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Abstract:

Background: Several walking tests assess mobility and fall-related function in older
adults, but their clinimetric properties remain insufficiently documented across task
conditions and assessment environments. Augmented reality (AR) may support

standardized, instrumented assessment, but its ecological validity remains unclear.

Aim: This study assessed intra-rater reliability and ecological validity for a walking test

battery in young and older adults.

Methods: Healthy young and older adults performed four clinical walking tests (straight
walking, Figure-of-8 Walk, Timed Up and Go and obstacle crossing) in RW and AR, under
single-task (ST) and arithmetic dual-task (DT) conditions. Completion time was used to
assess within-session intra-rater reliability, agreement, and equivalence using

predefined margins.

Results: Thirty-five young adults and 26 older adults were analysed. In young adults, AR-
based test times showed good-to-excellent reliability and met RW equivalence in ST and
DT conditions. In older adults, ST reliability was good to excellent for all tests, except
obstacle crossing in AR (ICC = 0.719). Under DT conditions, reliability was moderate to
good in both environments (ICC 0.698-0.862). In older adults, RW-AR equivalence under
DT conditions was threshold-dependent: one DT test met the +1.0 s criterion, whereas all

met the £2.0 s criterion.
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Conclusions: AR-based walking assessment showed favourable clinimetric properties in
young adults and under ST conditions in older adults. In older adults, DT performance
showed greater variability and weaker RW-AR agreement. These findings support further
development of standardized AR-based mobility assessment, while indicating that DT

performance in older adults requires further study.

Keywords: clinical walking test, complex walking, augmented reality, ecological validity,

intra-rater reliability.

Key points:

- AR-based walking times were reliable and agreed well with real-world
performance in young adults.

- Inolder adults, AR-real-world agreement was stronger during single-task walking.

- Dual-task variability in older adults may reflect both reliability limits and adaptive
strategies.

- Further validation is needed before AR walking tests can inform fall-risk

assessment.

Introduction

Falls are a major public health issue and a key threat to functional independence
in older adults [1]. Systematic fall-risk assessment may support the early identification of
individuals at high risk and guide preventive interventions [1]. In clinical practice, fall risk
is commonly assessed using standardized functional mobility tests, such as the Timed
Up and Go (TUG) test or the Figure-of-8 Walk (F8W) [2-5]. Many of these tests involve

complexwalking, defined as non-linear walking that includes changes in direction and/or
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rhythm [6], thereby placing greater demands on executive control [7, 8]. Dual-task (DT)
versions of these tests [5, 9], further increase cognitive-motor interference and may
reveal subtle deficits that are less apparent under single-task (ST) conditions, particularly
in older adults [10]. Because such situations resemble the attentional and environmental
demands of everyday mobility, they may offer greater ecological relevance for mobility

assessmentin ageing [11-13].

Despite their clinical relevance, the clinimetric properties of complex walking
tests, particularly under DT conditions, remain incompletely documented [10]. The TUG
is the most extensively studied test and shows excellent intra-rater reliability [14]. By
contrast, evidence remains more limited for other walking paradigms. Under ST
conditions, studies of the F8W in healthy older adults [5], and straight-walking (SW) in
young and older adults have reported excellent reproducibility [15]. Under DT conditions,
reliability has been examined in only a small number of studies, with generally good to
excellent intra-rater reliability reported for DT versions of the F8W [5], SW and TUG [9]. A
battery combining several walking tasks may provide a broader and more sensitive
characterization of mobility, and may therefore improve the detection of subtle
impairments relevant to fall risk [3, 4]. However, clinimetric data remain limited for many
clinical walking tests, particularly under standardized ST and DT conditions. This gap
limits the development and validation of multi-test batteries, despite their potential

clinical value.

