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ABSTRACT
Background Patient- reported outcome measures 
(PROMs) are required for patient- centred care. There 
are limited PROMs with good psychometric properties, 
and limitations to any language- based scale are often 
constrained by the written words or numerals used. 
Therefore, we developed the Functional Activity Scoring 
Tool (FAST), a self- reporting pictorial scale. FAST measures 
the impact of knee osteoarthritis on essential activities of 
daily living (ADL) and the significant changes in the self- 
perceived functional status over time.
Objectives This study aims to (1) develop FAST with 
adaptation from the Wong- Baker FACES pain rating scale, 
(2) validate FAST against the Patient- Specific Functional 
Scale (PSFS) and Knee Injury and Osteoarthritis Outcome 
Score (KOOS) and (3) establish the reliability, validity 
and responsiveness of FAST in individuals with knee 
osteoarthritis.
Methods and analysis The prospective study protocol 
investigates the validity, responsiveness and reliability 
of FAST. The PSFS and KOOS will be gold standard 
comparisons. Participant recruitment will occur at four 
public polyclinics that offer physiotherapy outpatient 
services in Singapore. Onsite physiotherapists familiar with 
the study eligibilities will refer potential participants to the 
investigators after the routine physiotherapy assessment. 
After providing written consent, eligible participants will 
complete outcome measurements with FAST, the PSFS 
and KOOS during baseline and follow- up assessments. The 
Global Rating of Change (GROC) scale will determine how 
the participant’s knee status was changed compared with 
the beginning of the physiotherapy intervention.
Ethics and dissemination SingHealth Centralised 
Institutional Review Board approved the study (CIRB 
reference number: 2022/2602). The final results will be 
published via scientific publication. FAST will benefit the 
evaluation and management of those who suffer knee 
osteoarthritis regardless of English proficiency or language 
barriers.
Trial registration number NCT05590663

INTRODUCTION
Healthcare professionals regularly assess 
the crucial yet trouble- functioning tasks 
in activities of daily living (ADL). While 

various condition- specific questionnaires, 
such as the Roland- Morris Disability Ques-
tionnaire1 or Knee Injury and Osteoarthritis 
Outcome Score (KOOS),2 and health status 
measures, such as the 36- Item Short Form 
Survey3 or EuroQol- 5D,4 exist; unfortunately, 
limited patient- reported outcome measures 
(PROMs) have been established thus far, espe-
cially in the area of osteoarthritis. The appli-
cation of PROM in orthopaedic is expected 
to increase.5 PROMs were initially created for 
research purposes and eventually adopted for 
clinical management, seeking to determine 
the patients’ perceptions of their symptoms, 
functional status and health- related quality 
of life. PROMs are frequently unfittingly 
referred to as ‘outcome measures’, even 
though they measure health—by comparing 
a patient’s health at different times, the 
care outcome received can be determined.6 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The first pictorial patient- specific functional as-
sessment tool—the Functional Activity Scoring Tool 
(FAST)—is developed.

 ⇒ This multisite study will validate the novel pictorial 
scale created and reviewed by an expert panel com-
prising patients and their families, physiotherapists 
and family physicians.

 ⇒ The proposed study aligns with international con-
sensus standards on best practices of instru-
ment development and validation studies—the 
COnsensus- based Standards for the selection of 
health Measurement INstruments.

 ⇒ Validation of patient- reported outcome measures is 
an iterative process. More testing of its psychomet-
ric properties must follow to support its usefulness 
in patients with other musculoskeletal conditions.

 ⇒ Although the study protocol will not alter the stan-
dardised physiotherapy treatment, we cannot rule 
out possible confounding variables that may influ-
ence the study outcomes.
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PROMs provide additional ‘patient- centred’ data that 
is unique in capturing the patients’ perspective on the 
impact of their disease or disorder and its treatment.5 
These self- reported instruments elicit information 
about a patient’s health status directly from the patient 
without needing interpretation from a healthcare profes-
sional.6 The approach of gathering patient- centred data 
is integral in informing clinical care and supplementing 
measurable clinical improvements in the patients as part 
of the routine practice. Well- validated PROM assessing 
functional outcomes is required in the era of patient- 
centred care for holistic management.

