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Abstract 
Background: Measurement models inform the approach to assess a 
measure’s validity and also how a measure is understood, applied and 
interpreted. With preference-based measures, it is generally accepted 
that they are formative; however, if they are applied without 
preferences, they may be reflective, formative or mixed. In this study, 
we sought to empirically test whether the reflective, formative or mixed 
measurement model best describes PBMs of social care-related 
quality of life (ASCOT, ASCOT-Carer). We also explored the network 
approach, as an alternative. 
Methods: ASCOT and ASCOT-Carer data were analyzed using 
confirmatory factor analysis and Multiple Indicators Multiple Causes 
models to test reflective, formative or mixed measurement models, 
respectively. Network analysis of partial correlations using the 
Gaussian graphical model was also conducted. 
Results: The results indicated that the reflective measurement model 
is the worst fit for ASCOT and ASCOT-Carer. The formative or mixed 
models may apply to ASCOT. The mixed model was the best fit for 
ASCOT-Carer. The network analysis indicated that the most important 
or influential items were Occupation and Personal cleanliness and 
comfort (ASCOT) and Time and space and Self-care (ASCOT-Carer).  
Conclusions: The ASCOT and ASCOT-Carer are best described as 
formative/mixed or mixed models, respectively. These findings may 
guide the approach to the validation of cross-culturally adapted and 
translated versions. Specifically, we recommend that EFA be applied to 
establish structural characteristics, especially if the measure will be 
applied as a PBM and as a measure of SCRQoL. Network analysis may 
also provide further useful insights into structural characteristics.
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Plain english summary
For many people living with long-term health conditions or  
disabilities, community-based social care services (like, home  
care) enable them to maintain independence, stay connected, 
and to live well. For families and friends who care for someone  
(‘carers’), these services may also help them. They may allow 
carers to continue in paid employment and to have time for  
hobbies, friendships, to stay healthy, and connect with others 
in a similar situation. An important question is what type(s) of  
community-based services, best support people and their carers.

To find this out, we need a way of measuring the effect  
services have on people’s lives. The Adult Social Care Out-
comes Toolkit (ASCOT) is a questionnaire that asks people 
about aspects of their life that might be affected by social care 
services (for example, having control over everyday life). This  
questionnaire has already been used by researchers and care pro-
viders to review how well social care services support people.  
There is also another version of the questionnaire called the 
ASCOT-Carer, which looks at aspects of life that are important  
to carers.

There has been interest in culturally adapting and translating 
these measures into other languages. However, there are  
different ways of establishing how well a translated version 
relates back to the original. This is important to make sure that  
the new version is measuring what we expect it to.

In this paper, we compare different ways of understanding the 
information collected using the ASCOT and ASCOT-Carer in 
England. This will inform how to approach the testing of ASCOT  
(and other similar measures) that have been translated into new 
languages. It also helps us to understand how different aspects 
of life that are supported by social care services are related 
to each other. This can inform our understanding of people’s  
needs and how to best support them. 

Introduction
The theoretical and philosophical questions of measurement 
models are important to psychometric research. Implicitly 
and explicitly, they inform the approach to assess a measure’s  
validity and also how a measure is understood, applied and 
interpreted. In this paper, we will draw on a preference-based  
measure (PBM) used in economic evaluation of long-term care 
services, the Adult Social Care Outcomes Toolkit for adults using 
care services due to long-term health conditions or disability  
(ASCOT)1 and their unpaid (family) carers (ASCOT-Carer)2,3, 
to illustrate the issues related to applying measurement mod-
els to PBMs. In doing so, we will highlight key implications 
for the development (especially, the validation of translated 
and cross-cultural adapted measures) and application of PBMs 
 in research, evaluation and practice.

The two measurement models commonly applied in psycho-
metric research are reflective measurement models (RMM) and  
formative models (FM) (see Figure 1). In RMM, the construct is 
the common cause of items (observables), i.e. the relationships 

Figure 1. Formative and Reflective Measurement Models.

       Amendments from Version 1
The major differences between this version and the previously 
published version are:
1. The inclusion of two appendices: (i) the R and STATA syntax 
for analyses and (ii) report of exploratory factor analysis (EFA) for 
ASCOT and ASCOT-Carer).
2. Corrections to Table 2 and associated description in the Results. 
We have also reported the 95% CI for all goodness of fit statistics. 
(For full details, please refer to the response to Reviewer 2.)
Any further responses from the reviewers can be found at 
the end of the article
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between the items are due to a common causal path to the  
construct, not interrelationships between the items. Compared to 
RMM, the items in FMs are conceptualized as a set of independ-
ent measures that come together to form a construct. The items 
may be inter-correlated. These models also differ in underlying  
philosophical assumptions. RMMs are based on a realist 
stance; the construct is conceptualized as being ‘out there’, but  
unobserved. By contrast, FMs are based on a constructivist  
position; the construct is a rational construction of the mind and  
is a theoretical composite of its constituent parts.

