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SCIENTIFIC ABSTRACT

Recent studies on verbal immediate serial recall
(Darling et al., 2010; 2012; 2013) show evidence of
the integration of information from verbal and
visuospatial short term memory with long term
memory representations. This so-called
“visuospatial bootstrapping' pattern, in which verbal
serial recall is improved when the information is
arranged in a familiar spatially distributed pattern,
such as a telephone keypad, is consistent with the
existence within working memory of an episodic
buffer (Baddeley, 2000). The present experiment
aimed to investigate visuospatial bootstrapping
across aging to see if the bootstrapping pattern
persisted in a sample of older adults. Samples of 55
older and 55 younger adults carried out visual serial
recall in three visual display conditions: single digit
presentations, standard (familiar) keypad arrays and
random (unfamiliar) keypad that were previously
used to demonstrate visuospatial bootstrapping.
Results demonstrated an equivalent magnitude of
visuospatial bootstrapping effect in older and
younger adults. These data have implications for
the understanding of human memory and possibly
with future development of rehabilitation strategies
for participants with memory impairment.

Does the Scientific Abstract describe:
e the problem under investigation?
Yes No OJ

If no, please explain:

e participants or subjects, specifying pertinent characteristics; in animal research,
including genus and species?

Yes No

If no, please explain:
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study method, including:

o

o

sample size?

Yes No [

any apparatus used?

Yes No [

measures?

Yes No [

data-gathering procedures?

Yes No [J

research design (e.g., experiment, observational study)?
Yes No [

If answered “no” for any of the study methods above, please explain:

findings, including effect sizes and confidence intervals and/or statistical significance

levels?

Yes [

No
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If no, please explain:

These values omitted for conciseness - all significance levels and effect
sizes are reported in the main text

e conclusions and the implications or applications?
Yes No [

If no, please explain:
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INTRODUCTION

For the Introduction please indicate whether the requested
information can be found in this section of the manuscript, in

a supplemental file, or whether the information is not

relevant to the study. If the information is not relevant,

please provide a brief explanation.

Current models of Working Memory (WM, e.g.
Baddeley, 2000) propose that WM functions as an
ensemble of different processes. These include
so-called “slave systems', broadly passive stores that
maintain information over short periods. Other
processes can manipulate information held in the
slave systems; many such processes are considered
part of a "central executive' (CE), a limited set of
control resources that are recruited for tasks such as
planning, sequencing and inhibition (Baddeley, 2010;
Baddeley, Allen and Hitch, 2011).
There is good evidence of a clear distinction between
verbal and visuospatial temporary memory systems
(Smith, Jonides, & Koeppe 1996; Baddeley, Lewis &
Vallar 1984; Quinn & McConnell, 1996). Despite this,
memory often needs to maintain links between
attributes that fall into supposedly separate domains:
for example in tasks where participants must
remember the location and content of a verbal
stimulus (e.g. Prabhakaran, Narayanan, Zhao &
Gabrieli, 2000). In order to accommodate this,
Baddeley (2000) proposed a further component of
working memory, the “episodic buffer' (EB). This
limited capacity store is assumed to be recruited
when domain specific information, such as that held
in WM slave systems and in long-term memory
(LTM), has to be linked together and the link needs
to be temporarily retained, for example, remembering

1 . ol L

Does the Introduction:
e describe the importance of the problem?
In manuscript In supplemental files [ Not relevant []

If not relevant, please explain:

e describe theoretical or practical implications of the problem?
In manuscript In supplemental files [] Not relevant [

If not relevant, please explain:
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e review relevant scholarship in relation to previous work?
In manuscript In supplemental files [] Not relevant

If not relevant, please explain:

e review if other aspects of this study have been reported upon previously and
how the current report differs from these earlier reports?

In manuscript In supplemental files [] Not relevant [

If not relevant, please explain:
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e describe the specific hypotheses or objectives, such as

o theories or other means to derive hypotheses, if hypotheses were
offered?

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:

o primary hypotheses?
In manuscript In supplemental files [ Not relevant []

If not relevant, please explain:
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o secondary hypotheses?
In manuscript In supplemental files [] Not relevant []

If not relevant, please explain:

o planned exploratory analyses?
In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:
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e describe how hypotheses and research design relate to one another?

In manuscript In supplemental files [] Not relevant [

If not relevant, please explain:




Archives of Scientific Psychology Questionnaire for Manuscripts Describing Primary Data Collections
(Based on APA Journal Article Reporting Standards — JARS Questionnaire) 11

METHOD
110 participants

Participant or subject characteristics:

110 participants entered into
this study. Samples of 55
older adults (mean age: 63.5,
SD = 5.6, range: 55 to 75;
years of formal education:
12.2, SD = 4.6; 34 females)
and 55 younger adults (mean
age: 28.0, SD = 4.0, range: 18
to 35; years of formal
education: 15.9, SD = 2.5; 30
females)

Sampling procedures:

For the Method section, please provide the information requested below, regardless of whether it
also appears in the rest of the manuscript or in supplemental files.

o What were the eligibility and exclusion criteria for participants or subjects, including any restrictions
based on demographic characteristics?

