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Abstract

Objectives: To assess the reliability of using videoconference technology to remotely administer 

the Short Physical Performance Battery (SPPB), including the 5-time sit-to-stand (5XSTS) and 

usual 4-meter walk (4mWT), and the Timed Up and Go (TUG) tests and agreement with in-person 

administration among adults with and without cancer.

Methods: Participants from two ongoing clinical exercise trials in cancer survivors, one that 

included partners without cancer, comprised the available sample (n=176; mean age 62.5 ± 

11.5 years.). Remote tests were administered on two separate days by either the same or a 

different assessor to determine intra-rater and inter-rater reliability, respectively. We also compared 

tests conducted remotely and in-person using the same assessor and the same participant. 

Intraclass correlation coefficients (ICC) and 95% confidence intervals (95% CI) were used for 
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all comparisons, except for the SPPB score, which used Cohen’s kappa and Krippendorf’s alpha 

for intra- and inter-rater reliability, respectively.

Results: Remote assessment of the TUG test had excellent intra-rater reliability (0.98, 95% 

CI 0.93–0.99), inter-rater reliability (ICC = 0.96, 95% CI 0.90–0.99), and good agreement with 

in-person tests (ICC = 0.88, 95% CI 0.74–0.94). The 5XSTS and 4mWT showed excellent (ICC 

= 0.92, 95% CI 0.84–0.96) and good (ICC = 0.87, 95% CI 0.71–0.94) intra-rater reliability, 

respectively, but somewhat lower inter-rater reliability (5XSTS: ICC = 0.65, 95% CI 0.34–0.83 

and 4mWT: ICC = 0.62, 95% CI 0.30–0.81). Remote 5XSTS had moderate agreement (ICC = 

0.72, 95% CI 0.62–0.80) and 4mWT had poor agreement (ICC = 0.48, 95% CI −0.07–0.76) with 

in-person tests.

Conclusions: Remote assessment of common physical function tests in older adults, including 

those who have cancer, is feasible and highly reliable when using the same assessor. TUG may 

be the most methodologically robust measure for remote assessment because it is also highly 

reliable when using different assessors and correlates strongly with in-person testing. Adapting 

administration of objective measures of physical function for the remote environment could 

significantly expand the reach of research and clinical practice to assess populations at risk of 

functional decline.
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INTRODUCTION

Patient-reported physical functioning assesses a person’s perception of their physical 

abilities can be obtained through questionnaires or interviews no matter where patients live 

(1). Patient-reported physical functioning can independently predict short-term mortality and 

nursing home admissions in older adults (2). While patient-reported measures are highly 

practical, objective assessment of physical functioning is more reliable, detects changes 

earlier and with more sensitivity, and less prone to bias (2–4). For example, in a study 

comparing older breast cancer survivors to age-matched healthy controls, survivors reported 

physical function scores about 10% lower than their peers, whereas scores on objective 

function tests were up to 25% lower in survivors than controls (5).

The Short Physical Performance Battery (SPPB) is a test of physical functioning designed 

to objectively assess lower-body physical function in older adults and is comprised of 

a sum score of three subtests: standing balance, usual walk speed (4mWT), and 5 time 

sit-to-stand (5XSTS). Low SPPB scores correlate with disability (6, 7), declines in mobility 

(8) activities of daily living (ADLs), hospitalization, and mortality (8, 9). The SPPB is 

typically administered in-person and has acceptable internal consistency (2), ability to detect 

clinically meaningful change (10), and versatility as it can be administered in clinic or 

home settings (9). The Timed Up and Go (TUG) test is another objective and reliable 

measure of functional mobility that is also feasible in a clinic setting (11) and predicts 

health outcomes, such as fall risk in community-dwelling adults (12). In cancer survivors, 
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poor TUG and SPPB scores correlate with treatment-related complications, higher rates of 

functional decline, and decreased survival (13).