Few osteoarthritis- specific PROMs have been devel-
oped and extensively studied. A systematic review7 identi-
fied that these PROMs attempt to measure psychometric 
properties such as pain, mental functions and moods, 
physical symptoms such as stiffness and mobility, as well 
as function in sports and recreation with either the term 
or subscale level. Overall, the review findings found 
limited evidence of psychometric properties from these 
PROMs. Concurrently, straightforward tools to report 
on self- efficacy were limited. Among these, the Patient- 
Specific Functional Scale (PSFS)8 was uniquely developed 
to enable self- reporting of the impact of musculoskeletal 
conditions on essential ADL and the significant changes 
in the self- perceived functional status over time. A recent 
systematic review9 of the PSFS against the COnsensus- 
based Standards for the selection of health Measurement 
INstruments (COSMIN) criteria concluded that it is an 
easy- to- use, reliable and responsive scale in numerous 
musculoskeletal conditions. The PSFS is applicable 
across various conditions and body regions as it allows 
the comparison of functional outcomes across conditions 
and between studies.10–12 However, the usefulness of a 
language- based PROM is restricted if patients and fami-
lies have limited English proficiency, which is a barrier 
to healthcare services that is well documented.13 Singa-
pore is primarily an English- speaking country. However, 
her geographical location and historical and cultural 
backgrounds greatly influence the languages used in this 
city- state. Our anecdotal experience suggests that older 
patients (especially individuals ≥65 years old) have diffi-
culty understanding and accurately completing the PSFS, 
as English may not necessarily be their primary spoken 
language. Difficulty with completing forms can occur for 
many reasons, such as the written words and numerals 
not being universally understood, and problems with 
health literacy are common and underestimated.14–16 
Very often, informal interpretation, such as relying on 
a family member to translate the communication, has 
shown to be associated with a more significant number 
of errors.17 Pictures or pictorial aids are a useful adjunct 
to medical information and aid the transfer and compre-
hension of written and spoken information.18 One good 
example is using the pictorial scale to measure pain in 
the Wong- Baker FACES pain rating scale,19 with proven 
benefits such as improving adherence to medications and 
enhancing the understanding of instructions.20

As such, there is a growing need for a new PROM that is 
simple, reliable and responsive, yet minimises the limita-
tions of any word or language- based outcome measures 
that are currently in use. The Functional Activity Scoring 
Tool (FAST) has been developed to address this situa-
tion. FAST is a new pictorial- scale PROM measuring func-
tion in an individual with osteoarthritis. Several aspects 
were considered during the conceptualisation of the 
instrument: the applicability to a broad range of clinical 
presentations (conditions, limitations and age), simple 
administration, concise yet effectual for speedy medical 
documentation and simple interface in electronic 
medical record systems.

Hypothesis and aim
The confidence of a PROM depends on the psychometric 
evaluation of its measurement properties, and it must be 
undertaken to satisfy rigorous criteria.21 These include 
validity (to what extent does the instrument measure the 
construct it purports to measure), reliability (the degree 
to which measurement is free from error) and respon-
siveness (the ability of an outcome measure to detect 
change over time in the construct to be measured).22 The 
process to assess these measurement properties must be 
iterative and studied individually. Thus, we hypothesise 
that the measure of function, an additional dimension 
to the quality of life, is possible by the same principle. 
The new FAST scale can be used to measure function and 
difficulty in performing ADL in patients with knee osteo-
arthritis, in an equally valid and reliable manner as the 
PSFS and KOOS. We aim to provide a standardised tool 
for gathering and documenting the patients’ symptoms. 
With these considerations, we developed the FAST scale. 
This study aims to (1) develop the FAST pictorial func-
tional scale with adaptation from the Wong- Baker FACES 
pain rating scale, (2) validate FAST against the PSFS and 
KOOS and (3) establish the reliability, validity and respon-
siveness of FAST in individuals with knee osteoarthritis.

METHOD AND ANALYSIS
Study design and setting
This study will be a prospective validation study to estab-
lish the psychometric properties of a newly developed 
PROM. This study is proposed under the recommen-
dation of Basch et al23 methods for developing patient- 
reported outcome- based performance measures and uses 
the procedures that de Vet and colleagues24 advocated for 
in developing a PROM. This approach provides evidence 
for developing a PROM that measures the intended 
context and its use as an outcome measure in clinical 
practice and research trials. The study will take place in 
four physiotherapy outpatient clinics in Singapore over 
12 months.

