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Abstract

A substantial part ofge-related episodic memorydecline has beeattributed tothe
decreamg ability of older adultsto encode and retrieve associations among simultaneously
processed information unifsom longterm memory In addition, this ability seems to share
unique variance with reasoningn this study, we therefore examined Wiee procesdased
training of theabilty to learn and remember associatidwss the potential to induce transfer
effects to untrained episodic memory and reasoning tadleaalthy older adults (605
years). For this purposéhe experimental groumE 36) completed 30 sessions of proeess
based objeebcation memory training whie the ative control group {= 31) practied
visual perceptioronthe samematerial. Near (spatial episodic memory), intermediate (verbal
episodic memory), and far transfeffeets (reasoning) were each assessed with multiple tasks
at four measuremenst (before, midway through, immediateBfter, and four month after
training). Linearmixed effects models revealed transfer effemtsspatial episodic memory
and reasoning that were stil observed four months after training. These results provide first
empirical evidence thgirocessbased trainingcanenhancehe al t hy ol der adul t s
memory performanceand positively affect urirained @isodic memoryand reasoningabilties

Keywords:cognitive training, memory training, episodic memory,objectlocation

memory, aging
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Transfer after Proced3ased Objeetocation Memory Training in Healthy Older Adults

Old age is characterizelly a relatively large averagepisodic memorydecline €.g.,
Ronnlund, Nyberg, Backman, & Nisson, 20@ghaie, 2005)According tothe associative
deficit hypothesis(NavehBenjamin, 200Q)a substantial part dlfis decline canbeattributed
to the decreasing abiity of older adults to encode and retrieve associations between
simultaneouslyprocessed information unifsom longterm memory(for areview seeshing
et al,, 2010for metaanalyses see Old & Navdenjamin, 2008; Spenc& Raz, 200%. The
most frequent memory complaints of older adults, that is, forgetting names of acquaintances
or locations of object§Bolla, Lindgren, Bonaccorsy, & Bleecker, 1991; Ossher, Flegal, &
Lustig, 2013)imply that their deficient abilty téearn andememberassociations between
information units directly affects their quality of lifed-urthermore,the abiity tocreatestable
associations between simultaneously procesg@unation unitsfaciitates the construction
and manipulation of new structural representations required for reag@trgrauver, &s
Wihelm, & Sander, 2007 Latent variable studiemdeed demonstratedhat this abilty
predicts variance in reasoning above and beyooxking memory and speed in youaglults
(Kaufman, DeYoung, Gray, Brown, & Mackintosh, 20@@yin samples covering most of
the adult lfespanTamez Myerson, & Hale,2012) Consequently a cognitive training
intervention enharmeg o | d e r alilty wolehced@ and retrieve associations from-long
term memoryhas the potential timprove theirepisodic memorymore generally their
reasoning abil, andtheir quality of life

So far, episodic memory diealthy older adults has been mainly taegkbtby strategy
based training. Metanalysessummarizingthis research have shown that these interventions
induce small to medium performance gains in the trained tasks (Gross et al., 2012;

Verhaeghen, Marcoen, & Goossens, 1992). Howesan only subgroups of the trained
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older adultsapply the practed strategies after traininge.g., Brehmer et al., 2008; Gross et
al., 204; Nyberg et al., 2003Strategies acquired through such interventions ats@often
very specific and do notield transfer evento otheruntrained episodicmemory tasks (for
reviews, see Eschen, 2012; Lustig, Shah, Seidler, & Reatenz, 2009)

An alternative training approachpsocessbased trainingwhich airrs to directly
increasethe efficiency of basic cognitive processes through extensive repeated practice
(Lovdén, Backman, Lindenberger, Schaefer, & Schmiedek, 208; & Schaie, 2009)In
general, pocessbased traininghas shown more promising transfer effectdn healthy ader
adults than strategyased training(Morrison & Chein, 2011and thus may be more suitable
to target episodic memory processes in healthy older adNdisertheless, sayet most
research has focused on interventions mmagtiworking memory or exedque functions.
Recent metanalyses indicate that these interventianguce small to mediumimprovements
in untrained working memory and executive functioning tasks, but findamg®asoning have
beeninconsistent(for positive findings see Karbach & \fetreghen, 2014; for negative
findings see Melytervdg & Hulme, 20132016.

To our knowledge, only two procebsised training interventions targeting episodic
memory processed healthy older adults have been investigatede practicingrecollection
processes in word list recognition (Jennings & Jacoby, ;2D0&%ings, Webster, Kleykamp,
& Dagenbach, 2005; Stamenova et al., 20drtl arother practicing spatial navigation
(Lovdén et al., 2012)Although oth interventions led to largenprovementsin the trained
tasks,there was little evidence for transfdtor therecollection intervention previously found
transfer effectsto anuntrained word list recognitiontaskandaworking memory task
(Jennings et al., 200%puld not be confrmed in a latstudywith a larger sample size
(Stamenova et al., 2014jor the spatial navigatiofntervention Loévdén et al. (20123lso

observedno transfer effectacrossl4 outcometasksmeasuring a wide range of cognttive
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abilties both at postraining and at faoumonth followup. However both interventions did
not specifically target the abiity to encode and retrieve associdtionslongterm memory.
Moreover the training tasks in both interventions magt have been completed lepisodic
memory processes alt Stamenova et al. (2014) found that training gains in their word list
recognition training task were not predicted by baseline episodic memory, but by baseline
working memory performance. Likewise, the spatial navigation training task employed by
Lovdén et al. (2012) could mmpletedby simply using procedural route knowledge mere
exploration. Hence, it is unclear whether processsed training of the abilty to encode and
retrieve associationfom long-term memory irhealthy older adultsmproves this ability and
produces transfer to untrained cognitive abilties

The abovefindings oncognitive training in healthy older adults have to be regarded
with caution. Prior cognitive training research has been extensively critictzed
methodological grunds Many studies included only passive control groups, thereby
confounding potential expectancy or noognitive intervention effects with trainingduced
improve ments(cf. Dougherty, Hamovitz, & Tidwell,2016 von Bastian & Oberaue014).
Furthermore transfer wasoften assessedith only onetaskper outcome abilty Therefore,
observed transfer effectsay have beesolely driven by taslspecific surface commonalities
between training and transfer tagksy., material or response modalicf. Lovdén et al.,
201Q Shipstead, Reddick, & Engle, 201R)ore theoretical critcisms oprevious cognitive
training researcinclude theoften arbitrary selectionof cognitive outcomeand control
training taskswhich doesot allow for evaluathg posttive and negative transfer (i.e.,
convergent and discriminant validity, ¢loack, Loévden, & Schmiedek, 20fdndarbitrary
classifications of cognitive outcome tasks as representing near, intermediate, or far transfer
(cf. Noack, Lovdén, Schmiedek, Kindenberger, 2009

The Present Study
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The main aim of the present studwasto examine theotential of processbhased
training to improve the ability to encode angbtrieve associations between simultaneously
processed information unifsom longterm memoryand toyield transfer to untrained
episodic memory and reasonitgsks inhealthy older adultsFurthermore we wanted to
overcome methodological and theoretical shortcomings of preciogsitive training studies.