A notable limitation with objective measures is that in-person assessment requires travel by 

the patient to a facility or by the assessor to the patient’s home (14, 15). In early 2020, 

the COVID-19 pandemic disrupted clinical trials across the world, forcing studies to forgo 

in-person data collection (e.g., biologic samples, physical assessments) or to adapt protocols 

for remote delivery using approaches such as videoconferencing. Our laboratory suspended 

in-person study activities in two large NIH-funded exercise trials, including assessments of 

objective physical function. In turn, we adapted protocols for both exercise training (16) and 

for assessment of physical function to remote formats using videoconference technology.

While reliability estimates for in-person administration of SPPB and TUG have been 

established (17–19), there are very few published estimates of reliability of remote 

administration (20) or data comparing scores collected in a remote setting to scores 

collected in-person (21, 22). One recent study in a veteran population assessed inter-rater 

reliability of remote assessments using two assessors who observed a single participant 

on the same videoconference for repetition-based functional tests (i.e., # arm curls 

completed in 30 seconds), but did not measure intra-rater reliability or compare remote 

assessments to laboratory based tests (20). Another study conducted during COVID-19 

in a small sample of otherwise healthy adults compared remote assessment of functional 

tests performed in the home to assessments repeated in an outdoor setting, but did not 

include reliability assessments of either type of delivery setting (21). To date there is 

no study that has assessed both inter-rater and intra-rater reliability of remote functional 

tests along with comparison of remote testing to traditional laboratory-based testing and 

included participants of varying ranges and health status. Thus, we seized an opportunity 

to use participants from our ongoing trials to conduct an ancillary study to estimate the 

measurement properties of physical function tests conducted by remote assessment using 

videoconferencing technology. The purpose of this study was to estimate the intra- and 

inter-rater reliability of remotely assessed SPPB, 5XSTS, 4mWT, and TUG tests in a sample 

of middle-aged and older adults with and without cancer. Eventual resumption of in-person 

visits allowed us to also estimate the agreement between tests administered remotely to 

those administered in-person.

METHODS

Participants

We used data collected in two on-going National Institutes of Health-funded randomized 

controlled exercise trials, details of which are described in detail elsewhere (23, 24). Study 1 

(NCT03630354) enrolls breast and prostate cancer survivors within three years of diagnosis 

plus their intimate partner and Study 2 (NCT03741335) enrolls prostate cancer survivors 

treated with androgen deprivation therapy (ADT). All participants involved completed 

two testing assessments on separate days. Sixty-five participated in repeat remote testing 

appointments and 114 participated in both in-person and remote testing. Three of the 

participants that completed intra-rater reliability also participated in in-person testing and 

therefore their data was used in both the intra-rater reliability analysis as well as the 
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analysis that compared remote testing to in-person testing. Testing was completed during 

a combination of baseline and follow-up visits concordant with participants’ timeline in 

the ongoing trials. Both studies included the SPPB as an outcome measure, while Study 2 

also included the TUG. Both in-person and remote study protocols were approved by the 

OHSU Institutional Review Board and all participants provided informed consent prior 

to participation in testing. Participants with upcoming study visits were asked if they 

were willing to participate in an additional remote testing session for intra- or inter-rater 

reliability testing, whereas participation in remote and in-person testing became standard 

testing procedure for scheduled study visits from August 2020 onward.

Procedures

Assessors—Seven experienced assessors conducted the assessments. Only two assessors 

were involved in any given reliability or agreement assessment and conducted their 

assessment on separate days. Assessors followed Standard Operating Procedures (SOP) to 

better ensure tests were administered the same way regardless of delivery format. Prior to 

initiating remote testing in the studies, a project director observed up to 5 testing sessions 

per assessor to ensure uniformity across assessors and trials.

Test sessions—Videoconference-based testing was conducted securely via Cisco Webex 

Meetings with both assessors and participants connecting from their home residence. 

Participants had to have the following resources for remote assessments: internet access; 

computer or tablet with video capabilities; 16’ space; armless, non-rolling, straight-backed, 

standard height chair; and a measuring tape ≥ 14’. If a participant lacked any resources, 

items were mailed or delivered to them. If space was inadequate for a given test, data 

collection did not occur for only that measure. If poor video quality interfered with test 

administration (i.e., lags or skips) and could not be remediated the session was rescheduled. 

