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Abstract

Age simulation suits (ASS) are widely used to simulate sensory and physical restrictions that typically occur as people age.
This review has two objectives: first, we synthesize the current research on ASS in terms of the observed psychological and
physical effects associated with ASS. Second, we analyze indicators able to estimate the validity of ASS in simulating “true”
ageing processes. Following the PRISMA guidelines, eight electronic databases were searched (BASE, Cinhal, Cochrane,
Google Scholar, ProQuest, PsychINFO, Pubmed, and Web of Science). Qualitative and quantitative studies addressing effects
of ASS interventions regarding psychological outcomes (i.e., empathy, attitudes) or physical parameters (i.e., gait, balance)
were included. The Mixed Methods Appraisal Tool was applied for quality assessment. Of 1890 identified citations, we
included 94 for full-text screening and finally 26 studies were examined. Publication years ranged from 2001 to 2021. Study
populations were predominantly based on students in health-related disciplines. Results suggest that ASS can initiate posi-
tive effects on attitudes toward (dyjgnieq = 0.33) and empathy for older adults (dyjgneq =0.54). Physical performance was
significantly reduced; however, there is only little evidence of a realistic simulation of typical ageing processes. Although
positive effects of ASS are supported to some extent, more diverse study populations and high-quality controlled designs are
needed. Further, validation studies examining whether the simulation indeed reflects “real” ageing are needed and should
build on reference data generated by standardized geriatric assessments or adequate comparison groups of older adults.
Prospero registration: 232686.
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Introduction

The application of age simulation suits (ASS) has been
undergoing continuous development since the 1990s,
when the automotive industry started to use the first proto-
types. ASS were originally constructed to raise engineers’
awareness of age-related and differently caused physical
impairments when designing new cars. Concurrently in
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the gerontological arena, educational programs involving
ASS emerged with the ambition to reduce negative atti-
tudes toward older adults in caregiving settings (Galanos
et al. 1993; Pacala et al. 1995), enhance empathy and role-
taking in relation to older adults, and explore the benefit of
experience-based education at large. In this paper, ASS are
defined as devices that simulate both physical and sensory
restrictions by using additional weights, hearing protection
and specifically designed goggles.

Framing the use of ASS more generally, the global trans-
formation toward an increasingly proportion of older popula-
tion brings along challenges and requirements for the health
care system, i.e., understanding what ageing means on vari-
ous levels. More specifically, ASS come with the ambition to
foster processes of empathy and role taking with respect to
understanding daily life dominated by physical and sensory
impairments. The main expectation here is the increase in
positive attitudes toward older adults through age simula-
tion (Bennett et al. 2016; Chen et al. 2015). Primary target
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groups are health care personnel, family caregivers, and
younger age groups in general (Bowden et al. 2020). ASS
meanwhile offer many different means to simulate impair-
ments in gross and fine-tuned motor behavior, hearing, and
vision that show strong associations with older age and
can be seen as markers of ageing (Bergman and Rosenhall
2001). For example, various versions of goggles and hearing
protectors mimic different magnitudes of impaired vision
or hearing, additional weights (vest, ankle and wrist cuffs)
simulate reduced stamina and physical capacity, while joint
bandages are used to limit the range of motion (Allen 2018;
Lauenroth et al. 2017; Scherf 2014).

Since a growing popularity can be observed regarding
ASS in different settings in the recent years, it is fundamen-
tally important to thoroughly and empirically investigate
the possibilities and limitations of such simulations. On the
one hand, no false picture of age-related limitations should
be conveyed, which may establish fears and concerns about
later life or regarding views on ageing and older adults. On
the other hand, there is a lack of research that explores if
ASS allow a realistic simulation of ageing processes and if
the simulated age-range corresponds to average functional
abilities of older adults in third (60-79 years) or fourth
age (80+). So far, predominantly young participants were
included in ASS studies and there is some evidence that
the simulated impairments did not correspond to old age
but rather middle-adulthood. A realistic simulation (i.e.,
reaching the average functional impairments of a 70, 80, or
90 years-old person) would also be of importance if ASS are
used in the development phases of geriatric assistive devices,
when the risk of falling is still high and older adults cannot
be consulted for first pilot studies because of practical or
ethical reasons. Although there is a relatively large body of
case-like reports often containing positive experiences with
the application of ASS, a comprehensive systematic over-
view of the currently existing research on the psychological
and physical outcomes of wearing an ASS is missing. A
scoping review on age simulation interventions was pub-
lished in 2017, but included only two studies, which were
conducted among nursing students (Coelho et al. 2017). A
second review article focused on the effects of ASS on atti-
tudes, empathy and anxiety levels among student popula-
tions only (Eost-Telling et al. 2020). A third most recent
review focused on the educational effects of ASS on person-
centered care (Bowden et al. 2021).

