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(USER) in geriatric rehabilitation.

Material and methods: : First, an expert consensus-meeting (N=7) was organised for content validity wherein scale
content validity index (CVI) was measured. Second, in a sample of geriatric rehabilitation patient structural

validity (N=616) was assessed by confirmatory factor analyses for exploring unidimensionality. Cut-off criteria
were: Root Mean Square Error of Approximation (RMSEA) <0.08; Comparative Fit Index (CFI) and Tucker Lewis
Index (TLI) >0.95. Local independence (residual correlation<0.20) and monotonicity (Hj-coefficient >0.30 and
H;-coefficient >0.50) were also calculated. Cronbach alphas were calculated for internal consistency. Alpha’s >

0.7 was considered adequate.

Third, two nurses independently administered the USER to 37 patients. Intraclass-correlation coefficients (ICC)
were calculated for inter-rater reliability (IRR), standard error of measurement (SEM) and Smallest Detectable

Change (SDCQ).

Results: : The CVI for physical functioning was moderate (0.73) and excellent for cognitive functioning (0.97).
Structural validity physical scale was acceptable (CFI;0.95, TLI;0.93, RMSEA;0.07, ECV;0.78, OmegaH;0.87;
Monotonicity;(H;;0.52-0.75 and Hg;0.63)). Cognitive scale was good (CFI;0.98, TLI;0.96, RMSEA;0.05, ECV;0.66
and OmegaH;0.90. Monotonicity;(H;;0.30 —-0.70 and H;;0.61)). Cronbach’s alpha were high: physical scale;0.92
and cognitive scale;0.94. Reliability physical scale ICC;0.94, SEM;5 and SDC;14 and cognitive scale ICC;0.88,

SEM;5 and SDC;13.

Conclusion: : The observational scales of the USER have shown sufficient content and structural validity, internal
consistency, and interrater reliability for measuring physical and cognitive function in geriatric rehabilitation.

Trial registration: : N/A

1. Introduction and social participation in older people with disabling impairments
(Grund et al., 2020, Bachmann et al., 2010). These patients are char-

Geriatric Rehabilitation (GR) is a multidimensional approach of acterized by increased vulnerability, multimorbidity and decreased
diagnostic and therapeutic interventions, which focuses on optimizing trainability and learnability (Grund et al., 2020, Bachmann et al., 2010).
functional capacity, promote activity and preserve functional reserve The latter stresses cognitive function as being an important factor in
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geriatric rehabilitation. Also, lower cognitive function is negatively
associated with both restoration of physical function and home
discharge (Bachmann et al., 2010, Hartley et al., 2017, Everink et al.,
2016). It is thus essential for evaluation of rehabilitation to measure
both physical and cognitive function as important predictors for suc-
cessful rehabilitation. In addition, both physical and cognitive function
are an important components of the comprehensive geriatric assessment
(CGA), which itself might be considered essential for geriatric
rehabilitation.

When measuring physical and cognitive function it is important to
use an instrument with adequate measurement properties (De Vet et al.,
2011, Mokkink et al., 2010). A review showed that there is large vari-
ability in measuring and defining a geriatric patients general functional
status and there is no conclusive evidence for psychometric superiority
of one instrument (Buurman et al., 2011). In geriatric rehabilitation, the
Barthel index (BI) and Katz index are probably the most commonly used
instruments for assessing physical functioning of basic activities of daily
live (ADL) (Bouwstra et al., 2019, Wallace & Shelkey, 2008). There are
however some disadvantages to the use of the BI and Katz index, as they
only measure basic ADL and not the whole range of physical functioning
and do not measure cognitive functioning. Furthermore, the BI showed
significant ceiling effects even with geriatric rehabilitation patients
(Bouwstra et al., 2019).

A promising multidimensional instrument is the Utrecht Scale for
Evaluation of clinical Rehabilitation (USER). The USER was developed
in adult rehabilitation as a generic multidomain instrument or mini-
coreset to measure physical and cognitive function and self-reported
pain, mood and fatigue. The developers considered the content and
psychometric properties of existing instruments insufficient for the use
in adult rehabilitation and therefore developed a new instrument (Post
et al., 2009).

