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Abstract

A substantial part ofge-related episodic memory decline has been attributed to the
decreasing ability of older adults to encode and retrieve iati®o€ among simultaneously
processed information units from long-term memory. In additbe abiity seems to share
unique variance with reasoning. In this study, we theretoramined whether process-based
training of the abilty to learn and remember associatiaas tiie potential to induce transfer
effects to untrained episodic memory and reasoning taskslinyhe&ler adults (60-75
years). For this purpose, the experimental group (n = 36) completedskihseof process-
based object-location memory training, while the active cogamlp (n = 31) practd
visual perception on the same material. Near (spatial episaginory), intermediate (verbal
episodic memory), and far transfer effects (reasoning) e&ch assessed with multiple tasks
at four measurements (before, midway through, immediatidy, and four months after
training). Linear mixed effects models revealed transflacts on spatial episodic memory
and reasoning that were stil observed four months afteiniy. These results provide first
empirical evidence that process-based training can entealtiey older adults’ associative
memory performance and positiveaffect untrained episodic memory and reasoning abilties.

Keywords:cognitive training, memory training, episodic memoojpject-location

memory, aging
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Transfer after Process-Based Object-Location Memory ifigaim Healthy Older Adults

Old age is characterized by a relatively large aveeggsodic memory decline (e.qg.,
Ronnlund, Nyberg, Backman, & Nisson, 2005; Schaie, 2005). According &ss$oeiative
defict hypothesis (Naveh-Benjamin, 2000), a substantial pdisofiecline can be attributed
to the decreasing abiity of older adults to encode and retasseciations between
simultaneously processed information units from long-teremory (forareview see Shing
et al., 2010; for meta-analyses see Old & Naveh-Benjamin, 2008¢&p& Raz, 2005). The
most frequent memory complaints of older adults, that is, forgehames of acquaintances
or locations of objects (Bolla, Lindgren, Bonaccorsy, & Bleecker, 198%her, Flegal, &
Lustig, 2013), imply that their deficient abilty to learn arthember associations between
information units directly affects their quality oélf Furthermore, the abiity to create stable
associations between simultaneously processed informatiten faciitates the construction
and manipulation of new structural representations estjdgr reasoning (Oberauer,sSu
Wihelm, & Sander, 2007 Latent variable studies indeed demonstrated that this/ abil
predicts variance in reasoning above and beyond working memdrgpaed in young adults
(Kaufman, DeYoung, Gray, Brown, & Mackintosh, 2009) and in sang@esring most of
the adult lfespan (Tamez, Myerson, & Hale, 2012). Consequentlggretice training
intervention enhancinglder adults’ abiity to encode and retrieve associations from long-
term memory has the potential to improve their episodic nyemare generally, their
reasoning abiity, and their quality of life.

So far, episodic memory of healthy older adults has been maiggted by strategy-
based training. Meta-analyses summarizing this reseaneh dhown that these interventions
induce small to medium performance gains in the traieskst(Gross et al., 2012;

Verhaeghen, Marcoen, & Goossens, 1992). However, often only subgbtipestrained
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older adults apply the practiced strategies after traigng., Brehmer et al., 2008; Gross et
al., 2014; Nyberg et al.,, 2003). Strategies acquired throughirgeokentions are also often
very specific and do not yield transfer even to other ustlaiapisodic memory tasks (for
reviews, see Eschen, 2012; Lustig, Shah, Seidler, & Reutend, 02§09).

An alternative training approach is process-based traininighvaims to directly
increase the efficiency of basic cognitive processesighr extensive repeated practice
(Lévdén, Backman, Lindenberger, Schaefer, & Schmiedek, 2010; Wilkcl&ie, 2009). In
general, process-based trainihgs shown more promising transfer effects in healthy older
adults than strategy-based training (Morrison & Chein, 2011jraisdmay be more suitable
to target episodic memory processes in healthy older adultertNedgss, as yet, most
research has focused on interventions practicing worke&gany or executive functions.
Recent meta-analyses indicate that these interveniimuce small to medium improvements
in untrained working memory and executive functioning tabkisfindings on reasoning have
been inconsistent (for positive findings see Karbach & Vetiee 2014; for negative
findings see Meby-Lervag & Hulme, 2013, 2016).

To our knowledge, only two process-based training interventiarmgeting episodic
memory processes in healthy older adults have been gatesti one practicingecollection
processes in word list recognition (Jennings & Jacoby, 2003ndeniWebster, Kleykamp,
& Dagenbach, 2005; Stamenova et al., 2014)amther practicing spatial navigation
(Lovdén et al., 2012). Although both interventions led to largegomements in the trained
tasks, there was little evidence for transfer. For tbelegetion intervention, previously found
transfer effects to an untrained word list recognitiosk @nda working memory task
(Jennings et al., 2005) could not be confrmed in a later stutlyandrger sample size
(Stamenova et al., 2014). For the spatial navigation intaoventévdén et al. (2012) also

observed no transfer effects across 14 outcome tasks measwwidg range of cognitive



TRANSFER AFTER OBJECT-LOCATION MEMORY TRAINING 6

abilties both at post-training and at four-month follop:- However, both interventions did
not specifically target the abiity to encode and retriegsociations from long-term memory.
Moreover, the training tasks in both interventions mayhasé been completed by episodic
memory processes at al. Stamenova et al. (2014) found thatgtrgains in their word list
recognition training task were not predicted by baseline episodimory, but by baseline
working memory performance. Likewise, the spatial navigatiaming task employed by
Lovdén et al. (2012) could be completed by simply using procedur® koawledge or mere
exploration. Hence, it is unclear whether process-basauhgreof the abiity to encode and
retrieve associations from long-term memory in healtlderoadults improves this ability and
produces transfer to untrained cognitive abilties.

The above findings on cognttive training in healthy older adudive to be regarded
with caution. Prior cognitive training research has heéensively criticized on
methodological grounds. Many studies included only passive cgnbops, thereby
confounding potential expectancy or non-cognitive intervanedfects with training-induced
improvements (cf. Dougherty, Hamovitz, & Tidwell, 2016; von Basi& Oberauer, 2014).
Furthermore, transfer was often assessed with onlyaskeper outcome abiity. Therefore,
observed transfer effects may have been solely driveaskyspecific surface commonalities
between training and transfer tasks (e.g., material or respoodality, cf. Lévdén et al.,
2010; Shipstead, Reddick, & Engle, 2012). More theoretical criticismgreMous cognitive
training research include the often arbitrary selectbeognitive outcome and control
training tasks which does not allow for evaluating positiad @egative transfer (i.e.,
convergent and discriminant validity, cf. Noack, Lovden, &rflietiek, 2014) and arbitrary
classifications of cognitive outcome tasks as representing néermediate, or far transfer
(cf. Noack, Lovdén, Schmiedek, & Lindenberger, 2009).

