat events which had occurred

up to 20 years apart had instead occurred in ssicces



Declines in frontal functioning are also known tew@mpany the process of
normal aging (West, 1996), and indeed older acartiggpants often perform normally
or near-normally on recognition tasks, but showkadly reduced performance on
temporal order tasks compared to younger conteots,(Fabiani & Friedman, 1996;
Cabeza et al., 2000; Newman, Allen, & Kaszniak,120@artman & Warren, 2005;
although see Kausler et al., 1985; Dumas & Hartr2863 for contradictory results).
To evaluate the accumulated research in this &mencer and Raz (1995) performed
an extensive review of 46 experiments on memorgdéotent and context (in this case,
spatiotemporal) in older and younger adult popaieti This meta-analysis provided
evidence of age-related declines in memory for ondbereas memory for item identity
was relatively intact. Whereas older and youngeitagherform at equivalent levels on
item memory tasks when the amount of study time adfissted to allow older adults to
identify the salient perceptual features of thmatus (Dumas & Hartman, 2003,
Experiment 1), in studies of temporal memory olddults tend to show marked age-
related declines in performance.

There are several explanations that have beerdreassccount for this pattern
of differences observed between older and youngigtsa From a neuroanatomical
standpoint, age-related differences have beematttd to sharper declines in frontal
regions responsible for the contextual aspectseshary than in medial temporal
regions responsible for memory for content (Spe&cBiaz, 1995; Cabeza, Anderson,
Houle, Mangels & Nyberg, 2000; Rajah & D’Espos005), and reduced efficiency of

hippocampally-mediated memory encoding processest{i3, Hayes, Prince, Madden,
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Huettel et al., 2008). The nature of these desliaget unclear, as the particular
function of these frontal regions is still the topif ongoing debate. One possible
explanation for this difference may be a decreassdciative ability for contextual
information (Johnson, Hashtroudi & Lindsay, 199Bfyom this perspective, declines in
frontal functioning lead to less effective attemigt€ombine item information (content)
with order information (context). Other explanasanclude declines in working
memory and subsequent difficulties in holding npléipieces of information in
attentional focus, as well as a general inabibteffectively encode order information
(Kilb & Naveh-Benjamin, 2007). While numerous seglhave provided evidence of
age-related processing differences in both atteatiand executive control (see
Salthouse, Atkinson & Berish, 2003 for a revievg weell as updating the contents of
working memory (Hartman, Dumas & Nielson, 2001gréhhas not yet been any
conclusive evidence pointing to a single explamatar these age-related differences.
Given the accumulated evidence, it is likely thatlahes in the processing of temporal
order information may result from a number of agleted neuroanatomical changes, all
of which may interact to impede both memory encgdind retrieval, and executive

functioning of a network of related structures.

Experimental Measures of Order Memory
A number of techniques have been developed thraughe years to assess
memory for order information. One thriving area@$earch into memory for temporal

order makes use of an implicit sequence-learnigk, ta which an array of stimuli is
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repeatedly presented, under incidental encodinditions, to encourage the encoding
of inter-item associations between repeated elesndftperiments of this nature
generally fall into two major categories, basedruptbether the repeated elements
involve a form ofspatialarrangement in a static display, or tamporalassociation
between repeated stimuli (Turk-Browne & Scholl, 2D0In spatial arrangement
studies participants view several stimuli simultaumy within an array, and are
assessed with respect to their ability to assooagestimulus with another in that
display (Brady, Konkle & Alvarez, 2009), or to asede individual stimuli with
contextual cues (Chun & Jiang, 1998; Fiser & Asi@01). Alternately, temporal
sequential learning tasks often involve presenpiaigicipants with a sequence of colors
or shapes of varying complexity, one at a timea@omputer screen (Abla & Okanoya,
20009; Fiser & Aslin, 2002; Kirkham, Slemmer, & Jsbn, 2002; Turk-Browne, Scholl,
Chun & Johnson, 2008). During a subsequent tesdglparticipants are given a
forced-choice decision between two sets of stinunle set comprised of a sequence of
stimuli from the study phase, the other comprisied movel collection of unpaired
stimuli. Recognition performance is typically falto be significantly higher for the
trained stimulus sequences, even in the absenuartdipants demonstrating explicit
knowledge about their earlier encounters with trgiseuli (Fiser & Aslin, 2002). As
with other tasks requiring the accurate detectioreconstruction of order information,
age-related performance declines have been idshiifi both implicit and explicit
sequential learning, and these declines are assdaiath functional activity decreases

in prefrontal and neocortical regions (Aizenstdiale 2006).
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Another common sequential learning paradigm isstr&l reaction time (SRT)
task, in which a participant learns a sequenceaibritc responses to stimuli presented
on a computer display (Hunt & Aslin, 2001; RemitlaR003; Stefaniak, Willems,
Adam & Meulemans, 2008; Wilkenson, Teo, Obeso, Reth & Jahanshahi, 2010).
Participants in SRT tasks are typically asked tehoilluminated tiles on a pressure-
sensitive computer display. As these sequenciisiminated lights are repeated across
trials, participants come to implicitly learn theder of locations in which stimuli will
appear (although for debate on whether task pedoce reflects an explicit memory
component, see Hunt & Aslin, 2001). Behaviordlhgse repetitions result in higher
accuracy for specific patterns of motor responagsyell as lower reaction times while
making the appropriate movement.

A noteworthy related design assesses the learingpeement patterns through
imitation. In one relevant study comparing olded gounger adults’ ability to repeat a
pattern of arm movements, participants viewed @s@f gestural cues on a computer
screen and were asked to mimic the sequence bypmigi with their arms (Maryott &
Sekuler, 2009). Older adults showed decreasedamcand increased order errors
compared to their younger counterparts, a findihgctvwill inform later predictions on
older adults’ recognition performance for novelsenges of events.

As described earlier in the context of order arthimemory dissociations,
temporal order memory has been frequently evaluagedy traditional serial order task
paradigms. As such, a wide array of theoretical@shas been forwarded to account

for performance on these tasks, each positing rdarkifferent memory mechanisms.
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Somepositionaltheories explain this process as the associatiam dem with a
particular physical location or “slot”, and ordenetall proceeds by progressing
through each slot-item association (Conrad, 198%ese positional theories lack some
biological plausibility (although see Lytton & Limb, 1999 for a possible
hippocampally-mediated process of temporal ordeoéimg), and others have instead
claimed that each item is instead directly assediatith the next, and in future trials
will act as a cue for its associated item (Ebbinghd 964; Wickelgren, 1967; Tzeng &
Cotton, 1980). Unfortunately, this approach doessnéficiently explain how the
association is given a sense of direction or ggipm that one event occurs before the
next, nor how one could recall the second itemauthremembering the first
(Baddeley, 1968; Baddeley, Papagno & Norris, 1984nson, Norris, Page &
Baddeley, 1996; Terrace, Son, & Brannon, 2003).

Still others have claimed that temporal positiobased upon a multi-
dimensional “time-tag” of temporal or serial distarthat is decoded in later recall
(Yntema & Trask, 1963; Estes, 1972; Nairne, 199bv#, Preece, & Hulme, 2000).
Given that there is little support for a reliablechanism to encode objective,
“chronometric” time, it has also been proposed thatstrength of the memory trace
itself acts as an index of temporal relations dyriecall (Hinrichs, 1970), with stronger
memory traces being recalled as having occurree memently than weaker traces.
This approach also falls short in some regardsg@esated encounters with a stimulus
event (which would presumably lead to a more romestory representation), do not

reliably predict that we will recall that eventmsre recent than another with fewer
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prior exposures. Overall, these approaches are ordess capable of accounting for
certain aspects of the experimental data, but hanetheless been criticized for being
unable to describe the real, online process ofifdguast events in order (see Henson,
1998 for a complete review of the theoretical apph®s to serial order memory). Of
note is the concern that when determining seridgioiwe need not use only a single
index of the memory’s temporal position, but instéaing other prior knowledge or

deductive reasoning processes to bear (e.g., Jolesd., 1993).

Theoretical Approaches to Causal Order

Much evidence suggests that memory for temporardrdormation is valuable
in the identification of causal sequences. Toiifiethe correspondences between
these processes, we must turn our focus to the grmmary indices of causal
associationspriority, proximity,andexclusivity.

Of primary concern for this report is the rolepoiority or asymmetrjpetween
events, in that causes can precede effects, lmdteffio not typically precede the cause
(Fenker, Waldmann & Holyoak, 2005). Of the thregi¢es of causal associations, this
factor most closely relates to the process of odééermination, in that one must
establish a reliable representation of which epeatedes the other to identify the
outcome of a given action. Several theories haenldeveloped to explain this
asymmetrical, ordered association between causkesftatts. In th@ssociativeview
of causal sequences, item-by-item associationfareed between two events, and

asymmetrical recall (i.e., causes precede effeessjits from the temporal order in
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which these events are typically observed. Ind€egihn and Markovits (1998)
observed that the strength of a prior associateiwéen an event and a subsequent
outcome predicted the degree to which a participantld perceive a causal relation
between the two events; those events that were strosigly associated with one
another were most likely to be seen as causakgtin This connection to association
learning suggests some correspondence between tearsang and serial order
learning theories, which are often reliant upon ynainthe same proposed mechanisms
(see, for instance, Ebbinghaus, 1964), but whiehefiore also suffer from many of the
same criticisms (see Henson, 1998 for review).

An alternative perspective, called tteusal-modetheory, holds that causal
relationships are explicitly represented separdteiy the item or event representations
themselves (Waldmann, Holyoak & Fratianne, 1998)is position implies the
existence of a distinct “causal module” to detemnivhen an associative relation
contains an additional contingent, causal associatThis latter view has found support
in the work of Fenker, Waldmann, and Holyoak (2008)o presented participants with
word pairs that shared a pre-existing causal cdiore(e.qg., fire — spark). These words
were presented either in a forward direction, inclwhhe first item logically predicts
the second, or the reverse, in which the effeatques the cause. When asked to
evaluate if the first iterpredictedthe second, participants responded faster when
stimuli were presented in the forward order thathenreverse. Alternately, when asked
to simply evaluate whether two items were meesigociatedvith one another,

performance was equivalent across forward and backeonditions. These authors
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concluded that the observation of longer respoatsmties required to correctly
identify causal order, but only under conditionsewtthe spatial presentation order is
incongruent with prior experience, is consisterthwihe presence of a causal module,
or, at least, with the need for some form of addii processing specific to causality
determination, beyond that needed to determinecadse relations.

Notably, similar processing delays are also obskiveerial order tasks when
participants are asked to recall a stimulus lisewerse order (e.g., Anders & Lillyquist,
1971; Li & Lewandowsky, 1995; Farrand & Jones, 1996 to reverse the ordered
sequence of stimuli within an array (Lange, Cerdl&erhaeghen, 2011), further
suggesting some relationship between the ordefibgth causally-related stimuli, and
those that are presented in a specific sequemtial.o

The increased time required for reporting thesasten backwards order has
been attributed by some to a transformation proeesieh Conrad (1965) suggested
could be accomplished by a series of “to-and-ficdns. For example, to report the set
of digits {1, 5, 3, 6}, the participant would firselect and reverse the last two items, {3,
6 6, 3}, and then proceed to the next pair. Anders Lillyquist (1971) provided
support for this proposal, as the encoding strategsed by participants were reflected
in the pattern in which items were recalled (ggrticipants who remembered items in
pairs tended to recall two items at a time). Marportantly, these data suggest that
asymmetrical encoding can occur for newly formeuesentations of event or item

order.
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In further support of a relation between causal semlential ordering
processes, Satpute and colleagues (2005) deterthiaethe DLPFC, a region
associated with serial order processing, is sitgilanportant in determining the causal
relationships between stimuli. Using Fenker's @00ord pair presentation paradigm,
described earlier, the authors observed greatsa#ion in the left DLPFC for pre-
experimentally causally-linked pairs of words (gagid — corrosion; carcinogen -
tumor) than for associated words (e.g., car — platias - dictionary).

Evidence suggesting age-related declines in sami@r tasks points to the
possibility of other related detriments in tasksessing memory for causally ordered
events. For instance, a series of studies by Hibvwahana, and collaborators (Howard
& Kahana, 1999; Howard, Kahana, & Wingfield, 2008ingfield & Kahana, 2002)
provided evidence that declines in frontal fundmgnmay interfere with older adults’
ability to form new asymmetrical associations betwstimuli. In their series of studies
evaluating serial order recall performance, oldkrts were significantly less likely to
display acontiguity effector an asymmetrical order preference for items dppeared
in temporally proximal positions (Golomb et al. 08), and were therefore more likely
to transposehe order of a pair upon recall. The authors agted that this finding
illustrates a declining ability to organize memerie time. It is likely that a diminished
sense of stimulus priority would result in oldeulisl committing more transposition
errors, or recalling events in the reverse positpamticularly when the events are

unrelated to one another or depict events thata@asonably appear in either order.
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What is less clear is how older adults will perfonnen asked to recognize the
order of causally associated event sequences.r @diddts have been found to recruit
semantic (as opposed to contextual or episodic)emgduring serial order tasks, a
tactic that is maladaptive when attempting to ekt of unrelated items in a
particular order (Golomb et al., 2008). Given pin@r semantic knowledge of the
logical order of well-known event sequences, ohltirlts may show an increased
tendency to transpose the order of recalled ewentsake them more congruent with
their expectations. For instance, if two images@esented in the logically incorrect
order during an initial encoding phase, the oldkiligparticipants may be more likely
to recall the images as having been shown in thecogical sequence. Moreover, a
tendency to rely upon familiarity as opposed tmHection (see, for instance, Bastin,
Van der Linden, & Friedman, 2004) may encourageoédlults to falsely recognize
non-presented images, particularly under conditinen a newly-presented image
shares a contextual or semantic association wiimage presented during a previous
phase, or when a novel image is presented accoetphgia previously presented
‘lure’.

Turning now to the other primary features of cassgjuences, both temporal
proximity (i.e., the degree of separation of twem g in time) and exclusivity (i.e., the
reliable occurrence of an effect following a partar cause), have been well established
as important cues to causality (Hagmayer & Waldmao02; Buehner & May, 2003).
These cues are not necessarily reliant on orderangiper se, as other reasoning and

inferential processes can aid in determinationsaoiality, regardless of the events’
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separation in time or frequency of co-occurren€er example, it is often the case that
the effects, such as becoming nauseous, are olseelkeafter the cause, such as
having eaten a portion of spoiled food, and we meigbly be able to determine the
causes when they are separated by time spans ondidreof minutes, hours, and even
days.

These three principles are raréiyectly manipulated in tasks assessing memory
for ordered information, but even so they are amament of many tasks of this nature.
For instance, measures of serial order and im@ezjuence learning could be
interpreted as including the three essential charatcs of causal associations, as these
tasks include conditions under which one stimuélisibly precedes anothegr{ority),
stimuli appear close together in tingrdximity), and the onset of one stimulus reliably
predicts the appearance of anottec(usivity. To consider these tasks as indices of
causal learning, however, would be an overreadogshese tasks often made use of
relatively simple perceptual stimuli such as basiors or geometric shapes, or in the
case of SRT tasks, involve a relatively simple moésponse. It may indeed be
possible to establish causal associations betwesse tsimple stimuli, but under more
realistic, and therefore complex, circumstancesseuase of causation is frequently
appliedto events involving the actions of intentional agefmargeted measures of
causal order memory should attempt to capturesfsence of real-world experience.

A commendable step toward this goal was reporteBragy and Oliva (2008),
who demonstrated implicit visual sequence learnisigg images depicting a variety of

real-world locations (e.g., natural scenes, hortexiors, sky scrapers). During initial
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stimulus exposure, participants viewed images oretimme on a computer screen, and
upon each trial were asked to indicate when an éweas repeated from the preceding
trial. The presentation order of the stimuli wasnipulated such that randomly
interleaved three-image triads would repeat 75gimeer the course of the study phase.
Afterwards, participants performed a two-alternatiorced-choice recognition
judgment on a pair of 3-image sequences (triplets},of which had been repeatedly
presented during the study phase, and the othehich was a novel triplet. As
expected, recognition scores were significantlywabchance for triplets that had been
repeatedly presented during the study phase. éuntire, participants also could
accurately recognize the order of triplets that hadyet been presented, but which
were comprised of three new exemplars in whichcttegorical or semantic
information remained constant (e.g., participamesved one particular series of a
kitchen, waterfall, and bathroom upon first expestar a triplet, and later correctly
identified the order for a triplet consisting ofliéferent kitchen, waterfall, and
bathroom). In additional work, using a cross-magahanipulation, involving the
presentation of pictures during learning but of @goduring test, Brady and Oliva
(2008) demonstrated a further degree of abstraci®participants were able to
correctly identify the order of a trio of wordstast, despite having seen pictures at
study, suggesting their creation of an abstraatiaecg of representations beyond a
simple perceptual association between images. eliessilts also pointed to the
establishment of a new, asymmetrical ordered eseience, but the study did not

suitably evaluate issues of proximity or exclusivilThe methods used by Brady and
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Oliva (2008) offered promising insights into possimethods for investigating causal

order memory, and served to motivate the experiah@@sign reported below.