For this purpose, &developed a procebssed training regime in which participants

repetitively practicedobjectlocation memory (OLM) task9OLM critically depends on the

abilty to encode and retrieve associations between simultaneously processed objects and their

locatons Postma, Kessels, & van Asselen, 2008)LM performance decrements in older
adults have been repeatedly demonstrated (for reviews see Kessels & Postnaad2006

& Graf, 1993;Noack, Lovdén, Schmiedek, & Lindenberger, 20More importantly,

memol for objects and memory for locations are relatively midly impaired in old age, but
profound memory deficits arise for objdatation associationsKgssels, Hobbels, & Postma,
2007;NavehRBenjamin, 1987; 1988; Old & NaveBenjamin, 2008; but see SoeilBaum,
2008).Besides OLM is particularly suitable for a procebssed training approadiecause it
solely involves visugspatial material Strategies that are often spontaneouahd successfully
applied for remembering associations involving verbal informaf@.y., sentence generation
or interactive imagery Dunlosky, & Hertzog, 2001; Kuhlmann, & Touron, 2012; Richardson,
1998)arelesshelpful for forming stable associations between objectsfaid locations

OLM training mayalso be particularly successful in older adults becaD&M relies heaviy

on the hippocampugfor a metaanalysis see Kessels, de Haan, Kappele, & Postma, 2001, for
reviews see Burgess, 2008; Postma, Kessels, & vareAss#008) one of the most plastic

brain regions up into old agé&oh & Park, 2009; Loweh et al., 201Q)To maximize the

interventionos effectiveness, OLM training

W
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Schmidt & Bjork, 1992) and adaptive (bgjusting task difficulty to individual performance;

Klingberg, 2010but see von Bastian & Eschen, 2D16

We selectedour cognitive outcome abiltiesaccording taNoack et al . 6s (200

theoretical framework for classifying the scope of transfer efidtisb ased on Carr ol |

(2993) hierarchical model of human intelligence with general intelligence on top, eight broad
cognitive abilties on the second level, and 69 narrow cognitive abilties on the third level.
Transferis categorizedas near, intermedltie, or far according to whethénaining positively
affects tasksmeasuringthe trained narrow abilty, a different narrow but same broatbilty,
or different broad abilties, respectivelyWe chosespatial episodic memory, verbal episodic
memory, and reasonings outcome abiites According to Carroll ds
OLM and spatial episodic memorpelong to the same narrow abilifyisual memory) verbal
episodic memory to a different naw (meaningful memory)but the same broaability
(memory and learning)and reasoning to a different broaloiity (reasoning) These abilties
thus represennear, intermediate, arfdr transfey respectively

The formation of objectlocation associatits depends on simultaneous visual
processing of objects and locations during encoding (Postma et al., 2008). To demonstrate
that transfer of procedsased OLM training to spatial and verbal episodic memory and
reasoning idased ommproved associative memoryather tharenhancedvisual perception
for objects and locationgconvergent validity),we included aractive control groughat
practicedvisual perception tasks witthe samestimuli and duration as the OLM training
tasks.The @ntrol intervention was noradaptive, as adjusting the dificulty of the visual
perception taskby reducing stimulus discriminabilityvould have compromised our goal to
primarily control for improvements in visual perceptiohthe samestimui. We alsorefrained
from adjusting dificulty by reducing stimulus presentation firas it proved infeasible to

defire the time difference between levels of dificultylong enoughto affect performangebut

mi
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shortenough forconscious processingt high levels of diiculty. To stil achieve between
group comparability irtraining motivation and effort the control group received similarly
extensive performance feedback as the OLM traigraup. To demonstrate discriminant
validity and increase the plausibility of the control intervention, we also assessed visual
perception.

We administered at least thréeterogeneousasks per assessedtcomeabiity and
analyzed transfer effects on the levélthese cognitive abilties with linear mixed effect
models To evaluate thenaintenanceof transfer effects, the cognitive test battery was not
only administeredbefore, after the first half of the training period, anthediately after
training, but alsdour months after training completion.

Based orprior researchon processased training in older adults,evexpected that
OLM performance would improve linearly across the training period and lead to large
performance gainsWe hal no clear predictions keut the scope and maintenance trahsfer
effects of the OLM training The few available studies on procdsssed episodic memory
training in healthy older adults generally failed to demonstrate any transfer immediately after
training andat fourmonth follow-up. However, ecording to the associative deficit
hypothesis ando findings showing that the abilty to encode and retrievassociatins from
long-term memory contributes to reasoning performance, OLM training could potentially
yield transferto spatial episodic memory, verbal episodic memory, and reasothiag) is,
induce near, intermediate, and far transf&ve did not expect OLM training to yield transfer
to visual perceptignand the visual perception control interventiainat all, to induce transfer
to this cognitive ability only.

Methods

General Procedure
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Experimental OLMtraining and visual perception control trainingpmprisedtwo
phases with 15 sessions each that participants had to complete within three Aveadks
weekbreak separated timhases Participants trained at home on their personal computers.
Material, structure, and duratioof the experimental and control interventions were similar
but only the experimentaihtervention was adaptive.

Participants completethe cognitive transfertest batteryand several questionnaires
four times before training (T1)in the weekafter the first training phase (T4), the week
after the second training phase (T3), dodr months after training completiofT4). They
were tested in groups of up to foltach session tooR.5h (including a 15min break).
Participants alsounderwent an individual 1-B neuroimaging session (including functional
and structuralmagnetic resonance imagi@RI and sMR), fiuid-atte nuatedinversion
recovery (FLAIR), anddiffusion tensor imaging) within the same week in our lalt these
data are not ithe focus of the present study

The T1 assessment was preceded by two screening phases. In the frst screening phase,
potential participar®t completedscreening guestionnaires at horadigible participants were
invited to the second screening phase. In this individualhk&eening session in our lab,
participants completed further screening tests and questionraicesnderwenian MRI
simulator trainingfor familiarization with the scanner and practicé the fMRI paradigm.

After the baseline assessment, eligible participants were finally included in the study and
randonly assignedto either the experimentabr the active contiogroup. Within a week
before the start of thfrst training phase participants were invited to an individuathl

training introductory session in which a practice versiothaf training regime was
administered

The study was conducted doulblind, so that neither participants nor experimenters

assessing the outcome measures were aware of group assignment. Participants were recruited



TRANSFER AFTER OBJEC-LOCATION MEMORY TRAINING 11

fora ficognitive tr alotiniormel alsotthe dvg aining kcanditionace r e
Study staff not involved irassessing theutcome randomly assignegbarticipants to groups,
conducted the training introductory sessions, monitored training compliandeserved as
contact during training.

The study was conducted in four wawesaccommodate scanner access availability
Randomization wastratified by study wavandgender(Kang, Ragan, & Park, 200&nd
wassubject to two restrictions. Firdh maintain blindness for training conditions, members
of couples participating in ¢hstudy(four participants)were assigned to the same group.
Second, as OLM training duration could increase with advancing levels of difficulty, each
control participards taining duration was matched tbat ofa participant in the experimental
condition (for details seeparagraph on training To ensure that the matching procedure could
be implemented, this matching partner had to be chosen amongsthdsg the first training
phaseat leasta week beforehe active control participant.

Participants

Participants were recruited at lectures for senior citizens at the University of Zurich,
through newspaper articles, advertisements in magazines for older adults, public taks, fiyers,
and word of mouth. All participants gave written informed consextwere paid after the
completion of different study partsThe study was approved by the Ethics Committee of the
Canton of Zurich.

Inclusion criteria were age between-89 years, righhandedness, nativer highly
proficient German speaker, basic computer and internet experience, and access to computer
and internet during training. Exclusion criteria were previous or current neurological and
psychiatric disorders or substance use negatively affecting brain function, sertgsongtan
deficiencies hinderinghe completon of training tasksand outcome measures, violation of

MRI safety requirements, participation in another training study within the last five years,
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faled <reeningmeasureqsee below) andpathological incidemtl findings in the baseline
SMRI and FLAIR assessments.

Figure 1ilustrates the recruitment procemengside the specific reasons for exclusion
and dropout of participants Out of 180 participats in the first screening phase, &@re
excluded based oreligibility criteria and 44 droppedut. After the second screeninghase
and the neuroimaging baseline assessraaather 7 participants were excluded and
dropped outFinally, 68 participantswereincluded in the studyDuring the secondraining
phase one participant in the experimental conditon droppedause opersonal reasohs

Descriptive data of the remaining 67 participaatelisted in Table 1.