The Present Study
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The main aim of the present study was to examine the tpbtehprocess-based
training to improve the ability to encode and retrieve adsmiw€abetween simultaneously
processed information units from long-term memory and kb yansfer to untrained
episodic memory and reasoning tasks in healthy older adultfhefmore, we wanted to
overcome methodological and theoretical shortcomings of previogsitice training studies.

For this purpose, we developed a process-based training regiméchnpalticipants
repetitively practiced object-location memory (OLM) tasks MDdrttically depends on the
abilty to encode and retrieve associations between simalialye processed objects and their
locations (Postma, Kessels, & van Asselen, 2008). OLM performdeceements in older
adults have been repeatedly demonstrated (for reviews esselK & Postma, 2006 and Uttl
& Graf, 1993; Noack, Loévdén, Schmiedek, & Lindenberger, 2013). More impgrtantl
memory for objects and memory for locations are relativelglymimpaired in old age, but
profound memory deficits arise for object-location associatigiessels, Hobbels, & Postma,
2007; Naveh-Benjamin, 1987; 1988; Old & Naveh-Benjamin, 2008; but se& $xsim,
2008). Besides, OLM is particularly suitable for a process-bagiathg approach because it
solely involves visuo-spatial material. Strategies #matoften spontaneously and successiully
applied for remembering associations involving verbal informa(e.g., sentence generation
or interactive imagery; Dunlosky, & Hertzog, 2001; Kuhimann, &rdau2012; Richardson,
1998) are less helpful for forming stable associations betweect®lgind their locations.
OLM training may also be particularly successful in oldéults because OLM relies heaviy
on the hippocampus (for a meta-analysis see Kessels, deKégmoelle, & Postma, 2001; for
reviews see Burgess, 2008; Postma, Kessels, & van Asselen, 2008 tmnenost plastic
brain regions up into old age (Goh & Park, 2009; Lévdén et al., 2010). Ximize the

mtervention’s effectiveness, OLM training was both variable (by using three different tasks;
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Schmidt & Bjork, 1992) and adaptive (by adjusting task dificultyndvidual performance;
Klingberg, 2010, but see von Bastian & Eschen, 2016

We selected our cognitive outcome abilties accordinydack et al.’s (2009)
theoretical framework for classifying the scope of transféacts. It is based on Carroll’s
(1993) hierarchical model of human intelligence with genietalligence on top, eight broad
cognitive abilties on the second level, and 69 narrow cogritvities on the third level.
Transfer is categorized as near, intermediate, or far diegoto whether training positively
affects tasks measuring the trained narrow abitgjfferent narrow but same broad ability,
or different broad abilties, respectively. We chose spatiabdjgi memory, verbal episodic
memory, and reasoning as outcome abiltiascording to Carroll’s model of intelligence,
OLM and spatial episodic memory belong to the same narroty appisual memory), verbal
episodic memory to a different narrow (meaningful memory) bus#éime broad ability
(memory and learning), and reasoning to a different broad abédigsd¢ning). These abilties
thus represent near, intermediate, and far transfgrectely.

The formation of object-location associations depends on si@akes visual
processing of objects and locations during encoding (Postala 2008). To demonstrate
that transfer of process-based OLM training to spatial arohl’episodic memory and
reasoning is based on improved associative memory ratheerthanced visual perception
for objects and locations (convergent validity), we includedacive control group that
practiced visual perception tasks with the same stimui damation as the OLM training
tasks. The control intervention was non-adaptive, as adjustiglificulty of the visual
perception tasks by reducing stimulus discriminability wdade compromised our goal to
primarily control for improvements in visual perception of $hane stimuli. We also refrained
from adjusting difficulty by reducing stimulus presentationeti as it proved infeasible to

define the time difference between levels of dificulbygd enough to affect performance, but
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short enough for conscious processing at high levels ioludtff. To still achieve between-
group comparability in trainihg motivation and effort, thetomngroup received similarly
extensive performance feedback asthe OLM training grooglemonstrate discriminant
validity and increase the plausibility of the controéimention, we also assessed visual
perception.

We administered at least three heterogeneous tasks pesembsetcome abiity and
analyzed transfer effects on the level of these cegnébiities with linear mixed effect
models. To evaluate the maintenance of transfer effdes;ognitive test battery was not
only administered before, after the first half of the imginperiod, and immediately after
training, but also four months after training completion.

Based on prior research on process-based training in older, ackiesxpected that
OLM performance would improve linearly across the trainpegiod and lead to large
performance gains. We had no clear predictions about the sctpeastenance of transfer
effects of the OLM training. The few available studiesporcess-based episodic memory
training in healthy older adults generally failed to dermates any transfer immediately after
training and at four-month follow-up. However, according to #weaative deficit
hypothesis and to findings showing that the abilty to encodeetrieve associations from
long-term memory contributes to reasoning performance, OaiMitg could potentially
yield transfer to spatial episodic memory, verbal episodic nyenand reasoning, that is,
induce near, intermediate, and far transfer. We did not explel training to yield transfer
to visual perception, and the visual perception control inttiore if at al, to induce transfer
to this cognitive ability only.

M ethods

General Procedure
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Experimental OLM training and visual perception controhingi comprised two
phases with 15 sessions each that participants had to conmplete three weeks. A one-
week break separated the phases. Participants trained abhdhar personal computers.
Material, structure, and duration of the experimental anttatanterventions were similar,
but only the experimental intervention was adaptive.

Participants completed the cognitive transfer testdya#ted several questionnaires at
four times before training (T1), in the week after the first trainipgase (T2), in the week
after the second training phase (T3), and four months tediing completion (T4). They
were tested in groups of up to four. Each session took 2.5ud{imgl a 15-min break).
Participants also underwent an individual 1.5-h neuroimagisgiose(including functional
and structural magnetic resonance imaging (MRI and 3MiEt-attenuated inversion
recovery (FLAIR), and diffusion tensor imaging) within t@me week in our lab, but these
data are not in the focus of the present study.

The T1 assessment was preceded by two screening phasesfrét gcreening phase,
potential participar®t completed screening questionnaires at home. Eligible partisi were
invited to the second screening phase. In this individualhk&eening session in our lab,
participants completed further screening tests and questies and underwent an MRI
simulator training for familiarization with the scanrend practice of the fMRI paradigm.
After the baseline assessment, eligible participante Wwally included in the study and
randomly assigned to either the experimental or theeactintrd group. Within a week
before the start of the first training phase, participamtse invted to an individual 1-h
training introductory session in which a practice versiothaf training regime was
administered.

The study was conducted double-blind, so that neither participantexperimenters

assessing the outcome measures were aware of groupmesgig Participants were recruited
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for a “cognitive training study”, but were not informed about the two training conditions.
Study staff not involved in assessing the outcomes randassigned participants to groups,
conducted the training introductory sessions, monitored tracurgpliance, and served as
contact during training.