In routine care, the implementation of ST/DT walking test batteries is constrained
by limited access to equipment, time pressure, protocol variability, and the difficulty of

quantifying spatiotemporal gait parameters in real time [3, 16]. Extended reality
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technologies, including augmented reality (AR) and virtual reality [17], may provide a
practical framework for standardizing test administration while enabling automated
capture of these parameters across clinical walking tests performed under ST and DT
conditions [10]. Such an approach may be valuable in clinical assessment, as
instrumented versions of the TUG have shown that moving beyond completion time alone
to include spatiotemporal and kinematic parameters can improve the identification of
fallers [18]. In parallel, studies using head-mounted display-based systems have
reported good agreement for gait parameters measured during straight walking [19], the

TUG [20, 21], and the 10-Meter Walk Test [22].

However, XR systems may influence locomotor behaviour and performance,
making clinimetric evaluation essential before wider clinical use. Recent evidence
indicates that user-experience factors, including comfort, sensory feedback and sense of
presence, may shape cognitive and motor performance in immersive environments [23].
This issue is clinically relevant because immersive environments may alter locomotor
behaviour compared with real-world (RW) walking [24]. Studies comparing identical
walking tasks in RW and virtual reality environments have reported reduced velocity,
increased step count, longer completion times and greater variability in virtual reality [25-
27]. Yet evidence remains scarce for AR-based walking assessments [24]. To date, only
one study in healthy young adults has examined within-session reliability of 8-m SWin AR
across walking speeds, reporting intraclass correlation coefficient (ICC) values ranging
from 0.861 to 0.93 [19]. In addition, only one AR study compared strategies used to
negotiate real versus virtual obstacles over a short walkway (2.1 m), suggesting
comparable behaviours [28]. To our knowledge, no study has examined an AR-based

battery of clinically relevant walking tests under ST and DT conditions, nor its ecological



111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

validity with equivalent RW performance in both young and older adults. Establishing
such clinimetric evidence represents a necessary first step before AR-based walking
assessments can be evaluated for clinical decision-making or fall-risk screening in older

adults.

The aim of this study was to assess the intra-rater reliability of a battery of walking
tasks performed under ST and DT conditions in RW and AR environments, and to assess
ecological validity, in young and older adults. We hypothesized that temporal
performance measures would show good intra-rater reliability overall, although greater
variability might be observed under DT conditions because of the additional cognitive
demands. We also hypothesized that AR performance would show agreement and

equivalence with RW performance.

1. Materials and methods

1.1.  Population

Two groups were enrolled in this comparative cross-sectional study: healthy
young adults aged 18 to 30 years and healthy older adults aged 70 years or older. Young
adults were recruited by email and word of mouth at the University of Limoges, whereas
older adults were recruited from local associations and senior citizens' clubs in the
Limoges area (Haute-Vienne, France). Participants were eligible if they were able to walk
independently without an assistive device, understand instructions and provided written
informed consent. Participants also had to report no neurological, orthopaedic, or
cognitive disorders. Non-inclusion criteria were uncorrected visual impairment,
implanted electronic medical devices (e.g., pacemaker), or use of hearing aids.

Participants were excluded if they experienced a cybersickness symptoms during the
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study, if their data were deemed unusable for technical reasons, or if they were unable to
use the headset application. Ethical approval was obtained from the Ethics Committee
for Research in Sport Sciences (Approval No. IRB00012476-2025-03-06-412) and was

conducted in accordance with the Declaration of Helsinki.

1.2.  Experimental procedure

Participants performed one SW test and three complex walking tests in both RW
and in AR conditions (Figure 1.B.) i) 8m-SW, consisting of walking 8 m straight [1, 29] ; ii)
the TUG consisting of standing up from a chair, walking 3m, turning around, walking back,
and sitting down [30]; iii) the F8W consisting of walking a figure-8 path around two cones
spaced 1.5m [31] ; iv) 8 m obstacles crossing (OC), consisting of walking along an 8m
walkway with four obstacles measuring 0.9 mx0.14 m x 0.07 m, placed atintervals of 1.2

m, 0.8 m,2.3m, 1.7 m, and 2.0 m [32].

Each test was performed under both ST and DT conditions. The DT versions of the tests
are hereafter referred to as SWDT, TUGDT, FBWDT and OCDT. In the DT condition,
participants performed a serial subtraction by counting backwards in sevens [33]. The
starting number was randomly generated between 101 and 201, excluding numbers
ending in 7. For DT tests, participants were instructed to complete the walking task as

quickly as possible while performing the cognitive task, without prioritizing either task.