Each participant was assessed with a brief neuropsychological battery to ensure that
participants are aging in a typical (rather than atypical) pattern. Moreover, participants
were given a brief interview to exclude those with serious health problems or those on
medication that can cause drowsiness or affect cognitive functioning. Participants were
sampled from 2 groups: 18-35 year old students and hosJital staff in the city of Bari,
Italy; 55-75 year old members of a cultural organisations in the city of Bari.

o What were the major demographic characteristics of participants or subjects as well as important topic-
specific characteristics, or, in the case of animal research, the genus and species?

Older Adults: Typically ageing 55-75 year olds from Bari, Italy (attendees of a cultural
organisation).

Younger Adults: 18-35 year old students and hospital staff from the Hospital and
University of Bari.

e What procedures were used for selecting participants, including

o the sampling method

Younger adults were recruited from students and staff of the Hospital and University of
Bari and wider Bari community. Students (N = 48) were recruited by asking for
volunteers in lectures whilst hospital staff were asked on a face-to-face basis. Older
participants were recruited from a cultural association in Bari (Italy). The researcher
went to the cultural association and gave a brief presentation asking for volunteers to
help with the research, the volunteers then passed on their details to her and individual
appointments were made.




Archives of Scientific Psychology Questionnaire for Manuscripts Describing Primary Data Collections
(Based on APA Journal Article Reporting Standards — JARS Questionnaire) 12

o the percentage of sample approached that participated

~25 o,

o any self-selection, either by individuals or by nomination from others?

Yes, participants were asked to volunteer to participate; as we do not know precisely
the number of people asked to participate (i.e. the number of people in the meetings
where the project was advertised) then the participation rate represents a best

o What were the settings and locations where data were collected?

A quiet room in the hospital (attached to the university) or a comparable quiet room in
the cultural association. Participants were tested on their own and the rooms were
isolated from the institutions they were in.

o Were any agreements and payments made to participants?

No

o Were IRB agreements obtained, ethical standards met, and safety monitored?
Yes No OJ

If no, please explain:
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Sample size, power and precision:

What was the intended sample size?
n= 110

What was the actual sample size?
n=110

How was sample size determined:

o power analysis?
Yes No [J

o other methods used to determine accuracy of parameter estimates?
Yes [ No

If yes, describe:

o stopping rules or interim analyses?
Yes No [

If yes, describe:

An interim analysis was calculated when half the sample was collected which yielded a
broadly similar pattern to the final data set.
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Measures and covariates:

Please provide the definitions of all primary and secondary measures and covariates taken in the study,
including measures collected but not included in this report

Measure name: Definition:
Background Assessments:

Education Years of education

MMSE Measure of mental state
Raven's Coloured Progressive Matrices Measure of fluid intelligence
(RCPM)\

What methods were used to collect data?
Neuropsychological assessment (background measures) and Experimental Research
(computerised testing by a researcher (experimental measures)

o Were methods used to enhance the quality of measurements?

training and reliability of data collectors?
No [

o

Yes

use of multiple observations?
No

(@]
Yes [

e What are the known psychometric and biometric properties of instruments used in the study?

Result:
.15 (Medium)

Property:
Effect size (Partial
eta-squared)

Measure Name:
Experimental Measure
Parameter from previous
research: Bootstrapping
effect (difference in number
of correctly recalled trials in

(s .
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Research design:
o Were conditions manipulated ®or naturalistic m?

If manipulated, please complete JARS:EXP (see below)

If manipulated, were subjects randomly assigned to conditions?
Yes [ No

If randomly assigned, please complete JARS: RCT (see below)

If not randomly assigned, please complete JARS:QED (see below)

Miscellaneous:

o Are there any other aspects of the study’s methods that are important for the interpretation or replication
of its findings?
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RESULTS

Participant flow:

Recruitment:

Missing data:

For the Results section, please provide the information requested in the questionnaire or provide
the page number, table, or supplemental file in which the information can be found.

If your manuscript is accepted for publication, you will need to deposit your data set in an approved
data repository. Please see Instructions to Authors for more information:
www.apa.org/pubs/journals/arc

e How did participants move through each stage of the study and how many were lost at each stage, if
any (use flow chart, if appropriate—see Figure 1 below for an example)?

Participants took part on a single occasion. Two participants (out of 110) withdrew
before completing all parts of the study and were excluded from subsequent analysis.

e Please provide the dates defining the periods of recruitment and repeated measures or follow-up.

Period Start Date: End Date:
Recruitment: January 2013 March 2014

o Did you experience problems concerning statistical assumptions and/or data distributions that could
affect the validity of findings?

Yes [ Noml

If yes, please describe:



http://www.apa.org/pubs/journals/arc
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Missing data

Is missing data a cause of concern in this data set?
Yes[] Nol

If missing data was a cause of concern, is there empirical evidence and/or theoretical arguments
for the causes of data that are missing (e.g., missing completely at random (MCAR), missing at
random (MAR), or missing not at random (MNAR))?

If missing data was a cause of concern, is there empirical evidence and/or theoretical arguments
for the causes of data that are missing (for example, missing completely at random (MCAR),
missing at random (MAR), or missing not at random (MNAR))?
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If missing data was a cause of concern, what methods, if any, were used for addressing missing
data?

DISCUSSION

Statistics and data analysis:

For the Discussion section, please indicate whether the requested information can be found in this
section of the manuscript, in a supplemental file, or whether the information is not relevant to the
study. If not relevant, please provide a brief explanation.