These reviews of existing data on ASS have some short-
comings and gaps in their syntheses. First, none of the avail-
able reviews addressed outcomes related to physical func-
tioning such as strength loss, gait parameters or balance
issues. Second, none quantified and discussed the validity of
simulated physical impairments as a realistic simulation in
comparison with “real ageing.” Third, existing reviews show
limitations on included study populations. Eost-Telling et al.
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(2020) and Bowden et al. (2021) only included studies with
participants in the healthcare sector, which limits general-
izability. Fourth, they also included geriatric (medication)
games, using role-playing, i.e., with focus on medication
intake, meaning that some participants only acted as observ-
ers so that not everybody experienced the simulation first-
hand. Further, game-based approaches did not apply a com-
plete ASS, but typically used certain parts of the ASS set-up,
thus not allowing for a full and more holistic experience.

Therefore, the first objective of the present review was
to synthesize the current research examining the effect of
ASS interventions on psychological as well as physical out-
comes. Psychological outcomes have partly been addressed
by Eost-Telling et al. (2020) and Bowden et al. (2021), but
several more recent studies have not been included in their
synthesis yet. In addition, we did not exclusively focus on
students from health professions like previous reviews, but
also include studies targeting general populations of younger
and middle-aged adults.

Our second objective was to analyze indicators able to
estimate the validity of existing ASS in simulating typical
ageing processes, i.e., by drawing on reference values of
established assessments or via comparisons with the per-
formance of older adults in the target age of the simulation.

Methods

We checked PROSPERO (https://www.crd.york.ac.uk/prosp
ero/) for similar systematic reviews on this topic or ongo-
ing projects. No registered review could be found. The sys-
tematic review was prospectively registered in PROSPERO
(CRD42021232686, February 28, 2021) and was conducted
in accordance with the PRISMA statements (Moher et al.
2009).

Search strategy

In June 2020 a literature search was conducted in seven
electronic databases (BASE, Cinhal, Cochrane, ProQuest,
PsychINFO, Pubmed, and Web of Science) without time
limits for publication years. Search terms and combinations
were customized for each database as shown in the supple-
mental material, Table 1. In a second step, Google Scholar
was used to find additional relevant studies including gray
literature. Further articles were added following manual ref-
erence search and an update scan for new publications in
September 2021.

Eligibility criteria

Studies were included if they (a) applied ASS to mimic
physical and sensory limitations; (b) reported qualitative,
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mean effect sizes for attitudes and empathy separately by
weighting each effect size by the respective sample size of
the study participants receiving an ASS intervention. Those
weighted means also include pre-to-post differences of the
intervention groups of the few (randomized) controlled stud-
ies, weighted by the number of participants in the respective
intervention group. For the latter designs, we additionally
calculated effects sizes for group differences (control group
vs. intervention group), taking into account baseline scores
(Morris 2008).

Results

Figure 1 illustrates the results of the screening process
according to the PRISMA guidelines (Moher et al. 2009). A
total number of 1948 articles was found. 1890 abstracts were
screened after removing duplicates and 94 were included
for the full-text screening. At full-text level, 68 studies
were excluded because of the following reasons: geriatric
medication/ageing games, role plays or similar studies not
using ASS (n=27), conference contributions (n=11), not
reporting respective results (n=7), non-academic reports
(i.e., newsletter) (n=7), language not English or German
(n=35), review articles (n=3), unavailable after contacting
the authors (n=3). After the quality assessment, further
studies were excluded due to insufficient data to answer the
two screening questions (see next section; n=>5). Finally, 26
articles were included in the synthesis. Of those, 15 studies
had not been included in previous review articles.

Quality assessment

The MMAT (Hong et al. 2019) for quality assessment offers
the opportunity to evaluate diverse study designs in five
categories (1) qualitative, (2) quantitative randomized, (3)
quantitative non-randomized, (4) quantitative descriptive,
and (5) mixed methods. The tool draws on two screening
questions. (1) “Is there a clear research question?” (2) “Do
the collected data allow to address the research question?”
and five additional quality criteria, varying depending on
the category of study design. Results of quality assessment
revealed a heterogeneous picture of study quality. Two stud-
ies that did not meet the first screening question and three
studies that did not meet the second screening question of
the MMAT analysis and were therefore excluded from the
following synthesis. Three studies announced written or
oral feedback in seminars as qualitative results, but used
quantitative descriptive methods to analyze data and were
therefore evaluated in the respective category of the MMAT.

With respect to study design, we included qualitative stud-
ies (n=1), quantitative randomized (n=2), quantitative
non-randomized designs (n=16), quantitative descriptive
designs (n=2) and mixed methods studies (n=35). One of
the randomized trials also included qualitative results and
was therefore assigned to the mixed methods category.