The study was conducted in four waves to accommodate sctess availability.
Randomization was stratified by study wave and genderg(KRagan, & Park, 2008) and
was subject to two restrictions. First, to maintain blisdnéor training conditions, members
of couples patrticipating in the study (four participants) enassigned to the same group.
Second, as OLM training duration could increase with adwarewels of difficulty, each
control participaris training duration was matched to thabfarticipant in the experimental
condition (for details see paragraph on training). To erthatethe matching procedure could
be implemented, this matching partner had to be chosen amongsthdieg the first training
phase at least a week before the active control participant.

Participants

Participants were recruited at lectures for seniorentizat the University of Zurich,
through newspaper articles, advertisements in magafimesider adults, public taks, flyers,
and word of mouth. All participants gave written informed eahsand were paid after the
completion of different study parts. The study was approvetieb¥thics Committee of the
Canton of Zurich.

Inclusion criteria were age between 60-75 years, rghtiddness, native or highly
proficient German speaker, basic computer and internet emperiand access to computer
and internet during training. Exclusion criteria werevaus or current neurological and
psychiatric disorders or substance use negatively affebtiam function, sensory and motor
deficiencies hindering the completion of training tasks @nidome measures, violation of

MRI safety requirements, participation in another trainstgdy within the last five years,
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faled screening measures (see below), and pathologicdéntel findings in the baseline
SMRI and FLAIR assessments.

Figure 1 ilustrates the recruitment process alongsidespglcific reasons for exclusion
and drop-out of participants. Out of 180 participaintghe first screening phase, 56 were
excluded based on eligibility criteria and 44 dropped out. Aftesdbend screening phase
and the neuroimaging baseline assessment another 7 pasgicipard excluded and 5
dropped out. Finally, 68 participants were included in the studyngDtine second training
phase, one participant in the experimental condition droppedid®ec personal reasdns

Descriptive data of the remaining 67 participants are listeTalie 1.

1We can only speculate why the retention rate vgalsigh in our study, but we suggest two reasons.
First, the financial compensation scheme explicidyvarded retention in the study, as reimbursenmeereased
over its course (CHF 30 after screening, CHF 76raftl, CHF 150 after T3, and another CHF 70 aft®r T
Second, frequent and regular contact with the stidff at the many experimental sessions (e.g.d@ssions at
T1-T4) and during training (e.g., weekly e-mails) Ipably further enhanced study commitment.
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Figure 1. Recruitment process.

Screening

First screening phase. Potential participants received four questionnaires asgets
folowing variables: health and demographic data, computerntamhat experience, MRI
safety requirements, and handedness (Annett, 1970). Additiorertyqeestionnaires are
described in the Supplemental Online Materials.

Second screening phase. In an individual lab session, participants were screened for
cognitive deficits indicative of Mid Cognitive Impairmentr dementia with the Consortium
to Establish a Registry for Alzheimer’s Discase Neuropsychological Assessment Battery

(CERAD-NAB; Berres, Monsch, Bernasconi, Thalmann, & Stahelin, 2000) arainfioally
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relevant depressive episodes with the short version dbénatric Depression Scal&DS,
Sheik & Yesavage, 1986). As descriptive measure, crystallizetigence was assessed with
the Mehrfachwahlwortschatztest B (MWT-B; Lehrl, 1977).

The CERAD-NAB includes seven subtests: the Mini MeState Examination
(MMSE, Folstein, Folstein, & McHugh, 1975), a semantic fluencst, & 15-item form of the
Boston Naming Test, a constructional praxia test, a figleddyed free recall test, a word list
learning test, a delayed free recall test, and a delayednisen test for this word list. For
the figural and the word list delayed free recall te8te measures are taken into account: the
number of recalled items per se (recall performance) angetitentage of recaled items
from correctly copied or recaled items in the last learriiied (savings). The short form of
the GDS comprises 15 yes-no questions. Sum scores greaies #ne indicative aflinically
relevant depressive episodes. In the 37 items of the MWT+iiments hae to mark the
real word among four nonsense words.

Participants wex not included in the study if they scored lower than 2&eMMSE,
performed 1.5 SD below age-, gender-, and education-specific momsre than one of the
nine other measures of the CERAD-NAB, or scored greader 5hn the GDS. Descriptive

statistics for the screening and descriptive measueegeported in Table 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 size (n) 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 experience (years) 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 (0-15, 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 free recall 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 delayed free 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 alongside standard deviations in hEsestwhere applicable.
ay2instead of tis reported.

Training

Training was self-administered at home using the openedarea-based software
Tatool (von Bastian, Locher, & Ruflin, 2013; www.tatool.ch). Afesrch training session,
data were automatically uploaded to a web server allowing f@tasgnmonitoring of
participants’ compliance. Automatized online analyses permitted the detection of
irregularities (e.g., accuracy below chance level). Timedxenters monitoring training
compliance also supported the participants in case of tecldifiizulties. To ensure all
participants were able to use the training software andniplete the training tasks, they
practiced the installation of the software and completelor sersion of the first training
session with different material in an individual 1-hadictory training session. In addition,

participants received a manual with step-by-step softwatallation instructions and detailed
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information about training operations and procedures. Partsipaare informed that the
training software permitted the completion of only one sasger day and that they would be
contacted by e-mail or phone in case of no recorded trainsgjose on three consecutive
days.To further enhance training commitment, they received wemktkivational e-mails
during the training phases.

Training motivation and affect. In the training introductory session and at T2,
participants completed the Questionnaire on Current MiotvalQCM; Rheinberg,

Volmeyer, & Burns, 2001), measuring four factors of achievenmaativation in learning
situations: interest, challenge, expected success, aadnpente anxiety. Its 18 tems are
rated on a point Likert scale (1 = “does not apply”; 7 = “applies exactly”). At the beginning
of each training session, participants rated their cutraining motivation on a 5-point Likert
scale(1 = “very motivated”, 5= “not at all motivated”’) and their current arousal and
emotional valence on 9-point Likert scales using se#ssssent manikins (Bradley & Lang,
1994; arousal:1 = “calm, relaxed”, 9 = “excited, stimulated”; valence: 1 = “annoyed, sad”, 9 =
“happy hopeful”).

Training tasks. Both training interventions included 30 sessions lasting aR@4t5
min. In each session, participants practiced three differaiming tasks with 10 trials each.
The order of the tasks was counterbalanced across trairss@rse and the same for all
participants. In the beginning of each training task, pamitgp@ould complete an optional
practice trial. In both interventions, the object stimurgvrandomly drawn from the same
task-specific databases, with the restriction for thd@aining tasks that no object was
repeated within one training session. Feedback on individuddripance was provided at the
end of each trial, task, and session.

OLM training. In all three training tasks, cued recall for object-locatmsociations

was practiced. Each trial consisted of an encoding phasbkidh n associations had to be
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encoded, a 20-s distractor task (to ensure that the encoded lotgdéion associations could
not be held in short-term memory), and a retrieval phasé. diisulty was adapted to
individual performance by increasing or decreasing n of to-bedeal object-location
associations by one. Participants started the first sessidime lowest level of difficulty with
two obpctlocation associations. The highest possible level of difficoeéquired encoding of
21 object-location associations. Individual performance wassasbés each task separately.
Task difficulty was increased in the next training sesdi performance was greater than 70
% and was decreased if performance was below 50 %. Feedbackemasrgthe percentage
of correctly recaled associations and the level of difficidchieved. Level of dificulty
served as performance measure.