Typically, PBMs used in economic evaluation of health and 
social care services (also known as long-term care outside of the  
UK), like the EQ-5D and ASCOT, are understood using the 
FM due to the composite nature of PBMs4,5. Each item repre-
sents a dimension of health or care-related quality of life (QoL) 
that is distinct from the other items (the observables). The PBM  
index score represents an individual’s outcome state (the  
construct). It is a composite function of the preference weights 
assigned to each item. The items for PBMs are usually selected 
on the basis that they will be weakly associated, to avoid redun-
dancy and also to allow tradeoffs between items. Therefore,  
the proposed methodology for evaluating PBMs, based on the 
FM, focuses on content validity, face validity and construct valid-
ity of the descriptive system (without preferences), rather than 
structural validity5. The justification for this approach is that the 
classical test theory (CTT) method of establishing structural 
validity using exploratory factor analysis (EFA), which may 
be applied for initial development of new measures and/or the 
validation of translated and cross-culturally adapted versions of 
existing measures, is theoretically based on the RMM6,7. It has 
been argued that these methods are irrelevant and potentially 
misleading for measures based on the FM8,9, even if other CTT  
methods (e.g. confirmatory factor analysis) may be applied7.

However, PBMs, like ASCOT, may be used in a range of  
contexts. The ASCOT and ASCOT-Carer have been used as 
PBMs in economic evaluation10–12; however, they have also been  
used in non-economic contexts, without preference weights, 
e.g. for needs assessment, care planning13,14. Correspondingly,  
psychometric testing of these measures have taken a combination 
of RMM (i.e. using EFA)1,2 and FM (i.e. not applying structural 
validity methods) approaches15,16, typically influenced by the 
view of how the measure will be applied (i.e. as a PBM, or not).  
Inconsistent approaches to psychometric evaluation of the same 
measure have given rise to discussion of the correct approach 
to the translation and cross-cultural validity or adaptation of the 
measures for new contexts or populations15–17. One way of resolv-
ing this question is to establish empirically which measurement 
model, RMM or FM, most accurately describes the ASCOT and  
ASCOT-Carer.

In recent years, however, there have been advances in thinking 
about measurement models, beyond RMM and FMs. Instead, 
some measures may be best described by mixed measurement  
models, with a combination of formative and reflective relation-
ships between construct and observables18. It has been proposed 
that measures based on mixed measurement models may be 
treated as RMMs (i.e. by applying EFA) in psychometric research8. 

However, there has been critique of limitations of RMM, FM 
and mixed measurement models, which broadly apply also to 
the care-related QoL measures, ASCOT and ASCOT-Carer. For 
example, RMMs are based on the assumption that the observables 
are locally independent when controlling for the latent variable. 
This is unlikely to hold for ASCOT measures, since we expect  
there to be associations between observables (ASCOT or ASCOT-
Carer items), aside from an underlying association with the 
latent construct (social care-related quality of life: SCRQoL),  
e.g., it is likely that a person’s sense of control over their daily 
life would be directly affected by whether they feel they are 
doing things they value and enjoy; and vice versa. It is also con-
ceptually implausible to say that the items have a common cause 
(i.e. that having a poor SCRQoL will result in having poor  
control over daily life, personal safety, etc.), especially as 
ASCOT is a PBM where the items were selected to vary inde-
pendently. Aside from general critique of FMs and their limita-
tions, especially in application to psychological measurement 
(for example19–21), a key limitation of FMs is that relationships 
between observables in FMs are modelled as noise. Where there 
is justification for expected relationships between observables, 
as outlined above for ASCOT, the formative approach potentially  
overlooks important structural information7,22.

An alternative to RMMs, FMs or their combination in mixed 
measurement models, is the network model (NM). NMs avoid 
the limitations of FMs, RMMs and mixed measurement mod-
els by proposing instead that the construct is a network of  
causally-related elements (nodes), without any assumptions 
about the nature or causal direction of relationships7. NMs do 
not require the existence of latent variable(s), since the construct 
is still ‘real’ as a complex network or system of interrelated  
variables23. The NM is based on a critical realist position, 
i.e. that the construct is the observed variables in their com-
plex interrelationships of mutual influence24. NMs have been 
applied in psychological measurement of intelligence25,  
personality26 and psychological comorbidity27,28 and has been 
used in health psychology research, as they enable modelling of 
complex interdependencies between factors that may affect an  
outcome29. NMs have also been proposed as a method for 
psychometric analysis of health-related QoL measures, to 
address the limitations of both FM and RMMs when applied to  
measures of health-related QoL7.