The primary development and validation study concluded that the
USER is a reliable, valid and responsive instrument in adult rehabilita-
tion patients (Post et al., 2009). However, the USER was never validated
for geriatric rehabilitation patients, who exhibit more cognitive prob-
lems, multimorbidity and polypharmacy (Grund et al., 2020, Bachmann
et al., 2010). Because of these differences it is unclear whether the
psychometric properties of the USER are also sufficient for these
patients.

In conclusion, currently there is insufficient evidence on the psy-
chometric properties of the observational scales physical and cognitive
function of the USER for use in geriatric rehabilitation (De Vet et al.,
2011, Mokkink et al., 2010).

The objectives of this study are to evaluate the content and structural
validity, internal consistency, inter-rater reliability, and measurement
error of the physical and cognitive function scale of the USER in inpa-
tient geriatric rehabilitation.

2. Material and methods

The USER is a multidimensional measurement instrument containing
both observational and patient-reported scales. The observational scales
measure physical function, divided in two scales, mobility and self-care,
both containing seven items and cognitive function, containing ten
items. The ordinal response options range from zero to five points with a
higher score representing higher function (Wallace & Shelkey, 2008).
The patient-reported scales, which measure pain, fatigue and mood, are
not the scope of the current study, as we are mainly interested in
cognitive and physical function and also require different testing
procedures.

The current study, which was conducted according to COnsensus-
based Standards for the selection of health status Measurement IN-
struments (COSMIN) (Mokkink et al., 2010) guidelines consisted of
three parts: 1) a consensus meeting to establish content validity and two
cross sectional studies to establish 2) structural validity and internal
consistency, and 3) reliability, including measurement error.
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2.1. Study 1: Content validity

2.1.1. Design and study population

We planned for a consensus meeting with a minimum of seven
experienced professional experts in geriatric rehabilitation (Mokkink
et al., 2010). Experts from two academic networks for the elderly care
were invited to participate in the study in case they participate in a
multidisciplinary geriatric rehabilitation team with at least two years
working experience in GR. Experience with the USER was not a specific
requirement. The meeting was moderated by the coordinating
researcher (EBS) and assisted by two independent observers (AJD and
MJ). The experts were either geriatric rehabilitation physicians (assis-
tants), nurses, occupational therapists, or physiotherapists. The meeting
started by explaining the purpose and process of the consensus meeting,
followed by stating the definitions of the constructs physical and
cognitive function . First, participants interacted and discussed to what
degree all items are relevant for the scale and target population and
whether instructions and response options per item were understood.
We finished this phase if full consensus was reached. Next, participants
were asked if items were missing. Participants independently rated all
individual items on relevance after the meeting based on a three point
scale: ‘essential’, ‘useful but not essential’, and ‘not necessary’. From
that an item content validity index (CVR) was calculated, which can
range from -1 to +1. Finally, a scale content validity index (CVI) was
calculated on relevance (Lawshe, 1975).

2.1.2. Statistical analysis

A critical value CVR 1 was considered sufficient for relevance of
items and a CVI >0.9 was considered excellent content validity (Law-
she, 1975). A CVI >0.8<0.9 was considered good content validity and
>0.7<0.8 moderate. The formula used for calculating the CVR was;

cvr =Ne=N/2

N/2
(Ne= the number of experts that rated the item ‘essential’, N= number of
experts).

The CVI was calculated as the mean of all items CVR.

2.2. Study 2: Structural validity and internal consistency

2.2.1. Design and study population

We hypothesized that the USER’s observational scales form two in-
dependent unidimensional scales (i.e. physical function combining the
two scales for mobility and self-care to one subscale and cognitive
function). We used routine care data in a cross-sectional design. Study
participants were admitted to geriatric rehabilitation. Routinely
collected data from 616 newly admitted patients administered in 2019-
2020, within the age limits of 60-90 years, from a central university
network database was used for this part of the study.