For reliability, each participant completed a testing assessment with their regularly appointed 

assessor. A second remote testing assessment was scheduled to be completed on a different 

day by either the same assessor (intra-rater) or by a different assessor (inter-rater) from 

each assessor’s home and then scores were compared. For inter-rater reliability the second 

assessor was picked based on availability and assessor pairs and the order they tested 

varied. Five assessors were involved in the intra-rater reliability testing. Six assessors were 

involved in the inter-rater reliability testing: five assessors with 10 testing pair combinations 

for TUG and five assessors with nine testing pair combinations for SPPB. For agreement 

estimates, in-person tests were conducted in our laboratory following established SOPs (2, 

25) after OHSU permitted the resumption of in-person research visits. Six assessors were 

involved in agreement testing and the order of testing was not formally randomized because 

this study was an add-on to ongoing trials and tests were scheduled based on participant 

convenience. Of the 114 agreement assessments, 82% were conducted in-person first and 

18% conducted remote testing first. Repeat assessment visits were not completed on the 

same day to minimize any confounding from fatigue, but were to be completed within a 

timeframe where we would expect participant performance to be stable (e.g., 1–14 days) and 

to accommodate participant schedules. Adverse events (AEs) during testing were routinely 

tracked in both trials and used to assess safety of remote testing (23, 24).
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Test Protocols—The SPPB consists of three timed assessments: standing balance, 4mWT, 

and 5XSTS. Each test is scored from 0 to 4, then scores are summed (SPPB sum) for a range 

of possible scores of 0–12 (2). Higher scores indicate better physical function. We used the 

SPPB subtest and sum scores and the continuous values of the 5XSTS (sec) and 4mWT 

(m/s) for analysis. For the TUG, the time it takes a participant to rise from a chair, walk at 

their usual pace for 3-meters, turn around, and return to a seated position in the chair was 

used for analysis (26). We adapted SOPs for remote administration [Supplement 1] to stay 

as closely as possible to in-person administration. The supplement includes detailed outlines 

of equipment, videoconferencing setup, and SOPs for each subtest of the SPPB and the TUG 

with modified language for instructing participants to setup optimal camera placement and 

photo examples. Key adaptations for remote administration are summarized in Fig. 1. Safety 

precautions included ensuring walk courses were free of obstacles, chairs were stationed 

against a fixed object, balance activities took place near a fixed object, another person in the 

participant’s home was on call nearby and/or an emergency contact number was on hand. 

Raters used the same stopwatch that they use for in-person tests to time each assessment.

Statistical Analysis

Descriptive statistics were calculated for the subsamples used for each analysis. Intraclass 

correlations (ICC) were used to estimate intra- and inter-rater reliability for all continuous 

outcomes (5XSTS, 4mWT, and TUG). Decisions about ICC type (single assessor versus 

average of multiple assessors in future applications), model (one-way, two-way, random vs 

mixed effects), and reliability estimate (absolute agreement versus consistency) followed 

Koo & Li’s (27) recommendations and flow chart. All ICCs used single type which 

assumes future assessments would be conducted by one assessor and absolute agreement 

as tests are used to measure change over time in longitudinal studies. Intra-rater reliability 

used two-way mixed models to account for multiple scores from the same assessor while 

inter-rater reliability used one-way random models as assessors were not the same for all 

participants. Agreement between remote and in-person tests was determined using ICC 

two-way mixed-effects models with absolute agreement since each measurement from the 

subject was rated by the same assessor. Interpretations of the ICCs were based on Koo & 

Li’s (27) guidelines: ICC values <0.5 = poor reliability; 0.5–0.75 = moderate reliability; 

0.75–0.9 = good reliability; and >0.9 = excellent reliability.

The SPPB sum and subtests scores and the standing balance test itself are discrete interval 

measures that do not fit the assumptions required for ICC. Intra-rater reliability and 

agreement of SPPB sum and standing balance between the two settings were estimated 

using Cohen’s kappa. This statistic is most appropriate for a single assessor performing two 

evaluations and is not ideal for multiple raters as in this study. However, multiple raters 

increase the error and decreases the magnitude of kappa, thus estimates were conservative. 