Object-location task. Each of n objects was presented sedjyemtia 5-x-6 grid for 4 s
followed by an ISI of 0.5 s. Objects were drawn from a databa®é5ofolored drawings of
everyday objects (Rossion & Pourtois, 2004; Snodgrass & Vanderwart, I98®.
distractor task, simple arithmetic equations were displageg@ly Participants had to
indicate by key presswhether they were correct or not. During the retrigMadse, each of
the previously encoded objects was presented sequentially thelosmpty grid. Participants
had to indicate by mouse click in which cell the object linaeh presented during encoding.
Each object was presented until a cell in the grid welsed on or for maximally 6 s.

Shape-location taskwenty-nine self-created geometrical shapes in niferetift
colors (resulting in 261 different shapes) served as objetilistiDuring encoding, n shapes
were presented simuttaneously in a 6-x-6 grid. Display duoratias setto nx 3 s (e.g., 6 s at
the lowest level of difficulty with two shapes). In thdoseiquent distractor task, 10 words had
to be selected in alphabetical order with mouse clicks. Duhegetrieval phase, the
previously encoded shapes were presented left and right ¢onjbty grid. Participants had to

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

Landmark-location tasKhis task was the same as the shape-location taskhnet t
exceptions. First, object stimuli were drawn from a databag6éphotographs of real-world
buidings (retrieved from the internet, photographs of highlgrsaor famous buidings were
excluded). Second, the 6-x-6 grid was superimposed by a diffsedfrtreated city map in
each training session. The 30 maps consisted of patternstefimds on a gray background.
Third, in the distractor task, 10 two-digit numbers had to betedlen the order of their
magnitude.

Control training. Each of the control training tasks was matched to one @it
training tasks in terms of stimulus material and distratask. Instead of an encoding phase
andaretrieval phase as in an OLM training task trial, in arcbritaining task trial the
distractor task separated two phases of a visual percepionTte duration of these visual
perception phases was determined by the duration of the encaatihretrieval phases of the
same trial in the corresponding OLM training task in tomes training session of the
individually matched OLM training participaftWithin both visual perception phases, after
participants had solved one item, the next tem was pessenti phase duration expired.
Participants had to solve the presented items as quickdpsai. Feedback was given on
the number of completed items, the number and percentageretcresponses, and the
average reaction time. Proportion of correctly solved itant average reaction time served
as performance measures.

Object-perception task. Two 1-x-10 grids flled with objecesevpresented, one below
the other. Participants had to click with the mouse on teeobject that differed between the

two grids.

2 Four control group participants had to be matcteegther experimental training participants during
the course of the training because one experimamdaling participant dropped out and three expeniral
training participants lagged behind in completedning sessions because of computer problems.
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Shape-perception task.target shape was presented on top of the 6-x-6 grid whish wa

flled with 36 shapes. Participants had to click with the mowis the target shape in the grid.

Landmark-perception task. The procedure was the same as fehaghe-perception
task, except that a target buiding was presented on top ohajg flled with 21 buildings.
Transfer

We administered five spatial episodic memory tasks (neasfargnthree verbal
episodic memory tasks (intermediate transfer), six reagdasks (far transfer), and three
visual perception tasks (control tasks). All transfer tafifflesed in stimulus material and test
format from the training tasks. Task order was counterbedaracross the four abiities and
the same from T1 to T4. At the end of the cognitive assessmearticipants additionally
completed several questionnaires (see Supplemental Onitterid).

To assess spatial and verbal episodic memory, we useddberdlspective subtasks of
the paper-and-pencil Berlin Inteligence Structuret Fesm 4 (BIS-4, Jager, S§i &
Beauducel, 1997). For spatial episodic memory, we additionally admnelste/o
computerized tasks. Reasoning was measured with theidwe-spatial reasoning subtasks
of the BIS4 and with a short version of the Raven’s Advanced Progressive Matrices (Arthur
& Day, 1994). Visual perception skils were assessed withhtlee fpaper-and-pencil tasks
representing the factor perceptual speed from the Kit obF&gferenced Cognitive Tests
(Ekstrom, French, Harman, & Dermen, 1976). Table 2 lists shortigtiests of all

administered tests.
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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 shag@esenting buildings on a fictitious city map wit®i s and then
Memory mark the encoded locations on an uncolored copy oh#gewithin 90 s.

BIS-4 Remembering Encode a route with 30 segments on a fictitious ra@p within 30 s and then reproduce the route on aaidihye map
Routes without this route within 40 s.

Encode 20 company logos presented in differently shixpenes within 60 s and then mark the shape thafrhaeed each

BIS-4 Company Logos |, o1t of 4 provided shapes within 90 s.

Encode 15 object-location association pairs seqlgrnresented in a 5 x 6 grid. The first object wdl firesented alone
for 1 s and then together with the second object fofdl@ved by an ISI of 3 s. After a 30-s distractor tasla@ed

OLM Pairg version of the Digit Symbol Substitution subtest ef HHAWIE-R; Tewes, 1991), one object-location assariatf a pair
will be displayed in the 5 x 6 grid. Indicate thel @elwhich the second object had appeared during dimgdy mouse
click within 4 s. Two learning trials wil be condect

Encode 6 object-location associations presentectségly (3 s each)in a5 x 5 grid. After a distractaktéa 1-back task
with arrows pointing in 8 possible directions) with ramdduration between 12-18 s, indicate by pressingotwtons
whether the again sequentially presented objecte#8ls) are displayed in their original grid cells (50 %)air After a
visual fixation phase with random duration betwee® $;lcomplete the next trial (two runs with 12 tricdsia).

OLM Recognitiof

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

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

Reasoning (Far Transfer)

Determine how 2 shapes relate to one another. Sedeshtipe which has the same relationship to a &thigpe out of 5

BIS-4 Analogies provided shapes. Solve as many out of 8 items a#bleossathin 105 s.
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BIS-4 Charkov
BIS-4 Bongard
BIS-4 Shape Selectior

BIS-4 Transaction

RAPM

Complete series of patterns that are governed by a ceteainy adding 2 patterns to the first 3 provided pasteSolve as
many out of 6 tems as possible within 180 s.

Deduct from 2 provided groups with 6 patterns each tohwdroup 3 additional patterns belong. Solve as nwamf 5
items as possible within 130 s.

Decide which of 5 provided large shapes can be buiih 8do 4 small pieces of a shape. Solve as mangf@ikems as
possible within 150 s.

Decide which out of 5 provided three-dimensional figuras be built from a folding template. Solve as mautyob5
items as possible within 110 s.

Complete a spatial logical pattern by choosing tmeecbout of 8 provided figures. Solve 12 items with@uetconstraint.