RATIONALE

Combined, prior research on the nature of causalcétions and sequential
order learning raise several important questiomsibthe age-related changes in the
processes required by these tasks, and the comtextsch these effects may be
observed. First, few studies have examined howsteblismewordered causal
associations between realistic events. Fenke5280d Satpute (2005) limited their
approach to well-established causal word-pairs,cathchot address the way that new
causal relations are established between two ev@&mily and Oliva (2008) included
real-world scenes, but these photos of locatiotissgld any sense of action or outcome.
For this reason, this experiment introduces a nseebf experimental stimuli,
consisting of newly created line drawings that depiwide array of common everyday
events. Some of the events have pre-establishegindierand causal associations, and
others have no pre-existing relationships. Inygeamental setting, these images can
be paired either in accordance with pre-existingsearelationships, or they can be
paired in such a way as to create new associabetwgeen heretofore-unrelated events.
Moreover, these stimuli also offer a higher degreecological validity than word pairs
or pictures of inert scenes; the stimuli depictdaty of people and animals, taking part

in a number of activities, and in a broad rangerofironments and contexts.
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As noted, the stimulus set can be used to evathatmfluence of pre-existing
ordered inter-stimulus associations on subseqeeognition performance and event
order recognition. Most of the event images indtiaulus set share a thematic or
conceptual association with one other image, aedtimuli were created (and
subsequently extensively normed) such that theegamages vary in the degree to
which they share a causal, ordered relation. Gikkenmportance of identifying causal
relationships on accurate perception and memorgatipas (e.g., Shams, 2010; Fenker,
Waldmann & Holyoak, 2005), this stimulus set witladle determination of the extent
to which pre-existing causal associations act asdor an impediment to the
recognition of event sequences.

Equally important, the novel stimulus set offers/reportunities to address the
three features of causal associations. In therempets described below, two of the
three major indices are addressed. Oaggmmetryill be evaluated by systematically
manipulating the presentation order of pairs slgaverying degrees of pre-existing
ordered relations, as well as pairs of eventsahatargely unrelated to one another. In
this manner the current research can evaluate nyeamokrtemporal order accuracy for
event pairs that appear in a predictable orderatsadetermine the influence of
ordered cues to access this representation. PBveximity also will be manipulated by
interleaving unrelated events between sequencesgdt event pairs to evaluate how
temporal distance interacts with accurate ordevgeition. Althoughexclusivitywill
not be manipulated in these experiments, this stisnset will prove useful in future

experiments for addressing this remaining featfieaosal associations.
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Finally, we have noted that there are several antihg questions with respect
to possible age-related performance differencesridered information, particularly in
the acquisition of new ordered representations hexvdthis skill may interact with the
learning of an asymmetrically ordered sequencean@wer these questions of age-
related processing changes we must first be cdhairthis novel stimulus set is
appropriate for a wide range of participant groupberefore, the stimulus set
introduced here was assessed in a number of neertagks and evaluative judgments
by both older adults (aged 60 — 80 years) and yauadults (ages 18 — 30 years).
These essential normative data help ensure thaityadif the experimental findings,
reported later. Before explaining the experimedesign and specific predictions, we
turn next to a complete description of the stimdesthat forms the foundation of this

line of research.

STIMULUS MATERIALS - NORMATIVE DATA COLLECTION

In order to test our hypotheses regarding theioslatbetween causal
associations, sequence-order memory, and agedealasmges in cognition, this study
uses an original stimulus set comprised of 265Ksaw-white line drawings of
thematically-related image pairs (see Figure Z2f@mples). These images were
created to depict a variety of everyday events,(egrk, play, sports, health / hygiene,
domestic chores, and food), and reasonable efi@te made to represent a wide array
of attributes and stimulus characteristics throughlbe stimulus set. For instance,

some of these images contaihuanan agene.g., a person diving off a diving board),
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ananimal agen{e.g., a dog burying a bone), v agente.g., a leaf falls from a tree).
In images that include a human agent, reasonafdgsivere made to ensure that each
gender appeared with equal frequency. In manysgcasenan agents were drawn with
gender-neutral clothing and hair, and both gendere depicted in a variety of roles.
Also considered were the number of agents presemtcene, and the proportion of the
agent that is physically depicted in the image,(adull or partial view of the primary
agent) (see Appendix A for stimulus set summarg)dat

The events depicted in these stimuli were desigod® immediately
recognizable and to contain few extraneous obmotentextual features, so as to
constrain the number of possible interpretationthefdepicted scene. The majority of
the images share a relevant semantic or conteagsalciation with one other image in
the stimulus set; combined, these two related imagenprise what will be termed a
Critical Pair. For example, one Critical Pair in the set depiets stages of a telephone
call: The first image illustrates a ringing phoirethe second a person picks up the
receiver. The current version of the stimulusiseludes a total of 265 images,

including 111 Critical Pairs, as well as 43 indivéd, unpaired images.
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Critical Pairs

Unpaired Images

Figure 2. Critical Pair and Unrelated Image exasplCritical Pairs reflect a
range of agency categories (human, animal, or eota@nd inter-stimulus
causal associations. Unrelated Images were usgeate Unrelated Pairs of

un-associated events.

Before using these stimuli in experimental studmsmative ratings were
gathered for a number of important stimulus charstics, including the
recognizability of each image, its frequency ofwacence, and ratings of its shared
relation with other stimuli in the set. Most vitalthe experimental aims, however, was
to ensure that these stimuli were appropriate $erwith populations of a broad age
range. To these ends, both young adults (aged308years) and older adults (aged 60

— 80 years) participated in several iterationsafmative studies using images from the
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preliminary stimulus set. Young adult participa@is= 90,Mage= 21.1,SD = 2.6) were
recruited from a psychology department particigaodl, and were compensated with
course credit. Older adult participants{M4,Mage= 70.4,SD= 5.7) were recruited
from the University of Minnesota’s Alumni Associati via postings and e-mail
announcements. All participants were native spsad®English, and had normal or
corrected-to-normal vision and hearing. Older edrdcruited in this phase were
administered both a Mini-Mental State Examinatib?hMSE; Folstein, Folstein, &
McHugh, 1975), and the Brief Symptom Inventory (@atis & Melisaratos, 1983)
prior to participation, and all of our participamiet our inclusion criteria for current
cognitive status (MMSE scores > 24) or for depas$BSI| depression item scores <
11). Additionally, all older adult participantsp@ted no history of medical conditions
that might interfere with their performance (fomgolete screening criteria, see
Appendix B).

The normative data described below were gatheredsmweral iterations of
stimulus development and revision. Therefore, ed¢he tasks described below was
conducted with a subset of the participants frooheaye group; younger adults took
part in a total of 3 phases, and older adultstotal of 2 phases, with participants
providing normative data for between 2 and 3 ofrtfeasures of interest. In all tasks,
stimuli were presented on a 19” color monitor, gdiaprime Software (Psychology
Software Tools, Inc., 2002). All participants weested individually, and each

experimental session lasted approximately an hour.
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Image identification, similarity, and frequencyaafcurrence

After generating a preliminary set of 273 imagesmative efforts first
determined if the images were recognizable anéhdisrom other images in the
stimulus set. A subset of our young adult paréioig (N = 20Mage= 19.9,SD= 2.3)
completed a task wherein they viewed a sequenteatfes, one at a time, on a
computer screen, and were asked to describe thertmf the scene in a complete
sentence containing both a noun and a verb (8.be tlog catches the Frisbee,” or “A
barber gives a haircut”). Counterbalancing efferisured that each participant saw
only half of the Critical Pair images, thereby aemsy that their descriptions would not
be influenced by presentations of similar evef#en participants were unable to
identify an image they were asked to respond, f'dknow.” The participant’s verbal
responses were recorded, by hand, by undergratksstarch assistants who had not
been involved in the creation of the images.

Upon considering these preliminary data, sevemsistently misidentified
images were subsequently redrawn to address anigaitids, and additional young
adult participants (N = 2Mage= 23.0,SD = 4.7) described these revised images, in the
same manner as detailed above, in later normakigsgs. Once each image was found
to be reliably identifiable by at least 90% of goung adult sample, older adult
participants (N = 22M,4e = 71.5,SD= 5.7) were recruited to provide image
descriptions. Overall, this process of stimulugsien or exclusion reduced the

stimulus set to its current total of 265 images.
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To minimize the risk that images within an itemrpaould be confused with
each other, or with any other image from the satinger and older adults’ verbal
responses were compared to ensure that each ineyeowdescribed in the same way
as any other. As an additional index of image Iginty, both younger adult (N = 24,
Mage= 21.5,SD = 1.6) and older adult (N = 2R3 = 71.5,SD = 5.7) participants rated
thevisual similaritybetween Critical Pairs and novel, Unrelated Pairsa Likert-type
scale with anchors ranging from 1 (no shared vigestlres or similarities) to 7 (the
images are identical). In future experimental efothis measure may later serve to
investigate the influence of visual pair similardty order and item recognition task
performance.

To control for the impact advent familiarityon memory task performance,
participants from both age groups (Younger adiNts: 20,Mage= 19.9,SD= 2.3;
Older adults: N = 22M,4.= 71.5,SD = 5.7) rated the perceived frequency at which
these events occur in everyday life. Participaiewed each image, one at a time, on a
computer screen, and indicated via key press pleegonal familiarity with each event
shown. More specifically, they were asked to iatkchow often, in their experience,
that they had seen or encountered the event, imguhcounters with similar images in
various media. Participants reported their respsnsing a Likert-type scale with

anchors ranging from 1 (‘never’) to 7 (‘regularly’These data also were consulted
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when evaluating whether to include stimuli in theaf stimulus set, in that low-
frequency images that were frequently misidentifieste more likely to be excluded

than revised.

Critical pair association, causal direction, anchtporal distance

A crucial attribute of the stimuli is the varyinggree of pre-existing association
shared between each Critical Pair of images, aaditlectionality of the causal
associations depicted. Some images comprisingtigalPair are in @ymmetrical
sequence (i.e., either event may logically pre¢bdether), whereas others are in an

asymmetricabequence (i.e., the cause precedes the effeetfigare 3.
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Figure 3. Asymmetrical and Symmetrical CriticalrRexamples.

To identify the magnitude and direction of interaige associations, both young
adults (N = 22Mage= 23.0,SD = 4.7) and older adults (N = 28,ge= 71.5,SD=5.7)
viewed a sequence of Critical and Unrelated Psidg-by-side on a computer screen.
Participants were asked to determine the strergthecassociation between each pair
on a Likert-type scale ranging from 1 (no sharesrthtic, semantic or contextual
features) to 7 (multiple shared features or thepmegardless of their order on the

screen Half of the Critical Pairs were presented, frigft to right, with causes
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preceding effects (an ‘AB’ pair), and the otherfletre presented in the reverse order
(a ‘BA’ pair)®.

Analyses of these association strength data prdwigehe young adult
participants revealed somewhat higher ratings $gmanetrical order pairdj = 5.32,
SD=.99, than for symmetrical order paiké,= 5.18,SD= 1.03, and a subsequent
dependent-samples t-test between pair types irdi¢aat this difference was indeed
significant,t(21) = 3.76p = .001. Despite explicit instructions to ignore thrder of
the stimuli as presented on the screen, this asalso revealed a significant difference
between ratings for asymmetrical pairs presenteédarAB M = 5.36,SD= .48) versus
the BA M = 5.06,SD= .65) orderf(21) = 3.26p < .005. Although we asked
participants to disregard the order in which thages were displayed, the causal
relationship between asymmetrical events may havewraged them to rate the
asymmetrical pairs as slightly more associated with another when presented in the
‘logical’ order.

As expected, association rating scores for UnrelRegrs were notably lower
than those for Critical Pairs, resulting in an aggr association score of 1.&D =
1.14, for novel item pairs. A dependent-sampliest-comparing association scores
across participants revealed that the ratings givdsnrelated Pairs were significantly
lower than those for both AB order Critical Patr§21) = 37.22p < .001, and for BA

order Critical Pairst (21) = 34.18p < .001. Unrelated Pairs with low inter-image

% The distinction between an ‘AB’ presentation arilBA’ presentation order is arbitrary for Symmetic
Critical Pairs and Unrelated Pairs, but the lalvel/ps useful for the presentation order maniputatio
counterbalancing, described below.
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associations were identified as candidates foraggarget pairs in later experiments,
whereas Unrelated Pairs with high association sooeze excluded from consideration
as unrelated target pairs due to their pre-exisisgpciation.

To further address the question of pair asymmegtyng adults (N = 22 age =
20.6,SD= 2.5) and older adults (N = 28l,4e = 69.0,SD = 5.6) rated theausal
directionof Critical and Unrelated Pairs on a scale randiom 1 (effect precedes
cause) to 7 (cause precedes effect), and were &slesgdign intermediate numbers to
pairs that could reasonably occur in either order, (@ rating of ‘4’ indicates a highly
symmetrical pair). As before, participants judgatts of images presented side-by-
side on the computer screen in either the AB ordB#sentation orders. Pairs that were
rated with a very low score when presented in odercand a very high score when
presented in the reverse were later deemed toghéytasymmetrical, whereas those
with equivalent scores regardless of presentatidarovere deemed more symmetrical.

Lastly, participants from both age groups (Youragults: N = 22Mage = 20.6,
SD= 2.5; Older adults: N = 2R/.ge= 69.0,SD = 5.6) rated the typical amount of time
that would elapse between the two events depiatdakei Critical Pairs and the
Unrelated Pairs. Again, image pairs were presentdfte AB and BA presentation
order, left to right, on the computer screen. iBigdnts made responses via key press
using a 7-point Likert-type scale. A responseloindicated that the event depicted on
the left had no consistent relationship in timehwite event depicted on the right, and
responses ranging from ‘2’ (‘weeks / months’) ttghu6’ (‘seconds’) corresponded to

the amount of time that might pass between theetvemts. A response of ‘7’ indicated
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that the first and second events would be simuttase These data are not considered
further in this report, but they are available fislure studies investigating the influence

of temporal proximity between events on orderedliec

EXPERIMENTAL DESIGN AND RATIONALE

Given the wide array of normative ratings gathetedng the stimulus
development phase, experiments that utilize thiseils can include analyses based
upon the strength of pre-existing causal relatiangmage’s inter-item association, or
several other pair and image characteristics. mtpgstablished the response
characteristics of this new stimulus set, the wexicern was to identify an appropriate
method with which to assess temporal order memopythis end, several memory
assessment techniques were evaluated using thawssiset, including a traditional
measure of serial order memory. In one pilot stoahticipants viewed a sequence of 5
to 8 images on a computer screen, one at a tindeyware asked to identify the order of
the previously presented images by either verlgrtgor by indicating the
presentation order via a worksheet for each ftisal [These response worksheets
contained a set of 12 images; 5 to 8 of the imagethe sheet had appeared in the
computerized presentation sequence, whereas trenaen of the images on the sheet
were novel, unrelated images, or false lures. Wafately, interpretation of these
results was confounded by the methods in whichigaaints reported event
presentation order, as their serial position regall skewed by failures to recognize a

target event (e.g., a failure to recognize onectaggent that had occurred earlier in the
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event sequence might shift the designated ordall stibsequently recognized events
forward). This measure was abandoned in lieu afggroach that would more
appropriately allow evaluation of order recogniterformance for pairs of related or
unrelated images.

The final experimental method developed here watsalig inspired by Brady
and Oliva (2008), who presented triplets of imatgegrobe participants’ order
recognition memory after a series of encoding pleapesures. However, rather than
triplets we used pairs of images to test ordergeitton memory. To briefly outline
this methodology, participants would first viewexjaence of images, one at a time, on
the computer screen, some of which shared a psthgxiassociation, and some of
which did not, and would perform a designated emgpthsk for each item (e.g., to
determine if the depicted scene primarily occudoors or outdoors). In a subsequent
test phase, participants would be presented tvgetamages, side-by-side on the
computer screen, and would be asked to indicatéhghéhe left-to-right spatial order
in which these two images was displayed correspbtaléhetemporal orderin which
they had been presented in the previous sequeéecifically, participants were
instructed to respond “yes” to any pair of imades tvas presented that was shown in
the same order as in the previous sequence; theyimstructed to respond “no” to any
pair of images that was presented in an orderdiffered from that in the previous
sequence. Thus this was a measuiterofporal order recognitiorparticipants were
asked to respond “no” to any stimuli that may hagen presented at some point in the

sequence but that had not been presented in thentiyrshown order.
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This design was subsequently expanded to alsode@n additional measure of
item recognitiorandsource memagrthat was administereafter the critical temporal
order recognition measure. In this additional iteeognition and source memory task,
participants were shown images, one at a timewaard asked to indicate whether an
image was new (never previously presented in tiperxent) or old (had been
presented in an earlier phase of the experimé&u)ne of these “old” items had been
presented during the original incidental encodaskt whereas others had appeared for
the first time during the order recognition tashkd garticipants were asked to only
report an item as “old” when it had appeared dutirgoriginal event-encoding phase
(during which they had made indoor/outdoor judgragnt

This method allows for the analysis of a numbethefquestions raised earlier
about memory for ordered information. As previguscribed, past research has not
yet fully considered how prior causal knowledgeratts with our ability to accurately
recall ordered event sequences, nor how theseaatdeiguence representations may
acquire a causal association. The unique berfafiisostimulus set is the availability of
Critical Pairs sharing various degrees of pre-exgsassociations, and Unrelated Pairs
with no meaningful prior associations.

Order recognition performance for Critical Pairsynradicate how pre-existing
semantic or general world knowledge of event ondidences later order recognition
performance, in that pairs of events with strorgrgxisting cause-and-effect
associations are hypothesized to be recognizedhigtier accuracy on the order

recognition task. In the case of Unrelated Paiexnory task performance, as assessed
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by the order recognition measure, will assess divitiual’s ability to rapidly establish
new ordered relations between unrelated eventgedder, by also including a
manipulation of the number of times that particiganewed each image during the
initial incidental encoding phase, we could evauadw order recognition memory for
events that possessed differing pre-existing cassaciations was affected by repeated
exposures. Greater numbers of training phase exgoare predicted to result in better
order recognition accuracy, particularly for thasages that share no prior ordered
relation.