The aim of this study was to establish which measurement 
model best describes the ASCOT and ASCOT-Carer, respec-
tively: reflective, formative or mixed. While the development and  
psychometric assessment of the ASCOT instruments has applied 
either the FM16 or the RMM1,2, these are directly compared 
here, alongside also mixed measurement models. This will 
inform approaches to the future validation and development  
of ASCOT or related PBMs of care-related QoL, especially 
in translation or cross-cultural adaptation of PBMs. The NM 
was also explored, as an alternative to RMMs, FMs and mixed  
measurement models. The purpose was to establish whether 
it provides further insight into the structure of ASCOT and  
ASCOT-Carer, beyond what is offered by factor analysis, as  
a network of mutual interrelationship between items.
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Methods
Sampling and data collection
To explore the internal structural characteristics of ASCOT 
and ASCOT-Carer, we conducted secondary analysis on 
data from two cross-sectional studies in England. These are 
described below. Study One collected data using the standard  
self-completion version (SCT4) of ASCOT1,30. Study Two col-
lected data from carers of people with dementia about their 
own QoL outcomes (ASCOT-Carer SCT42). To reflect the  
specific needs and experiences of carers, the ASCOT-Carer 
has a different set of attributes to the service user versions, with  
some overlapping domains (see Box 1).

Box 1. SCRQoL attributes

ASCOT ASCOT-Carer

Control over daily life Control over daily life

Occupation (doing things I 
value and enjoy)

Occupation (doing things I 
value and enjoy)

Social participation and 
involvement

Social participation and 
involvement

Personal safety Personal safety

Food and drink  

Accommodation comfort and 
cleanliness  

Personal comfort and 
cleanliness  

Dignity  

Self-care (being able to look 
after myself)

Time and space to be myself

Feeling supported and 
encouraged in caring role

Study One: Identifying the Impact of Adult Social Care 
(IIASC)
The Identifying the Impact of Adult Social Care (IIASC) study 
was an interview survey of 990 adults who used community-
based adult social care services (e.g. homecare) due to long-term 
conditions or disability in England. The survey was conducted in 
22 local authorities (LAs) between June 2013 and March 2014. 
The sample was identified from records held by LAs or home  
care providers. The inclusion criteria were: aged 18 years or 
over, living in their own home, and receiving support due to 
physical disability or sensory impairment or mental health  
conditions or learning disabilities. Because the questionnaire 
for people with learning disabilities used an adapted easy read  
version of ASCOT, these data (n=220) are excluded from the  
analysis presented here.

Eligible participants were invited to participate in an inter-
view, which was either completed face-to-face (74.2%) or by 
telephone (25.8% of the sample (n=770)). Written or verbal  

consent was obtained before all interviews. Data were collected 
on the respondent’s personal characteristics, social care needs, 
health, type and intensity of service use, informal support from 
family/friends, and quality of life outcomes, including the 
ASCOT1. Further details of the questionnaire content and data  
collection methods are outlined elsewhere30.

Study Two: Measuring the Outcomes of People with Dementia 
and their Carers (MOPED) study
The MOPED study was an observational cross-sectional study to 
establish the psychometric properties of the ASCOT-Proxy and 
ASCOT-Carer. The data were collected using self-administered 
questionnaire (either postal questionnaire or an online version 
in Qualtrics) among 313 unpaid family carers in England. The 
inclusion criteria were carers, who provided unpaid help or  
support to a relative, partner/spouse or friend living with demen-
tia, who used community-based social care (e.g. home care, day 
centre), was not in residential or nursing care, and unable to  
self-complete a structured questionnaire, even with help.

Participants were recruited between January 2020 and April 
2021 through Join Dementia Research (an online opt-in volun-
teer panel), local carers’ support organisations, healthcare settings  
and social media. Written informed consent was obtained from 
all participants. The questionnaire collected data on the respond-
ent’s characteristics, caregiving situation and care-recipient  
characteristics. SCRQoL was measured by the ASCOT-Carer.