1We can only speculate why the retention rate was as high in our study, but we suggest two reasons.
First, the financial compensation scheme explicitly rewarded retention in the study, as reimbursement increased
over its course (CHF 30 after screening, CHFafter T1, CHF 150 after T3, and another CHF 70 after T4).
Second, frequent and regular contact with the study staffat the many experimental sessions (e.g.,two sessions at
T1-T4) and during training (e.g., weeklyneails) probably further enhanced diucommitment.
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Contacted

(266)

A 4

Responded and screened

(180)

No response (86)

Randomized

(68)

N

Excluded
(112)

A

Active control group

Experimental training group

(31) (37)
Study Study
completion Dro{g?ut completion Dr"(':‘)"-'t
(31) (36)

Screening phase 1 (100)

MR compatibility (11)

» Magnetic implants (7)

» Claustrophobia or
reservations towards MRI (4)

Personal reasons (44)

+ Change of mind (11)

* Time commitment (33)

Medical conditions (45)

« Neurological or psychiatric
disorders (34)

* Psychopharmaca (5)

» Color blindness (2)

» Left-handedness or
ambidexterity (4)

Screening phase 2 (12)

« Failed screening tests (5)
» Incidental findings (1)

+» Claustrophobia (1)

+ Change of mind (5)

Figure 1.Recruitment process.

Screening

First screening phasePotential participants receivedur questionnaires assessing the

13

folowing variables:health and demographidatg computer and internet experience, MRI

safety requirements, and handedness (Annett, 18ddjkionaly sentquestionnairesare

describedn the SupplementaDnline Materias.

Second screening phasén anindividual lab session, participants were screened for

cognitive deficits indicative of Mid Cognitive Impairment or dementia with Glemsortium

t o

Establish a

R e g ises NeurgpsydhalbogicalAAssessmantnBattery s

(CERAD-NAB; Berres, Monsch, Bernasconi, Thalmann, & Stahelin, 2604 for clinically

Di s e
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relevant depressive episodes with the short version dbénatric Depression Scal&DS,
Sheik & Yesavage, 1986As descriptve measuregrystalized intelligencewas assessesith
the Mehrfachwahlwortschatztest B (M\AB; Lehrl, 1977)

The CERAD-NAB includes seven subtesttie Mini Mental State Examination
(MMSE, Folstein, Folstein, & McHugh, 1975 semantic fluencyest, a 15tem form of the
Boston Naming Test, a constructional praxia test, a figural delayed free recall test, a word list
learning test, a delayed free recall testda delayed recognition test for this word list. For
the figural and the word listathyed free recall tests, two measures are taken into actiwnt:
number of recalledtems per sgrecall performanceand the percentage of recalleigms
from correctly copiedr recaled items in the last learning trighvings) The short form of
the GDS comprises 1yesno questions. Sum scores greater than 5 are indicatidnio&lly
relevant depressive episodés.the 37 items of the MW B, participants hee to mark the
real wordamong four nonsense words

Participants wex not included in the studyif they scored lower than 28 the MMSE,
performed 1.55Dbelow age, gender, and educatieispecific norms in more than one of the
nine othermeasuresof the CERADNAB, or scored greater than 5 in the GDS. Descriptive

statistics for the screeningnd descriptivemeasures are reportediable 1.
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Table 1
Demographic and Descriptive Variables and Screening Measures
. Group
Variable OLM Active Control t P
Demographic and descriptive variables
Sample sizen() 36 31
Age (years) 66.75 (4.17) 68.23 (3.84) 1.50 .139
Gender (f/m 22/14 19/12 <0.01 .988
Education (years) 14.97 (3.32) 14.10 (3.27) -1.08 .282
Computer experiencgear9 18.69 (7.74) 19.26 (7.59) 0.30 .764
Internet experience (years 12.49 (5.82) 12.29 (5.53) -0.14 .889
MWT-B (IQ) 123.61 (12.05) 122.23 (12.89) -0.45 .651
Screening measures
GDS (015, normal < 6) 0.50 (0.70) 0.81 (1.17) 1.28 .207
MMSE (0-30, normal > 28) 29.11 (0.75) 29.39 (0.72) 154 129
CERAD ((z-scores)
Semantic fluency -0.01 (0.76) 0.11 (0.90) 0.62 .536
Boston naming test 0.67 (0.60) 0.93 (0.47) 1.98 .052
Word list learning 0.62 (0.80) 0.58 (0.92) -0.20 .839
Word list delayed freescall 0.44 (0.86) 0.41 (0.94) -0.13 .899
Word list delayed free recall saving:  0.14 (0.87) 0.15 (1.05) 0.04 971
Word list delayed recognition 0.26 (0.72) 0.28 (0.70) 0.10 .921
Constructional praxia 0.39 (0.71) 0.32 (0.84) -0.35 .728
Figural delayedree recall 0.36 (1.09) 0.20 (1.18) -0.60 .548
Figural delayed free recall savings 0.13 (0.78) 0.01 (0.89) -0.60 .551

Note Means are provided alongsidéarglard deviations in parentheses where applicable
ac?instead oftis reported.

Training

Training was setdministered at home using the ofsemirce Javdased software
Tatool (von Bastian, Locher, & Ruflin, 2018ww.tatool.ch) After each training session,
data were automatically uploaded to a web server alowing for constant monitoring of
participantsé compliance. Automati zed online
irregularities (e.g., accuracy below chance level). Them@rpnters monitoring training
compliance also supported the participants in case of technical difficulties. To ensure all
participantswereable to use the training software and to complete the training thsks,
practiced the installation of the softieaand completed a short version of the first training
session with different materiah anindividual 1-h introductory training session. In addition,

participants received a manuaith stepby-stepsoftwareinstallation instructions and detailed
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information about training operatisnand procedure Participants were informed that the
training software permitted theompleion ofonly one session per dandthat theywould be
contacted by-gnail or phonein case oho recorded training sessions on thoe@secutive
days To further enhance training commitmerthey received weekly motivationalreails
during the training phases.

Training motivation and affect In the training introductory session and at T2,
participants completethe Questionnaire o@urrent Motivation (QCM; Rheinberg,
Volmeyer, & Burns, 2001)measuringfour factors of achievement motivation in learning
situations interest, challenge, expected succes®l performance anxietyts 18 items are
ratedona?p oi nt Likemnttssoakte app!| 0 ddAtthebegnaingp |l i es
of each training session, participants rateglr current training motivation on apoint Likert
scale( 1 = nfovtervyat ed o, 5 = dndtleeit current ar@usal andmot i vat e d ¢
emotional vadnce on 9-point Likert scales using selissessment mankins (Bradley & Lang,
1994; arousal:1 = ndcal m, relaxedo, 9 = fNexci
dhappy hopeful 0)

Training tasks. Both training interventions included 30 sessidasting about 3@5
min. In each session, participants practiced three different training tasks with 10 trials each.
The order of the tasks was counterbalanced atraeigg sessions and the same for all
participants. In the beginning of each training task, participants could complete an optional
practice trial.In both interventions, he object stimuli were randomly drawn froifme same
taskspecific databasewith the restrictionfor the OLM training tasksthat no obgct was
repeated within ong&raining session.Feedback on individual performance was provided at the
end of each trial, task, and session.

OLM training. In all three training taskgued recall for objeebcation associations

was practiced. Each trial consisted of an encoding phase in whishociationshad to be
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encoded a 20s distractor task (to ensure that #veoded objedbcation associations could

not be held in shotterm memory) and a retrieval phase. Task difficulty was adapted to
individual performance by increasing or decreasingf to-be-encoded objedbcation

associations by one. Participants started the first session on the lowest level of difficulty with
two obpctlocation associationsThe highest possiblelevel of difficulty required encoding of

21 objectlocation associations. Individual performance was assdssedch task separately.
Task difficulty was increased in the next training sesdigeirformance was greater than 70

% andwasdecreased if performance was below 5F#edback was given dhe percentage

of correctly recalled associations ahe level ofdifficulty achieved Level of dificulty

served as performance measure.

Objectlocation task Each ofn objectswaspresented sequentially in axg6 grid for 4 s
followed byan ISI of 0.5 sObjects were drawn froradatabase of 245 colored drawings of
everyday object§Rossion & Pourtois, 2004; Snodgrass & Vanderwart, 198Ghe
distractor tasksimple arithmetic equations were displayed serially. Participants had to
indicate bykey presgswhether they were correct or n@turing the retrieval phase, each of
the previously encoded objects was presented sequeti@yv the empty grid. Participants
had toindicate by mouselick in which cell the object had been presented during encoding.
Each object was presented until a cell in the grid was clicked on or for maximally 6 s.