Results of the MMAT indicated that eight articles met all
five quality criteria of the respective design, twelve articles
did not meet one criterion and six did not meet two crite-
ria. More specifically, the qualitative study met all relevant
criteria, the two quantitative randomized studies received
good ratings, with the exception that assessors’ blinding
was unclear (n=1) or not implemented (n=1). Among the
sixteen quantitative non-randomized studies, eight studies
did not describe nor analyze confounders, while two studies
included participants that were not suitable or representative
for their target population. For the two quantitative descrip-
tive studies, it remained unclear if authors controlled for
nonresponse bias in both studies and in one study, partici-
pants were not suitable or representative. Among the five
mixed methods studies, there was one study missing an
explanation for integrating qualitative and quantitative meth-
ods and one study missing a link between chosen methods
and their interpretation. Furthermore, two studies lacked an
explanation for divergences between quantitative and quali-
tative results (n=2).

Study characteristics

Key characteristics of the included studies are presented in
Table 1. Studies were mostly conducted in Europe (n=11),
followed by Asia (n=7), the United States (n=3), Turkey
(n=2) and one from Australia, Egypt and Iran, respectively.
Publication dates ranged from 2001 to 2021, with twelve of
the 26 articles published in 2020 and 2021. Sample sizes
varied depending on research method and design used. The
nineteen studies collecting quantitative data with question-
naires reported the largest numbers of participants (range:
N=49-330), followed by studies on physical performance
measurements (range: N=20-178), and qualitative methods
(range: N=15-64). The majority of studies (n=21) predomi-
nantly included participants between 20 and 30 years, due
to the fact that most studies were conducted with pharmacy,
medicine or nursing students, and younger health care staff.
The duration of the procedures including the application of
the ASS, habituation phase (if implemented) and the execu-
tion of a diverse range of tasks under ASS conditions ranged
from 10 min (Hsu et al. 2016) to 4 h (Bowden et al. 2020).
Some studies were embedded in university courses, con-
sisting of an introduction by means of a lecture (Akpinar

@ Springer



European Journal of Ageing (2022) 19:953-976

Additional records identified
through other sources
(n=29)

Records identified (total)
(n=1948)

962
Fig.1 PRISMA flow diagram.
Note MMAT =Mixed Meth-
ods Appraisal Tool for qualit 5
pp quatty '% Records identified through database
assessment é searching
E (n=1919)
on
.8
=
g
Q
2]
=
B
RO
m
=
<
=
£

Soylemez et al. 2021; Jeong and Kwon 2020; Mohamed
et al. 2017; Robinson and Rosher 2001; Yu and Chen 2012);
others followed a workshop format (Filz 2010) including
interactions with older adults (Lee and Teh 2020). In order
to study mid- to long-term effects, follow-up designs were
only used in three studies, but solely regarding psychological
outcomes (Jeong et al. 2017; Jeong and Kwon 2020; Lee and
Teh 2020), varying between 3 weeks and 3 months. The vast
majority of studies (n=20) aimed to find starting points to
enhance the quality of care, and therefore addressed empa-
thy, attitudes, and/or understanding as these are assumed
to be critical skills for health professions. These outcomes
were measured by questionnaires, qualitative interviews, or
evaluations of group discussions. Another six studies tried to
fathom if ASS can simulate diverse age-related impairments
and used quantitative performance measurements, e.g., heart
rate to determine the physical load, geriatric assessments,
gait analysis, and cognitive tasks in one study.

@ Springer
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Findings on research question 1: effects of wearing
an age simulation suit

Psychological outcomes

Detailed information on study results and calculated effect
sizes can be found in Tables 2 and 3. Nineteen studies meas-
ured the effects of ASS on psychological outcomes quanti-
tatively with established or self-developed questionnaires.
The following instruments were applied (alphabetical order
with frequency used in brackets): Aging Semantic Differen-
tial (ASD) (3), Attitude Toward the Older People Scale (1),
Basic Empathy Scale (BES) (1), Integrated Model of Train-
ing Evaluation and Effectiveness (IMTEE) (1), Jefferson
Scale of Empathy-Health Professions Students (JSE-HPS)
(2), Kogan’s Attitudes Toward Older People Scale (KAOP)
(5), Modified Maxwell-Sullivan attitudes toward the elderly
Scale (MSS) (2), (Chinese-) Palmore’s Facts on Aging Quiz
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((C)-FAQ) (3), Semantic Differential Scale (SD) (2), UCLA
Geriatric Attitudes Test (UCLA-GA) (1), and Willingness to
Care for Older People Scale (WCOP) (1). Four studies also
used self-developed questionnaires.

The predominant purpose of these studies was to inves-
tigate the usefulness of ASS to improve empathy and/or
attitudes toward older adults and/or raise the awareness
regarding challenges of the ageing process among samples
of younger adults. The most frequent outcome measures
were attitudes (n = 12), followed by assessments of empathy
and understanding (n=9), willingness to care for (n=2) or
behavior toward older adults (n=1). As different scales vary
in their coding procedures (i.e., lower scores in ASD, SD or
MSS indicate more positive attitudes toward older adults),
the term increased is used in the following to indicate more
positive and the term decreased is used to indicate more
negative attitudes or empathy. Hence, positive effect sizes
(Cohen’s d) represent an improvement within the respective
construct.