KIT Finding A’s

KIT Number
Comparison

KIT Identical Pictures

Visual Perception (Control Measure)
Mark as many of 200 words containing the letter ,,a* as possible out of a total of 820 words within 120 s (two trials).
Compare 48 pairs of 3- to 13-digit numbers and mark ay peirs with different digits as possible within 9Qveo trials).

Mark the geometrical figure or picture out of 5 presentesdhat is identical to a target figure or pictureveéSals many
of 48 items as possible within 90 s (two trials).

Note. The number of correctly remembered or correctly saieaets served as outcome measure, except for OLM Recogfitiean number of
recognition hits across the two runs with 72 items eddhinber Comparison, and Identical Pictures (difference degtvthe number of correctly
marked and incorrectly marked tems). BIS-4 = Berlin Igefice Structure Test FOrmRIAPM = Raven’s Advanced Progressive Matrices.

KIT = Kit of FactorRederenced Cognttive Tests.

aRasch, Bichel, Gais,

& Born (2007).

bThis task was conducted in the MRI scanner while reapridisk-related brain activity (fMRI). The object stimulere drawn from the Bank of
Standardized Stimuli (BOSS; Brodeur, Dionne-Dostie, MontréuiLepage, 2010). The objects were comparable in object idemiity a
familiarity ratings across the two runs.
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Analysis

We replaced outliers in the transfer data with the medighe raw scores plus or minus
three times the median absolute deviation (MAD, cf. Leys;, Klein, Bernard, & Licata,
2013). Next, outlier-corrected raw data were z-transformed delpafa T1 and for T2
through T4. Training motivation ratings were recoded sohigher ratings represent higher
motivation.

Due to strong floor effects and no variance at T1 or T1 ane§fectively, we
excluded the Charkov (T1: M=0, SD = 0) and Bongard (T1 and T3: M= %,@D
reasoning tasks from further analyses. To ensure thaethaining transfer tasks loaded on
the hypothesized cognitive abilty factor, we ran a confirmatiactor analysis (maximum
likelihood extraction with oblique rotation) with a fixed numbagrfour factors. The Kaiser-
Meyer-Olkin measure verified the samgliadequacy for the analysis (KMO = .67). Bartlett’s
test of sphericity indicated that correlations betwednwigual tests were sufficiently large
(72(105) = 256.33, p 001) and that the four factors with eigenvalues above Kaiser’s
criterion of 1 explained 57.36 % of the variance. Two spatial episu€eimory task loaded
most strongly on other factors (OLM Pairs on verbal episodimory, r = .49; Company
Logos on visual perception, r =.59) instead of spatial episodic we@itM Pairs: r = .24
Company Logos: r =.47) and were therefore excluded from furthelysas. Spatial episodic
memory was thus finally represented by three tasks (Rbemng Routes, Orientation
Memory, OLM Recognition), verbal episodic memory by three téisleaningful Text,
Remembering Words, Fantasy Language), reasoning by four(fasdsgies, Shape
Selection, Transaction, Raven’s Advanced Progressive Matrices), and visual perception by
three #sks (Finding A’s, Number Comparison, Identical Pictures).

Baseline group comparability regarding demographic, descripding,screening

measures and transfer abilties, and group differencdise ifour subscales of the QCM across
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T1 and T2 were analyzed with MANOVAs. Group differenceghé trajectories of training
motivation, arousal, and valence ratings, and withinqgrtrajectories in training task
performance across the 30 training sessions were analyfledAMOVAs. Transfer effects
were analyzed with linear mixed-effects (LME) model81B.models were fit in R (R Core
Team, 2014)with the package “Ime4” (Bates, Maechler, Bolker, & Walker, 2014). The
degrees of freedom were estimated using Kenward-Roger apgtiorn with the package
“pbkrtest” (Halekoh & Hgjsgaard, 2014) to derive information about the signife of the
predictors. MAD computations were done in MATLAB R2013b (Mathwdris, MA,
USA). All other analyses were conducted with SPSS 20 (ivtp/spss.com). The alpha
level was set at .05 for all analyses.

Results
Missing Data

Five participants completed only 27 to 29 sessions (experimentgl: groe 29, one 27;
active control group: two 29, one 28) because of technical aedudidy problems. Tiee
participants were excluded from the training measureysisal Two participants of the
experimental group completed one additional session (one setloed training phase, one in
the follow-up period).

Transfer assessments were completed by all 67 participathtstheviexception of two
participants (one of each group) who did not take part in falpwiesting because of medical
reasons. The three completed cognitive assessments eoptissipants were included in the
analyses.

Baseline Group Comparability

Demographics, descriptive, and screening measures. We conducted a MANOVA

with group (OLM vs. active control) as between-subjectsofaand all demographic,

descriptive, and screening measures (except gender) asldepeariables. The effect of
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group was not significant, F(16, 50) =0.79, p = .686= 0.20. Table 1 lists the results of
the planned pairwise group comparisons for each of thesaneeasnd of the chi-square test
for gender, none of which were significant.

Transfer abilities. Table 3 lists the descriptive statistics for each trarsisk and
group from T1 to T4. To determine baseline group comparabilitycomducted MANOVAs
for each of the four abilties with group as between-subjéettor (OLM vs. active control)
and with performance in the tasks measuring eaclyasiiffl as dependent variables. The
effect of group was not significant for spatial episodic mgn(é(3, 63) = 0.55,
.647,m,2=0.03), reasoning (F(4, 62) = 1.70, p = .12= 0.10), and visual perception, F(3,
63) = 0.75, p = .52'h,2 = 0.03. However, for verbal episodic memory, the effect of group
was significant, F(3, 63) =4.36, p =.02=0.17. Planned pairwise group comparisons on
the level of single tasks revealed that the OLM groupveld significant better baseline
performance than the active control group in the Faritasguage task, M= 1.89, p =.010.
Without this task, the effect of group on verbal episodic memaag no longer significant,
F(2, 64) = 2.00, p = .144,2= 0.06. We therefore excluded this task from further analyses.
The pattern of results of the LME models on transferctsffevas identical when this task was

included.
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Table 3
Mean Performance in the Transfer Tasks and Mean Ratings on the Substaeluastionnaire on Current Motivation as a Function of
Training Group and Time of Assessment

OLM Active Control

Task Max T1 T2 T3 T4 T1 T2 T3 T4

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 8 153(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 A’s 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 deviatiopardémtheses. The Questionnaire on Current Motivatiosadmninistered only at
T1 and T2RAPM = Raven’s Advanced Progressive Matrices.
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Training M easures

Training motivation and affect. Table 3 displays the descriptive statistics for the four
QCM subscales of each group at T1 and T2. Across T1 and T2, both gegapded their
interest, challenge, and expectation to complete the tramigigne successfullyashigh and
their performance anxiety as moderate. We conducted a MAN@NAgroup (OLM vs.
active contrgl as between-subjects factor, time (T1, T2) as within-subfgtor, and the four
QCM subscales as dependent variables. The main effeabupf gvas marginally significant,
F(4,62) =2.21, p =.078p?= 0.13. There was a significant main effect of time (F(4, 62) =
6.99, p < .001yp? = 0.31), reflecting decreasing achievement motivation fromo T2t but
no significant group x time interaction, F(4, 62) = 1.60, p = .#§5; 0.09.