Each test was repeated three times in each task condition and environment, yielding 24
trials per environment and 48 trials per participant (Figure 1.B.). Start and finish lines were
predefined for all tests except the TUG, for which the chair defined the start and end

position. Participants were asked to complete each test as quickly as possible.
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Environment and test order were randomized using a Python script.

1.3. Experimental set-up

The experimental set-up is presented in Figure 1.A. AR assessments were
performed using a Meta Quest® 3 mixed reality head-mounted display (Meta Platforms,
Menlo Park, CA, USA) and a custom application using the Unity game engine (version
2022.3.31, Unity Technologies Inc., San Francisco, CA, USA). The application reproduced
RW test conditions as closely as possible. For the TUG and F8W tests, the virtual cones
were rendered opaque and were positioned at fixed spatial locations allowing
participants to move freely around them (Figure 1.A.). These locations were defined
relative to the participant’s starting position, rather than being physically anchored. For
the OC test, virtual obstacles were rendered transparent because opaque obstacles
produced unnatural leg-object overlap during crossing. To standardize test initiation
across trials, a starting zone was indicated by black footprints displayed on the floor. A
positioning sound cue confirmed that the participant was correctly placed, whereas
measurement start and end were marked by an audible signal when the participant
crossed the start and finish lines. For the TUG, two calibrations were performed to detect
sit-to-stand and stand-to-sit transitions: one at application launch to capture standing

height and one during test setup to capture seated height.

Instructions were delivered through the application in written and audio formats,

with experimenter assistance when necessary.
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Figure 1. A. Experimental setup, B. Schematic diagram of the testing procedure for each

participant.

Abbreviations: RW = real world; AR = augmented reality; ST = single-task; DT = dual-task; SW = straight-walk; F8W = figure-of-8 walk;

OC = obstacle crossing; TUG = timed up and go; T = trial.

1.4. Outcome

The primary outcome was completion time. In the AR condition, time was recorded
using the head-mounted display. In the RW condition, time was measured using a
handheld stopwatch. Start and end times were determined using either the head-
mounted display auditory cues described above or movement initiation, depending on

the test.

1.5. Statistical analysis

Sample size was based on Geerse et al. (2020), which assessed a comparable AR

device (HoloLens, Microsoft Corporation, Redmond, WA, USA) using Bland-Altman
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analyses and ICC [19]. Their sample (23 young adults and 24 individuals with Parkinson’s
disease) reported high agreement (ICC = 0.861). Using s = 0.2, an expected mean
difference of 5% (d = 0.05), and 95% confidence, we estimated that 35 participants per
group were required. Normality was assessed using the Shapiro-Wilk test (a = 0.05). Intra-
rater reliability for completion time across the three trials was evaluated separately for
each condition using the ICC for absolute agreement (ICC(A,1); [34]. ICC values above
0.50, 0.75, and 0.90 were interpreted as indicating moderate, good, and excellent
agreement, respectively [35]. For ecological validity, the fastest time (best of three trials)
was selected for each participant and condition. This choice was based on the common
clinical use of best performance as an indicator of maximal functional capacity. Outliers
were identified using the interquartile range (IQR) method (3.0 x IQR beyond Q1/Q3) [36].
Ecologicalvalidity was evaluated based on complementary approaches: (i) bias (AR—RW)
and limits of agreement (LoA) derived from non-parametric Bland-Altman analysis [37];
and (ii) two one-sided paired-sample Wilcoxon signed-rank tests, with equivalence
margins setat+1.0 s and 2.0 s for time. These margins were set at or below the smallest
reported minimal detectable change for the TUG in community-dwelling older adults
(2.08 s ; [38]. Holm’s correction was applied to the p-values from the two one-sided
paired-sample Wilcoxon signed-rank tests to account for multiple testing [39]. Analyses
were performed in R (version 4.5.1) within RStudio (version 2025.09.0+387). Statistical

significance was set at p < 0.05.