Inter-rater reliability of SPPB sum and standing balance was estimated using Krippendorf’s 

alpha with quadratic weighting, which allows for multiple assessors who do not need to 

rate all participants (28). An alpha of 0 suggests agreement equivalent to chance, while an 

alpha of 1 indicates perfect agreement. The interval rating provides a weighting structure 

to adjust for ordinal discrete variables (29). Krippendorf tentatively suggested an alpha of 

0.667 as the lowest conceivable limit for equivalence, but stressed that there is no single 
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valid cutoff (30, 31). Additionally, we calculated the joint probability of agreement for 

SPPB and its subtests where participants had exactly the same score within the intra-rater 

(agreement within assessors), inter-rater (agreement between assessors), and agreement 

testing conditions (agreement between remote and in-person). All analyses were performed 

using R (R Core Team (2020). R: A language and environment for statistical computing. 

R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/) 

and the irr package (Matthias Gamer, Jim Lemon, Ian Fellows, and Puspendra Singh (2019). 

irr: Various Coefficients of Interrater Reliability and Agreement. R package version 0.84.1. 

https://CRAN.R-project.org/package=irr).

RESULTS

Participant Characteristics

Overall, data from 118 participants in Study 1 and 58 participants in Study 2 were used. The 

number of cases for each analysis varied, thus characteristics of each subsample is provided 

(Table 1). In brief, 32 participants completed intra-rater reliability testing, 33 completed 

inter-rater reliability testing, and 114 completed remote and in-person testing. On average, 

the entire sample were relatively healthy (Charlson Comorbidity Index score: 2.2 ± 2.2) 

older adults (62.5 ± 11.5 years). The study sample for the TUG test averaged about a 

decade older than the sample for SPPB, but the latter includes a broader age range and both 

genders. Participants in the study were primarily in Oregon and 25% lived in rural counties, 

but the sample included several participants living in one of 3 nearby states (Washington, 

Idaho, Nevada). The median number of days between any two testing appointments across 

all test conditions was seven. For the SPPB agreement analysis, there were 18 cases where 

remote and in-person testing occurred more than 14 days apart. A sensitivity analysis 

removing these cases did not substantively change the results so these cases were retained. 

During our transition from in-person to remote testing, 99% of our sample were able to 

complete remote testing instead of the originally scheduled in-person testing with only one 

participant who had insufficient internet to do any tests and five participants who did not 

have enough space to do walk tests. Of the 176 participants in our ancillary study, we had 

to deliver equipment to 15 of them (<9%), including the following items: One tape measure, 

three chairs, two webcams, seven tablet stands, one laptop, and one cellular-enabled tablet. 

Internet lag or disruptions occurred periodically, but only led to a complete reschedule of a 

testing appointment in two sessions (1% of all tests). There were no AEs during any remote 

assessment.

Intra-rater reliability

Using the same assessor to administer remote tests (Table 2), TUG and 5XSTS had 

excellent reliability (0.96, 95% CI 0.90–0.99 and 0.92, 95% CI 0.84–0.96, respectively) 

while reliability for 4mWT was good (0.87, 95% CI 0.70–0.94). SPPB sum had a Cohen’s 

kappa of 0.78 and standing balance had a kappa of 0.82, both of which imply substantial 

agreement between repeat assessments (32).

Guidarelli et al. Page 6

J Geriatr Oncol. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.r-project.org/
https://cran.r-project.org/package=irr


Inter-rater reliability

Using different assessors to administer remote tests (Table 3), TUG showed excellent 

reliability (0.98, 95% CI 0.93–0.99). Reliability for both 5XSTS and 4mWT was moderate 

(0.65, 95% CI 0.34–0.83 and 0.62, 95% CI 0.30–0.81, respectively). Krippendorf’s alpha 

was 0.59 for SPPB sum, which implies unacceptable agreement between different assessors. 

For standing balance nearly all participants scored a 4 on successive tests, providing a 

skewed distribution that would not generate a reliable alpha when using multiple assessors.