Did you experience problems concerning statistical assumptions and/or data distributions that could
affect the validity of findings?

Yes[]

If yes,

Noml

please describe:

For inferential statistics (NHST), please indicate the a priori Type 1 error rate adopted:

p<.05
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e For each NHST conducted, regardless of whether significant results were obtained and regardless of
whether or not reported in the text, please provide a log of the centrality (primary, secondary
exploratory) of the analyses to the study’s purpose, the analytic technique used, the direction,
magnitude, degrees of freedom, and exact p-level associated with each test:

Main Analyses Testing Hypotheses

*ALL T-TEST P VALUES ARE 2-TAILED*
Span Comparison (Secondary): t-test between groups. Older adults had lower span.t =
5.33, DF =106, p <.001

e For multivariable analytic systems (e.g., multivariate analyses of variance, regression analyses,
structural equation modeling analyses, and hierarchical linear modeling)

e provide the associated variance-covariance (or correlation) matrix or matrices:

N/A

e describe any estimation problems (e.g., failure to converge, bad solution spaces), anomalous data
points:

o identify the statistical software program, if specialized procedures were used:
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e |s there a statement of support or nonsupport for all original hypotheses distinguished by primary and
secondary hypotheses?

In manuscript In supplemental files [] Not relevant [

If not relevant, please explain:

e Are post hoc explanations proposed?

In manuscript In supplemental files [] Not relevant [

If not relevant, please explain:

e Are the similarities and differences between these results and the work of others discussed?

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:
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Are results interpreted taking into account
e sources of potential bias and other threats to internal validity?

In manuscript In supplemental files [ Not relevant []

If not relevant, please explain:

e imprecision of measures?

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:

o the overall number of tests or overlap among tests?

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:
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o other limitations or weaknesses of the study?

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:

Is the generalizability (external validity) of the findings taken into account with regard to
o the target population?

In manuscript In supplemental files [ Not relevant []

If not relevant, please explain:

e other contextual issues?

In manuscript In supplemental files [ Not relevant [
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If not relevant, please explain:

e |s there discussion of implications for future research, program, or policy

In manuscript In supplemental files [ Not relevant [

If not relevant, please explain:
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JARS: EXP: These questions should be answered for all studies with an experimental manipulation or
intervention (in addition to the JARS: ALL Questionnaire)

METHODS

Experimental manipulations or
interventions:

In the Method section of a study with an experimental manipulation or intervention, please provide the
information requested below, regardless of whether it also appears in the manuscript or a supplemental
file. If the information requested is irrelevant to the study, briefly explain why.

e Please provide the details about the experimental manipulations or interventions intended for each study
condition, including control groups and specifically including

e the content of the specific experimental manipulations or interventions—a summary or
paraphrasing of instructions (unless they are unusual or compose the manipulation, in which case they
may be presented verbatim):

Manipulation 1: Participant Age

Manipulation 2: Presentation method - To be remembered information was a string of digits
presented on a computer screen for verbal serial recall.

Condition 1: Single digit - digits presented sequentially in centre of screen

Condition 2: Typical Key Pad - A matrix of digits presented in the same arrangement as a

e the method of manipulation or intervention delivery—a description of apparatus and materials used
and their function in the experiment:

The sequences were presented on a 15" Laptop computer monitor using an experimental
stimulus set that was compiled using 'e-prime 2' software(Manufacturer: PST).

Identify specialized equipment by model and supplier:

Toshiba

¢ the deliverers, that is, who delivered the manipulations or interventions

o level of professional training:

Clara Calia, PhD student
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o level of training in specific manipulations or interventions:

These are experimental tasks which were developed by the researcher in conjunction with
the research team.

o the number of deliverers and, in the case of interventions, the M, SD, and range of number of
individuals/units treated by each:

o the setting, that is, where the manipulations or interventions occurred:

University of Bari (Italy) and Cultural Association in Bari (Italy)

o the exposure quantity and duration, that is, how many sessions, episodes, or events were intended to
be delivered and how long they were intended to last:

1 exposure for each participant

o the time span, that is, how long it took to deliver the intervention or manipulation to each unit:

1h 30 testing for each participant




Archives of Scientific Psychology Questionnaire for Manuscripts Describing Primary Data Collections
(Based on APA Journal Article Reporting Standards — JARS Questionnaire) 26

e activities to increase compliance or adherence (e.g. incentives):

N/A

o the use of languages other than English and the translation method:

The administration of the tests and the interviews were in ltalian.

Masking:
o Were participants, those administering the interventions, and those assessing the outcomes unaware of

condition assignments?
YesU] No

If no, why not?

Participants could see the stimulus displays in the different repeated measures conditions.
The researcher was also able to observe this.

e If masking took place, how was it accomplished, and how was its success evaluated?
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Units of delivery and analysis:

e Unit of delivery: How were participants grouped during delivery?

Individually

o What was the smallest unit that was analyzed (and, in the case of experiments, that was randomly
assigned to conditions) to assess manipulation or intervention effects (e.g., individuals, work groups,
classes)?