2. Results

2.1. Sample characteristics

10
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A total of 69 participants were screened, including 35 young adults and 34 older adults.
Eight older adults were excluded due to withdrawal (n = 3), vision impairment (n = 1), or
unusable data (n = 4), leaving 26 participants for analysis. The final sample comprised 61
participants. The healthy young adult group had a median age of 22.0 years (Q1 = 21.0;
Q3=23.5), with 18 women (51.4%). In the healthy older adult group, median age was 74.5

years (Q1=71.2; Q3 =77.8), with 16 women (61.5%).

2.2.  Intra-rater Reliability

Intra-rater reliability estimates for completion time are presented in Table 1. In
young adults, ICC values indicated good to excellent reliability across all walking tests
and environments, ranging from 0.817 to 0.935, except for the F8W in AR, which showed
moderate reliability (ICC = 0.740). In older adults, reliability was more variable across
tasks and environments. In the RW condition, all ST tests showed good to excellent
reliability, with ICC values ranging from 0.878 to 0.955. In the AR condition, ST reliability
was also generally good, although the OC test showed only moderate reliability (ICC =
0.719). Under DT conditions, reliability in older adults ranged from moderate to good in

both environments, with ICC values between 0.698 and 0.862.

Table 1. Intra-rater reliability for completion time on tests in both environments for both

groups.
RW AR
Test Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
N Med Med Med ICC N Med Med Med ICC

[Q-Q3] [QU-Q3] [Q-Q3] [Q1-Q3] [Q1-Q3] [Q1-Q3]

11
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25

3.83

[3.55 - 4.14]

4.14

[3.66 - 4.43]

4.02

[3.64 - 4.3]

4.72

[4.3-5.04]

4.82

[4.51-5.31]

5.12

[4.73-55]

5.09

[4.47 - 5.5]

5.69

[4.94-6.3]

5.13

[4.47 - 5.46)

5.73

[5.1-6.3]

6.27

[5.43-6.71]

7.02

[6.2 - 7.93]

7.04

[6.75 - 8.04]

8.28

[7.29 - 9.34]

8.24

[6.84 - 11.62]

9.32

[7.92-10.31]

3.84

[3.43 - 4.14]

4.2

[3.78 - 4.42]

4.01

(352 - 4.4]

4.69

[4.39 - 4.96]

4.92

[4.39 - 5.58]

5.29

[4.71-5.61]

4.9

(451 -5.73]

5.54

[5.11 - 6.46]

4.92

[4.62 - 5.32]

5.78

[5.09-6.3]

5.77

[5.27 - 651]

6.86

[6.07 - 7.66]

7.37

[6.68 - 8.1]

8.12

[7.45 - 9.21]

9.22

[7.42-11.1]

9.14

[8.16 - 9.82]

3.85

[3.52 - 4.16]

4.14

[3.76 - 4.46]

3.97

(35 - 4.32]

4.59

[4.27 - 4.96]

5.06

[4.46 - 5.67]

5.34

[4.64 - 5.89]

4.99

[4.32 - 5.47]

[4.75 - 5.43]

5.88

(4.86 - 6.57]

5.59

[5.1-6.41]

7.14

[6.35 - 7.77]

7.6

[6.74 - 9.15]

8.19

[7.01 -9.77]

8.04

[7.06 - 11]

9.4

(8.38 - 10.42]

0.923

0.935

0.908

0.897

0.825

0.817

0.842

0.876

0.927

0.955

0.878

0.934

0.699

0.862

0.743

0.698
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4.22

[3.76 - 4.42]

4.72

[4.26 - 4.93]

4.36

[3.92 - 4.93]

4.32

[3.97 - 4.84]

5.5

[5.19 - 6]

6.02

[5.44 - 6.44]

5.83

[5.18 - 6.72]

5.71

(5.3 - 6.69]

5.97

[5.33 - 6.56]

7.3

[6.04 - 8.18]

6.39

[5.9-7.42]

6.28

[5.7 - 7.35]