Agreement between testing formats

Remote administration of TUG (Table 4) had good agreement (0.88, 95% CI 0.74–0.94), 

while 5XSTS had moderate agreement (0.72, 95% CI 0.62–0.80) and 4mWT had poor 

agreement (0.48, 95% CI −0.07–0.76) with in-person tests. SPPB sum and standing 

balance had slight to moderate agreement between test formats (kappa = 0.38 and 0.46, 

respectively). Performance on all tests were better (or faster) when participants performed 

tests in-person compared to home, with the exception of standing balance. The average 

observed difference for TUG was 0.14 (95% CI −0.40, 0.67), SPPB sum = 0.25 (95% CI 

0.06, 0.43), 5XSTS = 0.20 (−0.27, 0.68), and 4mWT = 0.14 (95% CI 0.12, 0.16). Standing 

balance, which trended in the other direction, had an observed mean difference of −0.11 

(95% CI −0.20, 0.68), but these scores had very little variability and demonstrated a ceiling 

effect making reliability estimates less robust.

Agreement of SPPB scores across comparisons

Using the same guidelines for interpretation as used for ICC and the discrete scores for the 

SPPB, standing balance scores had the best absolute agreement (Table 5) across all types of 

re-tests with agreement for intra-rater reliability = 92.6% (excellent), inter-rater reliability = 

87.5% (good), and agreement = 86.0% (good). 4mWT scores had good absolute agreement 

for intra- (81.5%) and inter-rater (87.5%) reliability and moderate agreement for comparison 

between remote and in-person testing (65.8%). 5XSTS scores had moderate agreement for 

intra-rater reliability = 74.1%, inter-rater reliability = 58.3% and agreement = 60.5%. SPPB 

sum scores had poor agreement across all types of re-tests with intra-rater reliability = 

59.3%, inter-rater reliability = 50.0%, and agreement = 43.9%.

DISCUSSION

In an effort to sustain our research during COVID-19, we successfully adapted established 

objective measures of physical function used in clinical care and research in older adults 

and clinical populations at risk of functional decline (4, 9). Remote assessment was both 

feasible and safe as 99% of our sample originally slated for in-person testing completed 

assessments remotely, instead, and without injury. To our knowledge, we are among the 

first to assess reliability of two widely-used functional tests, the SPPB and TUG, that both 

have high utility and predictive validity. We are also among the first to make comparisons 

between remote and in-person administration. The TUG test appears the most robust when 

assessed remotely, showing excellent intra- and inter-rater reliability and good agreement 

with in-person assessment. Compared to the TUG, the intra-rater reliability of the SPPB 

and the individual tests of 5XSTS and 4mWT were also very strong, but these tests had 
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somewhat lower inter-rater reliability when assessors administered remote visits out of 

different homes and was less consistent with in-person tests. Test scores were generally 

better in-person than under remote conditions in the home, a finding consistent with other 

studies comparing walk tests conducted in a lab to tests conducted in the home (33–35). 

Even though under both conditions in our study participants were observed by an assessor, 

the laboratory setting may induce more of a “white coat” effect that triggers the sympathetic 

nervous system and results in higher effort (36). Thus, laboratory-based tests may measure 

a person’s best performance, whereas a home assessment may be a more ecologically valid 

measure of daily functioning in a person’s home environment.

Of the two tests, the TUG was most robust. The consistency of the TUG test across 

assessors and settings might be attributable to the elements of the test that make it simpler to 

administer using videoconferencing technology. Specifically, the slower pace (i.e., usual 

vs. fast) and easier video angle to capture the end of the test (i.e., return to upright 

sitting position) might allow for better consistency and accuracy of timing, despite varying 

technologies between homes, like internet speed. Remote administration of the subtests of 

the SPPB was very consistent within assessors, but may be more susceptible to differences 

between assessors due to the ways these tests are administered and the impact of varying 

technology between homes. Chair stands are completed for speed and thus may be more 

susceptible to differences in video quality between assessor homes that leads to subtle, but 

variable transmission speeds. Further, it may be more difficult for assessors to ensure quality 

of test performance (i.e., full stand and full sit) using only verbal feedback during remote 