Shapedocationtask Twentynine selfcreated gometrical shapes in nine different
colors (resulting in 261 different shapesrvedas object stimuli. During encoding) shapes
were presented simuttaneously in-a-6 grid. Display duration was settx 3 s (e.g., 6 s at
the lowest level of dificuly with two shapes). In the subsequent distractor tE3kjords had
to be selected in alphabetical order with mooksks. During the retrieval phase, the
previously encoded shapes were preseletiedand right to the empty grid Participants had to

click with the mouse on each shape and then on thénaoslhich they were presented during
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encoding. The retrieval phase ended when all shapes had been assigned to cells or after a
maximum of nx 6 s (e.g., 12 s at the lowest level of difficulty).

Landmarklocationtask This task was the same as the sHapation taskwith three
exceptions. First, object stimuli were drawn from a databa26&Iphotographs of realorld
buidings (retrieved fronthe internet, photographs of highly salient or famobuidings were
excluded). Secondhe 6x-6 grid was superimposed by a different -seffated city map in
each training session. The 30 maps consisted of patterns of white lines on a gray background
Third, in the distractor taskl0two-digit numbers &d to be selected in the order of their
magnitude.

Control training. Each of the control training tasks was matched to one of the OLM
training taskdn terms ofstimululs material and distractor tadkstead ofanencodingphase
andaretrieval phase as in an OLM training task tria, a control training task triathe
distractor task separated two phases w$uml perception task. The duration of these visual
perception phasesasdetermined by the duration of the encoding and retrieval phaisthe
same trial in the corresponding OLM training task in the same training session of the
individually matched OLM training participafitWithin bothvisual perception phasesfter
participantshadsolvad one item, the n¢ tem was presented untihgaseduration expired.
Participants had to s@whe presentedtems agjuickly aspossibé. Feedback was given on
the number of completed itemshe number and percentage of correesponsesandthe
average reaction timeProportion of correctly solvedems and average reaction time served
as performance measures.

Objectperceptiontask Two 1-x-10 grids filled with objects were presenteshe below
the other. Participants had tdick with the mouse othe one object that differed between the

two grids.

2 Four control group participants had to be matched to other experimental training participants during
the course of the training because one experimental training participant dropped out and three experimental
training participants laggeglehind in completed training sessions because of computer problems.
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Shapeperceptiontask A target shape was presented on top of thxe6gyrid which was

flled with 36 shapes. Participants hadciok with the mouse on tharget shapé the grid.

Landmarkperceptiontask The procedure was the same as for the spapeeption
task, except thad target building was presented on top of city maps filed @ittuidings
Transfer

We administered five spatial episodic memory tasks (near transfer), three verbal
episodt memory tasks (intermediate transfer), six reasoning tasks (far traraieihree
visual perception taskgontrol taskg. All transfer tasks differed in stimulus material and test
format from the training tasks.a$korder was counterbalanceatross thdour abilties and
the samdrom T1 to T4. At the end oflte cognitive assessmgniparticipantsadditionally
completedseveralquestionnairegsee SupplementaDnline Materials)

To assess spatial and verbal episodic memoryusedthe threerespectivesubtasks of
the papefandpenci Berlin Inteligence Structure Test FornBIS-4, Jager, g &
Beauducel, 1997For spatial episodic memory, we additionally adnaned two
computerizedtasks Reasoning was measured with the fisuo-spaial reasoningsubtasks
ofthe BIS4 and with a short version of @rihw Ravendc
& Day, 1994) Visual perception skilsvereassessedith the three papeandpenci tasks
representing the factor perceptual speed from the Kit of F&eferenced Cognitive Tests
(Ekstrom, French, Harman, & Dermen, 197Bble 2lists short descriptions of all

administeredtests.
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Table 2
Descriptions of the Transfer Tasks

Task Description

Spatial Episodic Memory (Near Transfer)
BIS-4 Orientation Encode the locations of 27 black geometrical shapes representing buildings on a fictitious city map within 90 s an

Memory mark the encoded locations on an uncolored copy ahépewithin 90 s.
BIS-4 Remembering Encode a route with 30 segments on a fictitious city map within 30 s and then reproduce the route on a copy of thi
Routes without this route within 40 s.

Encode 20 company logos presented ifediintly shaped frames within 60 s and then mark the shape that had frame
logo out of 4 provided shapes within 90 s.

Encode 15 objedbcation association pairs sequentially presentedin a5 x 6 grid. The first object will be prabeeted
for 1 s and then together with the second object for 3 s, followed by an ISI of 3 s. AfterdisB@ctor task (adapted

OLM Pairg version of the Digit Symbol Substitution subtesthe HAWIER; Tewes, 1991), one objelotation association of a pair
will be displayed in the 5 x 6 grid. Indicate the cell in which the second object had appeared during encoding by
click within 4 s. Two learning trials wil be conducted.

Encode 6 objeelbcation associations presented sequentiallyg&ch) in a 5 x 5 grid. After a distractor task {laatk task
with arrows pointing in 8 possible directions) with random duration betwe&8 §2indicate by pressing two buttons
whether the again sequentially presented objects (3 s each) are dispkingardonginal grid cells (50 %) or not. After a
visual fixation phase with random duration betwed®%, complete the next trial (two runs with 12 trials each).

BIS-4 Company Logos

OLM Recognitiof

Verbal Memory (Intermediate Transfer)
BIS-4 Meaningful Text Encode a text within 60and then answer questions about 22 details from the text within 120 s.
BIS-4 Remembering Encode a list of 20 nouns within 40 s and then recall them in written form within 90 s.

Words
BIS-4 Fantasy Encode 20 word pairs, each consisting of i@ and one nonsense word, within 60 s and then select for each prese
Language real word the encoded out of five provided nonsense words within 75 s.

Reasoning (Far Transfer)

Determine how 2 shapes relate to one another. Select the shabéagihe same relationship to a target shape out o

BIS-4 Analoges provided shapes. Solve as many out of 8 items as possible within 105 s.
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BIS-4 Charkov
BIS-4 Bongard
BIS-4 Shape Selection

BIS-4 Transaction

RAPM

Complete series of patterns that are governed by a certain rule by adding 2 patterns to the first 3 provided patt&sn
many out of 6 tems as possible within 180 s.

Deduct from 2 provided groups with 6 patterns each to which @g@gulitional patterns belong. Solve as many out of !
items as possible within 130 s.

Decide which of 5 provided large shapes can be built from 3 to 4 small pieces of a shape. Solve as many out of 6
possible within 150 s.

Decide which out of 5 provided threimensional figures can be buitt from a folding template. Solve as many out of !
items as possible within 110 s.

Complete a spatial logical pattern by choosing the correct out of 8 providegisfialve 12 items without time constrain

KI'T Findi

KIT Number
Comparison

KIT Identical Pictures

Visual Perception (Control Measure)
Mar k as many of 200 words containing the letter Aa
Compare 48 pairs of 3o 13digit numbers and mark as many pairs with different digits as possible within 90 s (two

Mark the geometrical figure or picture out of 5 presented ones thatis identical to a target figuiteear folve as many
of 48 items as possible within 90 s (two trials).

Note.The number of correctly remembered or correctly solved items served as outcome measure, except for OLM Reunegnitiumber of

recognition hits across the two runs with itéPns eacl) Number Comparisgnand Identical Pictures (difference between the number of correctly

marked and incorrectly marked tems). BIS= Berlin Inteligence Structure Test FormRIAPM = Ravendés Advanced

KIT = Kit of FactorReerenced Cognttive Tests.

aRasch, Buchel, Gais,
bThis task was conducted in the MRI scanner whie recordingrédeied brain activity (fMRI).The object stimuli were drawn from the Bank of
Standardized Stimuli (BOS®rodeur, Dionne Dostie, Montreuil, & Lepage, 2010)he objects were comparable in object identity and

& Born (2007).

familiarity ratings across the two runs.