8.1

[7.44-11.24]

8.2

[7.78 - 10.08]

9.23

[8.3-12.62]

9.22

[8.43-11.81]

4.06

[3.74 - 4.39]

4.47

[4.24 - 491]

4.09

[3.62 - 4.46]

4.26

[3.77 - 4.68]

5.49

[5.11 - 5.85]

[5.09 - 6.39]

5.78

[5.31 - 6.49]

5.81

[4.86 - 6.76]

7.2

[6.23 — 7.49]

5.94

[5.28 - 6.57]

6.3

[5.32 - 7.42]

8.53

[6.82 - 10.1]

8.63

[7.89 - 10.25]

8.97

[8.31-10.62]

9.54

[8.43 - 10.82]

4.02

(3.84 - 4.44]

4.41

[4.13 - 4.9]

4.02

[3.49 - 4.28]

4.11

[3.67 - 4.55]

5.5

[5.24 - 5.92]

5.93

[5.36 - 6.3]

[5.31-65]

5.5

[4.79 - 5.89]

6.82

[6.14 — 7.47]

5.58

[5.24 - 6.45]

6.15

[5.38 - 7.03]

8.28

[7.32 - 10.03]

8.47

[7.75 - 9.76]

9.05

[8.12-13.88]

9.46

[8.24—11.19]

0.918

0.852

0.74

0.891

0911

0.909

0.893

0.796

0.719

0.751

0.839

0.711

0.707

0.855

0.778
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Abbreviations: RW = real world; AR = augmented reality; N = observation number; Med = median; Q1 - Q3 = first and third quartiles;
ICC = intraclass correlation coefficient for absolute agreement; HYA = healthy young adults; HOA = healthy older adults, SW = straight-

walk; F8W = figure-of-8 walk; TUG = timed up and go; OC = obstacles crossing; DT = dual-task.

2.3. Ecological validity

Agreement and equivalence analyses between RW and AR environments for
completion time are presented in Table 2 and Figure 2. In both groups, median
completion times were below 10 s for all tests. In young adults, median completion times
in RW ranged from 3.69 s on SWt0 5.50 s for TUGDT, whereas in AR they ranged from 3.96
s on F8W to 5.75 s for OCDT in AR. In older adults, median completion times, were
consistently longer than in young adults, ranging from 4.72 s for SW to0 8.77 s for TUGDT
in RW, and from 5.39 s SW to 8.8 s for the TUGDT in AR. In young adults, all ST and DT
tests met the predefined equivalence criteria between RW and AR, regardless of whether
the £1.0 s or £2.0 s margin was applied. Under ST conditions, bias values ranged from -
0.39sforTUG to 0.39 s for OC, whereas under DT conditions, they ranged from 0.23 s for
TUGDT to 0.79 s for OCDT. In older adults, the contrast between ST and DT conditions
was more pronounced. All ST tests met the +1.0 s equivalence criterion except OC (p =
0.188). Under ST conditions, bias values ranged from -0.33 s for TUG to 0.61 s for OC. By
contrast, only one DT test met the 1.0 s equivalence criterion (TUGDT), whereas all DT
tests metthe broader +2.0 s criterion. Under DT conditions, bias values ranged from 0.08
s for TUGDT to 1.29 s for FBWDT. In both groups, limits of agreement were relatively
consistent and narrower for ST tests. By contrast, DT tests showed wider and more

variable limits of agreement across tasks, particularly in older adults (Figure 2).