tests compared to verbal and tactile feedback that is used in-person, potentially adding 

another source of error. For the 4mWT, in addition to the variation in video quality between 

assessor homes, accurate timing is also dependent upon the video angle setup to capture 

the foot crossing the finish line and could introduce variability between assessors in how 

cameras are positioned and when foot crossing is timed. To date, only one other recently 

published study has reported on remotely administered functional tests. They reported 

high inter-rater reliability on repetition-based functional tests (i.e., 30-second arm curl and 

chair stand tests and 2-minute step test), but two assessors simultaneously timed a single 

participant on the same video conference (20), which differed from how we conducted our 

inter-rater reliability assessments.

In most cases, our reliability estimates for remote administration are comparable to those 

reported for the same measures conducted only in-person. Our remote intra-and inter-rater 

reliability for TUG is consistent with what is found in the literature for in-person testing 

(18, 19). Among pulmonary hypertension patients in an out-patient clinic setting, TUG 

intra-rater reliability (0.96, 95% CI 0.93, 0.98) (18) was nearly identical to that of our 

remote assessments (0.96, 95% CI 0.90, 0.99). Inter-rater reliability of the TUG test in a 

small sample (n=11) of a geriatric out-patient center (0.98, 95% CI 0.93, 1.00) (19) was 

also nearly identical to our remote TUG inter-rater reliability (0.98, 95% CI 0.93, 0.99). 

Our remote 4mWT intra- and inter-rater reliability is also comparable to reliability estimates 

reported for in-person administration in people with and without asthma which reported 

good intra-rater reliability (0.86, 95% CI 0.73, 0.92) and moderate inter-rater reliability 

(ICC = 0.58 (95% CI 0.26, 0.76) (17). For 5XSTS our intra-rater reliability for remote 

administration (ICC = 0.92) exceeds that reported in a meta-analysis (n=779 participants) 
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for in-person (adjusted mean ICC of 0.81) (37). However, our inter-rater reliability estimates 

for the 5XSTS were lower than that reported in another meta-analysis in 400 participants 

of mixed health status (ICC = 0.947, 95% CI 0.88, 0.97; range 0.74 to 0.99) (38). Some 

of the differences between in-person reliability estimates and ours on certain timed tests 

could be related to varying video quality in the home setup of different assessors. We could 

not avoid these differences during COVID-19 where staff were under stay-at-home orders. 

However, homogenizing the videoconferencing setup across assessors by having them use 

the same hardware and software in a central location, as opposed to their different computers 

in different homes, might remove a source of error and improve reliability across assessors.

Scoring for the SPPB converts timed scores to discrete values and likely affected our 

reliability estimates for this test. Even with high interrater reliability in the timed tests 

used for the SPPB, minor differences in timing between assessors can result in different 

discrete SPPB scores. In addition, potential ceiling effects when testing younger and/or 

or high functioning adults, such as what we observed for the standing balance subtest, 

can further limit variability needed for robust reliability estimates. These limitations 

introduced by SPPB scoring fundamentally influence the degree of agreement that is 

possible when comparing remote to in-person formats. These preliminary findings suggest 

that studies should have a single assessment format and not interchange remote and in-

person administration of the SPPB.

Use of videoconferencing technology introduces potential unique sources of error, otherwise 

not previously considered when trying to maximize reliability of repeat assessments. Our 

staff worked with the OHSU Information Technology Group (ITG) to try to uncover new 

sources of error when conducting remote assessments of physical functioning. Inspection 

of recorded repeat assessments and additional mock testing sessions helped to identify 

technology-specific sources of error, such as internet connectivity, bandwidth speed, and 

audio and visual quality (39). Though we could not specifically quantify error, OHSU ITG 

provided guidelines for both assessors and participants to maximize call quality (Fig. 2). A 

recently published study on remote assessments of other types of physical performance tests 

noted similar technical difficulties (20), highlighting a consistent limitation with technology.