Statistical analysis
The first aim of the study was to empirically compare the three 
measurement models (reflective, formative and mixed) for 
ASCOT and ASCOT-Carer, to determine which fits best. The 
reflective measurement model was evaluated using confirmatory  
factor analysis. Each of the eight ASCOT and seven ASCOT-
Carer items were tested separately as reflective indicators of a 
single latent construct (i.e. SCRQoL -> ASCOT or ASCOT-Carer 
items – see Figure 2). A single factor was applied based on pre-
vious studies of the ASCOT and ASCOT-Carer using explora-
tory factor analysis (EFA)1,12 and an exploratory factor analysis 
of the ASCOT and ASCOT-Carer using the IIASC and MOPED  
datasets (see Appendix). 

The formative and mixed measurement models were evaluated 
using Multiple Indicators Multiple Causes (MIMIC) models31. 
These are structural equation models (SEMs) that allow the simul-
taneous modelling of reflective items that relate to one or more 
latent variable(s), alongside the relationship between formative 
items and the latent variable. In the formative model, all eight or 
seven items of the ASCOT or ASCOT-Carer, respectively, were 
modelled with a formative relationship to the latent variable,  
SCRQoL. To enable the empirical testing of the models, it is  
necessary to specify also two or more reflective indicators. These 
are typically measures of the same or similar constructs. This 
provides external anchoring against validated measures or items 
(i.e. EQ-5D, QoL item), when all of the ASCOT items are con-
sidered as a composite of SCRQoL (i.e. ASCOT or ASCOT-Carer  
items -> SCRQoL -> EQ-5D, overall QoL – see Figure 3). Since 
there are no other validated measures of social care-related QoL 
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Figure 3. a. Formative Model for ASCOT. b. Formative Model for ASCOT-Carer.

Figure 2. a. Reflective Model for ASCOT. b. Reflective Model for ASCOT-Carer.

Page 6 of 27

NIHR Open Research 2023, 2:21 Last updated: 02 MAY 2023



than the ASCOT or ASCOT-Carer, measures of the related con-
structs of health-related QoL and overall QoL were selected. 
From previous research, these measures are known to be 
related to ASCOT SCRQoL1,2,12,32. Specifically, for ASCOT, the  
EQ-5D-3L and a single item 7-point rating of overall QoL were 
considered. For ASCOT-Carer, the EQ-5D-5L converted by 
cross-walk to EQ-5D-3L values33 and a single-item 5-point 
overall rating of QoL were considered. These differences in  
the measures were due to the available data in each study dataset.

In the mixed measurement models (see Figure 4), the ASCOT 
or ASCOT-Carer items were considered as formative or reflec-
tive. These were selected based on theory. In the development of 
ASCOT, it has been noted that the domains may be categorized 
as those that relate to: (1) basic domains that relate to basic care  
needs/support to sustain life and health (i.e. Food and drink, 
Personal or Accommodation comfort and cleanliness, Personal 
safety (ASCOT); Self-care, Feeling supported in the caring role, 
Personal safety (ASCOT-Carer)); (2) higher order domains that 
relate to aspects of QoL beyond basic care needs and/or relate to 
a person’s sense of self and identity (i.e. Control over daily life, 
Occupation, Social participation (ASCOT and ASCOT-Carer);  
(3) domains related to how the delivery of care affects a per-
son’s sense of self and identity (Dignity (ASCOT) or Time and 
space to be yourself (ASCOT-Carer))1. The basic domains were  
considered as formative, since they may be conceptualized 
as constituent parts of social care-related QoL (i.e. aspects of 
QoL that make up the construct, SCRQoL). The higher order 
domains and the domains related to sense of self and identity 
were considered as reflective of SCRQoL (i.e. they are driven  
by a common factor, SCRQoL).

To compare these models, standardized factor loadings and coef-
ficients were reported for the CFA and MIMIC, respectively, 

to explore the relationship between items and the latent vari-
able. Model fit statistics were calculated to evaluate the  
estimated models. The following criteria were applied to indi-
cate good fit: root mean square error of approximation (RMSEA) 
≤0.06 (upper 90% confidence interval of ≤0.08), standardized  
root mean square residual (SMSR) of ≤0.08, with a compara-
tive fit index (CFI) and Tucker-Lewis index (TLI) of ≥0.9534. In 
addition to the raw goodness-of-fit statistics, we also report the 
bootstrap estimation of the 95% (bias corrected) confidence 
intervals. These were calculated using the bootstrap command  
with 1,000 repetitions.

In addition to comparing and evaluating RMM, FM and 
mixed measurement models, we also applied network analy-
sis to determine whether this approach, which has been pro-
posed as a suitable approach for measures of health-related 
QoL7, offers additional useful insights when applied to social  
care-related QoL measures, like ASCOT. In network analy-
sis, the focus is on the variables (nodes) and the relation-
ships between them (edges). These may be directed, which 
indicate a one-way effect, or undirected, which indicates an  
unspecified mutual relationship.