Two further experimental manipulations includedstfia manipulation cévent
proximity and, second, a manipulationstfidy-to-test congruency with regards to the
ordering of the itemsWith respect to event proximity, we wanted teess order
recognition accuracy for images that occurred eithenediately following one another
(directly contiguous in time) or with interposedeats. By either inserting an unrelated
image between target pairs, or by presenting @tgr@r without an intervening image,
we aimed to evaluate the efficacy of temporal ordeognition processes when
intervening events do or do not obscure the dassbciation between an event pair.

Finally, we also included a manipulation of studytést congruency such that
target image pairs appeared reliably in one prasentorder during initial encoding,
and then were either presented in that same (cengrarder, or in reversed
(incongruent) order, on the test of order recognitiThis study-to-test congruency
manipulation was included, in part, to ensure toatect responses on the order

recognition test could not simply be made on the&sbaf familiarity with the two items
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in the pair, but specifically required accessingperal order information.
Additionally, the study-to-test congruency matdowat us to evaluate order
recognition for highlyasymmetricalCritical Pairs, which were hypothesized to be more
often falsely recognized in their logical (pre-espeentally learned) sequence,
regardless of the order in which they were oridinptesented during the incidental
encoding task. Itis expected that these ordesp@asition errors on the order
recognition task will occur with greater frequerioy asymmetrical Critical Pairs than
for symmetricalCritical Pairs or Unrelated Pairs, due to a genteradiency to rely upon
prior knowledge of event order for well-establislvadisal sequences.

In sum, the following paragraphs outline the magperimental manipulations,
the terms that will be used to describe the relewatependent variables, and the
hypothesized key results expected of each manipalaiThese conditions will be
described in greater detail below, as well as geeidic manner in which each factor
was evaluated.

Pair Type condition: This condition allows assessment offieral order
recognition accuracy as a function of the pre-exgstelation between image
pairs. It is hypothesized that temporal order gattion accuracy will be
higher for Critical Pairs than for Unrelated Paifsdditional pair types,
described in detail below, will serve as a basdimerder recognition
performance (Novel Pairs) or as a measure of gag@gnition performance
when the presented stimuli are similar to, butidentical to, the stimuli that

were presented in the initial encoding phase (Haisks).



38
Pair Repetition condition: This condition allows evaluation of taiects of
differing numbers of encoding phase exposures mpdeal order
recognition performance. It is predicted that imag@irs presented multiple
times at encoding will be recognized in the corprder with greater
accuracy than images for which there is only oitelriraining exposure.
Pair Distancecondition: This condition evaluates how the inatusof an
intervening image between two events during engpdifects temporal
order recognition performance. It is hypothesittext Critical Pair accuracy
will be less adversely affected by the presenanahtervening image, due
to the strength of the prior inter-stimulus asster than will Unrelated
Pairs, where an intervening image may interferd wie generation of a
new, ordered association.
Pair Order condition: This condition evaluates how study-tstte
congruency in the order of presentation of the wiimteracts with temporal
order recognition accuracy. It is predicted thati€al and Unrelated Pairs
presented in a maintained order between the enga@aiid test phase will be
accurately recognized in the order recognitionwesi greater frequency
than target pairs that appear, at test, in thersedetemporal order from that
in which they were shown at study.
Pair Symmetry condition: This condition investigates how priosdered
relations between Critical Pairs interact with temgb order recognition

performance. It is hypothesized that events iAsymmetrical Critical Pair
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order will be more often recognized (on the temporder recognition test)
in the logical cause — effect order, despite aheza@ncoding presentation in
which these events appeared in the reversed avtlergas the order
recognition accuracy for Symmetrical Critical Paindl demonstrate no
tendency to preferentially recognize the imagesna ‘logical’ order over
another.

EXPERIMENT 1

Methods Overview

Experiment 1 began with an incidental encoding,tasiwhich participants
viewed a sequence of images and judged whetherdeguitted event typically occurs
indoors or outdoors. The number of repetitionthefpresented encoding sequence also
was manipulated: Some participants saw each imalyeoace, whereas others saw two
or three repetitions of pre-determined sequen®easticipants were not informed that
their memory for the order of the presented evenisid be probed. Next, in the
subsequent order recognition task, participant®\wezgsented a series of image pairs,
side-by-side, on a computer screen, and were deladge whether the order of the
pair, from left-to-right, matched the temporal ardewhich images appeared during
the previous task. Finally, participants in twalod repetition conditions (those who
saw the encoding sequences once or two timespal$ormed a yes / no item
recognition task on single images from the encodimdj order tasks, as well as

additional novel, unseen images. Participantcatdd if the events had appeared
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during the indoor / outdoor encoding task. Aftacketemporal order or item

recognition judgment, participants rated their aderice in their response.

Participants

Seventy-two young adult undergraduates were rectdor Experiment 1Mage
=19.5 yearsSD = 2.0 42 females, 30 females). Participants reportedvarage of
13.9 years of formal education. All participantsrevnative English speakers (or
learned English before the age of 6), and had nasmaorrected-to-normal vision.
Participants were recruited via posted flyers, ameements, and web postings, and

were compensated with course credit or a small mopeompensation.

Methods and Procedure

Incidental Encoding Task

After obtaining informed consent and gathering dgraphic data, participants
were given instructions for the initial incident&icoding phase. They were advised to
report by key press whether each image depictyeamt ¢hat typically occurs indoors or
outdoors. If they were unable to decide, they vesieed to make their judgment based
on intuition or their best estimate. Stimuli weresented on a 19-in. (48-cm.) color
monitor, centered, using E-prime (Psychology Soféwgools, Inc., 2002, Pittsburg,
PA). Each image appeared on the computer screéh7® seconds, followed by a .25

second fixation trial.
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Participants were presented the encoding sequeres twice, or three times
(N =24 in each condition). Items were presenied different order for each
participant. Each participant’s unique base s@0& images included R2ritical Pairs
sharing a pre-existing association (104 imagesh@®&l,Unrelated Pairshat shared
no significant prior associatiét52 images), and 52 additional unpaired images,
pseudo-randomly distributed within trial lists tisacburage extraneous inter-item
associations. Critical and Unrelated Pairs maieththe same ordered relationship
across all presentations, that is, during the enggghase, these pairs appeared in the
same temporal order with respect to one anoth#guah not within the entire
presentation list. They also appeared with the saunaber of intervening images upon
each occurrence. For the conditions that invotwemlor three encoding presentations,
the Critical and Unrelated Pairs were randomizédtiiwithe trial lists (but not with
respect to their ordering within the pair) suclt tha@re was no systematic or readily
detectable pattern for the overall encoding lisbas the repeated presentations. For
example, if a particular Critical Pair was to app@ace throughout the encoding phase,
the preceding and succeeding images for that pautdwary between presentations.
All 208 images appeared with equal frequency inntidtiple-repetition conditions.
The temporal distance between image presentatiasswanipulated within the

encoding task to determine the impact of tempastadce on order and item

recognition accuracy. Thpgair distancemanipulation involved varying the number of
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intervening items appearing between Critical andeldted Pairs during encoding. A
total of 26 Critical Pairs and 13 Unrelated Pdialf( of all target pairs presented)
appeared in immediately temporally adjacent pas#i.e., a ‘0-distance pair’), and the
remaining 26 Critical Pairs and 13 Unrelated Pagse separated by one intervening

image (i.e., a ‘1-distance pait'jsee Figure 4).

Figure 4. Incidental encoding task design, indi@agxamples of Pair Type
conditions (Critical, Unrelated Pairs), Pair SymméSymmetrical,

Asymmetrical) and Pair Distance (0-distance, ladlise).

® The distance condition counterbalancing ensuretdpthias from all other experimental conditions
appeared with equal frequency as a 0- or 1-distpate To these ends, target pairs were assarnted i
‘counterbalance templates’ with 16 open positiamgine for each individual event image. Each ebth
templates was assigned three 0-distance pairs: (futal of 6 positions), three 1-distance pairs &dotal
of 6 positions) and four independent images (4tjmrs). Ten unigue templates were selected to
represent a range of possible variations in teragtaimat given the constraints, and were roughly
orthogonal in terms of pair arrangement and theguteent of unassociated images. Each participant
viewed a total of 13, 26, or 39 unique templateuseges to achieve the 208, 416, or 624 image
presentations required for the encoding phasehfothree repetition conditions respectively. By
systematically varying the template order and theirstituent images, each participant views a wniqu
encoding phase list with nmintendedyet systematic, repetitions of non-target pairs.
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To prepare for order manipulations during the upogmecognition judgment
task, half of the Critical and Unrelated Pairs (262 and 13 of 26, respectively) were
presented in one pre-determined order (Imagel&age B, or an ‘AB’ pair), whereas
the remaining half were consistently presentethénréeversed order (Image Blmage

A, or a ‘BA’ pair). Again, under conditions in whi pairs were repeated multiple times

during encoding, each pair maintained the samedeahprder throughout the triéls
This distinction is particularly relevant with resy to Critical Pairs that depict a
strongly causal sequence of events, as order rémoygfor these pairs was
hypothesized to be sensitive to changes in presemtarder between the encoding

phase versus the test phase.

Order Recognition Task

After completing the incidental encoding, all 72tgapants were provided with
the order recognition task instructions. Partinigaviewed 117 test pairs, side-by-side
on the computer screen, and identified whethemtiage on théeft of the screen was
presented before the image on tight of the screen during the preceding task. They
were reminded that the images may not have appeaexdtly one after another, and

may instead have been separated by interveningeisnaghey also were advised that

*| A !
+, ,+ %
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some images would appear here for the first ti@aly under conditions in which both
images had appeared previously, and in that terhpaodar, were they instructed to
indicate in the affirmative; when the images wereersed, or when a new image
appeared, they were advised to reject that paeras incorrect. After each ‘yes / no’
order recognition judgment, participants were askette their confidence in their
response on a Likert-type scale ranging from 1€&sing’) to 7 (‘certain’). No time
limits were imposed on participants during the psse task.

Two key variables were manipulated within the ond®ognition task. These
include a performance comparison between pairsdihat do not share a pre-existing
associationgair type condition, and the effect of reversing the order of tworgse
between initial encoding and subsequent order ratog testing pair order
condition) (see figure 5).

During the original encoding phaswlf of the target Critical and Unrelated
Pairs had been consistently presented in an ‘ABégrwhereas the remaining half had
been presented in the reverse ‘BA’ order. Durlmgdrder recognition task, these pairs
were presented either in the originally trainedeor@.g., BA at study, BA at test), or in
the reverse order (e.g., AB at study, BA at fesBach of the four levels of tleeder
condition manipulation was represented by 13 image pairs AR — AB; BA — BA;

AB — BA; BA — AB).

% 1 2
%
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Figure 5. Order recognition task design, indicatmagnipulations of Pair Type

(Critical, Unrelated, False, Novel Pairs), and alicg — test phase presentation

order (Maintained, Reversed).

Item Recognition Task

Those young adult participants in the 1-repetifiod 2-repetition conditions (N

= 48,Mage= 19.9,SD= 2.5) also completed a yes / no item recognitask after

completing the order recognition task. Particisamére asked to indicate whether each

of 104 individually presented images had been presly presented during the original

indoor / outdoor encoding task. Of these 104 imag6 had appeared as part of a
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Critical Pair in the encoding phase. Only one imagm a Critical Pair could serve in
this phase as@ritical Image An additional 52 of the 104 images were complriske
the 26 False Pairs from the order recognition taskof these images were presented
during the original encoding task (False Pair insaggen at encoding; hereaftéalse
at Encoding, and 26 images had only been presented duringrtte recognition task
(False Pair images seen at test; heredfse at Test) Finally, 26Novel Imagesvere
included that had not yet appeared in any previasiss. In sum, one half of all the
item recognition test images had indeed appeargdglthe encoding phase (Critical
and False at Encoding) and half had not (NovelFaide at Test).

After completion of the test phase(s), participamse debriefed and

compensated.

EXPERIMENT | RESULTS

Order Recognition Task

Pair Type Condition

The mean temporal order recognition scores fofdhepair types (Critical,
Unrelated, False, and Novel) are shown in Figuigeparately for each of the three
repetition conditions (pairs presented once, twicehrice at encoding). We first
examined the effects of repetition condition. As de seen from Figure 6,
performance varied substantially as a functiorheffour pair type conditions, but order
recognition performance was roughly equivalenttfiertwo multiple repetition

conditions (items presented two or three timesyghonumerically higher for the
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multiple than for the single presentation condisidor the critical, false, and novel
pairs, but not for the unrelated pairs. A prelimynd (Repetition number [1-, 2-, or 3-
Reps) x 4 (Pair type [Critical, Unrelated, False] &lovel]) repeated measures
ANOVA, with follow-up comparisons, revealed no digrant order recognition
accuracy differences between Critical, Novel, ds&#airs as a function of the number
of encoding phase repetitions (see Table 1 for ¢e@gummary data by condition, and
see Appendix C for a complete list of all statistiest results and effect size
calculations for Experiments 1 and 2). Howevegréhwas a difference as a function of
repetition condition for the Unrelated Pairs, atgba significant repetition x pair type
interaction (see Appendix C). Unexpectedly, omeognition accuracy for Unrelated
Pairs was greatest in the 1-repetition encoding@lcanditionMgep-1= .57,SDgrep-£
.09), whereas Unrelated Pairs were identified\al&indicating guessing in the 2- and
3-repetition conditionsM rep-2= .53,SDgrep-2= .11;M rep-3= .50,SDgep2= .08f. One-
sample t-tests against a .50 (guessing) critedwel lindicated that participants showed
above-chance levels of temporal order recognitwritfe unrelated pairs only following

a single encoding exposuté23) = 4.1,p <.001)’but not after two or three exposures.

%0
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Figure 6. Proportional Order Recognition Accuracgi®s by Pair Type and

Encoding Phase Repetitions.

Table 1. Proportional mean accuracy for Pair Typedy encoding phase repetitions

YOUNG ADULTS

Critical Unrelated False Novel
Repetitions N Mean SD Mean SD Mean SD Mean SD
1-Rep 24 0.73* 0.09 0.57* 0.09 0.88* 0.12 0.92* @.1
2-Reps 24 0.79* 0.09 0.53 0.11 0.92* 0.08 0.97* 50.0
3-Reps 24 0.78* 0.11 0.50 0.08 0.93* 0.14 0.97* 60.0
TOTAL 72 0.76* 0.10 0.54* 0.10 0.91* 0.12 0.96* Q1

Mean confidence ratifg 72 549 0.79 3.65 0.96 558 1.41 577 1.44

Proportional mean accuracy scores for the four Pgies by number of encoding phase repetitions
* Significant atp value < .005 one-sample t-test against a .50riznitevalue, indicative of chance.

1 On a 7-point Likert-type scale (1 = "guessing’ Tcertain")

%
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We next examined effects of pair type, combinirguhes across the three
repetition levels. This analysis revealed a sigaift difference in overall accuracy
between the four pair typsF(2.4, 169.4") = 271.7p < .001. As expected, temporal
order recognition accuracy for the Critical Paisvhigher than for Unrelated Paiks (
=.76,SD= .10, andM = .54,SD= .09, respectively), and a subsequent dependent
samples t-test revealed this difference to be Bagmit, t(71) = 13.3p < .001. While
this difference is partially driven by poorer ordecognition accuracy for the Unrelated
Pairs, combining across the repetition manipulatiemporal order recognition
accuracy for the Unrelated Pairs was neverthelgsdisantly above the 50% mark
expected for chance-level respondit{@l) = 3.2,p < .005. Patrticipants reported
significantly lower confidence in their temporater judgments for Unrelated Paiid (
= 3.65,SD = .96) than for Critical Pair${ = 5.49,SD=.79),t(71) = 20.5,p < .001.

Order recognition accuracy for Novel Paiké € .96.SD =.11) and False Pairs
(M =.91,SD=.12) suggests that these pairs were generaltg gasy to reject as not
having previously appeared during the encoding @lidsis warranting a “no” response
for the temporal order recognition decision). @nagognition performance for both

False Pairs (FP) and Novel Pairs (NP) was sigmiflgagreater than for Critical Pairs

" %
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(CP): FP > CPt(71) = 10.9p < .001; NP > CP{(71) = 13.1,p < .001. Participants
additionally indicated high levels of confidence False and Novel Pair order
judgments, suggesting that the introduction o&ast one previously unseen image
provided a strong cue that the order shown wagiecb(False Pair confidendd, =
5.6,SD=1.4; Novel Paird/l = 5.8,SD= 1.4). A significant difference in order
recognition performance was also found betweeretkasse and Novel Paitg§71) =
3.77,p < .001, perhaps indicating that introducing onse&m image (False Pair) was a
somewhat less helpful rejection cue than when bo#yges were unseen (Novel Pair).
These pair conditions will later be consideredantcast with older adults’ performance

on these tasks.

Encoding — Test Phase Order Manipulation

Figure 7 presents the means for the order recognitidgment separately as a
function of the encoding-to-test order manipulatidBAB, BABA, ABBA, BAAB)
and repetition number (1, 2, or 3 repetitions). cAs be seen from Figure 7,
performance was generally more accurate for pagsgmted in a maintained order
across encoding and test phases (i.e., ABAB andBp&rs) than for those that were
presented in a reversed order (i.e., ABBA and BA#sids). Moreover, this figure
again suggests that the number of encoding phaseseses had relatively little impact
on temporal order recognition performance.