Regarding the 12 studies that assessed attitudes toward
older adults, our effect size calculations (pre-to-post) with
the reported scores of the two randomized controlled trials
indicated small (d=0.36) and medium-sized positive effects
(d=0.71). Our calculations on quantitative non-randomized
studies (n=38) revealed small positive effects (n=3; range:
d=0.34-.46), one large positive effect (n=1; d=4.43), two
small negative effect sizes (n=2; d= -0.23 and -0.36), and
no effect (n=2; d= -0.09 and d=0.16), respectively. For
the quantitative parts of the two mixed method studies, our
calculations indicated one large positive (d=0.95) and one
medium negative (d=—0.63) effect. Of note, two studies
that initially found negative effects on attitude measures after
the ASS intervention reported positive changes in a later
follow-up (Jeong et al. 2017; Jeong and Kwon 2020). Over-
all, the weighted mean effect size for pre-to-post changes
in attitudes was d=0.33, corresponding to a small effect;
detailed results for each study can be found in Tables 2 and
3. We additionally calculated effect sizes between groups
for the five studies that used controlled designs (IG vs CG,
see Table 2). The weighted mean effect size for attitudes in
those between-subjects designs was d=0.29, corresponding
to a small effect.

Regarding the outcomes concerned with empathy for
older adults, our effect size calculations indicated no effect
(n=1; d=0.12) for the randomized trial within the mixed
methods design, small and medium effects (n=3; d=0.40,
d=0.48, d=0.54) for the non-randomized quantitative
designs, and one small and one large effect for the quantita-
tive parts of the two mixed method studies (n=2, d=0.42
and d=1.03). Two studies reported no adequate data to
compute effect sizes. The weighted mean effect size from
pre-to-post changes in empathy was d =0.54, correspond-
ing to a medium-sized effect. We additionally calculated

effect sizes between groups for empathy (IG vs. CG, see
Table 2) for the three studies that used controlled designs.
The weighted mean effect size in those between-subjects
designs was d=0.07, corresponding to no meaningful effect.

From the six qualitative and mixed methods studies, four
conducted semi-structured interviews or discussions, where
participants could share their experiences after wearing an
ASS (Bowden et al. 2020; Jeong et al. 2017; Ross et al.
2013; Sari et al. 2020). In their analysis of focus groups,
Bowden et al. (2020) reported enhanced insight for the pro-
cess of ageing among the participants and growing empa-
thy for their future self. Jeong et al. (2017) used in-depth
interviews and results indicated a better understanding for
challenges due to physical and sensory impairments. Reports
on subjectively increased empathy and the feeling of having
gained a better understanding of the process of ageing were
communicated across all ASS studies evaluating qualitative
data. Beyond that, Jeong et al. (2017) reported subjectively
increased willingness to care for older adults, Sari et al.
(2020) reported higher awareness regarding difficulties with
activities of daily living, and Ross et al. (2013) reported bet-
ter understanding for specific needs of older people, i.e., fear
of falling and feeling safe. Lavalliere et al. (2017) reported
that the participants rather attributed perceived difficulties
to complete given tasks to environmental restrictions than
to the ASS, i.e., narrow aisles in a supermarket. Therefore,
the analysis did not indicate differentiated awareness of age-
related limitations caused by the suit. Lee and Teh (2020)
included a practical interaction with older adults in their
polypharmacy workshop before the ASS intervention. After-
ward, they used open-ended questionnaires and identified
three themes (1) “lending an ear”, which meant taking more
time to listen, (2) “sense of respect” meaning realizing the
challenges in the lives of older adults, and (3) “understand-
ing the emotion,” which indicated the importance of empa-
thy in healthcare.

Physical outcomes

Six studies assessed the effects of ASS on physical perfor-
mance (see Table 4). Four studies used validated (geriat-
ric) assessments (Lauenroth et al. 2017; Lavalliere et al.
2017; Vieweg and Schaefer 2020; Watkins et al. 2021),
two focused on self-developed or modified established tests
(Scherf 2014; Zijlstra et al. 2016). We calculated Cohen’s
d effect sizes for the differences with and without the ASS,
indicating within-subject or pre-to-post differences (Len-
hard and Lenhard 2017). Negative effect sizes represent
decreased physical performance in respective tasks, abili-
ties, or physiological parameters. Lavalliere et al. (2017)
found significantly decreased performance while wearing
an ASS in postural balance tests (standing on both legs with
eyes open: d= -0.57; eyes closed: d= -0.99), flexibility

@ Springer
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were comparable between participants aged 40-49 years
with ASS and those aged 60-69 years without ASS in the
study (respectively, step length for 50-59 years with ASS
was comparable to 70-85 years without ASS). The results
of participants aged 40-49 years with ASS for gait veloc-
ity were also comparable to external reference values for
females aged 60-69 years, but not for male reference values.
Younger participants, aged 18-29 years, wearing ASS were
slightly faster than reference values for 70-79 year old males
and females. For step length and step time, participants’
results with ASS were still better than reference values of
adults older than 70 years. Established reference values for
base-width were not available.