2.2.2. Statistical analysis

We assessed structural validity by evaluating unidimensionality,
monotonicity and local independence. Unidimensionality of both scales
was tested with two independent confirmatory factor analyses (CFA).
Cut-off criteria for unidimensionality were a Root Mean Square Error of
Approximation (RMSEA) <0.08, a Comparative Fit Index (CFI) and a
Tucker Lewis Index (TLI) >0.95 (Hu & Bentler, 1999). If a one factor first
order model for physical function failed to meet the cut-off criteria, a
nested correlated factors model for physical function containing two
subscales mobility and self-care and a hierarchical model would be
assessed. If a one factor model for cognitive function failed to meet the
cut-off criteria for structural validity, a nested correlated factors model
containing three subscales communication, cognition and behaviour
and a hierarchical model would be assessed.

If criteria for strict unidimensionality were not met, essential
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unidimensionality (EUD) was assessed for both scales based on a bi-
factor model (Reise et al., 2013). EUD is the case when a substantial
part, but not all, of the variance in the data is explained by a single large
general factor. Cut-off criteria for EUD were an explained common
variance (ECV) >0.6 and an OmegaH >0.8.

Monotonicity for measuring scalability was examined with the
Mokken package in R version 3.0.2. Criteria for monotonicity accept-
ability were item scalability coefficients H;>0.30 and scalability coef-
ficient of the scale Hg>0.50 (Mokken, 1971).

Finally, local independence, which is the assumption that, condi-
tional on the latent variable(s), item responses are independent was
examined by analysing residual correlations. Cut-off criteria for viola-
tions were residual correlations between items >0.20 (Edwards et al.,
2018).

We applied a rule of thumb with seven to ten participants per item
and >200 for the total sample size for the confirmatory factor analysis
(Mokkink et al., 2010, Kyriazos, 2018). A weighted least square mean
and variance estimator method was used (WLSMV) (Li, 2016). All items
were examined for non-normal distribution both visual and formal with
the multivariate normality (MVN) version 5.8 package in R version
3.6.3.

The Cronbach’s alpha of each scale was calculated to determine in-
ternal consistency. Cronbach alpha scores >0.7 were considered
adequate. To determine whether each individual item correlates well
with the scale overall, an item total correlation was analysed. Values
<0.3 are indicative of insufficient item-total correlation (Mokkink et al.,
2010, Tavakol & Dennick, 2011).

2.3. Study 3: Reliability

2.3.1. Design and study population

The reliability of the USER was determined by evaluating its inter-
rater reliability and measurement error. We used a cross sectional
design with a convenience sample of geriatric rehabilitation patients
from two wards in one geriatric rehabilitation facility. A single measure
was independently done by two trained and experienced nurses on each
patient. We anticipated an Intraclass correlation coefficient (ICC) of 0.8
and a 95% confidence interval of 0.2 for calculating Interrater Reli-
ability (IRR). The required sample size for two repeated measurements
was a minimum of 14 (De Vet et al., 2011, Mokkink et al., 2010, Tavakol
& Dennick, 2011, Giraudeau & Mary, 2001).

2.3.2. Statistical analysis

We calculated intraclass correlation coefficient (ICC), standard error
of measurement (SEM) and smallest detectable change (SDC) for both
scales separate. For the calculation of the ICC we used a two-way
random, singles measure absolute agreement definition. The following
formulas were used (De Vet et al., 2011, Mokkink et al., 2010);

ICCagreement = (O‘;) / (6; +o2+ 6,2.&&.,-,1”“/)

SEMagreement = 1/ (62 + 624,

SDC = 1,96 x SEMagreement x V2

( 65: person variance, 2= observer variance and 62 residual variance

residual —
error)

2.3.3. Handling of data

Data for measuring structural validity and interrater reliability was
primarily processed in SPSS (Armonk, NY: IBM Corp.) version 26. The
interrater reliability, structural validity and internal consistency were
analysed using R version 3.6.3 (R foundation for statistical computing,
Vienna, Austria. Packages irr version 0.84.1 and Lavaan version 0.6-6).
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2.4. Ethical aspects

The study was approved by a Medical Ethics Review board of the

Amsterdam  University = Medical Centres, location VUmc
(FWA00017598).
3. Results

3.1. Content validity

The consensus meeting consisted of seven experts: two geriatric
rehabilitation physicians (assistants), two nurses, one occupational
therapist, and two physiotherapists, all with at least two years’ experi-
ence in GR. Full consensus was reached during the consensus meeting
and the experts concluded the USER could be a valid measure of func-
tional status in geriatric rehabilitation In addition, the experts agreed
that the instructions could be written clearer for both scales.