To evaluate the influence of multiple encoding ghesposures on the

encoding-to-test order manipulation, a 3 (Repetitamber [1-, 2-, or 3-Reps]) x 4
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(Order Condition [ABAB, BABA, ABBA, BAAB]) mixed fator ANOVA was
performed; this analysis showed no significant gantance benefit based on encoding
repetitionsF < 1.0. Combining across repetition levels, aificgmt main effect of the
four study-test pair orders was obserie@.0, 145.5) = 15.Q < .001?, Magag= .76,
SDueas= .14;Mgaga= .73,SDpasa= .17;Magea= .65,SD ages= .14;Mpaag = .62,

SDsass= .14 (see Table 2).

Figure 7. Proportional Order Recognition Accuracpi®s by Encoding-to-Test

Order Manipulation and Repetition Condition.




52



53

Results of a series of pair-wise dependent santjiésts indicated that the
study-to-test pair effect was driven by signifidgaritigher accuracy for pairs presented
in amaintainedorder across tasks (ABAB and BABA pairs) thandairs that were
reversed ABBA and BAAB pairs); ABAB > ABBA,t(71) = 4.2p < .001; ABAB >
BAAB, t(71) = 6.1p < .001; BABA > BAAB, t(71) = 4.0p < .001; BABA > ABBA,
t(71) = 2.7p = .01. Dependent samples t-tests revealed ndisgm temporal order
recognition accuracy differences between maintaorddr pairs (ABAB, BABA){(71)
=1.8,p = .08, nor between reversed order pairs (ABBA,BAABIrs,t(71) = 1.8p =
.08.

With regard to the pair type manipulation, parteiy the content of the image
pairs, it was expected that the study-to-test onamnipulation would invoke differential
effects for the Critical and Unrelated Pair coradis. Figure 8 illustrates the mean
temporal order recognition accuracy scores bytype (Critical, Unrelated) at each
level of the order manipulation (ABAB, BABA, ABBAAAB), combining across
encoding phase repetitions. As indicated by Fi@J@ritical Pair order recognition
performance was maintained at a relatively higlellesdespite changes in pair order
between encoding and test phases. In contrastldied Pair order recognition
judgments appear to be particularly sensitive éostiudy-to-test order manipulations.

A 2 (Pair Type [Critical and Unrelated ONLY) X 4 (@@r Condition [ABAB,
BABA, ABBA, BAAB]) repeated measures ANOVA on pragional order recognition
accuracy scores resulted in a significant inteoactiffect,F(2.2, 156.6) = 13.1p < .001

(see Table 3). This order condition x pair typeiaction adds further perspective to
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the observation of significantly lower overall ordecognition accuracy for Unrelated
Pairs than Critical Pairs. First, follow-up focdssomparisons showed that Critical Pair
order recognition accuracy was significantly higimethe ABAB order than in either
the BABA or BAAB ordert(71) = 2.4p < .02 and(71) = 4.0p < .001, respectively,
with an additional trend towards significance agathe ABBA pairs, t(71) = 1.9 =
.06. Furthermore, the gradual decline in accueaxyss the order conditions for
Critical Pairs is in marked contrast to the pattserved for the Unrelated Pairs.
Participants showed a clear and marked performiaaefit for Unrelated Pairs that
maintained their presentation order between engoalil test phases (ABAB and

BABA) compared to the changed (ABBA and BAAB) caiahs.

Figure 8. Proportional Order Recognition Accuracyi®@s for Critical and

Unrelated Pairs by Encoding—to-Test Order Maniporat
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Since the initial “AB” versus “BA” labeling systefor Unrelated Pairs is
arbitrary, given that novel pairs share no intgriegical order or pre-existing
association, these pair data were combined acrdss conditions. A dependent-
samples t-test on Unrelated Pairs presentednaiatainedorder (ABAB, BAAB) or a
reversecdorder (ABBA, BAAB) between encoding and test reeélad significant
proportional accuracy differencg71) = 5.4,p < .001. Compared to a .50 criterion
level representing chance-level responding, ManetiOrder Unrelated Pair accuracy
(M =.66,SD=.20) was at levels significantly greater tharsthexpected by chance,
t(71) = 6.4,p < .001, whereas Reversed Order Unrelated Pairacg@ = .41,SD=
.20) was significantlpelowthe 50% mark expected when participants are relgimg
guessingt(71) = -3.3,p <.005. Confidence ratings, although generally fonall
Unrelated Pairs, indicated significantly higher tdence for Maintained Order
Unrelated Pair judgment®i(= 3.73,SD = 1.03) than for Reversed Order Unrelated Pair

judgments M = 3.58,SD=.97),t(71) = 2.4p < .05.

Distance Manipulation

The effects of the distance manipulation (no irdamg items versus one
intervening item) on temporal order recognitionuaecy for the Critical and Unrelated
Pairs are displayed in Figure 9, separately foBthepetition conditions. As indicated
by Figure 9, no systematic differences were foumelation to the number of encoding
phase repetitions, but pair distance did clearlydot overall temporal order recognition

performance. An initial 2 (Pair distance [0-distanl-distance]) x 3 (Repetition
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number [1-, 2-, or 3-Reps]) mixed-factor ANOVA reded no significant interaction
between number of encoding phase exposures anqitheistance manipulation (see
Table 4). Combining across repetition levels, petelent-samples t-test comparing
temporal order recognition accuracy for pairs pnésetin immediately temporally
adjacent positions (0-distance palvk= .71,SD= .08) at encoding versus pairs
presented with an intervening image (1-distancespldi= .67,SD= .08) revealed
significantly higher accuracy for 0-distance pdiran for 1-distance pairg,/1) = 4.8,p

<.001.

Figure 9. Proportional Order Recognition Accuracpi®s by Pair Distance

Condition and Repetition Condition.
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Pair distance was manipulated only for Critical &hdelated Pairs. As
indicated in Figure 10, Critical Pair order recdgm declined when an item intervened
between target images during encoding, whereasnpeshce was equivalent for
Unrelated Pairs regardless of the presence oftarvening event. To examine the
effects of pair distance as a function of pair {ygp& (Pair type [Critical and Unrelated
Pairs ONLY]) x 2 (Pair distance [0-dist, 1-dist§peated measures ANOVA comparing
absolute order recognition accuracy differencesHese conditions was performed, and
revealed a significant interaction effele{l,71) = 17.4p < .001. A dependent samples
t-test revealed that this significant interactioasvdriven primarily by greater absolute
accuracy for Critical O-distance pairs than fortiCail 1-distance pair$(71) = 6.4p <
.001,Ms=.80 and .72SD = .11 and .11, respectively. Unrelated Pair order
recognition, however, did not differ significanthased upon pair distandes 1.2,p =
.25. The O-distance Unrelated Pairs were identidielevels not reliably exceeding
those that might be attained through simply gugss$iil) = 1.7,p = .09 against a .50
chance-level responding criteria level, whereassfadce Unrelated Pair performance

was significantly greater than that expected bycbd(71) = 3.2,p < .005.
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Figure 10. Proportional Order Recognition Accur&cpres for Critical and

Unrelated Pairs by Pair Distance Condition.

Symmetry Manipulation

In the Critical Pair condition, pre-existing retais between events were
hypothesized to influence temporal order recognitiocuracy. To establish a measure
of pair symmetrythis analysis utilized the causal direction rgéigathered during early
stimulus development. As described above &@aulus Materialsp2 young adult
undergraduatesV(zge = 20.6,SD = 2.5) had provided estimates of the causal dater
all Critical Pairs on a 7-point Likert-type scalghere 1 indicated “effects precede
causes” and 7 indicated “causes precede effedis.identify the most strongly causally
orderedAsymmetricaPairs, and the most reversib&mmetricaPairs, causal
association ratings for Critical Pairs presentethénBA order were subtracted from

those for AB order. In this manner, highly ordepadrs presented in the AB format
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garnered a high causal estimate, whereas the saimgresented in the reversed BA
format was rated as much less causal. Causatetiife scores approaching 7 indicate a
strongly ordered pair; scores approaching O indibaghly reversible pairs.

Since original estimates suggested that AsymmétPiais outnumbered
Symmetrical Pairs by a 3:1 ratio (see Appendjxaiset of 40 representative pairs was
selected based upon their extreme causal directorgs to represent highly
asymmetrical and highly symmetrical event pairstiiog analysis. Twenty Ciritical
Pairs with causal difference scores ranging frofntd. 1.4 were selected as
Symmetrical Pairs, whereas twenty Critical Pairthwlifference scores of 3.2 or greater
were identified as Asymmetrical Pairs (see Figuire 2timulus Materialgor
examples). Each symmetry pair set representedf/@@ 3744 total Critical Pair test
trials between all 72 participants, or just fewsar 20% of those presented to each
participant.

The average temporal order recognition scoresyoretrical and
Asymmetrical pairs are shown in Figure 11, sepgrdte each of the three repetition
conditions. To evaluate the influence of multipteeoding phase repetitions on order
recognition for Symmetrical and Asymmetrical Pa&r§ (Repetition number [1-, 2-, 3-
Reps]) x 2 (Pair symmetry [Symmetrical, Asymmetijcanixed factor ANOVA was
conducted on the order recognition accuracy scddedike earlier analyses that
combined across the different pair conditions drad included all items, these analyses
focused on (selected) Critical Pair performancaal@vealed a significant main effect

of study phase exposurdy2, 46) = 4.83p < .02, with higher accuracy observed for
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selected Critical Pairs in the 2- and 3-repetitonditions. As such, a significant linear
effect was observed across repetition conditié(,23) = 5.36p < .05.

A series of dependent samples t-tests compariegteel Symmetrical and
Asymmetrical Pairs at each encoding phase repeliéieel revealed no significant
performance differences, large§t4) = 1.93,p = .25, and no significant difference was
found between symmetry pairs when combining acatisepetition levelst(71) = .38,
p=.71, Asymmetrical PaM = .79,SD= .21, Symmetrical PaM = .79,SD= .23 (See

Table 5).

Figure 11. Proportional Order Recognition Accur&cypres for Symmetrical

and Asymmetrical Pairs by Encoding Phase Repetition
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A more telling analysis of these Symmetrical angrAmetrical Pairs considers
how the study-to-test order manipulations betwéerencoding phase and the temporal
order recognition test influence overall accurag. illustrated in Figure 12, order
recognition means for both symmetry pair types vegp@valent when the pairs
maintained the same order between encoding angliases. However, Asymmetrical
Pairs appeared to be more sensitive to study-tetdsr reversals.

A 2 (Pair symmetry [Symmetrical, Asymmetrical]) XQrder condition
[Maintained, Reversed]) repeated measures ANOVAdmD significant interaction
between presentation order and pair symmétl, 71) = 0.80p = .37. Accuracy was
equivalent for Maintained Asymmetricdi(= .79,SD= .21) and Symmetrical Pairsi(
=.79,SD=.23), and appeared to diverge for Reversed Asymtae(M = .71,SD=
.26) versus Symmetrical Paifgl € .75,SD=.21), although dependent samples t-tests

revealed that this difference was not significéfil) = 1.2p = .22.

Figure 12. Proportional Order Recognition Accur&cpres for Symmetrical

and Asymmetrical Pairs by Combined Encoding-to-T&ster Manipulations.
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A more complete investigation of the impact ofarteversals on Asymmetrical
Pairs can be pursued by evaluating order recognato@uracy between the four order
manipulation conditions (ABAB, BABA, ABBA, BAAB).Figure 13 depicts the order
recognition means for symmetry pairs by order ctowli and these data suggest greater
difficulty in judging the order of Asymmetrical Raiwhen they were presented in the
effect — cause order (BA) at encoding, but in thggdal cause — effect (AB) order at
test. To determine how specific study-to-test od@nges impacted order recognition
accuracy, a 2 (Symmetry pair [Symmetrical, Asymiuoet} x 4 (Order condition
[ABAB, BABA, ABBA, BAAB]) repeated measures ANOVA as performed, and
found no significant main effects or interactiomtvieen variables. A series of
dependent-samples t-tests revealed no signifiagietehce between symmetry pairs
within each of the four possible order manipulat@mditions. Despite the apparent
difference between symmetrical and asymmetricakpaithe BAAB order
manipulation condition, no significant differencaswobserved(71) = 1.23p = .22.
Analysis of confidence ratings provided for eactlenrecognition judgment (see Table
5) suggest that participants were similarly confide their decisions for both
Symmetrical and Asymmetrical pairs, with no ovesadjnificant difference in

confidence levels between symmetry pair conditigf@4,) = -.13,p =.90.
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Figure 13. Proportional Order Recognition Accur&cpres for Symmetrical

and Asymmetrical Pairs by Encoding-to-Test Ordenidalations.

Item Recognition Task

Following the temporal order recognition task tiggvants in the 1- and 2-
repetitition encoding phase conditions performedtem recognition task on a subset of
104 new and repeated images from the encoding @ed cecognition test phases. Of
the tested images, 52 images had appeared dusrgitiinal encoding phase (Critical
Images and False at Encoding Images), 26 of tmesgds appeared as part of a False
Pair during the subsequent order recognition teaks¢ at Test Images), and the
remaining 26 were novel presentations. The meamn iecognition scores for the four
image types (False at Encoding, False at Tesic@lfiNovel) are shown in Figure 14,

separately for each of the two repetition condgiQoairs presented once or twice at
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encoding). As can be seen from Figure 14, mulgpleoding phase exposures to the
images facilitated item recognition performanceQoitical, False at Encoding, and
False at Test images, but had little impact orréffection of Novel images as having
never been seen.

A 2 (Repetition number [1-, 2-Reps]) x 4 (Item tasiage type [False at
Encoding, False at Test, Critical, Novel]) mixedtta ANOVA revealed a significant
main effect of encoding phase repetitioRgl,,23) = 16.76p < .001, due to greater
levels of accuracy in the 2-rep conditidh= .88,SD = .06, than in the 1-rep condition,
M =.79,SD= .09 (see Figure 14). This analysis also rewkalsignificant main effect
of image typeF(1.99, 45.69) = 20.4§ < .001* and a significant interaction effect
between encoding phase repetitions and image B{fhe82, 41.96) = 4.14 < .01. As
suggested by the condition means (see Table @pamtient-samples t-tests indicated
that this interaction was driven by significantegpon-related accuracy gains for False
at Encoding, False at Test, and Critical Imag@8)’s > 2.75p <.01, but no significant
accuracy difference as a function of one versusamending repetitions for Novel

images, t< 1.




Table 6. Proportional mean accuracy scores by Imaggype
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YOUNG ADULTS

False at False at

Encoding Test Critical Novel
Repetitions N Mean SD Mean SD Mean SD Mean SD
1-Rep 24 0.74 0.150.82 0.15 0.88 0.11 0.72 0.13
2-Reps 24 0.90 0.100.92 0.07 0.95 0.07 0.74 0.16
TOTAL 48 082 0.15 0.87 0.13 092 0.10 0.73 0.15
Mean confidence ratiffg 48 550 1.07 6.10 0.76 6.35 0.65 5.64 0.89

Yon a 7-point Likert-type scale (1 = "guessing", Tertair’)

Figure 14. Proportional Iltem Recognition Accuracpi®s for Image Types by

Encoding Phase Repetitions.
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Figure 14 further indicates that recognition perfance for Critical Images was

consistently higher than that observed for FaldEn@bding Images, despite the fact
that both had appeared with equal frequency duhagdncidental encoding task. A
dependent samples t-test comparing performancesket@ritical and False at
Encoding Images found significant differences urttlerl-repetition conditiori(24) =
2.47,p < .025, the 2-repetition conditiot{24) = 2.53p < .025, and when combining
across repetition exposuré@l8) = 3.37p < .005.

Direct comparisons between other Image types neushdertaken with caution,
as the underlying processes motivating each judgarenrsomewhat different.
Accuracy for Critical and False at Encoding Imagetects the proportion of correct
“yes” responses, indicating that an item was indaedented during encoding, whereas
accuracy for False at Test and Novel Images refliaet proportion of correct “no”
responses. While a dependent samples t-test eslvtadt participants were
significantly more accurate in their rejectiondralse at Test images than for Novel
Imagest(47) = 4.11p < .005, these False at Test Images do not asagssgants’
skill at item recognition as such, but instead nexjaccurate identification of the
original source of that image’s first appearanthis concern will be considered further

when comparing these data with that of our oldeiftgzhrticipants.
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DISCUSSION

These results provide support for many of the hHypses stated in the
Introduction, but mixed results for others. As esigd, Critical Pairs of thematically-
and causally-related events were accurately rezedrin the correct presentation order
on the temporal order recognition task more fretjyehan were Unrelated Pairs of
events, suggesting that a pre-existing associagtween images may improve
recognition of ordered relations. It is not yetanl whether this enhancement is the
result of facilitated encoding processes, improaeckss to prior learned associations,
or differences in response biases at test.

One telling finding is the superior accuracy scdoe<ritical Pairs that were
originally presented in the logical AB order, andre later re-presented at test in the
same sequence. Accuracy for these Critical ABABsR&xceeded that for Critical
Pairs presented in the BABA, BAAB, and to a lesséent, ABBA orders. This may
reflect facilitated access to temporally-orderedregvepresentations based upon pre-
existing inter-stimulus relations, particularly whevents appear in their logical causal
order. Indeed, there was a preponderance of &lriairs that shared an asymmetrical
inter-stimulus association, which outnumbered syinice pairs by an approximate 3:1
ratio. Unfortunately, none of the subsequent asedyncovered any meaningful pair
symmetry effects, despite the selection of 20 lyigihtlered and 20 highly reversible
pairs to represent the extremes of the stimulus\&#&tile this experiment offers no
strong support for the hypothesis that highly chasgmmetric associations

differentially influence temporal order recognitiparformance in young adults (that is,
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over and above the effects of pre-existing associain general) these data will also be
contrasted with the performance of older adultshimitask, to evaluate possible age-
related performance changes.