Lavalliere et al. (2017) assessed different physical out-
comes, but without relating these to available reference
values. Their reported gait velocity of younger adults (20-
29 years) with ASS, conducted on a ten meter walkway,
corresponded to reference values for females aged 50-59 and
males aged 60-69 years (Bohannon and Williams Andrews
2011).

In the study of Zijlstra et al. (2016), gait velocity was
calculated by the time to complete a wayfinding task and
the measured distance walked when wearing an ASS (par-
ticipants’ age: 20.0+ 1.8 years). Reported results were still
better than reference values of adults aged 50 years and did
not correspond to the target group of older adults of 65 years
and older (Bohannon and Williams Andrews 2011).

Vieweg and Schaefer (2020) conducted the FFT with a
group of students (20-28 years) and compared their results
with reference values from Rikli and Jones (1999). The
included arm strength test revealed results comparable to
reference values of adults aged 60-64 years. Participants’ leg
strength also decreased when wearing the ASS. Neverthe-
less, men still did better than reference values for people in
their mid-50 s. Results of the TUG indicated a decline with
ASS that was comparable to 60-64 years old adults, which
was similar for aerobic endurance (2 min stepping test). Hip
flexibility with ASS was still better than normative values of
adults 60-64 years and shoulder flexibility was comparable
to 65-69 years old adults (male/female).

Finally, Watkins et al. (2021) noted that three of their
thirty participating students (20-40 years) were not com-
parable to reference values of middle aged adults (due to
still very high performance), though conducting the FRT,
six students wearing the ASS reached normative values of
41-69 years old adults, while 21 students reached values
of 70-87 years old adults (Long et al. 2020). For the TUG,
they reported longer completion time with ASS for all par-
ticipants. Thirteen participants met normative values for
60-69 years, five for 70-79 years and one for 80-89 years
old adults.

Taken all five studies together, results indicated that ASS
reduced the physical performance in almost all domains, but

overall not to the extent that participants were comparable
to older adults’ reference values, when wearing the ASS.

Discussion

The primary purpose of this review was to synthesize the
current research on ASS and their effects on psychological
and physical performance outcomes. Second, the validity
of ASS in terms of a realistic simulation of the normative
ageing process particularly in its functional domains has
been a target of the paper. 26 studies with publication years
ranging from 2001 to 2021 were finally included, of which
twenty addressed psychological outcomes such as empathy
for and attitudes toward older adults, while six focused on
physical assessments. Seventeen of the included studies
were published in the last 5 years, thus demonstrating that
research on ASS found much interest recently. Only five
articles contained information that allowed an estimation of
the age validity of wearing an ASS, i.e., by providing data
from established assessments we could compare to reference
values of older adults.

Effects of age simulation suits: psychological
outcomes

The majority of studies reported a positive effect on empathy
for and attitudes toward older adults. For all studies assess-
ing pre-to-post changes, the weighted mean effect size was
d=0.33 for attitudes and d=0.54 for empathy. However,
some of the rare studies that used controlled designs did not
find meaningful differences between the control group and
ASS group (Cheng et al. 2020; Lee and Teh 2020), or even
negative effects on attitudes immediately after wearing an
ASS (Jeong et al. 2017; Jeong and Kwon 2020; Lucchetti
et al. 2017). In conclusion, the effects of wearing an ASS
on psychological outcomes seem to be overall positive; still,
the rather short time frames covered have to be considered.
That is, only three studies assessed outcomes in follow-ups
longer than three weeks (Jeong et al. 2017; Jeong and Kwon
2020; Lee and Teh 2020).

Taking a more critical look, some of the positive effects
cannot be solely attributed to the ASS interventions, as
similar results in control groups led to the conclusion that
addressing the feeling of being older could be sufficient to
improve attitudes toward older adults. As one study indi-
cated that “placebo clothes” caused similar reactions the
mind-set of being older might have influenced participants
in the same way (Cheng et al. 2020).