Prog
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Analysis
We replaced outlier in the transferdatawith the median of the raw scores pbisminus
three times the median absolute deviatiAD, cf. Leys, Ley, Klein, Bernard, & Licata,
2013) Next, outliercorrected raw data weeetransformed separately for T1 afadl T2
through T4.Training motivation ratings were recoded so that higladings represent higher
motivation.
Due to strong floor effects and no variance at T1 or T1 and T3 respectively, we
excluded theCharkov(T1l: M = 0,SD= 0)and Bongard(T1 and T3:M = 1,SD= 0)
reasoningtasksfrom further analysesTo ensure that the m&ining transfer tasks loaded on
the hypothesized cognitive abilty factor, we ran a confirmatory factor analysis (maximum
likelihood extraction with oblique rotation) with a fixed number of four factors. The Kaiser
MeyerOlkin measure verified the samgin adequacy for the analysis
test of sphericity indicated that correlatons between individual tests were sufficiently large
(c?(105)=256.33p<. 001) and that the four factors wit
criterion of 1 explained 57.36 % of the variandevo spatial episodic memory task loaded
most strongly on other factors (OLM Pairs on verbal episodic memory .49; Company
Logos on visualperception r = .59) instead ofpatial episodic memoryOLM Pairs r = .24;
Company Logosr = .47) and were therefore excluddtbm further analyses. Spatial episodic
memory was thudnally represented by three tasks (Remembering RoGtgentation
Memory, OLM Recognitiof), verbal episodic memorpy three tasks (Meaningful Text,
Remembering Words, Fantasy Language), reasdmigur tasks (Analogies, Shape
Selection, Transaction, Ravendos Advawced Pro
treeasks (Finding AO0s, Number Comparison, | de
Baseline group comparability regarding demograpbiescriptive, and screening

measuresandtransfer abilities andgroup differences in the four subscales of the QCM across
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T1 and T2wereanalyzed with MANOVAs Group differences in the trajectories of training
motivation, arousal, and valenceatings andwithin-group trajectories itraining task
performanceacross the 30 training sessionere analyzedwith ANOVAs. Transfer effects
were analyzed with linear mixeeffects (LME) models. LME models were fit in(R Core
Team, 2014wi t h t he p &BatésalMaechldi, | Bollkerdd & Walker, 2014he
degrees of freedom were estimated using Kemiager approximation with the package
A p b & r(dakekoh & Hajsgaard, 20149 derive information about the significance of the
predictors. MAD computations were doneMATLAB R2013b (Mathworks Inc., MA,
USA). All other analyses were conducted with SR8Jhttp//www.spss.com). The alpha
level wasset at .05 for all analyses.

Results
Missing Data

Five participants completed only 27 to 29 sessions (experimental group: one 29, one 27,
active control group: two 29, one 28¢cause ofechnical and schedulingroblems These
participants were excluded frothe training measuranalyses. Two participantsf the
experimental grougompleted one additional session (one in the second trgitiage one in
the folowup period.

Transfer assessments were completed by all 6icipants with the exception of two
participants (one afach groupwho did not take part in folowp testingbecause ofmedical
reasons The three completed cognitive assessments of these particparsincluded in the
analyses.

Baseline Group Compardility

Demographics descriptive, and screening measuresNe conducted a MANOVA

with group (OLM vs. active control) as betwesunbjects factor andl demographic

descriptive, and screening measurésxceptgende) as dependent variableShe effect of
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group wasnot significant F(16, 50) = 0.79p = .686,dp2= 0.20.Table 1llists the results of
the plannedpairwise group comparisoner each of these measurasd of the chisquare test
for gender none of which ere significant

Transfer abilities. Table 3 liststhe descriptive statistickor each transfer tasknd
group from T1 toT4. To determine baselingroup comparability we conducted MANOVA
for each of the four abiltiesvith group as betweesubjects factor (OLM vs. active control)
and with performance irthe tasksmeasuringeach abily at T1as dependent variable$he
effect of group was not significant for spatial episodic mem&ia,(63) = 0.55p =
.647,d,2 = 0.03), reasonindF(4, 62) = 1.70p = .162,d,2= 0.10), and visuaperception,F(3,
63) = 0.75p = .527,d,2 = 0.03. However, for verbal episodic memory, the effect of group
was significant, F(3, 63) = 4.36p = .007,d,2= 0.17. Planned pairwise group comparisons on
the level of single tasks revealed that @eM group showed significant better baseline
performance than the active control group in the Fantasy LanguageMtask,1.89,p = .010.
Without this task, the effect of group on verbal episodic memory was no longer significant,
F(2, 64) = 2.00p = .144,d,2= 0.06.We therefore excludethis task from further analyses.
The pattern of results of the LME models on transfer effects was identical when this task was

included.
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Table 3
Mean Performance in the Transfer Task&l Mean Ratings on the Subscales ofQuestionnaire on Current Motivatias a Function of
Training Group and Time of Assessment

OLM Active Control
Max T1 T2 T3 T4 T1 T2 T3 T4

Task

Spatial Episodic Memory

Orientation Memory 27 11.69 (3.50) 12.67(3.23) 15.28 (4.23) 14.40 (3.41) 11.81 (3.61) 12.74 (3.28) 13.68 (3.40) 13.83 (3.40)
Remembering Routes 30 12.11 (4.36) 12.97 (3.85) 13.36 (5.07) 14.66 (4.96) 10.94 (4.36) 10.87 (3.86) 14.23 (4.86) 12.70 (3.79)
OLM Recognition 72 57.03 (4.71) 60.74(4.19) 61.85 (4.05) 63.07 (3.97) 57.45 (5.21) 59.31 (6.47) 61.32 (4.23) 59.91 (4.61)
Verbal Episodic Memory
Meaningful Text 22 6.89(2.96) 8.44(3.35) 10.61 (3.21) 9.89(3.42) 7.23 (2.63) 9.29 (2.95) 10.16 (2.91) 9.73 (2.96)
Remembering Words 20 4.94(1.67) 6.39 (1.87) 6.97 (2.05) 7.11(1.91) 4.32 (1.87) 5.55(1.93) 6.61(1.93) 6.03(1.65)
Fantasy Language 20 8.28(3.23) 8.75(3.95 11.11 (3.54) 11.34 (3.90) 6.39 (2.53) 7.84 (3.43) 9.55(4.00) 10.33 (3.09)
Reasoning
Analogies 8 1.53(1.30) 2.03(1.56) 2.67 (1.55) 2.57 (1.75) 1.42 (1.29) 1.39(1.17) 1.94(1.36) 1.67 (1.24)
Shape Selection 6 217(1.38) 2.33(1.62) 239(1.23) 2.49(1.62 1.55 (1.18) 2.00(1.21) 2.32(1.40) 2.00(1.49)
Transaction 5 1.06(0.92) 1.47(1.18) 1.61(1.15) 1.43(0.98) 0.97 (0.80) 1.10(0.94) 1.06(1.15) 1.20(1.03)
RAPM 12 581(241) 6.25(2.29) 6.28(2.26) 6.77 (2.62) 4.68 (2.65) 5.35(2.36) 5.35(2.27) 5.60(2.77)
Visual Perception
Finding 200 56.50 (15.75) 62.08 (16.92) 62.78 (19.07) 61.51 (16.50)  55.97 (14.23) 60.90 (15.60) 64.71 (18.03) 63.47 (13.66)
Number Comparison 96 18.81 (5.26) 18.97 (5.36) 19.22 (4.94) 17.86 (6.86) 17.26 (5.92) 18.39 (6.41) 18.16 (6.07) 14.90 (10.89)
Identical Pictures 96 45.47 (12.07) 47.31 (11.55) 49.53 (12.15) 47.51(13.78)  46.84 (8.02) 49.74 (8.49) 49.65 (9.07) 47.30 (8.15)
Questionnaire on Current Motivation
Interest 35 32.03 (3.23) 29.89 (5.60) 31.90 (3.62) 31.00 (3.61)
Challenge 28 25.56 (2.38) 24.56 (2.91) 24.58 (2.51) 23.03 (3.78)
Expected Success 28 23.19 (2.96) 22.64 (4.46) 22.68 (3.28) 20.90 (4.21)
Performance Anxiety 35 13.17 (5.25) 14.33 (7.23) 11.68 (6.27) 14.39 (6.97)

Note Means are provided alongside their standard deviations in parenfhieseQuestionnaire on Current Motivation was administered only at
Advanced

Tl and T2ZRAP M

Ravenos

Progressive

Matrices
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Training Measures

Training motivation and affect Table 3 displayshe descriptive statisticfor the four
QCM subscales of each group at T1 and T2. Across T1 and T2, both gegapsedtheir
interest, challenge, arekpectation to complete thieining regime successfullyashigh and
their performance anxietasmoderate We conducted a MANOVA wittgroup (OLM vs.
active contrgl as betweersubjects factqrtime (T1, T2) as withirsubject factgrand the four
QCMsubscales as dependent variables. mh@é effect of groupwas marginally significant
F(4, 62) = 2.21p = .078,dp%= 0.1F. There wasa significant main effect of time F(4, 62) =
6.99,p < .001,dp? = 0.31),reflecting decreasy achievement motivation from T1 to TRyt
no significant group x time interactipriF(4, 62) = 1.60p = .185,dy?= 0.09.