Significant (above chance) overall levels of tengborder recognition accuracy
for pairs sharing no pre-existing relations befmeoding phase exposures suggests
that participants were able to rapidly establishehcordered associations between
unrelated events under the incidental encodingitond adopted here. Moreover,
results indicated that participants were signifttamore likely to correctly identify the
order of Unrelated Pairs when those pairs wereepited in a maintained order between
study and test, but performed with an overall a@cyof 41% for reversed order pairs.
Since the correct answer when presented with asederder pair should be ‘no’, this
outcome is driven by incorrect ‘yes’ recognitiospenses for Unrelated Pairs that had
appeared, but not in that sequence. This resujtintkcate a tendency to judge the
order as correct based solely upon successfulrigeognition for both events, yet not
the particular order in which they appeared. iinskely, however, that this difference
is a mere byproduct of a tendency to make more hgsponses than ‘no’ responses, as
the absolute magnitude of overall temporal ordeogeition accuracy was greater for
Maintained Order Unrelated Paitd € .66,SD= .21), than for Reversed Order Pairs
(M =.42,SD=.22). Furthermore, participants’ significantiglher confidence ratings
for Maintained Order Unrelated Pairs suggeststtiet were able to, on some level,

appropriately monitor the success of their ordeteeal operations.
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Unexpectedly, overall accuracy for Unrelated Pais greatest when
participants were provided only a single study phexscoding trial, rather than 2 or 3
encoding opportunities. This effect remained cstesit despite the inclusion of results
from 7 additional participants who performed a puersion of the 1-repetition order
recognition task. This result may point to theiddprmation of an inter-stimulus
association after a brief, incidental exposure,mbay also point to unexpectedly poor
performance for Unrelated Pairs in the 2- and &tiépn encoding phase conditions
(perhaps due to greater interference). Futurerempats and replications using this
data set are required to evaluate this phenomenomoie detail.

These repetition-related accuracy differences forelated Pairs are in contrast
to the other pair conditions; no significant di#aces as a function of number of
encoding phase presentations were found for thec@lriFalse, and Novel Pairs. In the
latter two cases, it is likely that recognizingttbae or both of the two images
presented at test had not been seen in the previodental encoding task acted as a
strong cue to reject that order pair, regardlese@humber of training exposures. In
the case of Critical Pairs, it is possible thatkhewn relationship between a pair of
related images provided a stable contextual framlevew later identification of
temporal order details.

Given the overall lack of encoding phase repetigfiacts on Critical Pairs, it is
tempting to conclude that prior exposures to simdigpictions of common events may
trump the modest number of repetitions includethis manipulation. Nonetheless, it

is important to note that the stimulus materialsped here are themselves novel and
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never-before experienced, so that the specific @ndilgemselves have only ever
appeared in the experimental context, and alstnaresl” — at the level of item-
specific details — to the participants upon fegposure. Second, while analysis of all
Critical Pairs suggested no repetition-relatededé@hces, significant repetition-related
accuracy gains for Critical Pairs were observetthéanalysis of the 40 selected
symmetry pairs (i.e., those 20 pairs that were rolestrly asymmetric and those 20
pairs that were most clearly symmetric). It id sinclear if this result is related to the
highly symmetrical or asymmetrical nature of theskected pairs that makes them more
recognizable with multiple repetitions, or if tHisding is a mere artifact of selecting
pairs that happened to be somewhat less reprasentdbverall performance.

In further consideration of the temporal order ggation accuracy results for
the False and Novel Pair types, it appears thaicgents were sometimes lured into
falsely recognizing item pairs that contained olteamd one new item. However, the
finding of significantly lower recognition accuratyr False than for Novel Pairs may
reflect the relative ease in rejecting Novel Paggreviously unseen; for Novel Pairs,
there are two images, both of which have not ypeaped in the experimental session,
to provide a clue that this pair was never presenionetheless, the finding that
participants were more likely to report that theyllseen the False Pairs is notable, as
they are accepting both that the two items arelfamand that the order in which they
appear at test is correct (that is, correspontlset@rder in which they were presented
during encoding). Performance for these FalsetRals will be considered later in

contrast with data collected from older adult m#p&nts in Experiment 2.
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For the pair distance manipulation, half of thal fpairs were presented during
encoding in an immediately temporally adjacent grddéereas the remainder were
presented with an intervening image. This manijpuiehad a significant impact on
Critical Pair performance: Related pairs of evgmesented without an intervening
image were recognized in the correct order momguieatly than when the sequence
was interrupted. In contrast, this advantage @edistance” presentations was not
found for Unrelated Pairs, which were surprisingdgognized in the correct order more
frequently when one image intervened than wheretthvare no images between the
novel pairing. This performance benefit for 1tdisce Unrelated Pairs was observed at
each level of the repetition manipulation. Of aidtial interest is the observation that
pair distance did not significantly interact witbcaracy for Unrelated Pairs. In fact, the
condition means suggest that performance for bigtarte pair types tended to decline
with more encoding phase exposures. Speculatitral/might be attributed to
attentional effects at encoding: Whereas all efgtimuli were novel on the first
presentation, participants may have become lesstat® to the stimuli on their second,
and third presentations, leading to more tempadgoconfusions. Alternatively, the
decrements in temporal order recognition as a fonaf more encoding may reflect a
build-up of interference from the multiple interveg item presentations, and perhaps
particularly so given the within-session, back-tek presentations of the stimuli.
Future efforts might explore the effects of anriptsed delay between study phase

repetitions.
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Finally, results from the item recognition taskaftivas given only to
participants in the once and twice encoding repetitonditions) suggest that
participants were more accurate in their item redam judgments when given two
encoding phase exposures rather than one. Tleisteis not observed for Novel
Images, which had not yet appeared in any prid« t&f note is the significantly
greater item recognition accuracy for Critical Iraaghan for False at Encoding
Images, as both had been presented with equaldneguduring the encoding phase.
This difference may be attributed to a strongedésrcy to recognize Critical Images
that reliably appeared in context with anotherteglamage, whereas False at Encoding
images originally appeared alone (that is, “un-gudily without any meaningful inter-
stimulus associations. Data from the False at ifesge trials point to significant
failures by these young adults when attempting doitor the source of their image
memory, since these images had appeared only dimengecond task, and not in the
indoor/outdoor incidental encoding task. Partinigavere able to correctly reject these
images in 87% of all trials.

Regrettably, the item recognition task lacked agamnson condition against
which Novel Image performance could be evaluatedture item recognition tasks
should also test item recognition on a selectiomafges taken from Unrelated Pairs,
given that they were presented during encodingegeh image shared no meaningful
association with the other, or with any other imagthe set. Both Unrelated Pair
images from the encoding phase and Novel imagesdimted during the item

recognition test had not appeared in the conteanhother associated image, unlike
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False at Encoding, False at Test, and CriticalsPa®y directly comparing item
recognition performance between individual Critigal Unrelated Pair Images, both of
which were presented at encoding, this task coettébaddress whether images that
are accompanied by a thematically or conceptueligted image are recognized with
greater accuracy than those that appeared inimoldevertheless, these overall
findings will be considered in greater detail fgearelated performance comparisons in

Experiment 2.

EXPERIMENT 2

Rationale and Predictions

Results from Experiment 1 were largely encouragamgl generally suggested
that this stimulus set and related design wereg@tely addressing the hypotheses of
interest. To address the primary goal of identijyage-related changes in order and
item memory for stimuli that do or do not share-exesting temporally ordered
relations, a second experiment was conducted en8iDyear old participants. These
Older Adult participants were asked to performshme task as the Young Adults in
Experiment 1, but with the expectation that perfance would differ between our
participant groups for several key variables. TdllWing paragraphs outline the
hypothesized age-related differences for eachxodgderimental comparisons,
including pair type, pair repetition, pair distanpair order, pair symmetry, and item
recognition.

Pair Type condition: This comparison evaluates performanftferénces

based upon the pre-existing relation between inpags. As with the
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Young Adults, it is hypothesized that Older Adwitdd demonstrate higher
temporal order recognition accuracy for Criticair®#¢han for Unrelated
Pairs. Additionally, however, significant age-telh differences are
predicted such that, relative to Younger AdultgjédIAdults may be less
capable at rapidly forming a new ordered associdigtween Unrelated
Pairs. Furthermore, Older Adults are predictededess able to
successfully reject False Pairs as incorrect, duetendency to rely on
generalized knowledge of a pre-existing associatiespite having only
seen one of the images.
Pair Repetition condition: In contrast to the younger adults, were
exposed to the ordered sequences of target staneaficoding 1, 2, or 3
times, all older adults were shown the images twitleis repetition level
was selected for older adults because it was eggéotstrike an appropriate
balance between sufficient encoding phase stime#pssures and overall
accuracy, and would allow for age-related perforoeacomparisons based
upon equivalent levels of overall performance betwage groups, and upon
equal numbers of encoding phase repetitions. Al3,gbe order recognition
accuracy of Older Adults will be compared to tha¥ oung Adults under
both matched encoding repetition conditions (éere both Older and
Younger adults experienced 2 repetitions) and uodeditions where Older
adults had two encoding opportunities but Youngieidta had only 1

repetition. It was expected that Older Adults vebrdquire more study
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phase exposures to achieve performance levelsveetatYoung Adults.
Moreover, direct comparisons between the variopstiton conditions
would be used to identify the conditions in whigrfprmance between the
two groups was most closely equated.

Pair Distancecondition: This comparison evaluates how the inolusf an
intervening image attenuates temporal order retognperformance for
both Critical and Unrelated Pairs. As befores ihypothesized th&k:
distance pairs will be identified correctly moréesf than 1-distance pairs on
the temporal order recognition task. In additibmas expected that Older
Adults would show lower accuracy for 1-distance &ated Pairs relative to
their Young Adult counterparts.

Pair Order condition: This comparison evaluates how manipaotetiof the
presentation order between the encoding and tesieghnfluence the levels
of temporal order recognition accuracy observeds again predicted that
Critical and Unrelated Pairs presented in a maiethiorder across the
encoding and order recognition test phases willdmirately identified with
greater frequency than will target pairs that apjpre#he reversed order
between tasks. Furthermore, it was expected tltr@dults would be
more likely than their Younger Adult counterpaddranspose the order of
Critical Pairs to match the logical order in whievents typically appear,
leading to lower levels of temporal order recogmtaccuracy. This effect

should be particularly apparent in the BAAB and BRBtudy-test
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presentation order conditions, as in both of tloeswlitions participants
must correctly recognize that the pair was oridynptesented in the
‘illogical’ order.

Pair Symmetry condition: This comparison investigates how p(je-
experimentally established) ordered relations betw@ritical Pairs affects
temporal order recognition performance. Despigelélck of significant
differences observed between selected highly asynoversus highly
symmetric Critical Pairs in the Young Adult samptas hypothesized that a
symmetry effect may be apparent in Older Adultg ttueither greater
reliance on preexisting semantic relations ana/@ttonger extant order
representations for asymmetrical event pairs. iBhigpothesized to result
in a significant interaction between pair symmeingl the order in which
pairs appear in the encoding and test phases tlsathsymmetrical pairs
will be recognized in the logical AB order moreduently than symmetrical
pairs, regardless of the order in which they atpu@curred during the
encoding phase (see Pair Order predictions, above).

Item Recognitiontask: This probe of individual item recognition Riates
the ability of participants to identify the sourafean image’s original
presentation, during either the incidental encogihgse, and/or the order
recognition test phase, or its novelty, with pg@paants asked to designate as
“old” (or to respond “yes” to) only those items tlhvgere presented during

the initial indoor/outdoor encoding task. It ipexted that Older Adults
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will be relatively less accurate than are Young Kslin correctly
identifying previously presented Critical and Fadg¢d&ncoding images, and
less accurate in rejecting False at Test Imagbsdag been presented only
during the subsequent temporal order recognitisk. tBhese predictions are
motivated by extensive research suggesting thagr\dults are less able to
accurately monitor the source of a memory (Johnsashtroudi, &
Lindsay, 1993; Mitchell & Johnson, 2009), partiglyaunder conditions in

which one is familiar with the content (e.g. JacébRhodes, 2006).

Methods

The experimental procedure and design were laidehtical to those used in
Experiment 1, but with only a single level of tlepetition manipulation and with the
inclusion of two pre-experiment participant scregnmeasures, described below. The
study began with an incidental encoding task wine@dder Adult participants judged
whether a sequence of images, displayed one iteacin the computer screen, typically
occurs indoors or outdoors. Each image was preddénice during the encoding
phase. Next, participants were given the tempmnder recognition task. In this task,
they were presented a series of image Pas&le-by-side, on a computer screen, and

were asked to judge whether the spatial ordereptir, from left-to-right, matched the

1 Unrelated Pairs selected for Experiment 1 were ased in the second experiment. Older adult
normative data, described earlier, was used tetstlese image pairs before they were used initste f
experiment, and as such these pairs are suitabbofb age groups. Whenever possible, older adult
normative data was consulted to ensure that there mo age-related differences between the key
normative ratings for selected image pairs.
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temporal order in which images appeared duringtbgious task. Finally, all Older
Adult participants performed an item recognitiosktan single images from the
encoding and order task, as well as novel, unseages. Participants indicated if the
events had appeared first during the indoor / auténcoding task. After each order or
item recognition judgment, participants rated tlweinfidence in their response. To
conclude the experimental session, participante akidebriefed and compensated for

their participation.

Participants

Twenty-four older adult participants, aged 60 -y8@rs, were recruited for
Experiment 2,4 = 68.7 yearsSD = 6.6 14 females, 10 males). Participants
reported an average of 18.3 years of formal edorcatAll participants were native
English speakers (or learned English before theo&§ég, and had normal or corrected-
to-normal vision. Older adults were given both miMMental State Examination
(MMSE; Folstein, Folstein, & McHugh, 1975), and @eef Symptom Inventory
(Derogatis & Melisaratos, 1983) prior to participat and all of our participants met
inclusion criteria (MMSE scores > 2W[= 29.19,SD= 1.09]; BSI depression subscale
scores < 11N = 2.63,SD= 3.32]). Additionally, all older adult participts reported
no history of medical conditions that may have iirgghtheir task performance (for
complete screening criteria, see Appendix B). i€igeints were recruited through the

senior learning and alumni associations of localensities. Participants were
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compensated with a small monetary compensatiod®0® for an experimental

session lasting around 90 minutes.

EXPERIMENT 2 RESULTS
Order Recognition Task

Pair Type Condition

The mean temporal order recognition scores fofdhepair types (Critical,
Unrelated, False, and Novel) are shown in Figure A% can be seen from the figure,
there were substantial differences in overall ordeognition accuracy for the different
pair types. A repeated measures ANOVA on oldeftsiduroportional order
recognition accuracy scores revealed a signifieffett of pair typ&, F(2.0, 45.9°% =
147.48,p < .001 (see Appendix C for complete statisticalgsis summaries).

As with our young adult sample, older adults showggher temporal order
recognition accuracy for Critical Paif§l (= .65,SD= .10) than for Unrelated Pairs! (
=.51,SD=.09) (see Table 7 in Performance Comparisonsache Older and
Younger Age Groups, below, for complete summarg tégtcondition). A dependent
samples t-test revealed this difference to be Bagmit, t(23) = 4.80p < .001, but this
result is largely the result of overall performaheeels for Unrelated Pairs that

indicated guessing. Subsequent one-sample tdestparing Unrelated Pair

15 As in Experiment 1, an accurate response ford@titind Unrelated Pairs involved correctly ideritigy

a pair sequence, whereas an accurate responsel$erdnd Novel pairs would be to reject them as
unseen. Therefore, direct comparisons betweenahdittons must be undertaken with a note of caution
as performance measures represent somewhat differeision processes.

16 Adjusted Greenhouse-Geisser value to accountidtations of the sphericity assumption.
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performance against a criterion value of .50 fothad accuracy for the Unrelated Pairs
did not exceed chance level®3) = .50,p = .62, but significantly above-chance
accuracy for Critical Pair$(23) = 7.74p < .001. As expected, participants reported
significantly lower confidence in their temporaber recognition judgments of
Unrelated PairsM = 4.00,SD= 1.21) than for Critical Paird{ = 5.15,SD= 1.04),

t(23) = 7.38,p < .001.

Figure 15. Older Adults’ Proportional Order Recdmgm Accuracy Scores by

Pair Type.

Participants demonstrated high levels of ordergeitmn accuracy for Novel
(M =.94.SD =.10) and False Paird/(= .91,SD=.07), and these order recognition
scores were accompanied by high levels of confied€Rralse Pairdyl = 5.73,SD=
1.35; Novel Pairsvl = 5.92,SD= 1.24). Dependent-samples t-tests found recognit
accuracy for Critical Pairs to be significantly peothan for False Pairg23) = 13.15,

p <.001, and Novel Pairg23) = 12. 94p < .001, although note that this analysis
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compares accuratwder identificationswith accurate pairejections The difference
between False and Novel Pairs was non-signifi¢é2®) = - 1.79p = .09, unlike the

results for this comparison in younger adults ip&iment 1.

Encoding-to-Test Phase Order Manipulation

Figure 16 presents the average temporal order ngamgaccuracy for each of
the four encoding-to-test phase order manipulat{gAB, BABA, ABBA, BAAB) as
a function of pair type (Critical, Unrelated). #dth the young adults, the results are
suggestive of a benefit for pairs that maintairtezirtpresentation order across tasks.
Furthermore, Figure 16 indicates somewhat moreratetemporal order recognition
for Critical Pairs at each level of the encodingést order manipulation than for
Unrelated Pairs, where accuracy scores suggesteheavel responding in all

categories.