Table 1 shows that the scale content validity (CVI) for the physical
scale was moderate (0.73). Four items of the physical scale did not meet
the minimum item content validity (CVR) criterion of 0.78. These were
“walking longer distance” (0.43), “riding a wheelchair” (0.71) and the
items on “bowel and bladder incontinence” (both -0.43). In that line, the
experts stated that frequency of incontinence was not considered by
them a part of the construct physical function. According to the experts
scoring the level of independence of handling incontinence instead
would be more logical in measuring a construct of physical functioning.
The expert panel suggested that bowel and bladder incontinence could
be marked as obsolete items when combined with the item toileting. The
item-scoring “walking outdoors” was found inappropriate for the target
population because the distance of thousand meters was considered too
long for geriatric rehabilitation patients. Nonetheless all agreed that this
item should remain in the physical scale but scoring options and
description could be altered. The scoring options of the item “eating and
drinking” was considered difficult to score, in particular to distinguish
between “help” and “with difficulty”. Experts agreed that a separate
item for scoring a person’s ability shifting/moving in bed could be added
to the physical scale.

The cognitive scale had an excellent total scale content validity
(0.97), only the item “social behaviour” did not meet the minimum CVR
criterium (0.71). Experts expressed having trouble to score non-verbal
understanding for the item “understanding”. Experts agreed that a
new item scoring a person’s ability to learn new skills could be added.

Table 1
Item content validity index and scale content validity index of the USER physical
and cognitive scales

Item and scale content validity index

Physical scale CVR CVI Cognitive scale CVR  CVI
item 0.73  item 0.97
Sit 1 Express oneself 1
Stand 1 Understanding 1
Transfers 1 Visual perception 1
Walking indoors 1 Orientation in time and 1
place

Walking longer 0.43 Attention 1

distance
Walking stairs 1 Memory 1
Wheelchair driving 0.71 Task performance 1
Eating and drinking 1 Initiative 1
Personal care 1 Behaviour regulation 1
Showering/ bathing 1 Social behaviour 0.71
Dress and undress 1
Toileting 1

Incontinence bladder  -0.43
Incontinence bowel -0.43
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3.2. Structural validity and internal consistency

Table 2 shows the descriptive data for the sample used for the
analysis of the structural validity and reliability. The mean age in the
sample was 78 (SD8,3; 60-90). There was no missing data and the dis-
tribution of the data for both scales was moderately non-normal.

For the physical scale, a second order hierarchical model, with a
general factor and two with the general factor correlating underlying
sub-constructs had the best fit for structural validity. Fit measures were;
CFI 0.95, TLI 0.93 and RMSEA 0.07 (90%CI;0.06-0.08, p <0.001). Item
factor loadings were all above 0.4 (0.51-0.92) with exception for item
six (walking stairs 0.33). Removal of item six did not significantly
improve fit indices. The ECV for the physical model was 0.78 with an
OmegaH global of 0.87. There were no significant violations for
monotonicity (H; 0.52-0.75 and Hg 0.63) and there were violations on
local independence between the items “walking longer distance” with
“stairs climbing” (0.23) and between the “incontinence” items (0.26).

For the cognitive scale, a second order model had the best fit for
structural validity. Fit measures were; CFI 0.98, TLI 0.96 and RSMEA
0.05 (90%CI;0.03-0.07, p=0.05). Item factor loadings were all above 0.4
(0.82-0.91) with exception for item seventeen (visual perception 0.33).
Removal of item seventeen did not significantly improve fit indices. The
ECV for the cognitive scale was 0.66 with an OmegaH global of 0.90
(table 3). There were no significant violations for monotonicity
(H;0.30-0.70 and H;0.61) and no violations on local independence.