Individual

o If the unit of analysis differed from the unit of delivery, please describe the analytical method used to account
for this (e.g., adjusting the standard error estimates by the design effect or using multilevel analysis):

It was a within-subjects factor manipulated in blocks and age group was between-subjects
factor




Archives of Scientific Psychology Questionnaire for Manuscripts Describing Primary Data Collections
(Based on APA Journal Article Reporting Standards — JARS Questionnaire) 28

RESULTS

Participant flow:

For the Results section, please indicate below the page number, table, or supplemental file in which the
information can be found.

o What was the total number of groups (if the experimental manipulation or intervention was administered at
the group level), and what was the number of participants assigned to each group?

A total of 110 participants entered into this study divided in 2 groups. Samples of 55 older
adults and 55 younger adults were recruited. See p11.

Treatment fidelity:

e What evidence is there that the deliverers of treatment adhered to the respective intervention
manuals/guidelines?

N/A

e What evidence is there that the treatments were delivered competently?

Treatments were presented as were computerised displays and the data files indicate
successful and competent administration.
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Statistics and data analysis:

Adverse events and side effects:

Were the analyses intent-to-treat[ ], complier average causal effect[ 1, or other or multiple ways[1?

Please explain:

N/A - This was basic experimental work with no random allocation (P11-12

Please describe all important adverse events or side effects in each experimental or intervention:

None
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DISCUSSION

For the Discussion section, please indicate below the page number, table, or supplemental file in which
the information can be found.

o Do results discussed take into account the mechanism by which the manipulation or intervention was
intended to work (causal pathways) or alternative mechanisms?

Yesl No[l

If no, please explain:

P17-19

e If an intervention is involved, is there discussion of the success of and barriers to implementing the
intervention, and the fidelity of implementation?

Yes[] No[l

If no, please explain:

N/A

e |s there a discussion of the generalizability (external validity) of the findings taking into account

o the characteristics of the intervention?
(@]
Yesll No[l
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If no, please explain:

o how and what outcomes were measured?
Yesl No[l

If no, please explain:

P16-18

o length of follow-up?
Yes[] Noll

If no, please explain:

There was no follow up - not relevant in a cognitive experiment looking at effect durations of
0 -10 seconds.

o incentives?

Yes[] Noml

If no, please explain:
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There were no incentives to participate (P11)

o compliance rates?
YesHl Noll

If no, please explain:

P15

¢ |s there discussion of the clinical or practical significance of outcomes and the basis for these
interpretations?

Yesl No[l

If no, please explain:

P17-20
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JARS: RCT: These questions should be answered for all studies with an experimental manipulation or
intervention that employed random assignment to experimental conditions (in addition to JAR:ALL and JARS:

EXP)

METHOD

Random assignment — method:

Random assignment —
concealment:

In the Method section of a study that employed random assignment to experimental conditions,
please provide the information requested below, regardless of whether it also appears in the
manuscript or a supplemental file. If the information requested is irrelevant to the study, briefly
explain why.

e What procedures were used to generate the random assignment sequence (including details of any
restrictions—e.g., blocking, stratification)?

o Was the sequence concealed until experimental or intervention sequence was assigned?
Yes [ No[]

If no, why not?
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Random assignment —
implementation:

Who generated the assignment sequence?

Who enrolled participants?

Who assigned participants to groups?
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JARS: QED: These questions should be answered for all studies with an experimental manipulation or
intervention that did not employ random assignment to experimental conditions (in addition to JARS: All and
JARS: EXP).

METHOD

Assignment method: ¢ What was the unit of assignment (the unit being assigned to study conditions—e.g., individual,

group, community)?

o What was the method used to assign units to study conditions, including details of any restriction
(e.g., blocking, stratification, minimization)?

e What procedures were employed to help minimize potential bias due to nonrandomization (e.g.,
matching, propensity score matching)?
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Diagram showing the flow of participants through each stage of a randomized trial.
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JARS: MISC: These questions should be answered for all studies not employing an experimental manipulation or
intervention (in addition to JARS: All).

