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Repeatability and Reliability of the Five-Times-Sit-
to-Stand Test Performed Using a Mobile Phone 

Application 

Abstract. The Five-Time-Sit-to-Stand Test (FTSTT) is a timed test for assessing functional lower limb muscle 
strength and body balance that can be administered using the Test To Go mobile application. Our purpose was to 
determine the repeatability and reliability of the 5TSST performed with the Test To Go mobile application. Thirty-
two healthy participants (29 women and 3 men), 21 years old on average, were included in the study. Measurements 
of three consecutive tests with mobile phone attached at the upper chest were performed on two occasions, in the 
interval of 48 hours. The intra-class correlation coefficient (ICC) was computed. The average values measured in 
the first session ranged from 11.1 s to 9.2 s, and in the second session from 8.4 s to 8.0 s. Repeatability was weak 
(ICC=0.39) in the first session and moderate (ICC=0.65) in the second session. The reliability of the test was weak 
to moderate, depending on which measure was chosen. ICC was the highest for the average values of the last two 
measurements or for the last measurement (ICC=0.74 and 0.63, respectively). Repeatability and reliability of the 
FTSST as performed using the mobile application was weak to moderate due to measurement error of the mobile 
application and difficulties with positioning the mobile phone during testing. We therefore do not recommend the 
present version of the application for clinical use. 

Key words: functional tests; balance; mobile applications; metric characteristics. 

Ponovljivost in zanesljivost testa petih vstajanj s 
stola, izvedenega z mobilno aplikacijo 

Povzetek. Test petih vstajanj s stola je časovno merjen test za ocenjevanje funkcijske mišične zmogljivosti 
spodnjih udov in ravnotežja, ki ga lahko izvedemo z mobilno aplikacijo Test To Go. Želeli smo oceniti ponovljivost 
in zanesljivost testa petih vstajanj s stola, izmerjenega z mobilno aplikacijo Test To Go. V raziskavi je sodelovalo 
32 zdravih preiskovancev (29 žensk, 3 moški), v povprečju starih 21 let, ki smo jim preko prsnega koša namestili 
mobilni telefon z aplikacijo Test To Go. Z mobilno aplikacijo smo dvakrat, v razmiku 48 ur, izvedli tri zaporedne 
ponovitve testa petih vstajanj s stola. Iz povprečnih vrednosti časa petih vstajanj v prvi in drugi seji smo izračunali 
intraklasni korelacijski koeficient (ICC). Preiskovanci so v prvi seji za dokončanje testa potrebovali od 11,1 s do 
9,2 s in v drugi seji od 8,4 s do 8,0 s. Ponovljivost treh poskusov petih vstajanj s stola je bila v prvi seji slaba 
(ICC=0,39), v drugi seji pa zmerna (ICC=0,65). Zanesljivost testa je bila šibka do zmerna, odvisno od tega, katere 
izmerjene vrednosti smo izbrali. ICC je bil najvišji za povprečno vrednost zadnjih dveh meritev ali za vrednost 
zadnje meritve (ICC=0,74 in 0,63). Ponovljivost in zanesljivost testa petih vstajanj s stola, izvedenega z mobilno 
aplikacijo, je bila slaba do zmerna zaradi napak merjenja mobilne aplikacije in težav s pritrditvijo mobilnega telefona 
med testiranjem. Trenutne verzije aplikacije zato ne priporočamo za klinično uporabo. 

Ključne besede: funkcijski testi; ravnotežje; mobilne aplikacije; merske lastnosti. 
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Introduction 
Using mobile applications alters many aspects of 
clinical practice, such as medication and assessment.1,2 
The use of mobile devices has become common in 
the clinical environment, which has led to the rapid 
growth and development of medical software for 
clinical use.1,2 For example, a search in the PubMed 
bibliographic database using the search term "ICT 
tools OR smartphone" yields 51 results for 2010 and 
3967 results for 2020. There are many mobile 
applications available to help healthcare professionals 
in many important tasks such as data and time 
management, maintenance and access to medical 
documentation, communication and counselling, 
information and scientific literature gathering, patient 
monitoring and treatment, health education and 
learning and clinical decision-making.1-8 The main 
advantages of using mobile applications are universal 
accessibility, quick download and ease of use. 