Figure 2 displays the trajectories of training motvatiampusal, and valence ratings in
each group. Across the 30 training sessions, motivation evgshigh, arousal moderate, and
emotional valence very positive in both groups. We conducteeld mANOVAs with group as
between-subjects factor (OLM vs. active control), time (36i@es as within-subject factor,
and motivation, arousal, and valence ratings as sepagadit variables. Consistent
across measures, the main effect of group was not cagniifi(Fs <0.43, ps >.513). The main
effect of time was significant for arousal (F(29, 1740) = 3.04, p < 1§#%,0.05) and
valence (F(29, 1740) = 1.74, p = .043%2= 0.03), but was only margidgl significant for
motivation, F(29, 1740) = 1.55, p = .0982= 0.03. Although the group x session interaction
was significant for motivation (F(29, 1740) = 1.91, p = .G@%= 0.03) and valence (F(29,
1740) = 2.44, p = .002p%= 0.04), it was not for arousal, F(29, 1740) = 0.24, p = .6Z%,
0.01. Figure 2 ilustrates that motivation and valencegeativere relatively stable across

training in the OLM training group, but folowed a slight Uaphkd function in the control

3 Follow-up ANOVAs on the four subscales revealeat the groups differed only in challenge across
T1 and T2 (F(1, 65) = 4.1% = .046, np?= 0.06; other: K< 2.35, ps > .130), with the OLM group feeling more
challenged than the active control group. Howetteg,absolute differences in challenge ratings betvtbe
groups were only very small and, thus, hardly pcattmeaningful (about 1-1.5 out of maximally 24igs).
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group. Trend analyses confirmed significant medium lineamds (motivation: F(1, 27) =
9.63, p = .004yp%= 0.26; valence: F(1, 27) =5.06, p =.085,= 0.16) and large quadratic
trends (motivation: F(1, 27) = 10.72, p = .0§%,= 0.28; valence: F(1, 27) = 11.14, p =.002,

np?= 0.29) for the control group, but not for the OLM training group <R.11, ps > . 155).

Mean Motivation Ratings
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Figure 2. Mean ratings of A) motivation (scale: 1-5), B) sabiiscale: 1-9), and C) valence
(scale: 1-9) of the two experimental groups in the 30ngnigiessions. Error bars represent
standard errors of the mean (SEM).
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Training performance. Figure 3 displays mean level of difficulty in the OLMirinag
tasks and mean proportion of correctly solved items and nezetion time in the visual
perception control training tasks for each training sessioa.eValuated whether performance
changed systematically with linear contrasts of sedsioeach measure (see Table 4 for the
descriptive statistics and resutdNVe found significant large linear trends indicating

increasing performance across sessions for all measulesthi groups.
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Figure 3. A) Mean level of difficulty in the three OLM tiag tasks in the 30 training
sessions. B) Mean proportion of correctly solved items and @) m@action time (S) in the
three active control training tasks in the 30 trainingsisas. Error bars represent standard
errors of the mean (SEM).

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

Training Task F2 p s Session 1 Session 30
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M (SD) M (SD)
OLM Training Tasks: Level of Difficulty
Object-Location 71.20 <.001 0.68 1(0) 10.32 (5.66)
Shape-Location 78.02 <.001 0.70 1(0) 5.26 (2.97)
Landmark-Location  40.45 <.001 0.55 1(0) 4.82 (3.25)
Control Training Tasks: Proportion of Accuracy
Object-Perception  18.86 <.001 0.41 0.99 (0.02) 1.00 (<0.01)
Shape-Perception  14.30 .001 0.35 0.99 (0.03) 1.00 (0.01)
Landmark-Perception 37.71 <.001 0.58 0.97 (0.03) 0.99 (0.01)
Control Training Tasks: Average Item Reaction Time

Object-Perception  270.30 <.001 0.91 2.56 (0.40) 1.89 (0.27)
Shape-Perception  48.70 <.001 0.64 1.88 (0.37) 1.59 (0.26)
Landmark-Perception 87.05 <.001 0.76 2.68 (0.43) 2.31 (0.40)

Note. Significant p-values are printed bold.
aOLM training group F(1, 33), active control groug-(1, 27).

Transfer Effects

Figure 4 ilustrates the trajectory of mealiect sizes (Cohen’s d) for performance gains
in the administered tasks for each of the transferiebiih each experimental group from T1
to T4. LME models were used to evaluate training-inducedsfénagains on the level of
cognitive abilties (i.e., spatial episodic memory, verbal episp@imory, reasoning, visual
perception) rather than on the level of single tasksv¢ef.Bastian & Oberauer, 2013). One
advantage of LME models over more tradttional analyses asi&NOVAs is that LME
models can simultaneously account for multiple sourcesrince in the data (for a more
detailed discussion see Baayen, Davidson, & Bates, 2008). Towsessof variance can be
specified as fixed effects (e.g., experimental conditions) nolora effects (accounting for the

variability in sampling of individuals or tasks).
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Figure 4.Trajectory of mean effect sizes (Cohen’s d) of performance gains averaged across

the tasks measuring each of the four transfer abiltexs T1 to T4 for the two experimental
groups. A) Spatial episodic memory (near transfer). B) Vepiabdic memory (intermediate
transfer). C) Reasoning (far transfer). D) Visual peroepfcontrol for visual perception
control training). Error bars represent 95% confidence ingenffect sizes for repeated
measures and their confidence intervals were caldulesing ESCI (Cumming, 2011).

As fixed-effects predictors, we entered group (OLM vs. @atentrol) coded as simple
contrast, time of assessment (T2, T3, and T4) coded as sldingstofMenables & Ripley,
2002), and baseline performance as centered continuous covasiates8ed-random effects
(Baayen, et al., 2008), we entered subject to account for rand@iltxar between
individuals, and task to account for random variability betwahflarent tasks measuring the
same abiity. Following recent recommendations (Barr, Legphe&pers, & Tiy, 2013), we
attempted to fit the design-driven maximal random-effesttacture with random effects for
both intercepts (i.e., random variation around the overalhrodéghe dependent variable) and

slopes (i.e., random variation in the size of effects gfratlictors). As models including a
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random effect of task on the slope of group did not convergejn#ihenfodels included only
random effects of both subject and task on the intercept atiek @topes of time of
assessment. Models including random effects only on teenit yielded qualtatively the
same results. Results of the final model are summaiiizdébles 5 (fixed effects) and 6

(random effects).