Patient and public involvement
Patients and families from physiotherapy outpatient 
clinics provided input and suggestions to the FAST scale 
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during its conceptualisation and feasibility stage. Hence, 
their feedback also shaped the scale design, with the 
pros and cons of the different versions of the FAST scale 
discussed with patients and/or their families who will not 
be recruited as study participants.

Development of FAST
During the feasibility stage, surveys were conducted on 
patients, families and healthcare professionals to gather 
feedback on the application of the PSFS. The most prev-
alent verbatim was ‘difficulty comprehending PSFS due 
to its being too lengthy and the lack of pictorial aid to 
assist patient’s comprehension of the scale’. Therefore, a 
prototype of the FAST scale was created and reviewed by 
an expert panel of academics, researchers and clinicians 
(n=7) and a series of cognitive interviews with a purpo-
sive sample of patients older than 65 years (n=12) to elicit 
feedback on its relevance, clarity and acceptability. The 
final version of FAST was developed after three revisions. 
Figure 1 presents the conceptualisation and revision 
process of the FAST development. The final version of the 
FAST scale from this revision process will be used to test 
for reliability and validity in this study protocol. It consists 
of a pictorial diagram with seven expression faces corre-
sponding to an 11- point Likert scale, with Face 1 (the 
saddest expression) on the left of the scale paired with a 
score ‘0’ and a verbal description of ‘unable to perform’, 

Face 4 (neutral expression) to agree with score ‘5’ with 
a description of ‘moderately difficult’ and Face 7 (the 
happiest expression) on the right of the scale matching 
with score ‘10’ and a descriptor of ‘able to perform like 
before’. The red ‘cross’ on the left and green ‘tick’ on the 
right accentuate the effects of the facial expression and 
association with the verbal descriptors.

Sample size
The size of the retest sample was estimated based on a 
method developed to calculate the required number of 
participants in a reliability study.25 The probabilities of 
type I and type II error were α=0.05 and β=0.20, respec-
tively. An intraclass correlation coefficient (ICC) value of 
<0.50 indicated poor reliability, whereas values between 
0.50 and 0.75 indicated fair to good reliability; an ICC 
value >0.9 showed excellent reliability.26 We hypothesised 
that our findings would be consistent with a minimum 
coefficient of 0.75. This level of reliability is at least appro-
priate for person- level comparisons. Following these 
assumptions, a minimum of 50 participants will be neces-
sary for the test- retest analysis for this study. According to 
COSMIN guidelines, validity calculations are considered 
good- excellent if the sample size exceeds 100 (n=100).27 
To allow for a possible attrition rate of 20%, a minimum 
sample size of 120 will be needed.

Figure 1 Functional Activity Scoring Tool (FAST) conceptualisation process: versions and revisions.
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Participant recruitment and selection criteria
Participant recruitment will occur at four public poly-
clinics that offer physiotherapy outpatient services in 
different districts of Singapore. Onsite physiotherapists 
familiar with the study protocol will identify eligible 
participants during the routine initial physiotherapy 
assessment. Inclusion criteria based on the National Insti-
tute for Health and Care Excellence criteria28 will be indi-
viduals diagnosed with knee osteoarthritis and referred 
for physiotherapy care at the polyclinics, age 45 years 
and above and proficient in colloquial/conversational 
English. Potential participants will be excluded if there 
are additional underlying medical or trauma conditions of 
the knees (eg, trauma, fracture, infection, inflammatory 
disease and tumour), history of knee surgery within the 
last 3 months or clinically recognisable cognitive impair-
ment that inhibits the comprehension and completion 
of the questionnaires. Participation in the study is strictly 
voluntary and will not impact the type or quality of the 
individual’s physiotherapy treatments based on prevailing 
evidence.