Figure 2 displays the trajectorie$ t@ining motivation, arousal, and valence ratings in
each group Across the 30 training sessipnsotivation was very high,arousalmoderate,and
emotional valence very positviea both groups We conductednixed ANOVAs with group as
betweepsubjectsfactor (OLM vs. active contrg) time (30 sessionsps withirsubject factor,
andmotivation, arousal, and valencatings asseparatalependent variatde Consistent
across measureshe main effect of group wamt significant Fs O @ . 43.,The mah
effect of time was significant for arousadf (29, 1740) = 3.04p < .001,d,2= 0.05) and
valence F(29, 1740) = 1.74p = .041,dx?= 0.03), butwas only margindy significant for
motivation, F(29, 1740) = 1.55) = .098,dp?= 0.03.Although he group xsession interaction
was significant for motivation R(29, 1740) = 1.91p = .027,dx?= 0.03) and valenceF(29,
1740) = 2.44p = .002,dp?= 0.04),it wasnot for arousalF(29, 1740) = 0.24p = .625,dp%<
0.01.Figure 2 ilustrates thaimotivation and valence ratings were relatively stable across

training in the OLM training groupbutfolowed a slight Ushaped function in the control

3 Follow-up ANOVAs on the four subscales revealed that the groups differed only in challenge across
Tland T2F(1, 65) =4.15p= . 0A60.06; dtherFs O . 35 ,. 13 @ PLM gwiptfeklingtmore
challenged than the active control grotiowever, the absolute differences in challenge ratings between the
groups were only very small and, thus, hardly practical meaningful (akb&tdut of maximally 24 points).
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group. Trend analysesonfirmed significantmedium linear trends(motivation: F(1, 27) =
9.63,p = .004,dp?= 0.26; valence:F(1, 27) = 5.06p = .033,dp?= 0.16) andarge quadratic
trends(motivation: F(1, 27) = 10.72p = .003,dp?= 0.28; valenceF(1, 27) = 11.14p = .002,

dp?=0.29)for the control groupbut not for the OLM training groufFs O . V1), 155

Mean Motivation Ratings
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Figure 2.Mean ratings of A) motivation (scale:5), B) arousal (scale:-2), and C) valence
(scale: 19) of the two experimental groups in the 30 training sessBn®r bars represent
standard errors of the mean (SEM).
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Training performance. Figure 3 displaysmeanlevel of dificulty in the OLM training
tasksandmean proportion of correctly solved items anelanreaction timein the visual
perception control training tasksr each training sessioiWe evaluate whether performance
changd systematially with linear contrastof sessionfor each measuréseeTable 4for the
descriptive statistics aneésult3. We found significant large linear trendslicating

increasng performanceacross sessiorsr all meastes in both groups
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Figure 3.A) Mean level of difficulty in the three OLM training tasks in the 30 training
sessions. B) Mean proportion of correctly solved items and C) mean reaction time (S) in the
three active control training tasks in the 30 trgnisessions. Error bars represent standard
errors of the mean (SEM).

Table 4
Linear Contrast Analyses for Performance Measures of the OLMaieControl Training
Tasks

Training Task F2 p A’ Session 1 Session 30
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M (SD) M (SD)
OLM Training Tasks: Level of Difficulty
ObjectLocation 71.20 <.001 0.68 1(0) 10.32 (5.66)
ShapelLocation 78.02 <.001 0.70 1(0) 5.26 (2.97)
LandmarkLocation 40.45 <.001 0.55 1(0) 4.82 (3.25)
Control Training Tasks: Proportion of Accuracy
ObjectPerception 18.86 <.001 0.41 0.99 (0.02) 1.00 (<0.01)
ShapePerception 14.30 .001 0.35 0.99 (0.03) 1.00 (0.01)
LandmarkPerception 37.71 <.001 0.58 0.97 (0.03) 0.99 (0.01)
Control Training Tasks: Average Item Reaction Time
ObjectPerception  270.30 <.001 0.91 2.56 (0.40) 1.89 (0.27)
ShapePerception 48.70 <.001 0.64 1.88 (0.37) 1.59 (0.26)
LandmarkPerception  87.05 <.001 0.76 2.68 (0.43) 2.31 (0.40)

Note.Significant p-values are printed bold.
aOLM training groupg F(1, 33), active controgroup F(1, 27)

Transfer Effects

Figure 4 ilustrates thetrajectory ofmeane f f e c t S | @ Brsperfgrrianch gand s
in the administeredtasks for each of thzansferabiities in eachexperimentalgroup from T1
to T4 LME models were used tovaduate trainingnduced transfer gains on the level of
cognitive abilties (i.e., spatial episodic memory, verbal episodic memory, reasoning, visual
perception) rather than on the level of single tgsksvon Bastian & Oberauer, 201¥)ne
advantage ofME models over more traditonal analyses such as ANOVAs is that LME
models can simultaneously account for multiple sources of variance in thodatanore
detailed discussion see Baayen, Davidson, & Bates, 20083%e sources of variance can be
spedied as fixed effects (e.g., experimental conditions) or random effects (accounting for the

variability in sampling of individuals or tasks).
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A Spatial Memory B Verbal Memory

Effect size (d)
Effect size (d)

T T2 T3 T4
C Reasoning D Visual Perception
1.6 7 16 1
1.4 1 1.4 1
1.2 1 1.2 1

Effect size (d)
Effect size (d)

Figure 4Tr ajectory of mean effect sizes (Cohenoés
the tasks measuring each of the four transfer abilties from T1 to T4 for the two experimental
groups. A) Spatial episodic memory (near transfer). B) Verbal episodic meimigynédiate

transfer). C) Reasoning (far transfer). D) Visual perception (control for visual perception

control training). Error bars represent 95% confidence intervals. Effect sizes for repeated
measures and their confidence intervals were calculated &$CIl (Cumming, 2011).