Our ancillary study had strengths and limitations. We successfully adapted well established 

objective measures of physical functioning for remote assessment using videoconference 

technology and in a sample that included older adults and cancer survivors in whom these 

tests are most relevant. Older adults are sometimes assumed to have limited internet and 

computer skills and there may be concerns about their safety when doing performance-based 

tests alone in a home setting. However, nearly our entire sample was able to easily complete 

remote assessment and only a few needed additional resources, which were easily mailed, 

and none experienced an adverse event during testing. A quarter of our sample also lived in 

rural areas, which is another presumed limitation to remote delivery approaches. Thus, the 

age, geographic and clinical diversity of our sample strongly suggests that our findings could 

generalize to a broader sample of older adults, rural/urban settings and chronic illnesses. It 

is noteworthy, though, that our sample consisted of trial participants who were willing and 

able to participate in moderate-intensity exercise training and thus feasibility and safety of 

remote assessment in more frail or medically complex adults needs to be established. An 
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alternative option could be the virtual SPPB (vSPPB) where a participant self-assesses their 

performance against computer animated test performances (40). Though the virtual SPPB is 

not recommended as a substitute for a person’s actual performance it could be a reasonable 

alternative for testing older, frail populations due to safety concerns and/or space limitations 

in the home. Due to the logistics of implementing this ancillary study amidst state and 

institutional pandemic-related restrictions, we were not able to randomize the order of our 

remote and in-person testing. The size of our sample also varied across the different types of 

comparisons, thus further confirmation of the measurement properties of remote assessments 

of physical function in larger samples is needed. Our sample also lacked racial and ethnic 

diversity thus it is unclear whether or not the measurement properties of remote assessment 

of physical function tests is similar in non-white adults. Finally, we only used a single type 

of videoconferencing software, Cisco Webex Meetings, to conduct our remote tests and thus 

our results may not generalize when using other software.

In summary, our ancillary findings suggest that two very well-established standard tests 

of physical functioning, the SPPB and TUG tests, that have always been conducted in-

person, can be successfully adapted for remote administration through video conferencing 

technology with evidence for feasibility, safety, reliability and agreement with in-person 

assessments. Remote administration of the TUG test, in particular, was highly consistent 

between assessors and concordant with tests administered in-person suggesting it could 

be used both in large, longitudinal studies but also possibly to screen for fall and 

disability risk in individuals. Remote administration of the SPPB may also be useful in 

longitudinal studies, but may require more standardization when using multiple assessors 

for remote assessments. Certainly, more work in this area will be forthcoming as the 

incorporation of video conferencing in the conduct of research and practice have accelerated 

during the COVID-19 pandemic. The added value of adapting functional tests for remote 

administration is the widened potential to reach a broader population who may have been 

less able to participate in in-person tests because of distance, (e.g., rural areas), who are 

otherwise unable to travel on their own (e.g., homebound elderly, without transportation) or 

who are unwilling to come to a central facility. Better representation of the aging and cancer 

survivor population in research that aims to reduce rates of disability and improve outcomes 

will ultimately lead to better population health.
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Fig. 1. 
Summary of key adaptations from in-person to remote administration of Timed Up and Go 

and Short Physical Performance Battery Standard Operating Procedures
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Fig. 2. 
Remote Videoconferencing Tips

Abbreviations: CPU- Central Processing Unit
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Table 1

Sample characteristics by assessment type and measure

Intra-rater Inter-rater Remote to In-Person
Agreement

Characteristics TUG SPPB TUG SPPB TUG SPPB

n=18 n=27 n=15 n=24 n=25 n=114

Age, (years) 72.2 ± 7.7 63.7 ± 9.8 75.0 ± 6.8 59.6 ± 13.0 71.0 ± 6.8 61.7 ± 11.0

Gender

Female 0 (0.0%) 7 (25.9%) 0 (0.0%) 9 (37.5%) 0 (0.0%) 47 (41.2%)

Male 18 (100%) 20 (74.1%) 15 (100%) 15 (62.5%) 25 (100%) 67 (58.8%)

Cancer survivors 18 (100%) 20 (74.1%) 15 (100%) 15 (62.5%) 25 (100%) 70 (61.4%)