Please provide below as detailed a description as possible of the research design used in the study or studies. This
description should be at least as detailed than that expected in all APA journals. There is no restriction on length.
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	please provide a brief explanation: Current models of Working Memory (WM, e.g. Baddeley, 2000) propose that WM functions as an ensemble of different processes. These include so-called `slave systems', broadly passive stores that maintain information over short periods. Other processes can manipulate information held in the slave systems; many such processes are considered part of a `central executive' (CE), a limited set of control resources that are recruited for tasks such as planning, sequencing and inhibition (Baddeley, 2010; Baddeley, Allen and Hitch, 2011).
There is good evidence of a clear distinction between verbal and visuospatial temporary memory systems (Smith, Jonides, & Koeppe 1996; Baddeley, Lewis & Vallar 1984; Quinn & McConnell, 1996). Despite this, memory often needs to maintain links between attributes that fall into supposedly separate domains: for example in tasks where participants must remember the location and content of a verbal stimulus (e.g. Prabhakaran, Narayanan, Zhao & Gabrieli, 2000). In order to accommodate this, Baddeley (2000) proposed a further component of working memory, the `episodic buffer' (EB). This limited capacity store is assumed to be recruited when domain specific information, such as that held in  WM slave systems and in long-term memory (LTM), has to be linked together and the link needs to be temporarily retained, for example, remembering what item went where, or remembering that a word was presented in red ink. 
Representations composed of conjunctions of visual stimulus elements are evidently formed and retained in memory (e.g. Allen, Baddeley, & Hitch, 2006; Allen, Hitch, & Baddeley, 2009; Baddeley, Hitch, & Allen, 2009; Bao, Li, & Zhang, 2007; Karlsen, Allen, Baddeley, & Hitch, 2010). Binding of this type can proceed automatically without the intervention of executive attentional processes (Allen, Hitch, Mate & Baddeley, 2012; Ueno, Mate, Allen, Hitch, & Baddeley 2011), leading to the conclusion that binding processes in the EB can operate broadly independently of the CE (Baddeley, et al, 2011).  Such patterns of binding are not limited to attributes that broadly share the same perceptual domain: there is evidence of binding between materials in verbal and visuospatial temporary memory (Bao et al., 2007; Prabhakaran et al., 2000) and that information stored in different modalities can interact or compete (Mate et al., 2012: Morey & Cowan, 2004, 2005). 
Binding between verbal and visuospatial working memory has been observed repeatedly in a series of studies employing a task that avoided explicitly asking participants to `bind' information at all , hence demonstrating implicit cross-modality feature binding, an effect termed `visuospatial bootstrapping' (VSB: Darling & Havelka, 2010; Darling, Allen, Havelka, Campbell, and Rattray,  2012; Darling, Parker, Goodall, Havelka, and Allen, 2014; Allen, Havelka, Falcon, Evans & Darling, in press). In this task, information presented visually for verbal serial is recalled better when the visual display is arranged in a familiar spatially distributed pattern, a telephone keypad, than when to-be-remembered numbers are presented one after another in a single location. For such patterns to be observed,  memory performance must have been improved (i.e. `bootstrapped') by the integration of visuospatial information when it was available in the display. This observation was assumed (Darling & Havelka, 2010) to reflect the retention of bindings of visuospatial information (locations), and verbal information (digits), facilitating performance. VSB is consistent with the EB addition to the WM model described previously. 
Processes underlying VSB seem to require the existence of a familiar representation in long-term memory (LTM) because only well-known displays (phone keypads) elicit the effect, whereas unfamiliar displays (random keypads) do not (Darling et al., 2012, 2014). A comparable pattern exists when spatial material is to be remembered:  long-term spatial memory influences WM for spatial configurations (Brown & Wesley, 2013), taken together it seems that that arrays in LTM can facilitate more effective recall in WM. However, the VSB pattern also requires the operation of visuospatial WM components: it is completely attenuated under a random tapping task assumed to load visuospatial WM whereas it is slightly exaggerated under verbal WM load (Allen, et al, in press)
VSB develops along a characteristic trajectory (Darling et al., 2013): whilst a clear bootstrapping effect was observed in adults and 9-year-olds, there was no evidence of a similar effect at 6 years of age. Based on this, VSB seems to attain a magnitude comparable to that of adults between ages of 6 and 9, and this apparent maturation of bootstrapping precedes the maturation of memory capacity in both visual and verbal domains which continues to increase through adolescence (Siegel, 1994), a type of pattern that suggests the involvement of different cognitive resources (Gathercole, 1999). 
Although the pattern of VSB in young adults and children has been investigated, it is unclear what the effects of typical aging are on VSB might be. The current research is specifically targeted at investigating the VSB effect in typically aging older adults. Hence, we report an assessment of VSB that was carried out in a sample of younger and older adults. 
 