As fixed-effects predictors, we entered group (OLM vs. active control) coded as simple
contrast, time of assessment (T2, T3, and T4) coded as slding c@vzaables & Ripley,
2002) and baseline performance as centered continuous covariate. As -ceossmt effects
(Baayen, et al., 2008yve entered subject to account for random variability between
individuals, and task to account for random variability between different tasksrmgathe
same abiity. Following recent recommendatiof@arr, Levy, Scheepers, & Tiy, 2013)e
attempted to fit the desigiiriven maximal randoreffects structure with random effects for
both intercepts (i.e., random variation around the overal métwe aependent variable) and

slopes (i.e., random variation in the size of effects of all predictors). As models including a
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random effect of task on the slope of group did not converge, the final models inonlyed
random effects of both subject andkaon the intercept and on the slopes of time of
assessment. Models including random effects only on the intercept yielded qualt#teely
same resultsResults of the final model are summarizedTlables 5 (fixed effects) andb

(random effects

Table 5
Parameter Estimates for Fixed Effects Related to the Transfer Measures
Predictor B SE t p
Spatial Episodic Memory
Intercept -0.01 0.05 -0.10 .922
Baseline 0.43 0.04 10.99 < .001
Groupg 0.24 011 228 .030
T3P 0.41 0.08 5.25 <.001
T4 -0.04 0.08 -0.49 .629

Groug x T® -0.13 0.16 -0.80 .429
Groug xT4# 029 0.16 1.85 .075
Verbal Episodic Memory

Intercept 0.00 0.06 -0.04 .968
Baseline 0.48 0.05 9.65 .003
Groupg 0.13 0.13 104 .376
T2 0.45 0.08 534 .014
T4 -0.14 0.08 -1.69 .193

Groupx T® 0.08 0.17 0.47 .670
Groupx T4 0.15 0.17 089 .441

Reasoning
Intercept -0.01 0.06 -0.19 .850
Baseline 0.39 0.03 12.12 <.001
Groupg 0.26 0.12 220 .031
T 0.14 0.09 167 .100
T4 -0.02 0.07 -0.32 .746

GrougxT® 0.01 0.12 0.09 .929
Groug x T4 0.05 0.12 0.42 .678
Visual Perception

Intercept 0.00 0.04 0.11 .915
Baseline 0.69 0.03 21.64 < .001
Group -0.01 0.08 -0.14 .889
T3 0.08 0.07v 112 .275
T4 -0.19 0.08 -2.36 .028

Groupx T 0.03 0.13 025 .805
Groupx T4 0.10 0.13 0.76 .458
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Note.Significant p-values are printed bold.
30LM group contrasted against the active control group.
bContrasted against the preceding time of assessment.

Table 6
Parameter Estimates fohe Randontffects Related to the Transfer Measures
SD
Random Effect Spatial Episodic Verbal Episodic Reasoning  Visual
Memory Memory Perception
Subject
Intercept 0.34 0.43 0.43 0.27
T3 0.06 0.13 0.04 0.11
T4 <0.01 0.09 0.11 0.06
Task
Intercept 0.00 0.00 0.00 0.00
T3 <0.01 <0.01 0.13 0.05
T4 <0.01 <0.01 0.07 0.08
Residual 0.78 0.67 0.68 0.62

aContrasted against the preceding time of assessment.

Spatial episodic memory(near transfer). The significant effect athe baseline
covariate 0= 0.43,p <.001) reflects that performance at-T2 is positively correlated with
baseline performance. The predictor for the group contrast was signifisan®.24,p = .030)
over and above this relationship, indicating that, acros$4l2he OLM group performed
better in the spatial episodic memory tasks than the active coftieleffect of T3 contrasted
against T2 waslso significant b = 0.41,p < .001), which means that performance was
Irrespective of group membershipbetter at T3 than at T2. After T3, performance did not
change significantly

Verbal episodic memory (intermediate transfer). Baseline performance significantly
predicted performance across-T2 (b = 0.48, p =.003). Performance increaserespective
of group membershigsignificantly from T2 to T3§ = 0.45, p = .014). No significant group
differencesand nosignificant group X time interactions were observed.

Reasoning(far transfer). Over and above the significant effect of baseline

performance i{= 0.39,p <.001), the OLM group performed significantly better than the
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active control Ip = 0.26,p = .031) across F24. Neither the effects of time nor the group x
time interactions reached significance, indicatthgt performanceof both groupswas
relatively stable across TP4.

Visual perception (control). Baseline performance significantly predicted performance
across TZ2T4 (b = 0.69,p < .001) There was significant decrease in performance
irrespective of group membershipom T3 to T4 p=-0.19,p = .028). No significant group
differencesand no significant group x time interactions were observed.

Taken together, the results suggested that the OLM group improved more than the
active control in spatial episodic memory (near transfer) andmegs(ar transfer) across T2
through T4, but ot in verbal episodic memory (intermediate transfdifiere were no group
differences invisual perceptior(control) performance across T2 to. Whereas general
additional performance increases were obseirged T2 to T3 in both spatial and verbal
episodic memory, this was not the case for reasoning (performance remained relatively stable
acrossl2-T4) and visual perception (performance decreased from T3 to T4). However, none
of the group x time interactioné.e., T3 vs. T2 or T4 vs. T3) ave significant, indicating that
change in performance was #am for both training groups.

Discussion

The aim of this study was to investigatéhether processbasedtraining of the abiity to
encode and retrieve associat between simultaneously processed information units from
long-term memory (operationalized by OLN) healthy older adultsnproves performance in
the trained tasks and inducesduring transfer effects to episodic memory and reasoniii.
evaluae transfer effects, we included an active control group coimglet visual perception
training intervention withthe same stimuliand duration as the OLM training interve ntioand
administereda cognitive test battery before, in the middle (after 15imgisessions), atthe

end (after 30 training sessions), and four months after training. The test battery included tests
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assessing spatial episodic memory, verbal episodic memory, and reasoning, which according
to the transferframework by Noacket al. (2009) represent neamtermediate,and far transfer.
In addition, to demonstrate discriminant validityjsual perception tests were administered.
Transfer effectsoverthe courseof training until followrup were anaked on the level of
cognitive abilties indicated by at leasivb heterogeneous tesigth linear mixed effect
models. We predicted tharocessbasedOLM training would lead to large and linear
performance improvements in the trained tagiccording to the associative deficit
hypothesis and tfindings showing that associative episodic memocpntributes to reasoning
performance, OLM trainingcould potentially induce nearintermediate, anéhr transfer, but
the few available studies on procdmssed episodic memory training in older adgeeraly
faled to demonstrate any transfée did notexpectOLM training to yield transfer to visual
perception andhe visual perception control interventjoif at all, to induce near transfer to
visual perceptioronly.
Training Gains

As predicted performance increasen the trainedOLM tasksacross the80 training
sessionawvere large andlinear, indicating room forevenfurther improvement withlonger
training in all three training tasks. Our findings &rdne with previous studies on process
based episodic memory training (Jennings & Jacoby, 2003; Jennings et al., 2005; Lévdén et
al, 2012; Stamenova et al., 2014) dmolse orprocessbased working memory and executive
function training in healthy older adults (Karbach & Verhaeghen, 2@wu)results thus
demonstra thato | d e r perfdrmande sinbencoding and retrieving vispatial
associations from loagerm memorycan be successfullymproved by processhased training
Transfer Effects

We found that processbasedOLM training inducel transfer to spatial episodic memory

and reasoning, burtot to verbal episodic memaryrhus according to the transfer framework
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by Noack et al. (2009}t yielded near and far, but no intermediatertsfer effects From a
theoretical perspectiyet is unclear whywe observed this pattern of transfeheTabilty to
encode and retrieve associations between simultaneously processed informatidnonunits
longterm memoryhas been shown to lrapaired in old age across all types of material (Old
& NavehBenjamin, 2008) ancaccording to the associative deficit hypothesis (Naveh
Benjamin, 200Q)underlies episodic memory deficits of older adults in genekédwever,
consideringthe finally included indicatorsfor the three transfer abiltiesour results suggest
both domain and processpecificity ofOLM training More specifically, successful
performance irthe OLM training tasksandthe spatial episodic memorgnd reasoningasks
depended on the encoding and retrievasetfgeneratedassociabns between simultaneously
processedisuospatialinformation units from longterm memory In contrast, the finally
included verbal episodic memory tagksmarily required processing asemanticallyrelated
verbalinformation. Indeed,associative memoryprocesses seem to contribute little to
performance in episodic memory taskith semantically related verbal information such as
texts or word lists(see Saling, 2009ith several studieseporting reduced or even nen
existing performance decrements aider adults for semantically related in campon to
unrelated word pair¢e.g., Badham, Estes, & Maylor, 2012; Naaggmjamin, Craik, Guez, &
Kreuger, 2005; Patterson, Light, Van Ocker, & Olfman, 20Q@nsequently, reasoning
rather than verbal episedimemory transfer tasks overlapped to a greater degitethe
OLM training tasksn terms of material and required cognitive procespessibly explairing
why we foundtransfer to reasoning, but not to verbal episodic memnbignsfer of OLM
training may more likely occurfor verbal episodic memoryf measured by tasks requiring
associative memory processand less likelyoccurfor reasoning if assessed by verbal tasks.
There are two further, potentially complementary explanations for the obsetteth pa

of transfer. First different associatve memory processasy beinvolved in OLM, spatial