Table 5
Parameter Estimates for Fixed Effects Related to the TraMesfesures
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 0.11 228 .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 xT# 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

Group x T® 0.08 0.17 0.47 .670
Groug x T# 0.15 0.17 0.89 .441

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

Groug x T 0.01 0.12 0.09 .929
Groug xT# 0.05 0.12 042 .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
T4p -0.19 0.08 -2.36 .028

Group x T® 0.03 0.13 025 .805
Group x T# 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 for the Random Effects Related to thef@rdMesasures
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 of the baseline
covariate (b =0.43, p <.001) reflects that performance at T2{Jdsisvely correlated with
baseline performance. The predictor for the group contrassigraicant (b = 0.24, p =.030)
over and above this relationship, indicating that, across T2x@4)tM group performed
better in the spatial episodic memory tasks than theeactintrol. The effect of T3 contrasted
against T2 was also significant (b = 0.41, p <.001), which meangdhatmance was -
Irrespective of group membership - better at T3 than at T2. ARe performance did not
change significantly.

Verbal episodic memory (intermediate transfer). Baseline performance significantly
predicted performance across T2-T4 (b = 0.48,@03). Performance increased irrespective
of group membership significantly from T2 to T3 (b = 0.45, p = .014). Nificigmt group
differences and no significant group x time interactiovese observed.

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

performance (b =0.39, p <.001), the OLM group performed significantlerlikdén the
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active control (b =0.26, p =.031) across T2-T4. Neither the effedisyefnor the group x
time interactions reached significance, indicating geformance of both groups was
relatively stable across T2-T4.

Visual perception (control). Baseline performance significantly predicted performance
across T2-T4 (b = 0.69, p <.001). There was a significant decreas#impace
irrespective of group membership from T3 to T4@{9.19, p = .028). No significant group
differences and no significant group X time interactiovese observed.

Taken together, the results suggested that the OLM gnqaoved more than the
active control in spatial episodic memory (near transdg reasoning (far transfer) across T2
through T4, but not in verbal episodic memory (intermediedester). There were no group
differences in visual perception (control) performance acf@sto T4. Whereas general
additional performance increases were observed from T2 to G@&hinspatial and verbal
episodic memory, this was not the case for reasoning (pencemeemained relatively stable
acrossl2-T4) and visual perception (performance decreased from T3 to T4eudownone
of the group x time interactions (i.e., T3 vs. T2 or T4 vs. T&8)ewsignificant, indicating that
change in performance was similar for both training groups.

Discussion

The aim of this study was to investigate whether probassd training of the abilty to
encode and retrieve associations between simultaneouslysgeddaformation units from
long-term memory (operationalized by OLM) in healthy olddulta improves performance in
the trained tasks and induces enduring transfer eflecpidodic memory and reasoning. To
evaluate transfer effects, we included an active cogtmip completing a visual perception
training intervention with the same stimuli and dura@the OLM training intervention, and
administered a cognitive test battery before, in the midafter (15 training sessions), at the

end (after 30 training sessions), and four months aftemgaiihe test battery included tests
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assessing spatial episodic memory, verbal episodic memoryeaswohing, which according
to the transfer framework by Noack et al. (2009) represent ineEamediate, and far transfer.
In addition, to demonstrate discriminant validity, visual pemepests were administered.
Transfer effects over the course of training until follogy were analyzed on the level of
cognitive abilties indicated by at leasta heterogeneous tests with linear mixed effect
models. We predicted that process-based OLM training would leadygodad linear
performance improvements in the trained tasks. Accordingetagbkociative deficit
hypothesis and to findings showing that associative episodimiypecontributes to reasoning
performance, OLM training could potentially induce near,nmdeliate, and far transfer, but
the few available studies on process-based episodic membiggtrén older adults generally
faled to demonstrate any transfer. We did not expect QbNirtg to yield transfer to visual
perception and the visual perception control interventiomt dil, to induce near transfer to
visual perception only.
Training Gains

As predicted, performance increases in the trained Okkbtacross the 30 training
sessions were large and linear, indicating room for exdmef improvement with longer
training in all three training tasks. Our findings ardne with previous studies on process-
based episodic memory training (Jennings & Jacoby, 2003; Jenniadis 2805; Lovdén et
al, 2012; Stamenova et al., 2014) and those on process-based working @medterecutive
function training in healthy older adults (Karbach & Negghen, 2014). Our results thus
demonstrate thatlder adults’ performance in encoding and retrieving visuo-spatial
associations from long-term memory can be successfully iegrdoy process-based training.
Transfer Effects

We found that process-based OLM training induced transfepdtal episodic memory

and reasoning, butot to verbal episodic memory.htlls according to the transfer framework
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by Noack et al. (2009), it yielded near and far, but no intermediatesfer effects. From a
theoretical perspective, it is unclear why we observedpthitern of transfer. The abilty to
encode and retrieve associations between simultaneouslysggddcaformation units from
long-term memory has been shown to be impaired in old agesadrdgpes of material (Old
& Naveh-Benjamin, 2008) and, according to the associativeit defipothesis (Naveh-
Benjamin, 2000), underlies episodic memory deficits of older adtulieneral. However,
considering the finally included indicators for the threadfer abilties, our results suggest
both domain- and process-specificity of OLM training. More $ipally, successful
performance in the OLM training tasks and the spatial epismdmory and reasoning tasks
depended on the encoding and retrieval of self-generatedatiesscibetween simultaneously
processed visuo-spatial information units from long-ternmomg. In contrast, the finally
included verbal episodic memory tasks primarily required pringes$ semantically related
verbal information. Indeed, associative memory processestesmmtribute little to
performance in episodic memory tasks with semanticalgtei@lverbal information such as
texts or word lists (see Saling, 2009), with several studisrtiy reduced or even non-
existing performance decrements in older adults for sexa#ytirelated in comparison to
unrelated word pairs (e.g., Badham, Estes, & Maylor, 2012; NavehsBien] Crak, Guez, &
Kreuger, 2005; Patterson, Light, Van Ocker, & Olfman, 2009). Consthguesasoning
rather than verbal episodic memory transfer tasks overlafipadyreater degree with the
OLM training tasks in terms of material and required d¢iwgniprocesses, possibly explaining
why we found transfer to reasoning, but not to verbal episodimory. Transfer of OLM
training may more likely occur for verbal episodic memoryndlasured by tasks requiring
associative memory processes, and less likely occur favniegsif assessed by verbal tasks.
There are two further, potentially complementary explanatifor the observed pattern

of transfer. First, different associative memory processsshma involved in OLM, spatial
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episodic memory, and spatial reasoning than in verbal episstimry. Mayes, Montaldi,

and Migo (2007) suggested that there are functional diffegeetween remembering
between-domain and within-domain associations. Lesion amdimaging studies indicate
that different neural networks support these two types ofome Process-based OLM
training practices encoding and retrieving of between-donmsdocations (associations
between visual (objects) and spatial (locations) informatidtence, it should yield transfer to
abilties which involve remembering between-domain assmwatsuch as spatial episodic
memory or spatial reasoning, but not to abilties which reqamembering within-domain
associations, including verbal associative episodic memonrgrbalvreasoning.