WORKING MEMORY IN AGING 
Normal aging is associated with a decline in several cognitive functions (Manan, Franz, Yusoff, Mukari, 2013) including working memory, auditory processing, (Anderson, Parbery-Clark, Yi HG; 2011, Dew, Buchler, Dobbins, Cabeza, 2011), attention (Smith et al., 2000; Kujala, Shtyrov, Winkler, Saher, Tervaniemi, Sallinen, 2004) and long-term memory (Park, Lautenschlager, Hedden, Davidson, Smith, & Smith, 2002). Many researchers consider WM to be a key factor in age-related cognitive decline (Borella, Cornoldi & De Beni 2009; Bopp & Verhaeghen, 2005; Borella, Carretti, & De Beni, 2008), as it has been repeatedly observed that WM declines with aging (Jost, Bryck, Vogel, and Mayr, 2011; Myerson, Emery, White, Hale, 2003; Chen Hale, Myerson, 2003), and also that age-related decline in WM is gradual and linear (Vaughan and Hartman, 2010; for a review see Rajah and D'Esposito, 2005). WM decline might explain the difficulties faced by the elderly in a wide variety of tests of fluid cognition (Baddeley, 1989; Dobbs and Rule 1989; Verhaeghen and Salthouse, 1997), in contrast to a minimal decline in crystallized intelligence Schaie, 2005). However, visual working memory is more strongly correlated with with general fluid intelligence whilst verbal working memory is more strongly associated with crystallized intelligence (Bergman, Almkvist, 2013; Dang, Braeken, Ferrer, Liu, 2012; Haavisto, Lehto, 2004), though the former relationship seems more replicable than the latter (Colom, Flores-Mendoza, & Rebollo, 2003; Conway, Cowan, Bunting, Therriault, & Minkoff, 2002; Verguts & De Boeck, 2002). Links between visuospatial WM and fluid intelligence may be related to the increased executive demands of common visuospatial WM tasks (e.g. Vandierendonck, Kemps, Fastame & Szmalec, 2004). These patterns of relationships support fractionated models of working memory in which specific components have different age-related trajectories (Dang et al., 2012). Recent evidence also suggests that age affects different visuospatial WM processes differentially: location memory was less affected by aging than identity memory, whereas identity-location binding was particularly impaired in older adults (Thomas, Bonura, Taylor, and Brunyé, 2012). 
Studies that focus on the comparison between verbal and visual-spatial WM, show conflicting data. Some pieces of research seem to demonstrate that visuospatial WM could be more sensitive to the effects of age compared to the verbal component of WM (Bo, Jennett, Seidler, 2012; Jenkins, Myerson, Joerding, & Hale, 2000; Jenkins, Myerson, Hale, & Fry, 1999; Verhaeghen, Cerella, Semenec, Leo, Bopp, & Steitz, 2002; Bopp & Verhaeghen, 2007). However, other studies have found that older people tend to perform better in the visual-spatial domain than in the verbal (Fastenau, Denburg & Abeles, 1996; Vecchi, Richardson & Cavallini, 2005). Other research (Hale, Rose, Myerson, Strube, Sommers, Tye-Murray 2011; Park et al., 2002) suggests that there is not a considerable difference between decline in visuospatial and verbal memory processes across the life span (Borella, Ghisletta & de Ribaupierre, 2011). Moreover, Kemps and Newson (2006) have shown that, when the tests used are as similar as possible, no differences in age-related decline in verbal and visual-spatial WM are found. 
A recent review by Allen and Brown (2013) argues that age-related binding deficits in WM are somewhat inconsistent and there are conflicting results about the observation of deficits in binding. However, it has been observed that some forms of binding, particularly involving location, might decline with age because in the absence of environmental support older adults engage less in controlled processes that facilitates explicit recollective memory (Daniels et al. 2006). Moreover, poor memory for source and other contextual details seem to be linked with age-related memory declines (Chalfonte & Johnson 1996, Hashtroudi et al. 1989)
There is evidence that the elderly have worse performance than young people in all span tests, and particularly with those requiring a high executive control, independently of type of material presented (De Ribaupierre and Lecerf, 2006; De Ribaupierre and Ludwig, 2003; Park et al., 2002). Recent research on visuospatial WM in aging is in agreement with this: aging seems to be more impactful in complex (storage  - and  - processing) compared to simple (storage only) span tasks (Mammarella, Borella, Pastore, Pazzaglia, 2013). One possible reason for such patterns may relate to the influential HAROLD model of cerebral aging (Cabeza, 2001, Cabeza, Anderson, Locantore, McIntosh, 2002) which argues for a more bilateral recruitment of the prefrontal cortex (PFC) in older age.  In typical young adults, brain activation is predominantly left lateralized for verbal and right lateralized for visuospatial WM, whereas older adults show more bilateral activation patterns for both types of memory (Reuter-Lorenz, Jonides, Smith, Hartley, Miller, Marshuetz, Koeppe, 2000). Consequently, it might be expected that as laterality patterns decrease in aging, specialised visuospatial WM related to cerebral lateralisation might also decline with age. Following this hypothesis, VSB should decline with age too. Another similar perspective, which opens a new view of the aging mind, is the scaffolding theory of aging and cognition (STAC, Park & Reuter-Lorenz, 2009) which suggests that one of the outcomes of an adaptive brain that engages in compensatory scaffolding in response to the challenges posed by declining neural structures and function  is the increase of frontal activation with age. According to the authors, STAC is a process that involves use and development of complementary and alternative neural circuits to achieve a cognitive goal and it is present across the lifespan. As bootstrapping is by definition an alternate route towards achieving a goal, then it would seem logical to suggest that the STAC framework would predict the persistence of bootstrapping into old age.
The current study is designed to investigate VSB in an older adult sample. On the basis of data suggesting that visuospatial WM is subject to decline in typical aging we might expect to see an attenuation of VSB in reflection of the important role of visuospatial temporary memory to VSB. In contrast, if episodic buffer processes indexed by VSB represent a relatively automatic set of bindings between short term memoranda and LTM knowledge, we might expect to see VSB to be largely preserved in older adults. As in previous studies, a single digit condition was contrasted with a typical keypad condition and a random keypad condition. A random keypad was included because it can be used to estimate the degree to which a familiar representation of a particular spatial array is necessary for the observation of facilitation due to VSB.
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	METHOD Participant or subject characteristics Sampling procedures:  
	Participant or subject characteristics: 110 participants entered into this study. Samples of 55 older adults (mean age: 63.5, SD = 5.6, range: 55 to 75; years of formal education: 12.2, SD = 4.6; 34 females) and 55 younger adults (mean age: 28.0, SD = 4.0, range: 18 to 35; years of formal education: 15.9, SD = 2.5; 30 females) 
	Sampling procedures: 
	based on demographic characteristics: Each participant was assessed with a brief neuropsychological battery to ensure that participants are aging in a typical (rather than atypical) pattern. Moreover, participants were given a brief interview to exclude those with serious health problems or those on medication that can cause drowsiness or affect cognitive functioning. Participants were sampled from 2 groups: 18-35 year old students and hos[ital staff in the city of Bari, Italy; 55-75 year old members of a cultural organisations in the city of Bari.
 
 
	specific characteristics or in the case of animal research the genus and species: Older Adults: Typically ageing 55-75 year olds from Bari, Italy (attendees of a cultural organisation).
 