TRANSFER AFTER OBJEC-LOCATION MEMORY TRAINING 37

episodic memory, and spatial reasoning than in verbal episodic meMages, Montaldi,
and Migo (2007) suggested thhere are functional differences betweemembeing
betweendomain andwithin-domain associations Lesion and neuroimaging studigslicate
that different neural networks supptirese two types of memoryrocesshased OLM
training practicesencoding and retrieving dietweendomain associations associations
between visual (objects) and spatial (locations) informatibience it should yield transfer to
abilties which involve remembering betweatomain associationsuch aspatial episodic
memory or spatialreasoning butnot to abilties which require remembering withzhlomain
associations including verbal associativepisodic memoryor verbal reasoning

Second becausehe correct retrieval of objedbcation associatons depends on the
retention of both objects and locatiomsmemory (Postma et al., 200&)LM training
practices also memory for objects and memory for locations alongside associative .memory
Object memory and location memory aisoinvolved in spatial episodic memory, but not in
verbal episodic memoryMoreover, doject memory and location memory have been shown to
strongly comrelate with reasoning,even when measured by verbal taskly (Siedlecki &
Salthouse, 2014 Consequently transfer ofprocessbased OLM trainingto verbal reasoning
may be even more likelthan transfer toverbal episodic memory

The potential explanations outlined abostould be tested in future studieBor
example one could investigatehe transfer effects of procebased OLM training on verbal
episodic memory tasksith semantically relateéindunrelated informatioror on verbaland
spatial reasoning taskBurthermore one could comparegansfer effectsof memory training
for within-domain versus betweatomain associationsor transfer effectsof OLM training
versusobjectmemory or location memorytraining

Although performance gains in accuracy and spiedte visual perception control

training tasks werénear and large across the training periag found no significant
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differences between the training grospn transfer to visual perception the visual
perception transfer taskdifferent stimuli (words, numbers, geometrical figureskere
presented than in the visual perception and OLM traimggimes Thus, our results indicat
materialspecific effects ofisual perception trainingwhich is inlne with the limited
researclon visual perception training in older adul&n@ersen, Ni, Bower, & Watanabe,
2010).0n the other hand, trebsent transfer of OLM trainingp visual pe&ception impies
that theposttive transfer of th intervention to spatial episodic memory and reasonimgs not
driven byimprovements invisual perceptionbutin associativememory

Processbased OLM training seems to leadldeting improvements irspatial episodic
memory and reasoning abilty in older adulig/en that transfer effects to these abilties
remained stable from pestining to thefour-month follow up.

Our findings stand out frorthe few prior studieson processased episodic memory
training interventionsin healthy older adult$Jennings et al., 2005; Lévdén et al, 2012;
Stamenova et al., 2014hich have generally faled to demonstrate transfer to untrained
cognitive tasksincluding thoseassessingpisodic memory and reasoningn advantage of
our study wasthat we evaluated transfer effects on the level of cognitive abilties rather than
with single cognitive taskdMoreover in contrast to previous procelased episodic memory
training studies, e selection of trained armsessettansfer cognitive abiities was based on
clear theoretical assumptiorand empirical evidencentheir relationships to one another.
Finally, our intervention mayhave targete@pisodic memory processe®re effectively than
previous interventions
Limitations

A lmitation regardingthe performancegainsin the trained OLM taskis that we do not
know which level ofdifficulty the participants were able to complete at baseline. Because all

participants started training on a relatively leewvel ofdifficulty, we cannotdisentangle
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whethertheir performance gains in the tradhtasks reflectachievement otheir trueinitial
capacityor improvements beyond their initial capacijo avoid this confound, in other
studies criterion task@e., test versions of the experimental training tasks with medium
difficulty) wereadministeredbefore and after traininge.g., Brehmer Westerberg, &

Backman 2012; Lovdén et al, 2012; von Bastian & Eschen, 20a6 Bastian, Langer,
Jancke, & Oberauer, 20Lnother possibiity would be to provide participants with
individual intial level of dificulty reflecting ther baseline capacity. Future studies should
therefore follow one of the above approaches to capture performance gains beyond initial
capacity.

Onelimitation toour transfer results that, in contrast to OLM training, visual
perception control trainingvas na adaptive It has been arguegk.g., Shipstead & Engle,
2012;von Bastian & Oberauer, 2014) thhe use of nomdaptive controls potentially
overestimates transfer effects, becauseasaptive training may be less motivating than
adaptive trainingand thus control training participanteay expend lesgraining effort.
However, if this had been the case, transfer effects to all outcome abiities should have been
observed, not only to spatial episodic memory and reasokingeover,we observed
comparableachievementmotivation during the first training halfand, athough training
motivation and valencevere more stablén the OLM training groughanin the control group,
no generalgroup difference in these measuresand arousahcross theentire training period
Furthermore we found large linear performance gai@rossraining sessionsn both groups
suggesting thathe controlgroup expenedd comparabletraining effort asthe OLM training
group Therefore,transfer effects of OLM traing were mee likely driven byimproved
associate memory processes rather than differences in motivation or training effort.

A secondimitation regardingour transfer results is thate useddentical cognitive

tesst across T4T4. As these tests wemdministeredfor three times within nine weeli©om
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T1 to T3,relatively strong retest effects may haslescured possibiéransfer effects. The
improvemers in spatial and verbal episodimemory performance acrotg twogroups from
T2 to T3are probablcausedby such retest effectddowever,to the best of our knowledge,
there are ndest batteriecurrently available which include at least thredeterogeneous tasks
for each otthe four selected outcome abiitieandfour paralel versions of these tasks. We
refrained from constructinguch paralel versions becausiethe complexity of such an
endeavor, the uncertainty whether demonstrated equalty of parallel versions in a calibration
sample would also be found et study sample, and the difficulty ahieving an equal
distribution of the four parallel tasks versions acrbssi4 and the two experime ntagroups.
Finally, it is unclear whether OLM training would yield similar postive transfer

effects in the genal population of older adultend whether such effects would produce
meaningful improvements in everyday cognitive tagksr sample was relatively young (60
75 years)did not suffer from neurological or mental disordengs highly educated, and had
slightly aboveaverage cognitive abilties as indicated by the screening ksigever,in
previous researctagedid not consistently predict the magnitude of training and transfer gains
of processhased working memory or ex@ive functioning training in healthy older adults
(Karbach & Verhaeghen, 201Moreover training and transfer gains tend to be larger in
patients with neurological and mental disordef@/eicker, Vilringer, & ThoneOtto, 2016)
and inhealthy older aduk with relatively low inttial cognitive status (von Bastian &
Oberauer, 204 Hence, OLM training mayield evenlarger training and transfer effects in
less healthy and cognitiveliessfit older adults.
Conclusiors

The present study provides first engal evidence thaprocessbasediraining of the
abilty to encode and retrievassociabns from longterm memory in healthy older aduktgan

induce transfer to untrainecepisodic memory and reasonirigsks andthat these transfer
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effects arelargely maintained for four monthafter training However,improvements during
processbased OLM trainingtransferred oniyto visuespatial episodic memory and visuo
spatial reasoning, but not to verbal episodic memdhys can possiblybe explained byhe
folowing reasonsa)the trained associative memory processes contributed only little to
performance in the verbal episodic memory tasks which included semantically related verbal
information, b)functional differences between the ability to remembhin-domain
associations which is important for verbal episodic memoignd the abiity to remember
betweendomain associationswhich was practiced in OLM trainingor c)transfer of OLM
training was caused by practice of both associative andsfsatial tem memory processes
Replication studies using largand less selectivesamples and transfer tasks allowing for
more precise differentiationf the aboveexplanatios are needed to determine the ldagm
impact and limitations gbrocessbasedraining of the ability to encode and retrieve
associatins from longterm memory in healthy older adults However, éken togetherthe
present study offers reason for optimighat suchtraining is apromising novel avenue to

counteract ageelated declines in episodic memory and reasoning.
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