Some articles reported reduced positive attitudes toward
older adults or decreased empathy immediately after the
ASS intervention. The authors concluded that the simulation
raised negative emotions, such as anxiety and fear of future
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Table 4 Results and calculated effect sizes of the included quantitative studies with physical performance measurements

Author(s) Assessments Without ASS With ASS p d Findings
Lavalliere  Eyes open (s) 29.69+1.08 28.63+2.40 n/a -0.57
et al.
(2017)
Eyes closed (s) 18.63 £8.05 11.30+£6.69 <.001 -0.99
Shoulder abduc- 169.2+15.7 156.5+20.0 <.001 -0.71 | Trend to decreased perfor-
tion (°) mance in neck and shoulder
range of motion as well as
hamstring flexibility
Cervical extension 83.0+12.0 69.5+15.0 <.001 -0.99
©)
Lateral neck flexion 39.0+8.5 27.7+9.0 <.001 -1.29
©)
Flexibility (cm) 25.84+13.54 21.79+12.5 <.001 -0.31
Gait seconds 7.13+0.84 7.87+1.22 <.01 -1.66 | Trend to decreased perfor-
mance gait parameters
Velocity (m/s) 1.42+0.17 1.31+0.024 <.01 -1.51
Number of steps 14.25+1.38 15.09+1.69 <.01 -1.36
within 10 m
Scherf Subjective physical 2:2.80+1.03 2:6.7+2.21 .000 -2.26 | Subjective physical load
(2014) load increased when working with
the ASS
y:4.33+2.74 y: 6.33+2.55 .000 -0.76
r: 1.56+1.33 r: 7.00+2.12 .000 -3.07
Time to complete the 2:191.65+29.16 g: 157.70+£25.05 .000 -1.25 | Sig. increased time to com-
task (s) plete the task
y: 199.17+32.04 y: 160.88 +24.86 .000 -1.34
1:214.94 £30.79 : 154.67 £22.71 .000 -2.23
Heartrate (heartbeats/ g:117.00+17.16 g:102.44+15.66 .000 -0.89 | Sig. increased heart rate while
min) working
y: 121.44+18.85 y: 106.78 +14.85 .000 -0.86
r: 128.44 £ 19.62 r: 107.78 £10.91 .002 -1.30
Vieweg and Female / male Female / male
Schaefer
(2020)
Leg strength (n) 27.0+4.0/27.6+4.9 21.7+£3.3/23.7+4.1 .001 -1.45 | Sig. reduced leg strength
Arm strength (n) 19.7+2.9/23.5+4.3 16.6+3.5/20.6+3.9 .001 -0.96 | Sig. reduced arm strength
Aerobic endurance 122.4+12.4/130.5+13.4 93.5+13.5/107.5+10.5.001 -2.23 | Sig. reduced aerobic endur-
(n) ance
Hip flexibility (cm) 25.7+6.5/17.8+10.3 212454/148+12.3 .001 -0.75 | Sig. reduced hip flexibility
Shoulder 7.1+£55/2.8+9.3 -33+6.5/-104+12.0 .001 -1.73 | Sig. reduced shoulder flex-
flexibility(cm) ibility
TUG (s) 3.6+0.6/33+0.3 44+04/41+05 .001 -1.57 | Sig. reduced functional
mobility TUG
Dominant hand 17.3+1.47/153+1.85 15.0+1.56/14.4+2.15 <.001 -0.86 | Sig. decreased performance
in PPT
Non —dominant 15.8+2.01/14.6+1.25 144+1.69/13.9+2.19 <.001 -0.71 | Sig. decreased performance
hand
Both hands 13.9+1.40/11.8+1.17 12.1+1.30/11.9+2.22 <.001 -1.91 | Sig. decreased performance
Assembly 39.4+6.69 /34.7+6.86 34.6+8.21/33.8+9.66 <.001 -0.26 | Sig. decreased performance
Shirt — buttoning (n 25.00+4.85 9.00+4.06 <.001 -1.23 | Sig. decreased performance
buttons)
Digital Symbol Test n/a n/a .01 -2.26 | Sig. decreased performance
Watkins Functional reach (in 36.90+2.40 31.25+10.1 <.005 -0.77 | Sig. decreased performance
etal. cm)
(2021)
Timed Up and Go 6.68+0.63 8.41+0.79 <.005 -2.42 | Sig. increased time to com-
(ins) plete TUG
Berg Balance Scale 56+0 55+2 .01 -0.71 | Sig. decreased performance

(score)
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Table 4 (continued)

Author(s) Assessments Without ASS With ASS P d Findings
Zijlstra Route efficiency 0.76+0.75 0.84+0.84 361 0.10  Tendency but no sig. decreased
etal. route efficacy
(2016)
Walking speed 3.44+1.28 2.78+0.15 <.001 -0.72 | Sig. decreased walking speed
with ASS
Heart rate 110.33+33.34 124.64+36.80 <.001 -0.41 1 Sig. increased heartrate
Respiratory rate —8.69+15.92 —-4.80+1.04 <.001 -0.35 1 Sig. increased respiratory rate

ASS, Age Simulation Suit; n, numbers, s, seconds, cm, centimeters, °, degrees, min, Minute; calculated effect size Cohen’s d (Lenhard and Len-
hard 2017) variant 1 effect size represents pre-to-post differences; positive/negative effects reporting increased/decreased performance, Lauen-
roth et al. (2017) was excluded from the table due to not conducting a within-subjects design and therefore missing comparability

physical or sensory limitations, which might lead to these
effects. This finding underlines the importance of providing
the opportunity to reflect on the experiences. Furthermore,
the measurements largely focused on attitudes and empathy,
whereas multifaceted views on one’s own ageing process
such as awareness of age-related gains and losses (Diehl
and Wahl 2010) or ageing-related changes in stereotypes in
diverse domains (Kornadt and Rothermund 2011) have not
been studied yet. Similarly, research has not addressed how
ASS affect broader constructs related to more general views
on ageing, i.e., age stereotypes in different life domains, per-
ceived obsolescence, or health-related risk perception.