Instruments
The self- administered KOOS is a knee- specific instru-
ment developed to assess the patients’ opinions about 
their knees and associated short- term and long- term 
problems.2 It is a validated tool in Singapore for knee 
osteoarthritis patients.29 It consists of 42 items in 5 
subscales, that is, pain (9 questions), symptoms (7 ques-
tions), activities in daily living (17 questions), sports 
and recreation function (4 questions) and knee- related 
quality of life (4 questions). The 5- point Likert scale 
scoring system ranges from ‘0’ (no problem) to ‘2’ 
(moderate problem) to ‘4’ (extreme problem), and 
the score for each domain is calculated by summing the 
questions. Scores will be converted to a 0 to 100 scale, 
with 0 representing extreme knee problems and 100 
representing no knee problems. The use of the 0 to 100 
score is practical as it projects a direct reference to the 
percentage concept.2

The PSFS is a self- reported, patient- specific measure 
that assesses patients’ functional status.8 Patients are 
asked to identify three activities most affected by their 
conditions and then rate their ability on an 11- point 
Likert 0 to 10 scale for each activity, where ‘0’ is unable 
to perform the activity and ‘10’ being able to perform the 
activity at the same level as before the onset of symptoms. 
The total score is computed by dividing the sum of the 
activity scores by the number of activities listed.

The Global Rating of Change (GROC) scale is an 
outcome measure that assesses the patients’ self- perception 
of change in their condition between sessions.30 The 
GROC scale is quantified on a 15- point Likert scale from 
‘-7’ (a very great deal worse) to ‘0’ (about the same) to ‘7’ 
(a very great deal better). The scale is easy to administer 
as it requires minimal skills or training, has good repro-
ducibility and is sensitive to changes.31

Procedure
Eligible individuals will be informed of the study’s purpose 
and data collection procedures. Written informed 
consent will be obtained from every participant before 
data collection commences. The participants’ confiden-
tiality and anonymity will be maintained throughout the 
study process with a unique identifier, and only the study 
researchers will have access to the data. Participants will 
receive standardised care, and their participation status 
will not be shared with the attending physiotherapists 
apart from the initial identifications for eligibility. All 
data collection forms will be coded with the same unique 
identifier, and the study team will not retain any identi-
fiable information. Only anonymised data will be used 
for data analysis. The project investigators will perform 
all data collection. Demographic data, clinical charac-
teristics and primary outcome measurements with FAST, 
the PSFS and KOOS will be collected during baseline 
assessment (week 0). Follow- up assessment with FAST, the 
PSFS and KOOS will be scheduled 2–3 weeks post initial 
assessment together with the administration of GROC to 
evaluate the efficacy of the standard physiotherapy treat-
ment that the participants will be receiving regardless of 
the participation status in this study. With reference to a 
prior study,10 the 2- week to 3- week period is chosen as it is 
also the typical duration between the initial and follow- up 
physiotherapy session in the local setting. Figure 2 depicts 
the workflow of the data collection procedures. This 
study will not require any alteration or deviation from the 
standard protocol for knee osteoarthritis physiotherapy 
management.

Statistical analyses
All statistical analysis will be conducted using IBM SPSS 
29.0 with the statistical significance set as p<0.05. Descrip-
tive statistics will be used to describe the demographic 
variables using mean and SD or median and IQR for 
continuous variables and frequencies and percentages 
for categorical variables. To determine the profile of the 
subjects with the FAST scoring, Mann- Whitney U test or 
Kruskal- Wallis test can be used for the continuous FAST 
score and the categorical demographics (ie, gender, 
ethnicity, marital status and education level), while Spear-
man’s correlation can be used to compare the continuous 
FAST and demographics (ie, age).

Validation
Face validity
The qualitative methods used to determine the face 
validity of FAST involved face- to- face meetings with an 
expert panel of academics, researchers and clinicians 
(n=7) and a series of cognitive interviews with patients 
(n=12). Three essential criteria were determined in 
establishing face validity: clarity (the extent to which an 
item is open to more than one possible interpretation), 
relevancy (the extent to which an item will be relevant 
to its component) and acceptability (the extent to which 
readers would easily understand an item).
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Content validity
The content validity index (CVI) and context validity ratio 
(CVR) will determine the content validity.32 CVI is the 
most widely reported method for determining content 
validity in instrument development and assessing its rele-
vance and clarity. There are two methods of calculation, 
namely, item CVI (I- CVI) and scale- level CVI (S- CVI).33 
This study will use a 4- point Likert scale, ‘1’, unaccept-
able; ‘2’, needs some revision; ‘3’, needs minor revision; 
and ‘4’, acceptable, for the calculation of the I- CVI from 
the total rating scores from all panel members. Where 
I- CVI is >0.79, the item is acceptable; between 0.70 and 
0.79, the item will require revision; and when it is <0.70, 
the item will be eliminated.34 Similarly, the S- CVI will be 
determined by the number of items in an instrument that 
receives a ‘highly acceptable’ grade. The universal agree-
ment (UA) among the panel members (S- CVI/UA) and 
the average CVI (S- CVI/Ave) are two ways of determining 
S- CVI.33 S- CVI/UA will be calculated by the sum of all 
items with I- CVI equal to 1 divided by the total number 
of items, and S- CVI/Ave is equal to the sum of all the 
I- CVI divided by the number of items. Content validity is 
excellent when the S- CVI/UA is >0.8 and the S- CVI/Ave 
is >0.90.34