Assessment of physical functioning is a key part of 
rehabilitation which can potentially benefit from 
mobile applications. Sit-to-stand tests are simple and 
informative tools for such assessment. The first 
standardised test for clinical assessment of the sit-to-
stand movement was designed by Csuka and 
McCarty.9 The sit-to-stand tests are a group of 
functional tests with the same purpose that can be 
performed in several variations. They can be 
performed in any health care setting, require minimal 
equipment (conventional chair and stopwatch) and 
are easy and quick to perform for most participants. 
The result can be the number of repetitions in a 
chosen time interval (30 s,10 60 s11) or the time needed 
for execution of a chosen number of repetitions 
(three,12 five,13-15 or ten repetitions9,16). The test can be 
carried out with different chair height (40 cm,16 43 
cm13,17 or 44.5 cm9), with or without the armrest,18 
with a different position of the feet,19,20 and with a 
different position of the arms (crossed over the 
chest,15,17 along the body17,21 or on subject's thighs18; 
or unspecified22-24). 

Five repetitions represent a good compromise when 
considering physiological and psychological 
mechanisms (warming-up, fatigue), as well as time 
constraints.19 Hence, we focused on the Five-Time-
Sit-to-Stand Test (FTSST) as it is the most often 
employed variant.26,27 The FTSST is a functional 
performance test for assessing muscle strength of the 
lower limbs and dynamic equilibrium.13,19,25 The 
participants usually begin this test sitting in an armless 
chair with the seat 43 cm from the ground.28 Each 
participant is instructed to cross their arms over 
his/her chest and sit with their back against the 

upright back rest of the chair. The examiner then 
demonstrates the correct technique for performing 
the test, and the participant is instructed to stand up 
from the sitting position for five times as quickly as 
possible without using the hands for support. Timing 
begins when the examiner says "go" and stops when 
the participant’s buttocks reach the seat following the 
fifth stand. The FTSST has demonstrated good 
clinical feasibility in the elderly29 and good test-retest 
reliability (above 0.95) in healthy individuals between 
14 and 85 years of age.30 

The mobile application Test to Go version 1.0 was 
developed by Cheung, Ngai and To from the Motion 
Analysis Lab of the Hong Kong Polytechnic 
University.31 It was designed for health-care providers 
to use two common tools for measurement of 
functional ability of older adults: the FTSST (using the 
FTSSTapp) and the Timed-Up-and-Go test (Figure 
1). The instructions for using the FTSSTapp are the 
same as for the standard FTSST.28 

The goal of the application was to enhance accuracy, 
because there is a reaction time involved when using 
a stopwatch and potential human error for judging the 
positions.31 However, repeatability and reliability of 
the FTSSTapp have not been reported in the 
literature, and neither has been any clinical use of the 
FTSSTApp. To start addressing this gap, we wanted 
to determine repeatability and reliability of the 
FTSSTapp in healthy young participants. Here, 
repeatability refers to three or more consecutive 
measurements whereas reliability refers to the stability 
of the measured achievement over a longer, selected 
period of time.32 Our hypothesis was that the mobile 
application would be at least as repeatable and reliable 
as the standard procedure. 

Methods 
Participants 

The study involved 32 healthy students (29 women 
and 3 men) of the Physiotherapy department at the 
Faculty of Health Sciences, University of Ljubljana. 
The goal was to have at least 30 participants, which 
corresponds to precision (i.e., half the width of a 95 % 
confidence interval) of about 0.04 when estimating a 
correlation of about 0.95. There were no drop-outs 
before or during data collection. On average, the 
participants were 21 years old (SD 1 year), 168 cm 
high (SD 2 cm), weighted 61 kg (SD 1 kg) and had a 
body mass index of 22.9 kg/m² (SD 0.9 kg/m²). The 
majority (78 %) of them were regularly physically 
active (on average more than 3 times per week). All 
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the participants signed an informed consent on 
voluntary co-operation in the research. 

Procedure 

The Sony Xperia XZ2 smartphone (Sony Electronics, 
Japan) with the Test To Go version 1.0 application29 
was used, together with the belt in which the mobile 
phone was placed, and a standard chair with 43 cm 
high seat without armrest. All the measurements were 
performed by a physiotherapist (the second author). 

 

Figure 1 Home page of the Test To Go mobile 
application that includes the FTSSTapp. 