Figure 16. Older Adults’ Proportional Order Recdigm Accuracy Scores by

Encoding-to-Test Phase Order Manipulations and Bage.
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A repeated measures ANOVA on proportional ordeogaition accuracy

scores for the four pair order conditions (ABAB, BA, ABBA, & BAAB) revealed no
significant difference between the four study-fesit ordersF(1.7, 39.6") = 1.91,p =
.17, Magag= .65,SDngag = .16;Mpapa= .64,SDgaga= .16;Mpgea= .56,SD agps= .17,
Mgaas= .56,SDsaas= .20 (see Table 8 in Performance Comparisons sithesOlder
and Younger Age Groups, below, for group meansdpgemental condition). Follow-
up dependent-samples t-tests found no significdierences between any of the four
presentation orders; the greatest difference wasddetween ABAB and ABBA pairs,
t(23) = 1.60p = .12. This lack of significance was not necalsarproduct of poorer
temporal order recognition accuracy for Unrelateghtfor Critical Pairs, as no
significant differences were foundthin Critical and Unrelated Pairs for each of the
four order conditions, nor was there a signifidat¢raction between pair type and
study-to-test ordeF; (3, 69) = 0.66p = .58 (see Table 9 in Performance Comparisons
across the Older and Younger Age Groups, belowje-€ample t-tests comparing each
pair / order combination against a guessing catedf .50 did reveal significantly
above-chance accuracy for Critical Pairs preseintedl four orders, smalle$(23) =
2.25,p < .05, whereas order recognition for the Unrel&®ads never exceeded chance
levels, largest(23) = 0.58. Nonetheless, the pattern of resotigated by Figure 16
for Unrelated Pairs suggests that participants wexking judgments of temporal order
based upon simple (item) recognition of both imagethat maintained and reversed

order pairs were judged as being in the correaratirelatively equal magnitudes. In

17 adjusted Greenhouse-Geisser value to accountidtations of the sphericity assumption.
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the case of ABBA and BAAB Unrelated Pairs, thisdemcy leads to accuracy levels
that tend to be lower than 50%.

A dependent-samples t-test was performed to datermhether collapsing
betweerMaintained(ABAB, BABA) and ReversedABBA, BAAB) presentation
orders would indicate some degree of differencéalgain the result was non-
significant,t(23) = 1.60p = .12. To account for the influence of pair typethis
analysis, a 2 (Order Manipulation [Maintained, Reee]) x 2 (Pair Type [Critical,
Unrelated]) repeated measures ANOVA found no sicguift interaction between these
variablesF(1,23) = 0.02, although Critical Pairs in bothensiwere found by one-
sample, .50 criterion level t-tests to be recoghiaeabove-chance levels, smallg28)
= 2.87,p < .01, whereas accuracy for both Unrelated Pdieromanipulations again
indicated guessing, largeé?3) = 1.26p = .22. Dependent-samples t-tests found no
significant difference between Maintained and RegdrUnrelated Pair§23) = 1.13p
= .27, and Maintained and Reversed Critical Pg28) = 1.75p = .09, although this

latter result approaches significance.

Distance Manipulation

Figure 17 depicts average temporal order recognéazuracy for the distance
manipulation (pairs with versus without an interivgnimage) as a function of pair type
(Critical, Unrelated). As indicated by this figukeritical Pair performance was

significantly more accurate when both images ammkat encoding in direct temporal



87
proximity than when one image intervened. In castirUnrelated Pairs performance
suggested no differences as a function of paiadcs.

A dependent-samples t-test revealed significantidr temporal order
accuracy scores for 0-distance pais<.64,SD = .06) than for 1-distance paifd £
.57,SD=.09),t(23) = 3.86p = .001 (see Table 10 in Performance Comparisamss.c
the Older and Younger Age Groups, below). A sgbeat 2 (Pair Type [Critical,
Unrelated]) x 2 (Pair Distance [0-dist, 1-dist]peated measures ANOVA revealed a
significant interaction effect between conditioR€l, 23) = 11.27p < .005.
Dependent-samples t-tests revealed that, as vathidng adult sample, O-distance
Critical Pair temporal order recognition was sigrahtly better than for 1-distance
Critical Pairst(23) = 4.51p <. 001. In contrast, Unrelated Pair performardendt
differ based upon pair distance at encodi(#8) = - 1.4p < .18. In a one-sample t-test
against a .50 criterion level, Critical Pairs weoerectly recognized on the order
recognition test more often than expected by gngsérdist. Critical Pairg(23) =
8.94,p < .001; 1-dist. Critical Pair$(23) = 3.89p = .001, whereas both Unrelated Pair
distance manipulations produced accuracy levelsatidg guessing, 0-dist. Unrelated
Pairs: t(23) = - 0.56p = .58; 1-dist. Unrelated Pait$23) = 1.19p = .25. Combined,
these analyses suggest that the Pair Type x Pstariie interaction is a result of
performance detriments for Critical Pairs thatseparated in time during encoding, but

that intervening items have little influence on Elated Pair order recognition.
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Figure 17. Older Adults’ Proportional Order Recdigm Accuracy Scores by

Pair Type and Pair Distance.

Symmetry Manipulation

As in Experiment 1, twenty highlgymmetricabnd twenty highlyAsymmetrical
Critical Pairs were selected to determine the arflte of a pre-existing ordered
association between images on temporal order réomgperformance. Causal
association ratings obtained from older adult pgoéints during early stimulus
development (N = 22M,¢e = 69.0,SD = 5.6) were used to ensure that these pairs were
appropriate for analyses of older adult performan&skhough in some cases pairs were
ranked as slightly more versus less strongly chusallered across the two age groups,
older and younger adult causal ratings were notetbhén accord such that the

asymmetrical and symmetrical pairs were identioabbth groups.
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The average temporal order recognition accuracsesdor these selected
symmetry pairs are displayed in Figure 18 as atfonof the encoding-to-test phase
order manipulation (ABAB, BABA, ABBA, BAAB). Exanmation of Figure 18
suggests that there were equivalent levels of teahpoder recognition accuracy for
pairs thaimaintainedtheir presentation order, regardless of the symnaéitheir
content. Notably, Figure 18 further indicates cldifferences between the ABBA
Symmetrical versus Asymmetrical pairs, with perfanoe for Asymmetrical ABBA
Pairs that indicates chance-level responding.

An initial dependent-samples t-test found no sigaiit overall accuracy
differences between SymmetricM € .67,SD=.13) and Asymmetrical pai(M = .63,
SD=.15),t(23) = 1.25p = .22. To evaluate whether encoding-to-test pbader
manipulations would interact with pair symmetry, éPair Symmetry [Symmetrical,
Asymmetrical]) x 4 (Order Manipulation [ABAB, BABAABBA, BAAB]) repeated
measures ANOVA was conducted, and revealed a nahgsignificant interaction
between conditions;(3,69) = 2.58p = .06. Dependent-samples t-tests suggest ttsat thi
effect stems from a lack of significant differentegween Symmetrical and
Asymmetrical pair temporal order recognition accyria the ABAB, BABA, and
BAAB presentation orders, largaé23) = - 1.24p = .23, but significantly greater levels
of accuracy for Symmetrical ABBA pairs than for Asyetrical ABBA pairs{(23) =
2..50,p =.02. A 2 (Pair Symmetry [Symmetrical, Asymmeaf]r x 2 (Pair Order
[Maintained, Reversed]) repeated measures ANOVAyIsbio determine if this effect

would be more apparent when collapsing acrossetlatder manipulation conditions,
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but no significant interaction between conditioresvebserved;(1,23) = 0.68p = .42,
and no overall differences were found between Nanetd and Reversed Symmetrical

pairs,t(23) = - 0.19, or Asymmetrical paing23) = 1.05.

Figure 18. Older Adults’ Proportional Order Recdgm Accuracy Scores for
Selected Symmetry Pairs as a Function of Encodififest Phase Presentation

Order.

Item Recognition Task

Figure 19 provides the average item recognitiauescy scores for each of the
four image types (False at Encoding, False at Trdical, Novel). As can be seen
from Figure 19, Critical Image item recognition vweagostantially higher than for False

at Encoding Images, though both of these imagestigpd appeared with equal
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frequency at encoding. Critical Images were atsmgnized more accurately than were
False at Test and Novel Images.

A repeated measures ANOVA comparing item recogmigiccuracy for the four
stimulus types [False at Encoding, False at Ta#ic&l, Novel]) revealed a marginal
main effect of image typ&;(1.3,30.9) = 3.62p = .055). Mean accuracy scores for
each condition (see Table 11 in Performance Commasiacross the Older and
Younger Age Groups, below) were compared by wajependent-samples t-tests.
These analyses indicated significantly greater tecognition accuracy for Critical
Images than for False at Encoding ima¢g&8) = 4.82p < .001, despite the fact that
both had appeared equally often during encodingtic@l Images were also correctly
recognized significantly more frequently than wEedse at Test Image§23) = 2.11p
< .05, and Novel Imaget23) = 2.40p < .05. No significant performance differences
were observed between False at Encoding and Ralsstaimaged(23) = - .71, False
at Test and Novel Image$23) = 1.03, or False at Encoding and Novel Imadés3) =
1.13. As before, direct comparisons between incategories should be undertaken
with a note of caution, given that responses tticatiand False at Encoding Images
may rely upon a different set of memory mechanismaa responses to False at Test
and Novel Images. Full consideration of theseifigd will be pursued later in the

context of age-related performance comparisons.
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Figure 19. Older Adults’ Proportional Item RecogmtAccuracy Scores by

Image Type.

YOUNGER AND OLDER AGE GROUP PERFORMANCE COMPARISONS

Order Recognition Task

Overall accuracy

To establish a basis for comparison between ther @idd younger adult age
groups, an initial analysis compared temporal ordeognition accuracy scores across
all pair types between Older Adults (OA), who viginesach image twice during
incidental encoding, and each of the three YounglAtYA) repetition conditions (see
Appendix C for complete statistical analysis sumesr Independent samples t-tests
revealed significantly lower temporal order accyracores for our OA sample than for

YA in the 1-repetition conditiort(46) = 2.16 p = .05, the 2-repetition conditiot(46) =
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4.45,p < .001, and the 3-repetition conditid(¥6) = 3.30p < .005. Given this pattern
of greater inter-group differences with increasedogling phase repetitions, the
following comparative analyses will directly compdDA data with YA data matched
for encoding phase exposuresagched-repetitions compariso2-rep YA / 2-rep OA),
and for approximately matched levels of performaneatched-performance

comparisonl-rep YA / 2-rep OA).

Pair Type Condition

Figure 20 displays matched-performance temporaraietcognition accuracy
means for each pair type (Critical, Unrelated, &alidovel) for the older and younger
adult groups. As can be seen from Figure 20,whesige groups showed higher, and
relatively similar, order recognition accuracy Is/fr False and Novel Pairs, but
significantly less accurate order recognition fothbCritical and Unrelated Pairs. To
compare OA and YA data under matched-performannditions, a 2 (Age / Repetition
[1-rep YA, 2-rep OA) x 4 (Pair Type [Critical, Urleeed, False, Novel] mixed factor
ANOVA was conducted (see Table 7 for complete mégrsxperimental condition).
This revealed a significant Age x Pair Type intéag F(3, 69) = 3.39p < .05.
Independent-samples t-tests on the matched-perfmendata revealed significantly
lower Critical Pair temporal order recognition a@ay by Older Adults than Young
Adults, t(46) = 2.74p < .01, as well as significant age-related declinesrder
recognition for the Unrelated Pait§46) = 2.45p < .02. No age-related differences

were identified for False Pairg46) = - 0.96, or for Novel Pair46) = - 0.44.
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Figure 20. Older and Younger Adults’ Proportionatl€ Recognition Accuracy

Scores for Matched Performance comparison by BgieT

Figure 21 provides matched-repetition temporal ordeognition accuracy
means for each pair type (Critical, Unrelated, &adovel), and indicates largely
equivalent performance across age on Unrelatedralse Pairs, but more accurate
order recognition for both Critical and Novel Padissrepetition-matched Young Adult
participants.

To compare OA and YA data under matched-repetitmrditions, a 2 (Age /
Repetition [2-rep YA, 2-rep OA]) x 4 (Pair Type [@cal, Unrelated, False, Novel])

mixed factor ANOVA was conducted. This analysiaiaggshowed a significant Age x
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Pair Type interactior(2.1, 48.7%) = 6.24,p < .005 (see Table 7). Independent
samples t-tests comparing OA and YA data withim pgies suggests that this
interaction is a product of significantly lower erdrecognition accuracy by OA
participants for Critical Pair$(46) = 5.28p < .001, and Novel Pairf46) = 2.19p <
.05,despite performance levels on Unrelated and Falss that were equivalent
between age groups. Indeed, OA and YA Unrelatédpeaformance did not differ

significantly,t(46) = 0.77, nor did OA and YA False Pair perforcgn(46) = 0.72.

Figure 21. Older and Younger Adults’ Proportionatl€ Recognition Accuracy

Scores for Matched Repetitions comparison by PgieT

Encoding-to-Test Phase Order Manipulation

S+5 - I-
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Figure 22 presents the means for the matched-peafoze order recognition
accuracy comparison, separately as a functioneobttler manipulation (ABAB,
BABA, ABBA, BAAB), and pair type (Critical, Unrelad). From the figure it can be
seen that both Older and Younger Adults performestjaivalent levels of accuracy for
Critical Pairs temporal order judgments, with tikeeption of the ABBA order
condition, wherein Young Adults exhibited more aede order recognition scores.
Overall, both age groups identified the tempordeorof Critical Pairs with reasonable
levels of accuracy, but their performance for Uaitedl Pairs was substantially lower.
Of particular interest is the relatively higher a@acy of Young Adults for maintained
order Unrelated Pairs (ABAB, BABA), an indicatidmat Younger Adults were more
successful at extracting order information from hyemaired events, but only under
conditions in which the events appeared in a ctergi®rder at encoding and retrieval.

Analysis of the OA and YA data under matched-penfamce repetition
conditions, using a 2 (Age / Repetition [1-rep YArep OA]) x 4 (Study-Test Order
[ABAB, BABA, ABBA, BAAB]) mixed factor ANOVA, found no significant Age x
Order interactionk(3, 69) = 0.15 (see Table 8 for mean accuracy bgition).
Separate independent—samples t-tests comparing®&etive matched-performance age
groups found no significant order recognition aecyrdifferences for BABA, ABBA,
and BAAB pairs, larges(46) = 1.75, but a marginally significant advantégeYoung

Adults compared with Older Adults in the ABAB pawndition,t(46) = 1.99p = .05.
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Figure 22. Older and Younger Adults’ Proportionatl€ Recognition Accuracy
Scores for Matched Performance comparison by Stubigst Order Condition

and Pair Type.

To incorporate Pair Type into this analysis of rhatt-performance groups, a 2
(Pair Type [Critical, Unrelated]) x 4 (Order Manlgtion [ABAB, BABA, ABBA,
BAAB]) x 2 (Age / Repetition [1-rep YA, 2-rep OAfixed factor ANOVA revealed a
significant interaction between the three varialf8.2, 51.1% = 4.80,p < .005. As

illustrated in Figure 22, this effect may be driv@nrelatively comparable performance

"+5 - I-
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across the two age groups for Critical Pairs irheader configuration, but with a

markedly different pattern between age groups forelated Pairs.
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Older and Younger Adult Critical Pair accuracy eréd only for ABBA pairs,
as revealed by independent-samples t-tHgi8) = - 2.81p = .01, but the pattern of
results for Unrelated Pairs suggests that Oldertadvere generally less able to
correctly identify the order of ABAB and BABA paitean their younger adult
counterparts: ABAB pairst(46) = - 2.75p < .01; BABA pairs{(46) = - 2.22p < .05.
Both age groups, however, were equally adept agrezing the order of ABBA and
BAAB Unrelated Pairst(46) = 0.67 and 0.18, respectively. These findipgisit to a
selective benefit for Young Adults when recalliig torder of unrelated event
sequences, but only when the order in which thgsats are presented is held constant
between initial encoding and test encounters. u@hér note is the fact that this
performance difference is observed when Young Adudid only a single stimulus pair
exposure with which to establish this novel, ordeassociation.

To pursue this interaction in more detail, matchedormance age group
accuracy was compared within the two combined ozdaditions: maintained (ABAB,
BABA) and reversed (ABBA, BAAB) order pairs. A Ade / Repetition [1-rep YA, 2-
rep OA]) x 2 [Order Manipulation [Maintained, Reged]) mixed factor ANOVA
revealed no significant interaction effele{l, 23) = 0.03. However, later independent-
samples t-tests revealed a significant differeretevben YA and OA performance for
maintained order pair§46) = 2.05p < .05, with no difference between these groups
for reversed order pairg46) = 1.47p = .15.

In light of the earlier interaction between pajpéyand the four study—test order

manipulations, an additional 2 (Pair Type [Critiddhrelated]) x 2 (Age / Repetition
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[1-rep YA, 2-rep OA]) x 2 [Order Manipulation [Ma@mined, Reversed]) mixed factor
ANOVA again revealed a significant 3-way interantfor matched-performance age
groups,F(1, 23) = 8.12p < .01 (see Table 9 for mean order recognition i@ayuby
condition). As indicated by independent-samplessts, Young Adults displayed a
clear advantage over Older Adults for order judgtmeh maintained-order Unrelated
Pairs,t(46) = 2.76p < .01, but both age groups performed at compataiéds for
Unrelated Pairs whose order was reversed betwady ahd test(46) = - 0.48. This
analysis also revealed a significant differenceveen matched-performance age groups
for Critical Pair order recognition: independentrgdes t-tests revealed significantly
lower accuracy for Older than Young Adults whentiCal Pair order was reversed
between study and te$46) = 2.36p < .03, but no such difference when Critical Pair
order was maintainet(46) = .99.