The Cronbach’s alpha of the physical scale was 0.92 (95%CI;0.91-
0.93) and for the cognitive one factor scale 0.94 (95%CI;0.93-0.95).
Corrected item-total correlations were all above 0.4 with exception of
“walking stairs” (0.36) for the physical scale and “visual perception”
(0.38) for the cognitive scale. However, removal of these items did not
change the internal consistency of the scales.

3.3. Inter-rater reliability and measurement error

Table 1 shows that a sample of 37 patients was used for this analysis,
65% were women and 35% were men. The mean age was 74 (SD13.4;
36-91). Data for the reliability study was normally distributed. The
physical scale ICC was 0.94 (95%CI; 0.88-0.97), SEM was 5 and the SDC
was 14.The cognitive scale ICC was 0.88 (95%CI;0.78-0.94), SEM was 5
and the SDC was 13.

4. Discussion

We tested the psychometric properties of the USER observational
scales in inpatient geriatric rehabilitation and found that they have
sufficient content and structural validity, internal consistency, and
reliability for measuring physical and cognitive function.

Both scales had sufficient content validity. Still, several items had

Table 2
Patient characteristics of study samples 2 and 3, the interrater reliability and
unidimensionality/internal consistency study

Interrater Reliability
study (n=37)

structural validity and internal
consistency study (n=616)

Gender, n (%),

Male 13 (35%) 252 (41%)
Female 24 (65%) 364 (59%)
Age, mean (SD; 74 (13.4; 36-91) 78 (8.3; 60-90)

range)
Admission main diagnosis, n (%)

Neurological 3(8.1%) NA
Orthopaedic 16 (43.2%) NA
(elective)

Oncology 7 (18.9%) NA
Amputation 2 (5.4%) NA
Internal 9 (24.3%) NA

NA; Not Assessed, SD; standard deviation.
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Table 3
Content of the USER with item total correlations, factor loadings and explained
variance

Item  Content item Corrected Item Factor Explained
total correlation loading variance

Physical scale

1 Sitting 0.64 0.62 0.38

2 Standing 0.86 0.91 0.83

3 Transferring 0.86 0.92 0.85

4 Walking indoors 0.80 0.84 0.71

5 Walking outdoors 0.66 0.68 0.46

6 Walking stairs 0.36 0.33 0.11

7 Wheelchair riding 0.58 0.54 0.29

8 Eating and drinking 0.55 0.51 0.26

9 Grooming 0.71 0.73 0.53

10 Washing and 0.71 0.76 0.58
showering

11 Dress/undress 0.79 0.84 0.71

12 Toileting 0.74 0.78 0.61

13 Incontinence 0.66 0.62 0.38
bladder

14 Incontinence bowel 0.65 0.60 0.36
Cognitive scale

15 Express themselves 0.79 0.82 0.67

16 Understanding 0.83 0.86 0.74

17 Visual perception 0.38 0.33 0.11

18 Orientation in place 0.85 0.84 0.71
and time

19 Attention and 0.87 0.88 0.77
concentration

20 Memory 0.85 0.88 0.77

21 Task performance 0.88 0.85 0.72

22 Initiative 0.81 0.84 0.71

23 Behavioural 0.81 0.82 0.67
regulation

24 Social behaviour 0.72 0.81 0.66

suboptimal fit with the intended construct for this patient group ac-
cording to the experts. This was in particular the case for the physical
scale. Experts suggested that instead of scoring the frequency of incon-
tinence, the USER should score one’s level of independence handling
incontinence. This seems logical, two important health related quality of
life models in geriatric rehabilitation, the International Classification of
functioning, Disability and Health and Wilson and Cleary, classify
continence itself as a biological or body functions, and not so much as a
functional status or activity variable (World Health Organization In-
ternational Classification of Functioning, Disability & Health 2001,
Wilson & Cleary, 1995). For the item “walking outdoors” experts sug-
gested altering the distance of 1000 meters to a shorter distance. It is
important to note that a new version of the USER (1.5) has recently been
released in which the item scoring has been changed to a distance of 250
meters.