The belt with the mobile phone was placed around 
the subject’s chest and the chair was secured against 
the wall. The subjects sat with their arms crossed over 
the chest, with their back against the chair and feet flat 
on the floor. The subjects were demonstrated how to 
perform the test according to the application’s 
instructions. The application was then turned on to 
determine the coordinates for the sitting position 
(Figure 2 – left) and the upright position (Figure 2 – 
right). The screen had to turn red when the subject 
had risen correctly, and yellow when the subject 
correctly sat down on the chair. When the subject was 
sitting again, the "Start the test" button on the mobile-
phone screen was touched. The application was 
counting down "3, 2, 1" loudly and the subject had to 
stand up and sit down as quickly as possible five times. 
When the subject rose for the fifth time, the timing 
was automatically stopped. According to the 
guidelines of developers of the FTSSTapp, the 
participants were allowed to practice two times before 
the timing of the trials. The procedure was repeated 
after 48 hours. 

The National Medical Ethics Committee of the 
Republic of Slovenia approved the research (No. 
0120-356/2017/3). 

Statistics 

Descriptive statistics were calculated for relevant 
demographic and anthropometric data and for 
FSSTapp times. To test the differences between the 
means of consecutive measurements, analysis of 
variance for repeated measurements was used with 
Bonferroni post-hoc tests. 

Repeatability (stability across three successive 
measurements) and reliability (stability of the 
measurement over a period of 48 hours) were 
assessed using intraclass correlation coefficient (two-
way mixed model) with 95% confidence interval 
(CI95%). For the calculation of reliability, we took into 
account the average of three consecutive 
measurements, the average of the last two consecutive 
measurements, the third measurement and the best 
(fastest) of the three measurements. ICC values of less 
than 0.5 indicated poor, between 0.5 and 0.75 
moderate, between 0.75 and 0.9 very good and values 
greater than 0.9 indicated excellent repeatability or 
reliability.28 To assess measurement variability, we 
calculated the within- and between-subject coefficient 
of variation (CV). Statistical analysis was performed 
with the MedCalc Statistical Software version 14.12.0 
(MedCalc Software Bvba, Ostend, Belgium). P-values 
≤ 0.05 were considered statistically significant. 

 

Figure 2 The starting sitting position (left) and the ending 
standing position of the subject (right). 

Results 
The difference between means of successive attempts, 
both in the first session and in the second session, was 
not statistically significant (p<0.05). The between-
subject variability was around 30% in all attempts 
except for the first one in the first session (Table 1). 
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Within-subject variability was higher in the first 
session while repeatability was higher in the second 
session (Table 1). When comparing the means of all 
six measurements across the two sessions, a 
statistically significant difference was observed 
between first attempt in the first session and the 
second and third attempt in the second session 
(p<0.05 for post-hoc tests after Bonferroni 
correction). 

Regardless of the chosen combination of attempts, 
there was always a statistically significant difference 
between the mean of the first and the second session 

(Table 2, t-test). The between-subject variability was 
around 30% for all combinations, while the within-
subject variability was the smallest when we 
considered all three trials in both sessions, and the 
largest when we considered the best result achieved 
(Table 2). The estimated reliability level of the 
FTSSTapp depended on the chosen combination of 
attempts and ranged from weak to moderate. The 
FTSSTapp was the most reliable if we selected the 
measurements from the second and third trials of 
both sessions, and the least reliable if we selected the 
best result of the test (Table 2). 

Table 1 Descriptive statistics and repeatability estimates for the time needed to complete the Five-Times-Sit-to-Stand Test 
using the FTSSTapp. 

  Attempt Within-subject 
CV range 

Repeatability ICC 
(CI95%) Session Statistic 1 2 3 

1st Mean (SD) (s) 11.1 (4.6) 9.3 (2.8) 9.2 (2.8) 2% – 73% 0.39 (0.17 – 0.60)  Between-subject CV 41% 30% 31% 
2nd Mean (SD) 8.4 (2.5) 8.1 (2.4) 8.0 (2.7) 1% – 31% 0.65 (0.47 – 0.80)  Between-subject CV 30% 30% 33% 

Legend: SD – standard deviation; CV – coefficient of variation; ICC – intraclass correlation; CI – confidence interval. 

Table 2 Descriptive statistics and repeatability estimates for the time needed to complete the Five-Times-Sit-to-Stand Test 
using the FTSSTapp. 