Younger Adults: 18-35 year old students and hospital staff from the Hospital and University of Bari.
	What procedures were used for selecting participants including: 
	o: Younger adults were recruited from students and staff of the Hospital and University of Bari and wider Bari community. Students (N = 48) were recruited by asking for volunteers in lectures whilst hospital staff were asked on a face-to-face basis. Older participants were recruited from a cultural association in Bari (Italy). The researcher went to the cultural association and gave a brief presentation asking for volunteers to help with the research, the volunteers then passed on their details to her and individual appointments were made.
	undefined: ~25
	o_2: Yes, participants were asked to volunteer to participate; as we do not know precisely the number of people asked to participate (i.e. the number of people in the meetings where the project was advertised) then the participation rate represents a best estimate.
	undefined_2: A quiet room in the hospital (attached to the university) or a comparable quiet room in the cultural association. Participants were tested on their own and the rooms were isolated from the institutions they were in.
	undefined_3: No
	Were IRB agreements obtained ethical standards met and safety monitored: Yes_14
	If no please explain_9: 
	undefined_4: 
	Sample size power and precision: 
	n: 110
	n_2: 110
	o_3: Yes_15
	o_4: No_16
	If yes describe: 
	o_5: Yes_17
	If yes describe_2: An interim analysis was calculated when half the sample was collected which yielded a broadly similar pattern to the final data set.
	undefined_5: 
	Measures and covariates: 
	Measure name: Background Assessments:
Education
MMSE
Raven's Coloured Progressive Matrices (RCPM)
Digit Span
Digits Backward
Visual Pattern Task
Corsi Block Task
 
Experimental Measures
Single digit pre-test span
Number of correctly recalled trials at span (in each display condition)
Proportion of correctly recalled items per trial at span (not included in report but provides very similar pattern to the included measure)
 
	Definition:  
Years of education
Measure of mental state
Measure of fluid intelligence
 
Measure of verbal working memory
Measure of executive processing in WM
Measure of visual working memory
Measure of spatial working memory
 
 
	undefined_6: Neuropsychological assessment (background measures) and Experimental Research (computerised testing by a researcher (experimental measures)
	o_6: Yes_18
	o_7: No_19
	Measure Name: Experimental Measure Parameter from previous research: Bootstrapping effect (difference in number of correctly recalled trials in single item and typical keypad conditions) as reported by Darling et al, 2014
Sample of young adults
 
	Property: Effect size (Partial eta-squared) 
	Result:  .15 (Medium)
 
	Miscellaneous: 
	Research design: 
	Were conditions manipulated: On
	or naturalistic: On
	If manipulated were subjects randomly assigned to conditions: No_20
	If not randomly assigned please complete JARSQED see below: 
	of its findings: 
	Participant flow: 
	Participant: 
	undefined_8: Participants took part on a single occasion. Two participants (out of 110) withdrew before completing all parts of the study and were excluded from subsequent analysis.
	Please provide the dates defining the periods of recruitment and repeated measures or followup: 
	Recruitment: 
	Period Recruitment: 
	Start Date: January 2013
	End Date: March 2014
	Did you experience problems concerning statistical assumptions andor data distributions that could: 
	affect the validity of findings: No_21
	Missing data: 2
	undefined_9: 
	Is missing data a cause of concern in this data set: No_22
	random MAR or missing not at random MNAR: 
	missing at random MAR or missing not at random MNAR: 
	data: 
	DISCUSSION Statistics and data analysis: 
	Statistics and data analysis: 
	affect the validity of findings_2: No_23
	If yes please describe: 
	undefined_10: p < .05
	magnitude degrees of freedom and exact plevel associated with each test: Main Analyses Testing Hypotheses
 
*ALL T-TEST P VALUES ARE 2-TAILED*
Span Comparison (Secondary): t-test between groups. Older adults had lower span.t = 5.33,  DF = 106, p <.001
Main experimental analysis of performance across conditions (Primary): ANOVA (Mixed - 2 (age group) x 3 (display condition).
Main effect: Age Group: F = .004, DF = 1,106, p = .949
Main effect: Display Condition: F = 16.48, DF =2, 212, p < .001
Interaction: Display condition x age group: F = .841, DF = 2,212, p = .433
 
Pairwise comparisons
 TKP vs SD (Primary): t (107) = 4.05, p < .001 *
 TKP vs. RKP (Primary): t (107) = 5.63, p < .001 
 RKP vs. SD (Secondary): t(107) =  1.66, p = .09
 * The bootstrapping hypothesis predicts a benefit of TKP over SD: the visuospatial bootstrapping effect would be empirically rejected if TKP was performed significantly worse than SD hence a one-tailed analysis is indicated in the TKP vs SD comparisons here and in the section below. In this case the 1 tailed p value would be p < .001. Note that it is NOT possible to make strong directional predictions for TKP vs RKP and RKP vs SD as differences in both directions are plausible and so 2-tailed tests are appropriate
 