We were not able to show sufficient fit for strict unidimensionality
for the physical scale, still the criteria for essential unidimensionality
were met. In other words, the degree of multidimensionality is not se-
vere enough to disqualify the unidimensional nature of the instrument
(Kyriazos, 2018). This is evidence that both scales of the USER can be
considered unidimensional, which is important for use of total scale
scores (Edwards et al., 2018). The structural validity of other in-
struments for geriatric rehabilitation patients has been tested. One study
reported partially acceptable fit for structural validity of the BI in geri-
atric rehabilitation (Bouwstra et al., 2019). Several other studies have
reported on psychometric properties of the Functional Independence
Measure (FIM) for the use in geriatric patients (Dallmeijer et al., 2005,
Ravaud et al., 1999, Nayar et al., 2016, Gunn et al., 2018). There is at
best conflicting evidence for the structural validity of the FIM and to our
knowledge there is no study exploring its content validity (Ladislav &
Beat, 2018, Glenny & Stolee, 2009). In addition, one older study directly
compared the validity of the BI and FIM and concluded that both in-
struments had similar psychometric properties (Hsueh et al., 2002).
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Although this study was not set up to directly compare different mea-
surements a preliminary conclusion might be that validity of the USER is
at least as good as the FIM and BI with the advantage of content validity
for geriatric patients.

Both the physical and the cognitive scales had excellent internal
consistency with item six “walking stairs” and item seventeen ‘“visual
perception” having a lower than 0.4 item-total correlation, suggesting
these items do not correlate well with the other items. However, we
think that removing these items would not give relevant changes as the
low item-total correlations of these items on the total internal consis-
tency is negligible and the items were found relevant by experts. The
internal consistencies found in this study are comparable to those found
for the BI and the FIM (Bouwstra et al., 2019, Ladislav & Beat, 2018).

The interrater reliability for both scales was excellent, which is in
accordance with the original study of the USER (Post et al., 2009). Also,
reliability outcomes for the USER from this study are comparable to
those reported for the BI and the FIM in GR (Bouwstra et al., 2019,
Glenny & Stolee, 2009). This means that USERs administered by
different nurses show excellent agreement and can be used inter-
changeably, although we acknowledge the fact that training is impor-
tant. In addition to the original study we calculated the measurement
error, which was acceptable for both scales.

There are some limitations to our study. First, we did not have
detailed information on the participating patients in study 2 due to
general data protection regulation rules. Still, routine care data from a
geriatric rehabilitation population were used without exclusion criteria.
Therefore we expect that our patients are representative for geriatric
rehabilitation. Second, we used admission data only for the analysis of
structural validity, which could potentially include data with significant
floor effects, which could in turn cause nuisance (i.e. method effects) in
the analysis (Brown, 2015). And last, since there is no gold standard
measure we did not extensively but only marginally compare the USER
psychometric outcomes to other frequently used instruments in reha-
bilitation like the BI or the FIM and did not analyse correlation with
other frequently used instruments like the BI and the FIM. However, the
original development study of the USER reports strong correlations be-
tween the physical and cognitive scores of the USER, the BI and the FIM
(Post et al., 2009).

A strength of this study is that we used routinely collected data for
the analyses from a central database where data is collected from mul-
tiple GR clinics which might improve the external validity of our results.
Another strength is that we tested the content validity of the USER by
both qualitative (consensus meeting) and quantitative methods (calcu-
lation CVR), resulting potentially in a more thorough analysis from ex-
perts view on the USER than if only a quantitative analysis was done for
example by means of a survey.

For future research we recommend establishing interpretability and
responsiveness. The minimal important change (MIC) should be deter-
mined so that clinicians can give meaningful interpretation to change
scores. Also, IRT scores should be established, so clinicians can effi-
ciently define a patient’s ability on physical and cognitive function (De
Vet et al., 2011, Mokkink et al., 2010).

5. Conclusions

The observational scales of the USER have shown sufficient content
and structural validity, internal consistency, and interrater reliability for
measuring physical and cognitive function in geriatric rehabilitation.
These findings strengthen dissemination and use of the observational
scales of the USER within geriatric rehabilitation settings.

Brief summary

A study on psychometric properties of the USER.
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