Figure 23 presents the means for the matched-tiepetemporal order
recognition accuracy comparison, separately asetitun of the order manipulation
(ABAB, BABA, ABBA, BAAB), and pair type (CriticalUnrelated). In contrast to the
matched-performance comparison, these data iltestia Figure 23 point to
substantially more accurate Young Adult order redtgn accuracy for Critical Pairs
across each of the four order manipulations. Muogting, however, is the lack of
significant differences between Younger and Oldéulés for Unrelated Pairs; at each
level of the order manipulation both age group$guered with statistically comparable

levels of performance.
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To analyze OA and YA data under matched encodirg@hepetition

conditions, an initial 2 (Age / Repetition [2-re@\Y2-rep OA]) x 4 (Study-Test Order
[ABAB, BABA, ABBA, BAAB]) mixed factor ANOVA was peformed. This analysis
revealed no Age x Order interactid#(3, 69) = 0.01 (see Table 9 for mean order
recognition accuracy by condition). Independemysas t-tests revealed significantly
greater YA accuracy for ABAB order pait§46) = 2.53p < .02, ABBA order pairs,
t(46) = 2.15p < .05, and BAAB order pair§(46) = 2.13p < .05, but marginally
significant differences were observed between neat@ncoding age groups for BABA

order pairst(46) = 1.86p = .07.

Figure 23. Older and Younger Adults’ Proportionatl€ Recognition Accuracy
Scores for Matched Repetition Comparison by EnapttinTest Phase Order

Manipulation and Pair Type.
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As before, this analysis was extended to accourth®interaction between pair
type, order manipulation, and age group, but aa® (B/pe [Critical, Unrelated]) x 2
(Age / Repetition [2-rep YA, 2-rep OA]) x 2 [OrdBfanipulation [ABAB, BABA,
ABBA, BAAB]) mixed factor ANOVA failed to reveal amteraction between these
variablesF(1.9, 44.4) = 1.88. Independent-samples t-tests found generallyehrig
levels of Critical Pair performance by Young Aduls all four presentation orders, and
generally equivalent levels of accuracy betweengrgaps for Unrelated Pairs in all
four configurations.

To determine if combining across order conditiormsild uncover a similar
interaction as in the matched-performance conditia® (Pair Type [Critical,
Unrelated]) x 2 (Age / Repetition [2-rep YA, 2-r&A]) x 2 [Order Manipulation
[Maintained, Reversed]) mixed factor ANOVA was caoted, but showed no
significant interaction between variabl€$l, 23) = 2.73. As with the four individual
order conditions, significant age-related accumdeglines were observed for both
maintained and reversed Critical Pairs, but peréoroe for Unrelated Pairs was

equivalent for matched-repetition age groups, peetive of presentation order.

Distance Manipulation
Figure 24 presents average temporal order recograticuracy as a product of
the number of intervening items between a pairigfadce, 1-distance), for both the

matched-performance and matched-repetition agepgromparisons. As can be seen

45 - I-
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from Figure 24, both Older and Younger Adults’ ardecognition accuracy was
substantially impacted by the presence of an ietang image between a target pair at

encoding, and this effect did not appear to intenath age.
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Separate mixed factor ANOVASs revealed no signifigateractions between
matched-repetition age groups (2-rep YA, 2-rep @AJ pair distance conditions (0-
distance, 1-distancdy}(1, 23) = 0.40p = .53, nor between matched-performance age
groups (1-rep YA, 2-rep OA) and pair distance (Skalice, 1-distancdj(1, 23) = 0.12
(see Table 10 for complete means by conditionsuBsequent 2 (Pair Type [Critical,
Unrelated]) x 2 (Pair Distance [0-dist, 1-dist]2XAge / Repetitions) mixed factor
ANOVA found no interaction between Pair Type, Haistance, and either Age /
Repetition group: matched-performance (1-rep YAgR-OA),F(1, 23) = 2.46;
matched-repetition (2-rep YA, 2-rep OA&)(1,23) = 0.92. As expected given the
overall differences between OA and YA performaneaeCoitical and Unrelated Pairs
(the only pairs for which the distance manipulatamplied), independent samples t-
tests revealed greater YA accuracy for Criticafr$at both distance and repetition
levels, but no differences in YA and OA accuraayWorelated Pairs, regardless of
their distance or number of encoding phase expsegsez Appendix C for statistical

analysis summary data).
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Figure 24. Older and Younger Adults’ Proportionatl€ Recognition Accuracy

Scores by Pair Distance.

Symmetry Manipulation

The average order recognition scores for the slesubset of Symmetrical and
Asymmetrical pairs are shown in Figure 25, seplréte each age-group comparison.
As indicated in Figure 25, matched-performance Odatel Younger Adult order
recognition was comparable for both symmetry pgies. However, matched-
repetition group comparisons yielded substantigiBater accuracy by Young Adults
for both symmetrical and asymmetrical pairs, altffono interactions between age and
symmetry were apparent.

A 2 (Age / Repetition [1-rep YA, 2-rep OA]) x 2\@metry Pair [Symmetrical,

Asymmetrical]) mixed factor ANOVA was first perfoed on matched-performance
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age groups to investigate the impact of pre-exgstirdered associations between
Critical Pairs, but no significant interaction wasservedF(1, 23) = 0.08 (see Table 11
for complete recognition accuracy means by conglitidndependent-samples t-tests
revealed no significant accuracy differences betwssrformance matched Older and
Younger adults for either Symmetrical Pat(46) = 1.28, or Asymmetrical Paitt$46)
= 0.75. Later ANOVAs found no higher-order intdras between matched-
performance groups, pair symmetry, and either efatfdler manipulation conditions,
and independent-samples t-tests between age gsbopged no significant differences

for any of the pair symmetry / pair order condigon

Figure 25. Older and Younger Adults’ Proportionatl€ Recognition Accuracy

Scores by Symmetry Condition.
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To compare performance between matched-repetitjergeoups, a 2 (Age /
Repetition [2-rep YA, 2-rep OA]) x 2 (Symmetry PEaymmetrical, Asymmetrical])
mixed factor ANOVA was performed, but showed na#igant interaction effect:(1,
23) = 0.48. Independent-samples t-tests revehbddvioung Adults’ order recognition
accuracy scores were significantly higher than ORt#ults for both Symmetrical Pairs,
t(46) = 3.58p = .001, and Asymmetrical Pait$46) = 3.82p < .001.

Despite a lack of significant differences in themll symmetry pair
comparisons, these data did demonstrate a cleansymeffect in the context of the
encoding-to-test phase order manipulation. Astithted in Figure 26, when both age
groups were matched by encoding phase repetityousiger adults were significantly
more able to accurately identify the order of Asyetncal Pairs than were older adults,
but this difference, though still apparent, was lpsonounced for Symmetrical Pairs.
Mixed factor ANOVAs showed no higher-order interaos between matched-
repetition groups, pair symmetry, and the reveksrdus maintained order
manipulation conditions, but independent-samplkests comparing matched-repetition
age groups on maintained or reversed order symrpatrg revealed greater accuracy
for Young Adults for Asymmetrical Pairs than byith®@lder Adult counterparts. For
maintained and reversed order pairs, YA order reitiogp accuracy was significantly
greater than OA accuracy for Maintained Asymmelrrairs,t(46) = 3.04p < .005,
and for Reversed Asymmetrical Paig6) = 2.80p < .01, but age differences were
non-significant for Maintained Symmetrical Pai(@6) = 1.51p = .14, and for

Reversed Symmetrical Pait§46) = 1.84p = .07. Separate independent-samples t-test
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for each individual study-to-test order conditi®BAB, BABA, ABBA, BAAB) and
symmetry condition (See Appendix C) revealed sigaiftly higher temporal order
recognition performance in the matched-repetitiomgarison for young adults for
Asymmetrical ABAB pairst(46) = - 2.49p < .05, Asymmetrical ABBA pairg(46) = -
2.90,p < .01, and BAAB Asymmetrical pair§46) = - 2.00p = .05. Younger adults
performed at equivalent levels of accuracy for BAABymmetrical pairst(46) = -

0.72 ,p = .54.

Figure 26. Older and Younger Adults’ Proportionatl€ Recognition Accuracy

Scores by Symmetry Condition and Encoding — TeasPIlOrder Manipulation.

Item Recognition Task
Figure 27 indicates proportional item recognitsmores as a function of image

type (Critical, False at Encoding, False at Tast, ldovel) and age group or repetition
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condition. As depicted in Figure 27, when young@ults were provided only a single
encoding phase exposure to the stimuli, their itecognition performance was
comparable to that of older adults, but youngeittacwtperformed older adults when
both age groups were given two encoding phase exgas Repetition-matched young
adults were significantly more accurate in corsetentifying Critical and False at
Encoding Images as having originally appeared dutie first encoding task.
Additionally, young adults were more accurate atexdily rejecting False at Test
Images as having not appeared during the encodsgkg The two repetition-matched
age groups performed with similar accuracy for Nowaseen images.

Independent samples t-tests were employed to hiremmnpare proportional
item recognition accuracy scores for each of the fimage Types for the matched-
performance and matched-repetition age groupsth k&gard to comparisons of
matched-performance age groups, no significant resragnition differences were
found between Young Adults in the 1-repetition ating phase condition and Older
Adults in the 2-repetition condition, largeét6) = .67.

When comparing the two age groups under equivaleidy-phase image
exposures, it was found that 2-repetition YA itenagnition accuracy was
significantly greater than that for 2-repetition @Arformance. In particular, under
equivalent training exposures, young adults wegeiicantly more accurate at
identifying Critical Imagest(46) = 2.54p < .02, and False at Encoding imagé46) =
3.37,p < .005, and were better able to reject False st ilgages as not having

appeared during the initial incidental encodindg1&@6) = 4.56p < .001.
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Performance for the two repetition-matched age gg@mn Novel Images, however, was

statistically indistinguishablé(46) = 0.00.
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Figure 27. Older and Younger Adults’ Proportiortahh Recognition Accuracy

Scores by Image Type

DISCUSSION

Overview

Combined, these results suggest a clear pattgrrooéss-specific, age-related
memory declines with respect to temporal ordergaitmn memory. To briefly
summarize the key performance differences obseeelmatched-performance and
matched-repetition comparisons suggest that oldigtsamay require more encoding
phase exposures to achieve a level of temporal oedegnition accuracy comparable
to that of younger adults. In addition, under boitched-repetition and matched-

performance conditions, older adults were lessrateun their Critical Pair order
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recognition than were their young adult counterpatéspite equivalent accuracy for
False and Novel Pairs. Older adults were alsafgigntly less able to recognize the
correct order of Unrelated Pairs in comparisorhtsé young adult participants in the
1-repetition encoding phase condition. A pattdrage-related changes was also
observed in the item recognition task, and suggegisficant declines in the ability to
monitor the temporal context of a memory traceisTinding is paralleled by the
outcome of the temporal order recognition taskylich older adults displayed a
tendency to inappropriately base their order rettmgnjudgments on item, rather than
order, information. Despite earlier predictiors pre-existing causal asymmetry
between stimuli did not appear to reliably impactes recognition performance. In
contrast, manipulations of event proximity (paistdnce) significantly altered order

recognition accuracy, regardless of age.

Repetition condition comparisons

The repetition-based performance comparisons stijggsolder adults may
require multiple event pair exposures to estaldiséliable ordered memory
representation. When both age groups were prowidgiddan equal number of encoding
phase image repetitions, young adults successtidltified the order of Critical Pairs
with superior accuracy. However, performance vessesvhat more comparable when
comparing older adults who were provided with twimiptraining exposures to those
young adults who had viewed the images only oncemgdihe encoding task. For

instance, these groups performed at similar lesedscuracy when Critical Pairs were
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presented in the same order between study anghases (although when the order was
reversed, Older Adults again displayed signifieduracy declines). This discrepancy
may indicate that younger adults can more readilgldy establish a stable
representation of event order for pairs that shgwee-existing contextual or

environmental association.

Pair type comparisons

Comparisons between older and younger adults’ pegoce for Unrelated
Pairs supported the prediction that older adultald/exhibit greater difficulty in
identifying ordered regularities between unrelagednts. Indeed, performance data
indicated that older adults were correct in roudidif of these trials, perhaps as a result
of guessing based upon image familiarity. Addidilbyy however, it must be noted that
the age-related performance differences for Uredl&airs predominantly arose for
young adults given only a single encoding presemtaand reflected the unexpected
finding that only young adults in the 1-repetiticondition showed recognition order
accuracy for Unrelated Pairs that exceeded levgdsated by chance. Of singular
interest is the finding that, after a single enogdeéxposure, some young adults
performed significantly better than their olderdasven other age-matched)
counterparts, but only when pairs appeared indheesorder between study and test
phases. Alternately, these young adult particgpaetformed with similar accuracy
levels as shown by older adults when the presentatider was reversed. Despite the

fact that this effect was not observed in the medetepetition age-group comparisons,
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it is unlikely that the performance of the singteeding phase young adults is a mere
statistical artifact, given the selective benddit pairs presented in a predictable order.
Furthermore, even though Unrelated Pair order neitiog was statistically equivalent
between the matched-repetition age groups, therpatf differences mirrored that
observed in matched-performance comparisons; tiymito@e of the differences is
non-significant, but young adults nonetheless perénl somewhat better on those pairs
than did older adults. Future experiments of tlaigire may require more statistical
power to detect these differences. Currently,dltzga point to age-related changes in
the ability to establish ordered relations betweerelated events, but only under
conditions in which events appear in the same aadan prior experiences.

The contrast between marked age-related differeioceSritical and Unrelated
Pairs, but comparable performance for False anceNeairs, suggests that older adults
were relying heavily on simple image recognitioradsasis for their order recognition
judgments. The capacity of these older adultoteectly reject False and Novel Pairs
as containing at least one unseen item impliesthiegtwere able to successfully
identify whether images had appeared during theding task. However, in cases
when both images were familiar, but unrelated, o&tkilts often performed at levels
indicating guessing. Therefore, this may reflegeaeral tendency for older adults to
make judgments based upon familiarity, not trueeprdcognition. This finding is in
line with a number of previous studies, most notalbse that show better verbatim

memory for a stimulus item after multiple exposuiag a decreased capacity to
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accurately identify the source or temporal ordegpite familiarity with the images
(Jacoby & Rhodes, 2006; Spencer & Raz, 1995).

Of interest is the lack of significant temporal @rdccuracy differences between
Older and Younger Adults for False Pairs, whichatl been predicted would be falsely
identified more frequently by Older Adults. Prewsostudies have established that older
adults are more likely to falsely recognize imagih a known semantic representation
(e.g., Koutstaal et al., 2003), or those that aneerfamiliar through experimental
manipulations (Jacoby & Rhodes, 2006), but in ¢tase the known semantic
associatiorbetweeran image pair was insufficient to mislead oldetipgants into
false recognition of a novel, but related, imagater efforts in this domain should
better account for such issues as visual similartthe degree of pre-existing
association between image pairs, as these factwysmadiate recognition accuracy.

Another account may focus on whether the falseilneges in the current
experiment were placed in the same general sen@atggory by older adults.
Normative data were collected from both younger @idér adults to ensure that the
descriptions participants provided for target pditssuccessfully differentiateetween
the images. This contrasts with many studiesleéfeecognition for common objects,
where alternative exemplars of a given object (énp or more different cats, or
chairs) might be given the same basic level deeniffe.g., Koutstaal & Schacter,
1997; Koutstaal, 2003). Testing memory skills witltious exemplars of a given
object or event may encourage reliance on semeatigorical information, which can

then lead to false recognition errors. Such emarsld not tend to emerge, however,
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for two associated but mutually-distinguishablerggef those events were placed into
different “event categories.” Indeed, other reskan which older adults are explicitly
helped to perceptually differentiate between midtgnd very similar-appearing objects
at encoding suggests that this may help to redalbeif not eliminate) age-related
increments in false recognition (Koutstaal et E#99). Future research might examine
if the distinctions between related events fadé witonger lag between encoding and
testing, such that these images might be mistakearfe another as memory becomes

impoverished across time.

Pair symmetry comparisons

Although many performance comparisons between Yeuagd Older Adults
produced findings in line with earlier predictiotise symmetry analysis revealed mixed
results for age-related performance changes. bt gwnparisons, symmetrical and
asymmetrical pair performance was similarly acairdven though age-related
performance differences were observed in matchpetiteon comparisons, theherent
symmetrical order of the pair did not interact digantly with age. However, a unique
pattern of results was observed for young aduligpants who viewed image pairs
twice during the encoding phase. These young sgdte significantly more likely to
recognize the order of asymmetrical pairs, butqreréd at statistically equivalent
levels of accuracy to older adults for symmetrizails.

In further consideration of pair symmetry effeets,clear support was found for

the hypothesis that older adults would be mordyikefalsely recognize asymmetrical
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image pairs as having appeared in their logicatgnetgardless of their original order
during encoding. In matched-repetition comparisotder adults were only slightly
more likely to incorrectly identify the order of asymmetrical pair than younger
adults. When Asymmetrical Critical Pairs were preged at encoding in the BA
sequence, and were later presented at test iogieal AB order, young adult
performance was marginally significantly higherrtlihat of older adults. This effect is
overshadowed by other symmetry pair and order tiomdanalyses: Matched-
repetition young adults significantly outperforma&der adults on both Asymmetrical
ABAB and ABBA pairs, suggesting that this effechist limited to incorrect recall of a
causal sequence in the ‘logical’ order. Moreowernoteworthy differences were
observed in the older adult data between Critiealspresented in the ABBA or BAAB
orders, suggesting no specific tendency to traresfiusse pairs in a particular manner.
This lack of significant difference between Criti€air order conditions, combined
with low levels of performance in some pair typaditions, further suggests that many
of the older adults were basing their judgmentgem recognition, not order
recognition, and that pre-existing event order @thittle role in shaping their

recognition performance.