Some of the rather descriptive designs or qualitative eval-
uations gave the impression of not being a priori planned
as a study, but rather as a post-hoc course evaluation. This
may have led to a publication bias, with positive effects
being more likely to be published, whereas mixed or nega-
tive results might be underrepresented. In addition, the often
missing randomization and blinding of assessors, as well as
the assessment of psychological outcomes prone to social
desirability may have resulted in biased results. Qualitative
results might be biased even more by social desirability, i.e.,
answering in a manner that will be viewed favorably by other
students or the investigator in focus groups. However, the
setting and expectation of improvements are rather obvi-
ous in most designs. In summary, the limited number of
controlled studies only allows for cautious and preliminary
conclusions and further research is needed.

Effects of age simulation suits: physical outcomes

Six included studies focused on a variety of performance-
based measures addressing the areas of gait parameters
(n=3), flexibility (n=3), functional mobility (n=2), bal-
ance (n=2), physiological changes (n=2), strength (n=1)
and aerobic endurance (n=1). Strongest decreases in terms
of effect sizes due to wearing an ASS were found for flexibil-
ity and functional assessments, whereas smaller decreases
appeared in balance tests. In most studies, established
assessments such as the TUG, FFT, and gait performance

were used (n=>5). Limitations with respect to accuracy (i.e.,
velocity measured with stopwatches) could be overcome
with more advanced technical systems. Moreover, covari-
ates such as participants’ fitness level or physical activity
habits should have been taken into account.

For future ASS studies focusing on physical performance,
more complex tasks, more diverse established assessments
and everyday activities might have the potential to depict
age-related limitations that are often multidimensional and
might not be replicated in isolated measurements. For exam-
ple, motor-cognitive dual tasks, dynamic balance, or (instru-
mental) activities of daily living could be considered.

Validity of ASS in terms of simulating the ageing
experience realistically

For our second objective, to summarize and quantify indica-
tors that can be used for estimations of validity, we were able
to draw upon findings from five studies, with three studies
assessing gait velocity. The consideration of gait variabili-
ties offers a well-established quantification in locomotion,
bearing the advantage that reference values are available for
many parameters. Results indicated a decreased performance
for young and middle-aged participants and resulted in an
“instant ageing” effect of about 20-40 years, when compar-
ing established gait assessments to reference values. The
extremely reduced gait velocity in one study (Zijlstra et al.
2016) was not representative for older adults. Though, it
should be considered that the authors calculated gait velocity
after completing a full wayfinding task, whereas reference
values are mostly lab-based data with known limitations,
but without distractions. However, reported step length and
step time did not reach the levels of older reference groups
and the participants still demonstrated better performance
(Lauenroth et al. 2017). Overall, results indicated that per-
formance scores of the assessments with ASS were often not
corresponding to age norms of adults aged 60-64 years or
older, but still resembled younger age groups i.e., in leg and
arm strength or aerobic endurance. One explanation might
be a general good fitness level of participants, which may
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Table 5 (continued)

70-87 years

41-69 years

Scores with ASS

26.7+8.9/33.5+4.1

35.1+5.6/37.8+5.6

31.25+5.8

FRT (cm)" Watkins et al. (2021)

number of

Timed up and go test;

number of bicep curls), aerobic endurance (n

number of full stands), hip/shoulder flexibility (in cm), arm strength (n

centimeter, s=seconds; leg strength sit to stand (n

steps within 2 min) ASS

cm=

=Functional fitness test; FRT =Functional reach test; PPG=Perdue pegboard test; TUG=

Berg balance scale; FFT

Age simulation suit; BBS =

values in bold correspond to reference values of the certain age range of older adults

2Bohannon and Williams Andrews (2011)

"Hollman et al. (2011)

‘Rikli and Jones (1999)
dAgnew et al. (1988)

¢Agrawal et al. (2011)
"Long et al. (2020)

gSteffen et al. (2002)

"Duncan et al. (1990)

not be representative. Moreover, length of habituation phase
and length of simulation intervention can influence physical
performance and has to be considered. Still, complex assess-
ments (TUG, BBS) demonstrated that more than 50% of par-
ticipants had an increased risk of falling while wearing the
ASS and that scores resulted in an “instant ageing” of about
30-40 years. These test are known as the gold standard for
evaluating balance limitations in older adults, as impaired
balance is one of the major risks for falls in older adults and
therefore an important indicator for a typical ageing process
(Ambrose et al. 2013). Regarding flexibility measurements,
the three respective studies reported mixed findings. Some
isolated flexibility measurements seemed to be overstated
(e.g., neck), while others were in line with reference val-
ues of older adults (FFT shoulder and FRT overall score).
One study assessed the Digit Symbol Test with and with-
out an ASS and found that the performance with ASS was
comparable to reference values of adults older than eighty.
However, the authors assumed that a large portion of the
decline was due to visual impairments rather than cognitive
challenges.