13



255 Table 2. Ecological validity for completion time under single- and dual-task conditions in
256  both groups.
RW AR Ecological validity statistics
Equivalence 1.0s Equivalence 2.0s
Test N Med [Q1 - Q3] Med [Q1 - Q3] Bias [95% LoA]
margin margin
SW 35 3.69 [3.43 - 4.02] 4.01[3.73 - 4.35] 0.31[0.00; 0.87] 0.004 ** 0.004
oC 35 4.03 [3.59 - 4.29] 4.41 [4.02 - 4.77] 0.39[0.00; 1.19] 0.004 ** 0.004 **
F8W 35 3.89 [3.38 - 4.12] 3.96 [3.47 - 4.26] 0.09 [-0.55 ; 0.63] 0.004 ** 0.004 **
TUG 35 4.54[4.16 - 4.86] 3.99 [3.64 - 4.54] -0.39 [-1.03 ; 0.38] 0.004 0.004 ™
HYA
SWDT 35 4.7 [4.24-5.04] 5.44 [4.96 - 5.77] 0.70 [-0.15 ; 1.65] 0.02* 0.004 **
OCDT 35 5.06 [4.46 - 5.35] 5.75 [5.22 - 6.14] 0.79 [-0.11 ; 1.96] 0.02* 0.004 ™
F8WDT 35 4.74[4.31 - 5.36] 5.38 [4.98 - 6.05] 0.53 [-0.61 ; 1.98] 0.015* 0.004 **
TUGDT 35 5.5[4.8 - 6] 5.52[5.2 - 6.2] 0.23 [-0.85 ; 1.28] 0.004 ** 0.004 *
SW 23 472 [4.39 - 5.23] 5.39 [4.74 - 5.53] 0.47 [-0.17 ; 1.56] 0.004 ** 0.004 **
oC 24 5.35 [4.73 - 6.18] 6.1[5.48 - 6.88] 0.61 [0.08 ; 1.87] 0.188 0.004 *
HOA F8W 23 5.42 [4.97 - 6.02] 5.6 [5.24 - 6.39] 0.18 [-1.05 ; 1.28] 0.004 ** 0.004 *
TUG 24 6.62[6.04 - 7.48] 6.11[5.22-7.01] -0.33[-1.78 ;0.38] 0.004* 0.004 *
SWDT 20 6.92[6.2-7.57] 8.02 [6.98 - 9.54] 0.81 [-1.38;2.53] 0.768 0.024
OCDT 24 7.88[6.8 - 8.66) 8.4[7.57 - 9.75] 0.44 [-1.69 ; 3.61] 0.768 0.015
F8WDT 22 7.52[6.21 - 9.34] 8.37 [7.61 - 9.45] 1.29 [-1.78 ; 3.76) 0.851 0.024
TUGDT 23 8.77 [7.46 - 9.37] 8.8 [8.26 - 10.46] 0.08 [-1.68 ; 2.05] 0.015* 0.004 **
257
258 Abbreviations: RW = real world condition; AR = augmented-reality condition; N = observation number; Med = median; Q1 - Q3 = first
259 and third quartiles; LoA = limits of agreement; HYA = healthy young adults; HOA = healthy older adults, SW = straight-walk; F8W =
260 figure-of-8 walk; TUG = timed up and go; OC = obstacles crossing; DT = dual-task.

261 *** Significant equivalence (p <.001)

262

; ** Significant equivalence (p < .01); * Significant equivalence (p < .05).

Values in bold represent non-significant values.
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Figure 2. Bland-Altman plots of completion time agreement between environments

under single- and dual-task conditions.

Abbreviations: RW = real world condition; AR = augmented-reality condition; N = observation number; HYA = healthy young adults;
HOA = healthy older adults, SW = straight-walk; F8W = figure-of-8 walk; TUG = timed up and go; OC = obstacles crossing; DT = dual-

task.

3. Discussion

By comparing AR-based walking tests with their RW counterparts under ST and DT
conditions, this study evaluated intra-rater reliability and ecological validity for
completion time in healthy young and older adults. Overall, reliability was high in young
adults across tasks and environments. In older adults, reliability remained generally good
under ST conditions but was more variable under DT conditions. Ecological validity was
strongest in young adults and under ST conditions in older adults, whereas DT
performance in older adults showed lower ecological validity and greater variability

(Figure 3).