Chosen attempts Statistic 1st session 2nd session p (t-test) Within-subject 
CV range 

Repeatability ICC 
(CI95%) 

All three Mean (SD) (s) 9.9 (2.7) 8.2 (2.2) 0.0008 16% – 20% 0.60 (0.19 – 0.81) Between-subject CV 27% 27% 

2nd and 3rd Mean (SD) (s) 9.3 (2.6) 8.1 (2.3) 0.0063 2% – 50% 0.74 (0.47 – 0.87) Between-subject CV 28% 29% 

3rd Mean (SD) (s) 9.2 (2.8) 8.1 (2.6) 0.0064 0% – 40% 0.63 (0.36 – 0.80) Between-subject CV 31% 33% 

Best Mean (SD) 8.3 (2.5) 7.1 (2.1) 0.0122 0% – 55% 0.38 (0.04 – 0.64) Between-subject CV 30% 30% 
Legend: SD – standard deviation; CV – coefficient of variation; ICC – intraclass correlation; CI – confidence interval. 

Discussion 
The aim of this study was to determine repeatability 
and intra-rater reliability of the FTSSTapp 
smartphone application in young, healthy and 
physically active individuals. The primary finding is 
that the FTSSTapp demonstrated poor to moderate 
repeatability and reliability. 

The widespread adoption and use of mobile 
technologies is opening new and innovative ways to 
improve health and health care delivery. In the clinical 
environment, smartphones allow advanced 
communication with multimedia features, access to 
up-to-date information and research, and can be used 
as a device that allows remote control of patients, and 
as a device for performing certain tests.32 However, 
smart phones in health care can also bring potential 

hazards and disadvantages. Bedno33 notes that most 
applications are not yet scientifically supported and 
therefore the use of such applications can have 
negative consequences for the patient or even for a 
healthy person using the application. A smartphone 
can also be an annoying factor for a healthcare worker 
and influence his/her work and relationship with 
patients. The use of smartphones in a hospital 
environment can also be a potential source of 
infections.34 An evident problem with many health-
care smartphone applications is that their developers 
do not have sufficient knowledge in the field of 
health.35 It is therefore important that professionals 
with appropriate knowledge are included in the 
application development process from the very 
beginning, or that the applications are critically 
evaluated and recommendations are made for repairs 
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or improvements after the initial development is 
completed. 

Reference values for the FTSST have been reported 
in several studies.28,30,36,37 A meta-analysis26 
demonstrated that those individuals whose times for 
the five repetitions of the test exceed the reference 
values can be considered to have poor performance. 
However, the execution times achieved by the 
subjects in a comparable study36 were much shorter 
than in our study (by about one third on average). This 
indicates the presence of technical problems of 
FSSTapp due to the installation of a smartphone 
and/or the detection of the final upright position. 
Consequently, in some cases, the time for a single 
raise was two or three times longer. On the other 
hand, in most cases, timing began when the examiner 
said “Go” and stopped when the subject's buttocks 
touched the chair on the fifth repetition, but in the 
case of FTSSTapp the timing stopped automatically 
when the subject rose for the fifth time. Therefore, 
the existing reference values for FTSST cannot be 
compared with the values obtained with the 
FTSSTapp.  

In addition, we found out that the repeatability of the 
FTSSTapp is hardly acceptable. Repeatability in the 
first session was poor and in the second session it was 
moderate. If only the last two attempts were taken 
into consideration in the calculation of repeatability in 
the first session, the ICC was higher. Between-subject 
coefficient of variation exceeded 30% in first session; 
in the second session it was around 30%. Within-
subject coefficient of variation in the first sessions 
ranged from zero to over 70%; in second session it 
varied from zero to around 30 %. All this indicates 
technical difficulties with device installation and/or 
time measurement when using the FTSSTapp. 

According to the guidelines of the developers of the 
FTSSTapp, the participants were allowed two practice 
attempts before the timing of the third (i.e., proper 
test) attempt using the FTSSTapp. Yet in our study 
the highest ICC was not obtained when following 
these instructions, but when the outcome was the 
average of the second and the third attempt. The ICC 
thus obtained was comparable to the ICC estimated 
by two previous studies,38,39 but lower than in several 
other studies.26,29,30,40-42 

Conclusion 
The FTSSTapp does not appear to offer any 
advantages over the traditional FTSST. It is more time 
consuming because it takes considerable time to set 
up the mobile phone. During the test, the device can 

move, thus degrading repeatability and reliability due 
to measurement errors. Therefore, we believe that the 
application is not suitable for clinical use in its present 
version. The main reason seems to be the attachment 
of the smartphone. A different solution rather than 
the ribbon around the chest may be necessary to 
prevent sliding of the device and ensure accurate 
detection of the starting and end positions during the 
test. 
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