Pair distance comparisons
Although the earlier predictions about event pragmwere supported by the
distance manipulation data, no new findings ofregewere uncovered pertaining to

proximity and such factors as normal aging, ordharacteristics of the events to be
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ordered in memory. Older adults were comparatiledyg accurate in judgments of
pairs separated by an intervening image, but fheziiormance declines were uniform
relative to the young adult comparison groups.ufauexperimental efforts may include
more extreme manipulations of temporal distanceéirs that share a pre-existing
association. This may help to identify the dedoeehich related events, when
separated by larger time spans, may be recogniziadeir order judgments, and may

illuminate a yet-undetected age effect.

Item recognition task comparisons

Results from the item recognition task indicateat tmder equivalent numbers
of incidental exposures, older adults were sigaifity less able to correctly identify
Critical and False at Encoding images as having lpeesented during the original test
phase. Furthermore, they were also more likelpdorrectly identify False at Test
images as having been earlier presented durinfysh@xperimental task. This effect
again appears to be driven by an age-related @eiclithe ability to monitor one’s
source memory for the original context in whicheament had occurred, as described in
numerous published studies (Jacoby, Shmizu, Da&diRhodes, 2005; Dodson, Bawa,
& Krueger, 2007; Dodson, Bawa, & Slotnik, 2007)heEe results may also point to
increased false identifications under shallow emapdonditions (e.g., Jacoby et al.,
2005). Even though the indoor / outdoor judgmessiduhere for incidental encoding
requires participants to access some meaningfuhiseedetails about the image

content, this task may not have invoked a suffictagree of attention to semantic
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details to provide a stable and reliable memorgetfar later correct source
identification.

It is noteworthy that older and younger adults peried at relatively similar
levels of accuracy when our young adults were pnbwided a single initial exposure
to the images. This further suggests an age-tetigerease in the ability to form a
stable event representation, replete with contéxteiails, that allows one to establish
its temporal context. Based upon these datagixected that multiple encoding phase
repetitions would bolster older adults’ image ragtign accuracy, as this may
overcome the declines in encoding efficiency, wogkmemory capacity, and

familiarity-based recognition strategies.

GENERAL DISCUSSION
Before addressing the broader themes and intetjoredeaof the overall results,
the following paragraphs review the key findingsdach of six comparisons, including

pair type, pair repetition, pair distance, pairargair symmetry, and item recognition.

Pair type condition

Both older and younger adults were better abletognize the temporal order
of pairs that shared a pre-existing associatioiti¢@l Pairs), than for those that shared
no pre-existing conceptual or thematic associglimrelated Pairs). This difference
likely reflects superior access to a stable premresentation of event association or to

higher-order categorical knowledge for the eveatsitent. This finding may also point



123
to the difficulty in establishing an ordered asation between heretofore unrelated
events.

Age-related differences were observed in Critical Brder recognition in both
matched-performance and matched-repetition conpagisResults from the item
recognition task suggest that older adults indeetembered having seen these Ciritical
Pair images, so their relatively poorer accuracy neflect order errors in spite of
accurate recognition of both Critical Pair imag&th older and younger adults were
able to accurately reject False and Novel Paiesjaivalent levels of performance,
suggesting that this experimental manipulationraitireliably lead to false recognition

of unpresented images.

Pair repetition condition

In the younger adult sample, multiple encoding phapetitions had little
impact on overall accuracy, in spite of predictitimst multiple exposures to an event
sequence would improve subsequent temporal ordegn&ion performance.
Performance comparisons between age groups sudg@stiéar levels of accuracy in
older and younger adults when the former were piexvian additional encoding phase
exposure. Therefore, older adults may requireiplalexposures to ordered image

pairs to effectively encode an ordered represemtatf the events.
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Pair distance condition

The temporal proximity between two events durirgéhcoding phase played a
significant role in shaping later order recognitgerformance. When one image
intervened between a target pair, temporal ordargmition was less accurate in both
older and younger adults, and no age-related pradoce changes were observed to
suggest that older adults are differentially impddby this degree of pair distance
manipulation. Young adults were most accuratédirtorder recognition for
temporally-adjacent Critical Pairs than for thospagated in time, adding further
support for the importance of proximity as a kegneént of both temporal and causal

association learning.

Pair order condition

Temporal order judgments by our young adult pgréintis showed a clear
pattern of changes based upon encoding-to-tesepitder manipulations. Both
Critical and Unrelated Pairs were identified mocewaately when pair order was
recapitulated across tasks; this difference is mpamninent in the case of Unrelated
Pairs, which were identified with significantly thigr accuracy when their order was
maintained, but at levels indicating chance whas@nted in a reversed order to that
which had been previously encountered. Older ggirformance showed no clear
pattern of changes based upon order manipulatégasn likely pointing to a

recognition judgment strategy based upon itempnaér recognition.
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Pair symmetry condition

Evaluations of the influence of prior asymmetripalr associations on
subsequent temporal order recognition performanaguyzed mixed results. When
young adults were provided two encoding phase expeof the stimulus pairs they
were significantly more accurate in their recogmitof asymmetrical pairs than older
adults. However, no significant differences webbserved within age groups, or
between repetition manipulations, based upon tieagth of pre-existing causal order
of an event pair. In opposition to predictionsthmer older nor younger adults were
more likely to falsely recognize highly asymmetripairs in their logical order, as
evidenced by lack of order manipulation effectslfoth asymmetrical and symmetrical

image pairs.

Item recognition task

Both older and younger adults were equally adepjacting unseen images as
never having appeared during the incidental engpidisk, and no differences in item
recognition accuracy were observed in matchedfepaance comparisons for any of
the image types. When comparing between age gwitipequal encoding phase
exposures, however, young adults were better aldeth reject False at Test images,
and to correctly identify Critical and False at Bding images, pointing to a heightened
ability to monitor their source memory. Howevefaek of difference between older
adults’ performance on False at Encoding and Fal3est images suggests that they

were indeed able to accurately monitor the soufemamage’s original occurrence, but
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perhaps not to the same degree as our youngecipartis. Finally, both age groups
identified Critical images with greater accuracgritFalse at Encoding images, despite
both having been presented during the encoding tAskalse at Encoding images
originally appeared un-accompanied by their complaiary image, this finding again
points to a selective benefit for later recognittoemory when images appeared along

with an associated event.

Conclusions: Item and Order Memory Dissociations

Combined, these results provide broad suppo fitissociation between
memory for item identity and for event order, iatlolder adults’ performance
consistently suggested that they could recognizethrdn an image had been presented,
but could not reliably determine the order in whilbh images appeared. This result
mirrors those of a number of prior studies in #msa (e.g., Kausler, Salthouse, &
Saults, 1988; Howard & Howard, 1997; Cabeza, e2@D0, Schmitter-Edgecombe &
Simpson, 2001; Old & Naveh-Benjamin, 2008), buingjue in that these effects are
now observed in the context of memory for eveneond real-world events. This item
and order memory dissociation is most striking wbea considers the excellent
performance by older adults in rejecting False l[dodel Pairs as containing at least one
yet-unseen image, but chance level responding foeldted Pairs. Moreover, older
adults made significantly more errors in monitorihg source of their item memory
during the final item recognition task, in whiclethwere asked to respond “oldily to

items that had been presented during the firstental encoding phase, and to respond
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“new” to any items that may have been associatigaly semantically related to those
items (“False at Encoding”) or that had been prieskduring the experimental session,
but only during the order recognition test (nothe indoor/outdoor study phase).
Under equal encoding phase exposures older adilsedy rejected more False at
Encoding images, which had indeed appeared dunmgttiginal encoding phase, than
their younger adult counterparts. They were alsoentikely than younger adults to
falsely recall an image as being present duringirmed encoding; older adults were
significantly more likely than matched-repetitioounger adults to erroneously accept a
False at Test image, which had only appeared dtinegrder recognition task. Their
ability to reject Novel images as unseen, howewas comparable to young adults in
both repetition- and performance-matched group @ispns.

The work of Brady and Oliva (2008) suggests furiaplorations of age-related
order and item memory changes using this stimwdts Bhese authors presented
participants with a sequence of location imagegsainimg repeated target triplets. Not
only were participants able to identify the ordépmbe triplets during a subsequent
test phase, but this recognition extended to nioyaéts of exemplars that maintained
the same ordered relation. Furthermore, this effes also observed when participants
viewed pictures at encoding, but only viewed thees of pictures (i.e., 3-word probe
triplets) at test. This finding demonstrates thatordered representation of these
images may exist at a level of abstraction beybedoerceptual details of a particular
set of images. A similar investigation could use pictorial event pair stimuli that

were developed here to examine how ordered repeggsrs for Unrelated Pairs can
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extend to other semantically or contextually redatsst pairs. For example, by
presenting one-half of two Critical Pairs (e.g.ptW&’ images) as a novel pair during
encoding, the remaining two Critical Pair imageg.(¢wo ‘B’ images) could be
combined as a semantically related Unrelated Tast@ see if the ordered relation
transfers between pairs. The experiments repbees contained a rudimentary form
of this manipulation in the False Pair conditiomenein participants were expected to
falsely remember that an item had appeared asiti of®arlier exposure to its related
image. However, given the relative ease of recoggian image as novel, more subtle
manipulations that circumvent such novelty-recagnistrategies may be required to

fully examine this phenomenon in various population

Conclusions: Establishing Temporal Order and Caussdociations

A primary area of exploration in this experimenhcerned how new temporal
order associations are formed, and how prior kndgdeof ordered associations
(particularly for causal event sequences) may anfte order recognition. One method
used by this study to address this issue involvedyaing how participants formed new
ordered associations between Unrelated Pair imagesliscussed above, only those
young adult participants in the single encodingseh@petition condition could reliably
establish an ordered association between everdyrdy then under conditions in
which the pair order was maintained between engpaind test phases. This points to
the difficulty in establishing ordered regularitiesour memory for unrelated events,

but also to the benefit of two events sharing spneeexisting association, given the



129
relatively greater performance for Critical Panmsall age and repetition groups. Merely
establishing an ordered representation of eventsether, is not sufficient to create a
causal association; for this purpose, these resul&t be evaluated in light of the causal
principles of proximity and asymmetry.

With regard to the goal of identifying interactioostween memory for ordered
information and causal knowledge, results were sdmémixed, but provide clear
directions for future exploration and consideratidxs expected, this experiment was
able to successfully replicate the proximity effeatd order recognition of Critical
Pairs was superior in all age and repetition gravpsn the images appeared back-to-
back, without the presence of an intervening imafes temporal proximity is likely
to make the order of two events more salient, dsmlta more effectively promote
access to, or encoding of, an ordered event repasan. With regards to Unrelated
Pairs, young adults in the 1-, 2-, and 3-repetiganoding phase conditions
unexpectedly produced an inverted pattern of perémice than that found for Critical
Pairs; in all young adult participants, Unrelatedr®rder was recognized wigreater
accuracy when a single image intervened. Thisef@s not observed in the older
adult participants.

Why this age group was most capable at identifgwent order when novel
sequences are separated in time is still uncl€his finding may imply that detecting
patterns between Unrelated Pairs was somehowtédedi by these images being more
temporally distant, perhaps making each more pé&unaép salient or accounting for

some form of attentional “bottleneck” (following &@&dbent, 1958). However, given
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that all groups performed better for temporallyqamzal Critical Pairs, but not
Unrelated Pairs, it is unlikely that explanatioakating to simple image salience or
attentional capacity are appropriate. Most unusugdat this finding runs counter to
the very principle of proximity, in that when weehpt to establish new causal
relations, those that are most closely relatedhie should be most closely associated to
each other. Future experiments should seek tacegplthis phenomenon (including
with different timing parameters for stimulus pnetsgion at initial encoding, for both
the images themselves and the intervals betweegespaand to establish if it occurs in
the context of more encoding phase repetitionstafiarther increases in pair distance.
Other future evaluations of proximity effects omsal order judgments could also
exploit the temporal-distance ratings provided bstipipants during stimulus
development. All Critical Pairs in the stimulug et was developed here have an
associated temporal distance score, which indichee8me span that usually separates
two related events. This factor could reveal ordemory differences based upon the
real-life temporal distance of causal pairs, orlosaranalyzed to determine if causal
association ratings and temporal distance ratiiggsfieantly interact.

The lack of significant findings with respect taisal asymmetry is unable to
provide support for either an associative (Quind tarkovits, 1998) or causal-model
(Waldmann, Holyoak & Fratianne, 1995) view of oetkcausal sequences, but
encourages further experimentation using this dtimset. One method that has
successfully been used to investigate this phenomesas reported by Fenker (2005)

and Satpute (2005). As described previously, thesigors presented pairs of
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associated words, and participants were askedaloa&e whether word pairs were
causal, or merely associated with one anotherig#ifgcant interaction effect was
observed when causal word pairs were presentétbiretersed order, with effects
preceding causes, as participants were slowedgirjg the causal relation for these
pairs than when the words were in the logical causkeffect sequence. A similar
design could be applied to the pictorial stimulesistroduced here, and it would be
expected that reaction times for causality judgmenthighly asymmetrical image pairs
may also be significantly slower when the pairrssented in a reversed order.
Although reaction time data were collected for éixperiments reported here,
participants were advised to take as much timéegneeded to make their recognition
order judgments and we were most interested irsaggglevels of order recognition
accuracy. Future experiments of this nature mayemore successful at identifying
causal asymmetries in order memory by focusing nmtestly on this performance
measure. Such experiments might also examineoifigér effects of asymmetry
emerge under encoding conditions that do not irckmlial proportions of events in
their pre-experimentally learned (AB) versus regdréBA) temporal orders, to
examine if the immediate testing context modul#étesextent to which participants
draw on pre-existing knowledge.

An additional avenue of exploration involves usihg stimulus set to evaluate
the principle of exclusivity, or the reliable appmace of one event before the
appearance of the next. This principle was notifipally evaluated in the experiments

reported here, as a given target pair was consigferesented in the same (invariant)
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order at encoding, but future research could rgaddlude manipulations of the
consistency of event order presentations durirtgalrencoding, to assess this important
aspect of causality and causal inference. Forniestaevent pairs could be presented
multiple times throughout an incidental encodingg# but the presentation order
could be systematically manipulated such that somage pairs appear in a particular
order upon each occurrence, whereas others marebeded by a different image each
time. By randomizing the order of some pairs aelng, the degree to which the
exclusivity of a target pair influences memory éoder and causality inferences can be
evaluated in the context of pair association, gatance, and other factors.

The pursuit of connections between causal knowledgleordered event
memory also highlighted some significant limitagaof this stimulus set and
experimental design that merit discussion. Ongeigbat must be addressed in future
work is the difference between event pairs thadaextly causaland those where the
first event in a pair merelgllows for the appearance of the nexthe causal direction
scores used to identify highly symmetrical and astmical pairs were sufficiently
able to isolate truly causal sequences from thusewere entirely reversible, but a
more stringent way of indexing the causal relabetween pairs should be developed to
better address issues of the causal asymmetryn8gif this stimulus set proves useful
in the experimental designs proposed above, monelsis pairs might be developed to
represent an even larger range of human, animélpatural events. Additional
symmetrical Critical Pairs, in particular, woulddeldalance to the stimulus set and

better represent a full range of causal asymmetry.
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In sum, the experiments reported here bolster nderstanding of both general
(across age) and age-related changes in memotgrnfgoral order, and mark a
promising first stage in an ongoing effort to eidbhow these changes interact with
one’s ability to appropriately utilize causal knedge. Whereas older and younger
adults showed no performance differences based tingoprior causal asymmetry of an
event pair, or the temporal distance between ewargacoding, the overall pattern of
findings suggests that order recognition, a fundaaigrecursor to causal order, may
be impacted in the process of normal, healthy agiMgst importantly, these
experiments establish a new method with which tm@re ordered event recognition
in a manner that more closely matches the expexieheveryday life. Although
guestions still remain, the stimulus set introdulsece will prove valuable in future

investigations of causal and temporal order meraorgss the lifespan.
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Stimulus Set Summary Data



145

APPENDIX B
Older Adult Exclusion Criteria

Upon initial contact with participants, the follawvg list of exclusion criteria
were read (in the case of telephonic communicatomyritten (in the case of e-mail
communication). Potential participants were insted to respond that they were
ineligible based upon a failure to meet any offtil®wing criteria, but to maintain
confidentiality they were not asked to identify winicriteria they failed to meet. When
participants arrived to participate and had sigivedappropriate informed consent
forms, they were again asked to respond to eatfedbllowing exclusion criteria to
ensure the inclusion of their results.

Participants must:
1. Have normal or corrected-to-normal vision
2. Be a native speaker of English or have learnegli€h before the age of 6
3. Be between 60 to 80 years of age
4. Have completed elementary school up to at [Bestle 5
5. NOT have one or more of the following conditions
- untreated cataracts
- have had open heart/bypass surgery
- untreated high blood pressure
- Parkinson's disease
- nervous system disease
- stroke or transient ischemic attack
- a hospital visit after a concussion, orevenconscious for more than 5 minutes
- diabetes
- mental or emotional problems for which thegre admitted to a hospital

- alcohol or drug abuse
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