In RW, the selected walking tests showed high reproducibility in young adults and,
under ST conditions, similarly strong reliability in older adults. These findings are
consistent with the literature, as Bohannon (1997) reported excellent intra-rater reliability
for SW in young adults [15]. For older adults in RW, ST results were similar to those
observed in young adults, with high ICC values consistent with literature, as Exter et al.
(2024) and Nualyong and Siriphorn (2022) documented excellent intra-rater reliability for
the TUG and F8W [5,14]. In DT conditions, however, the increased task complexity was
associated with greater variability compared with ST conditions, and, contrary to previous
findings, reproducibility was only moderate [5, 9]. This discrepancy may reflect the

concurrent cognitive task used, as serial subtraction, particularly by sevens, are among
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309

310

311

the most demanding dual-task challenges and can markedly slow gait in older adults [40].
Participants had to shift their attention and redistribute limited attentional resources
between walking and calculation, which may have destabilized performance and reduced
reproducibility [41, 42]. Finally, this study provides initial reliability data for the obstacle-

crossing task under both ST and DT conditions in older adults.

In AR, reliability estimates broadly followed the same pattern as in RW, with generally
good reproducibility under ST conditions and greater variability under DT conditions in
older adults. Moreover, the present findings provide initial reliability data for an AR-based
walking test battery, including SW, TUG, F8W and OC. Overall, in older adults, DT
performance showed greater variability and moderate-to-good reproducibility across RW

and AR conditions.

Agreement analyses indicated that AR and RW completion times were generally
close under ST conditions, whereas agreement was weaker for DT assessments in older
adults. This favourable agreement under ST conditions contrasts with the virtual reality
literature, which frequently reports significant gait alterations [25-27], and reinforces the
advantage of AR in preserving the visibility of the physical environment [17]. By preserving
visual access to the physical environment, AR may help maintain natural sensorimotor
contingencies, which could partly explain the favourable agreement observed under ST
conditions [43, 44]. For older adults, the lack of equivalence likely reflects higher
between-trial variability induced by the concurrent cognitive task. This variability can be
viewed as a clinically meaningful expression of cognitive—-motor interference [42, 45], and
of the strategies used by older adults to manage competing task demands [10]. However,

the present study does not allow the respective contributions of measurement instability,
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cognitive—-motor

interference,

and adaptive task-management strategies

disentangled. The meaning of this variability therefore remains to be clarified.

to be

RW VS. AR

RW AR
=2 ST Excellent Good o
f --------------------------------------
I DT Good Excellent o
- ST Excellent Good o
(=
K’fﬁ.
£ F | Moderate
DT Moderate | - 0
Good

Figure 3. Summary of intra-rater reliability and between-environment equivalence using

the +£1.0s threshold across tasks.

Abbreviations: RW = real world condition; AR = augmented-reality condition; ST = single-task; DT = dual-task.

This study has several limitations. First, equivalence margins were derived from clinically

meaningful thresholds reported for the TUG and were not task-specific, particularly under

DT conditions. Second, the older-adult sample was smaller than planned, which may

have reduced the precision of subgroup estimates. Third, older participants may have

beeninfluenced by unfamiliarity with the device, and cognitive-task performance was not

analysed, limiting interpretation of cognitive—-motor trade-offs.
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Future studies should examine how age, dual-tasking, and AR-related task demands
during complex walking, and should incorporate automated spatiotemporal measures
and cognitive-task performance. Examining variability as a potentially informative
outcome may also help determine whether DT-related fluctuations in AR reflect
measurement noise, adaptive behaviour, or both, and whether they are associated with
clinically relevant mobility profiles or fall-related outcomes. These findings provide
foundational clinimetric evidence, but predictive validity for fall-risk screening remains

to be established.

4. Conclusion

This study provides initial clinimetric evidence for an AR-based battery of clinical
walking tests performed under single- and dual-task conditions. AR-derived completion
time showed good intra-rater reliability and favourable ecological validity in young adults
and in older adults under single-task conditions. In contrast, dual-task performance in
older adults showed greater variability and weaker ecological validity, indicating that AR-
derived dual-task measures should be interpreted cautiously at this stage. Overall, these
findings support the further development of standardized, instrumented AR-based
walking assessment in ageing and provide the clinimetric foundation required before its

value for fall-risk screening and clinical decision-making can be tested.

List of abbreviations:

AR - Augmented Reality
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