 
SMEs of display (Secondary)
 Young: F (2,105) = 12.29, p <.001
   Multiple Comparisons
TKP vs SD (Secondary): t (53) = 3.91, p < .001*
TKP vs. RKP (Secondary): t(53) =  4.31, p < .001 
RKP vs. SD  (Secondary): t (53) = 0.76, p = .45
*As above, a one-tailed test is indicated, under such a test p < .001
 
 Old: F (2,105) = 5.98, p = .003
Multiple Comparisons
TKP vs SD (Secondary): t (53) = 1.87, p = .066*
TKP vs. RKP (Secondary): t(53) =  1.65, p =.103 
RKP vs. SD  (Secondary): t (53) = 3.61, p = .001
*As above, a one-tailed test is indicated, under such a test p =.03
 
Analyses performed on background test data
 
Measure                  Younger adults         Older adults                           d         t         p
Education (years)         15.94 (SD = 2.31)         12.19 (SD = 4.59)         1.03         5.37         .000
MMSE                            29.80 (SD = .078)         29.17(SD = 1.83)         0.49         2.32         .022
RCPM                           35.24 (SD = 1.42)         31.06 (SD = 4.59)         1.23         6.40         < .001
Digit Span forward          6.24 (SD = .67)                  5.56 (SD = 1.02)                  0.79         4.12         < .001
Digit span backward          4.98 (SD = 1.17)                  4.43 (SD = 1.00)                  0.50         2.64         .009
Visual Patterns Test          9.25 (SD = 1.74)                  6.93 (SD = 1.85)                  1.29         6.72         < .001
Corsi Block Tapping Test  5.61 (SD = .97)                  5.09 (SD = .99 )                  0.53         2.73         .007
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	interventions: 
	may be presented verbatim: Manipulation 1: Participant Age
Manipulation 2: Presentation method - To be remembered information was a string of digits presented on a computer screen for verbal serial recall.
Condition  1: Single digit - digits presented sequentially in centre of screen
Condition 2: Typical Key Pad - A matrix of digits presented in the same arrangement as a typical phone keypad. Sequence indicated by highlighting numbers sequentially.
Condition 3: Random Key Pad - As condition 2, but keypad array is same shape as a phone keypad, but the numbers are located randomly. Number-location relationship stays constant throughout the run of trials though.
 
	and their function in the experiment: The sequences were presented on a 15" Laptop computer monitor using an experimental stimulus set that was compiled using 'e-prime 2' software(Manufacturer: PST).
	Identify specialized equipment by model and supplier: Toshiba 
	undefined_16: Clara Calia, PhD student
	o_8: These are experimental  tasks which were developed by the researcher in conjunction with the research team.
	individualsunits treated by each: 1
	undefined_17: University of Bari (Italy) and Cultural Association in Bari (Italy) 
	be delivered and how long they were intended to last: 1 exposure for each participant
	undefined_18: 1h 30 testing for each participant
	undefined_20: N/A
	undefined_21: The administration of the tests and the interviews were in Italian.
	undefined_22: 
	Masking: 
	condition assignments: No_24
	If no why not: Participants could see the stimulus displays in the different repeated measures conditions. The researcher was also able to observe this.
	undefined_23: 
	Units of delivery and analysis: 
	Units of delivery and analysis_2: 
	Unit of delivery How were participants grouped during delivery: 
	undefined_24: Individually
	classes: Individual
	for this eg adjusting the standard error estimates by the design effect or using multilevel analysis: It was a within-subjects factor manipulated in blocks and age group was between-subjects factor
	RESULTS Participant flow Treatment fidelity: 
	Participant flow_2: 
	Treatment fidelity: 
	the group level and what was the number of participants assigned to each group: A total of 110 participants entered into this study divided in 2 groups. Samples of 55 older adults and 55 younger adults were recruited. See p11.
	What evidence is there that the deliverers of treatment adhered to the respective intervention: 
	manualsguidelines: N/A
	undefined_25: Treatments were presented as were computerised displays and the data files indicate successful and competent administration.
	Adverse events and side effects: 
	Were the analyses intenttotreat: 
	undefined_27: 
	complier average causal effect: 
	or other or multiple ways: 
	Statistics: 
	undefined_28: N/A - This was basic experimental work with no random allocation (P11-12
	undefined_30: None
	DISCUSSION: 
	intended to work causal pathways or alternative mechanisms: Yes_25
	If no please explain_10: P17-19
	intervention and the fidelity of implementation: 
	If no please explain_11: N/A
	the characteristics of the intervention: Yes_27
	If no please explain_12: 
	how and what outcomes were measured: Yes_28
	If no please explain_13: P16-18
	length of followup: No_29
	If no please explain_14: There was no follow up - not relevant in a cognitive experiment looking at effect durations of 0 -10 seconds.
	incentives: No_30
	undefined_31: 
	undefined_32: There were no incentives to participate (P11)
	compliance rates: Yes_31
	If no please explain_15: P15
	interpretations: Yes_32
	If no please explain_16: P17-20
	concealment: 
	restrictionseg blocking stratification: 
	Random assignment: 
	undefined_33: 
	If no why not_2: 
	undefined_34: 
	implementation: 
	undefined_35: 
	undefined_36: 
	undefined_37: 
	Assignment method: 
	group community: 
	eg blocking stratification minimization: 
	matching propensity score matching: 
	I Assessed for I: 
	I: 
	undefined_38: 