CVR quantifies the essentiality of an item.35 CVR ranges 
from −1 to 1; a higher score represents a greater agree-
ment between panel members. CVR = (Ne – N/2)/
(N/2), where Ne is the number of panel members who 
rated an item as ‘essential’, and N is the total number 

of panel members.33 Each element of the FAST scale will 
be evaluated on a 3- point Likert scale (1, not essential; 2, 
useful but not essential; and 3, essential).

Criterion validity
The KOOS Singapore English version and PSFS will serve 
as the criterion for disability in the knee osteoarthritis 
population. The two validated self- administered ques-
tionnaires are specific and sensitive to change over time. 
The correlations between FAST, KOOS and the PSFS will 
assess the criterion validity of the FAST scale. Spearman’s 
correlation will investigate the criterion validity against 
the PSFS, KOOS and GROC and the measurement of 
agreement according to the following criteria: high 
(rho ≥0.60), moderate (rho <0.60 to ≥0.30) or low (rho 
<0.30).36 The higher the rho, the higher the agreement 
between the two instruments.

Responsiveness
Responsiveness is defined as the ability to measure and 
recognise change when a change has occurred. Similarly, 
Spearman’s correlation coefficients (rho) can be used to 
determine strong (rho ≥0.60), moderate (rho <0.60 to 
≥0.30) or weak (rho <0.30) correlations.36

Reliability
The test- retest reliability of FAST will be calculated via 
intraclass correlation coefficient (ICC) for absolute agree-
ment using a two- way mixed- effect analysis of the variance 

Figure 2 Workflow of the data collection procedures.
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model between the scores of two stable assessment periods 
(ie, GROC <3). ICC values >0.75 are indicative of good- 
excellent reliability.26 Participants who scored between −3 
and +3 on GROC were included in the test- retest analysis 
and were assumed that they did not demonstrate any clin-
ically relevant changes during this interval period.37

Cronbach alpha measures the internal consistency of 
the instrument; a value of >0.7 is considered to be accept-
able. For good internal consistency, the value should be 
>0.8, and for excellent internal consistency, the value 
should be >0.9.38

Measurement errors were determined by calculating 
the standard error of measurement (SEM) and the 
minimal detectable change (MDC). MDC is calculated 
using the formula MDC=z ≈ √2×√MSE, where z=1.64 and 
is the score associated with a 90% confidence interval, 
√2 reflects the uncertainty introduced by using scores at 
two different points in time and the square root of the 
mean square error (MSE) term represents SEM.39 MSE 
was found by constructing a one- way analysis of variance 
(ANOVA) table of the baseline and follow- up scores of 
the stable group.39

Ethics and dissemination
The SingHealth Centralised Institutional Review Board 
(CIRB) approved this research protocol (CIRB refer-
ence number: 2022/2602). There are no potential risks 
for participants taking part in this study. All participants 
will provide written consent to participate and have the 
right to withdraw from participation in the project at any 
time without any compromise or disadvantage to them 
in any form. All participants will be assigned a unique 
de- identified code to protect the confidentiality of the 
participants. Access to the data is restricted to the project 
investigators, and only anonymised data will be used 
during data analysis. All investigators declare no financial 
or other competing interests at all study sites. This study 
will validate the new pictorial functional scale (FAST) in 
patients with knee osteoarthritis and hope to investigate if 
the new scale correlates with similar existing PROM with 
good validity and reliability. The final results and estab-
lishment of the new PROM will be published via scien-
tific publication. This will be advantageous to healthcare 
professionals in evaluating functional status changes in 
individuals with osteoarthritis regardless of English profi-
ciency or language barriers.

Trial status
The study is at its pilot trial stage at the time of submission 
of this study protocol.
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