In conclusion, physical performance decreases could be
simulated among younger and middle-aged participants
in most assessments, but predominantly not to the extent
that represents adults older than 65 years or even fourth age
(80+). Some of the suppliers of ASS specify certain age
ranges (i.e., mid-70 s; AGNES ASS) that should be reached
with their ASS or claim that users age 30 to 40 years (i.e.,
GERT ASS), but those assumptions have not been verified
with data yet. Our review provides first insights but points
out the need for differentiation regarding the population
under study with the ASS and the specific tests that are
applied. The mentioned studies reinforced the attempt to
use of ASS to mimic typical age-related impairments, but
should be recognized as a start or proof of concept.

Strengths and limitations

This review’s focus on rather homogeneous ASS interven-
tions, thus excluding ageing and geriatric games, which are
conducted with people only observing, giving not all par-
ticipants the chance to experience the simulation, and the
consideration of a broad range of outcomes can be seen as
strengths and a new approach to the matter. While earlier
reviews focused on psychological outcomes only (Bowden
et al. 2021; Coelho et al. 2017; Eost-Telling et al. 2020),
we extended the synthesis regarding performance-based
assessments in our first objective, calculated effect-sizes
wherever possible and provided insights on validity esti-
mates in our second objective. Limitations included quite
large variations in method quality and study designs and
little to no information and consideration of confounders
(i.e., sociodemographic information, health status, previous
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experiences with older adults) in the included studies, which
may reduce the reliability of results. This adds on to a pos-
sible publication bias resulting in the under-representation
of negative results. As only studies in English or German
language were included, and samples were predominantly
drawn from Western, educated and industrialized popula-
tions, the generalizability of findings is also limited.

Conclusion

ASS play a prominent role in various contexts as an educa-
tional device able to evoke empathy and better understand-
ing of what it means to get older. Considering this, it would
be highly desirable to be able to rely on robust research sup-
porting that ASS devices are able to fulfil both, enhancing
empathy and positive views on ageing as well as doing this
based on a realistic and valid simulation of the typical age-
ing process. Regarding the rapid growth of research on ASS
interventions with the large majority of the included stud-
ies published in the recent 5 years, there indeed seems to
be a promising development in this research area. Largely
consistent with earlier reviews focusing on psychologi-
cal outcomes of wearing an ASS, predominantly positive
effects on attitudes and empathy toward older adults were
identified, although effect sizes were not calculated in earlier
reviews and showed large variation in our work. The existing
research reporting in some instances conflicting findings,
sometimes pointing in a more negative direction of ASS
effects, unfortunately does not allow for definite conclusions
under which conditions such negative consequences are
likely to occur. This would be an important task for future
research. Given that the awareness of ageing processes and
the ability to change perspectives are important soft skills for
health care professions. Given that the simulation of older
age might help younger adults such as those in midlife to
better prepare for their own ageing, ASS indeed seem to
be an important resource for future ageing societies on dif-
ferent levels. Regarding a range of key physical outcomes
important for independent functioning in everyday life, large
effects were identified, although this part of the previous
research is still relatively small. Therefore, research on a
diversity of outcomes echoing everyday challenges including
more complex everyday tasks such as doing chores or cook-
ing would be an important addition. Still, the crucial point
is to simulate a range of motor-related everyday tasks in a
realistic and age-valid way. Here, considering the domains
of gait, functional mobility and strength, only limited evi-
dence is available for the accurate simulation of 65+ years
older adults with younger participants wearing an ASS.
Future research should follow robust (controlled) research
designs, include follow-up measurements, and reduce the
likelihood of social desirability, e.g., by using less obvious
questions and drawing on anonymous questionnaires instead

@ Springer

of “open” data collection methods in seminars. The diver-
sity of study populations should be considered to a larger
extent, in particular in terms of age range. For example, it
would be important to know, considering the general popula-
tion, whether the effects of wearing an ASS are different for
those in early adulthood versus those in midlife versus those
in young-old age. Further, as at least some adverse effects
of wearing an ASS were observed, it seems appropriate to
recommend that the ASS should only be used in combina-
tion with gerontological expert supervision able to provide a
comprehensive and differentiated picture of the ageing pro-
cess. Finally, more evidence supporting the validity of the
age simulations by an ASS might help rehab scientists and
engineers who want to use ASS in the creation and improve-
ment of technical devices for older adults. That is, the ASS
may in the long run serve ageing societies on multiple levels,
if additional research proves its usefulness.
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