Cancer Type

Breast 0 (0.0%) 6 (22.2%) 0 (0.0%) 7 (29.2%) 0 (0.0%) 43 (37.7%)

Prostate 18 (100%) 14 (51.9%) 15 (100%) 8 (33.3%) 25 (100%) 27 (23.7%)

Comorbidities 2.5 ± 2.4 1.9 ± 2.1 3.1 ± 2.1 1.8 ± 1.9 3.6 ± 2.8 2.3 ± 2.2

Difference in days between testing 5.2 ± 1.6 5.9 ± 1.3 4.5 ± 2.2 5.3 ± 1.8 6.3 ± 2.5 11.2 ± 11.1

Difference in days (median (range)) 6 (2–7) 6 (2–7) 5 (1–7) 5.5 (2–7) 6 (2–14) 7(2–51)

Abbreviations: TUG- Timed Up and Go; SPPB- Short Physical Performance Battery

a
Measured using the Charlson Comorbidity Index
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Table 2

Intra-rater reliability of remote administration of the Timed Up and Go and Short Physical Performance 

Battery tests

n
a ICC (95% CI) Cohen’s kappa

TUG (sec) 18 0.96 (0.90, 0.99)

SPPB sum 27 0.78

Standing balance 27 0.82

5XSTS (sec) 27 0.92 (0.84, 0.96)

4mWT (m/s) 27 0.87 (0.71, 0.94)

Abbreviations: ICC- Intraclass Correlation Coefficient; TUG- Timed Up and Go; SPPB- Short Physical Performance Battery; 5XSTS- 5-time 
sit-to-stand; 4mWT- 4-meter walk test

a
n = number of participants tested for each measure
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Table 3

Inter-rater reliability of remote administration of the Timed Up and Go and Short Physical Performance 

Battery tests
a

Measure n
b ICC (95% CI) Krippendorf’s alpha

TUG (sec) 15 0.98 (0.93, 0.99)

SPPB sum 24 0.59

5XSTS (sec) 24 0.65 (0.34, 0.83)

4mWT (m/s) 24 0.62 (0.30, 0.81)

Abbreviations: ICC- Intraclass Correlation Coefficient; TUG- Timed Up and Go; SPPB- Short Physical Performance Battery; 5XSTS- 5-time 
sit-to-stand; 4mWT- 4-meter walk test

a
Unable to calculate alpha for standing balance

b
n = number of participants tested for each measure
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Table 4

Agreement of remote administration of the Timed Up and Go and Short Physical Performance Battery against 

in-person administration

n
a ICC (95% CI) Cohen’s kappa Difference Mean

b
 (95% CI)

TUG (sec) 25 0.88 (0.74, 0.94) 0.14 (−0.40, 0.67)

SPPB sum 114 0.38 0.25 (0.06, 0.43)

Standing balance 114 0.46 −0.11 (−0.20, −0.02)

5XSTS (sec) 114 0.72 (0.62, 0.80) 0.20 (−0.27, 0.68)

4mWT (m/s) 114 0.48 (−0.07, 0.76) 0.14 (0.12, 0.16)

Abbreviations: ICC- Intraclass Correlation Coefficient; TUG- Timed Up and Go; SPPB- Short Physical Performance Battery; 5XSTS- 5-time 
sit-to-stand; 4mWT- 4-meter walk test

a
n = number of participants tested for each measure

b
Difference (In-person – Remote)
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Table 5

Agreement of the Short Physical Performance Battery and subtest scores across test conditions

Agreement Type SPPB sum
a

Standing Balance
b

4mWT
b

5XSTS
b

Agreement within assessors (intra-rater) 59.3% 92.6% 81.5% 74.1%

Agreement between assessors (inter-rater) 50.0% 87.5% 87.5% 58.3%

Agreement between remote and in-person testing 43.9% 86.0% 65.8% 60.5%

Abbreviations: SPPB- Short Physical Performance Battery; 4mWT- 4-meter walk test; 5XSTS- 5-time sit-to-stand

a
SPPB sum score ranges 0–12

b
SPPB, Standing Balance, 4mWT, and 5XSTS score ranges 0–4.
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