Second, because the correct retrieval of object-locatioociasns depends on the
retention of both objects and locations in memory (Postmb, €088), OLM training
practices also memory for objects and memory for locationgysiden associative memory.
Object memory and location memory are also involved in $pgiiaodic memory, but not in
verbal episodic memory. Moreover, object memory and locationorgehave been shown to
strongly correlate with reasoning, even when measuregrbgl tasks only (Siedlecki &
Salthouse, 2014). Consequently, transfer of process-based OLliNytraonverbal reasoning
may be even more likely than transfer to verbal episodicomem

The potential explanations outlned ab®heuld be tested in future studies. For
example, one could investigate the transfer effects aafgss-based OLM training on verbal
episodic memory tasks with semantically related and ustelaformation or on verbal and
spatial reasoning tasks. Furthermore, one could comparestrafisicts of memory training
for within-domain versus between-domain associations, ofdraaffects of OLM training
versus object memory or location memory training.

Although performance gains in accuracy and speed ingbeal vperception control

training tasks were linear and large across the traipergpd, we found no significant
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differences between the training greup transfer to visual perceptiomn the visual
perception transfer tasks, different stimuli (words, numbexemgtrical figures) were
presented than in the visual perception and OLM trainiggmes. Thus, our results indieat
material-specific effects of visual perception trainindjictv is in line with the limited
research on visual perception training in older adults (Asese Ni, Bower, & Watanabe,
2010). On the other hand, the absent transfer of OLM trakungsual perception implies
that the positive transfer of this intervention to spagjaisodic memory and reasoningasmot
driven by improvements in visual perception, buassociative memory.

Process-based OLM training seems to lead to lasting improwe nie spatial episodic
memory and reasoning abilty in older adults, gven thaiskea effects to these abilties
remained stable from post-training to the four-month foligowv-

Our findings stand out from the few prior studies on processebapisodic memory
training interventions in heatlthy older adults (Jenniegsl., 2005; Lévdén et al, 2012;
Stamenova et al., 2014) whichvhagenerally failed to demonstrate transfer to untrained
cognitive tasks, including those assessing episodic memdryeasoning. An advantage of
our study was that we evaluated transfer effects oleweé of cognitive abilities rather than
with single cognitive tasks. Moreover, in contrast to prevpuscess-based episodic memory
training studies, the selection of trained and assess®efetracognitive abilities was based on
clear theoretical assumptions and empirical evidencénaimrelationships to one another.
Finally, our intervention may have targeted episodic merpoogesses more effectively than
previous interventions.

Limitations

A lmitation regarding the performance gains in then¢@i OLM tasks is that we do not

know which level of difficulty the participants were able tonplete at baseline. Because all

participants started training on a relatively low levetiitulty, we cannot disentangle
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whether their performance gains in the &ditasks reflect achievement of their true initial
capacity or improvements beyond their initial capacity. Tadathis confound, in other
studies criterion tasks (i.e., test versions of the expatah training tasks with medium
difficulty) were administered before and after training .(eBgehmer, Westerberg, &
Backman, 2012; Lovdén et al, 2012; von Bastian & Eschen, ; 20h6Bastian, Langer,
Jancke, & Oberauer, 2013). Another possibility would be to provide partisi with an
individual inttial level of dificulty reflecting their bseline capacity. Future studies should
therefore follow one of the above approaches to capture perfengaics beyond intial
capacity.

One limitation to our transfer results is that, in casttto OLM training, visual
perception control training was tadaptive. It has been argued (e.g., Shipstead & Engle,
2012; von Bastian & Oberauer, 2014) that the use of non-adajotveols potentially
overestimates transfer effects, because non-adaptivindranay be less motivating than
adaptive training and thus control training participants eng@end less training effort.
However, if this had been the case, transfer effectd tatabme abiities should have been
observed, not only to spatial episodic memory and reasoning. Maqrem/ebserved
comparable achievement motvation during the first trgifhalf and, although training
motivation and valence were more stable in the OLMitigurgroup than in the control group,
no general group differences indkemeasures and arousal across the entire training period.
Furthermore, we found large linear performance gainesadraining sessions in both groups,
suggesting that the control group expmshdomparable training effort as the OLM training
group. Therefore, transfer effects of OLM training weagenikely driven by improved
associative memory processes rather than differencestiranon or training effort.

A second limitation regarding our transfer results is We used identical cognitive

tests across TI4. As these tests were administered for three timdsnwitine weeks from
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T1 to T3, relatively strong retest effects may have obdquossible transfer effects. The
improvements in spatial and verbal episodic memory performanoass the twgroups from
T2 to T3 are probably caused by such retest effects. Howewe best of our knowledge,
there are no test batteries currently available winiclude at least three heterogeneous tasks
for each of the four selected outcome abilties and four lgdaveirsions of these tasks. We
refrained from constructing such paralel versions becailiee complexity of such an
endeavor, the uncertainty whether demonstrated equalparaliel versions in a calbration
sample would also be found in the study sample, and the dyfficdlachieving an equal
distribution of the four parallel tasks versions acrbssi4 and the two experimental groups.
Finally, it is unclear whether OLM training would yieldndar positive transfer

effects in the general population of older adults and whetheh effects would produce
meaningful improvements in everyday cognitive tasks. Oupleamas relatively young (60-
75 years), did not suffer from neurological or mental disordess, highly educated, and had
slightly above-average cognitive abiities as indicatedhbystreening tests. However, in
previous research, age did not consistently predict theitognof training and transfer gains
of process-based working memory or executive functioning ricpim healthy older adults
(Karbach & Verhaeghen, 2014). Moreover, training and transfas gand to be larger in
patients with neurological and mental disorders (Weickerjngkr, & Thone-Otto, 2016)
and in healthy older adults with relatively low initiabgnitive status (von Bastian &
Oberauer, 2014). Hence, OLM training may Yyield even largamirtg and transfer effects in
less healthy and cognitively less fit older adults.
Conclusions

The present study provides first empirical evidence ghatess-based training of the
abilty to encode and retrieve associations from long-terrmame in healthy older adults can

induce transfer to untrained episodic memory and reasonikg, tax that these transfer
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effects are largely maintained for four months aftenitigp. However, improvements during
process-based OLM training transferred only to visuo-spapi@baic memory and visuo-
spatial reasoning, but not to verbal episodic memory. This caiblyobe explained by the
folowing reasons: a) the trained associative memory presesmitributed only little to
performance in the verbal episodic memory tasks whichdiedlusemantically related verbal
information, b) functional differences between the abiibyremember within-domain
associations, which is important for verbal episodic memorg, tlEnabilty to remember
between-domain associations, which was practiced in Oakng, or c) transfer of OLM
training was caused by practice of both associative arotssatial item memory processes.
Replication studies using larger and less selectivaplea, and transfer tasks allowing for
more precise differentiation of the above explanatiare needed to determine the long-term
impact and limitations of process-based training of theyald encode and retrieve
associations from long-term memory in healthy older aduksveder, taken together, the
present study offers reason for optimism that such trasirggpromising novel avenue to

counteract age-related declines in episodic memory andniegs
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