In this analysis, the ASCOT and ASCOT-Carer items were con-
sidered as the nodes and all edges were specified as undirected. 
The network was estimated by analyzing partial correlations 
using the Gaussian graphical model. Polychoric correlation  
coefficients were applied since the data were ordinal. The coef-
ficients are estimates of the strength of relationship between 
variables (the ASCOT or ASCOT-Carer items) whilst control-
ling for the effects of other measured variables in the model. 
A graphical least absolute shrinkage and selection operator 
(glasso) approach was applied to the estimation of the correlation  
network35. This statistical technique takes into account the model 

Figure 4. a. Mixed measurement model for ASCOT. b. Mixed measurement model for ASCOT-Carer. Key to Figures 2–4: Acc, 
accommodation; Pers, personal comfort and cleanliness; Food, food and drink; Safe, personal safety; Occ, occupation; Con, control over daily 
life; Soc, social participation; Dig, dignity; Self-care, self-care; Time, time and space to be yourself; Supp, feeling supported and encouraged  
in caring role.
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complexity and seeks to reduce the number of spurious relation-
ships by reducing small weak edge estimates to zero. The glasso 
tuning parameter (ʎ) may be set from 0 to 1. Increasing the tun-
ing parameter will minimize spurious edges, however, relevant  
edges may also be suppressed29. The analysis applied ʎ=0.25.

After the models were estimated, the network properties were 
evaluated. The centrality of nodes (i.e. their relative impor-
tance) in determining the network structure was assessed by the 
number of connections incident to the node (degree centrality). 
Centrality indices were also calculated and reported for node 
strength, closeness and betweenness29. The strength index 
is a composite measure of both the number and strength of  
connections to a node. The closeness index represents the rela-
tionship between one node and the other nodes through its  

indirect connections (i.e. its connectedness or connectivity). A 
high closeness index indicates that the node is affected quickly  
by changes to the other nodes in the network. The betweenness 
index indicates the importance of a node in relation to the  
average pathway between other nodes29.

The descriptive statistics, CFA and MIMIC were calculated in 
STATA version 16. The network analysis was conducted in R.

Results
The sample characteristics are outlined in Table 1. The sam-
ple for study 1 (IIASC) was users of community-based social 
care services (e.g., home care) due to long-term health condi-
tions or disability. Just over half the sample (52.7%) were aged  
65 years or older and 42% were male. There was a wide range 

Table 1. Sample characteristics.

Study 1 
(n=770)

Study 2 
(n= 313)

N (%) N (%)

Male 323 (42.0%) 76 (24.3%)

Age ≥65 years 406 (52.7%) 137 (43.8%)

Ethnicity: white British 704 (91.4%) 296 (94.6%)

Self-reported health: good or very good 228 (29.6%) 229 (73.2%)

                                       fair 311 (40.4%) 72 (23.0%)

                                       bad or very bad 230 (29.9%) 11 (3.5%)

                                       missing data 1 (0.1%) 1 (0.3%)

Care recipient’s ADLs with difficulty¹: 

                                       none 72 (9.4%) 0 (0%)

                                       1–4 293 (38.1%) 123 (39.3%)

                                       5–7 243 (31.6%) 86 (27.5%) 

                                       All 8 159 (20.6%) 101 (32.2%)

                                        missing data 3 (0.4%) 3 (1.0%) 

Hours of inf care / week: 0–19 hours n/a 95 (30.4%)

                                           20–34 hours n/a 36 (11.5%)

                                           35–50 hours n/a 32 (10.1%)

                                           ≥50 hours n/a 147 (47.0%)

                                           missing data n/a 3 (1.0%) 

Mean 
(Std. Dev., Range)

Mean 
(Std. Dev., Range)

Overall QoL 4.43 (1.26, 1 to 7) 3.46 (1.04, 1 to 5)

EQ-5D-3L Index 0.27 (0.39, −0.594 to 1) 0.79 (1.04, −0.594 to 1) 

¹ This is a count of activities of daily living (ADLs) where the respondent (or care recipient by proxy report) 
had difficulty or was unable to complete the task alone, without help.
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of social care needs in the sample, with 9.4% of respondents 
reporting no needs for activities of daily living. (The study 
sample included users of services for support with mental  
health difficulties, where the eight activities of daily liv-
ing (ADLs) may not relate to the person’s needs.) The over-
all health-related quality of life of the sample was relatively 
low (mean EQ-5D-3L index of 0.27), which reflects the study 
inclusion criteria of using community-based adult social care  
services.

The study 2 (MOPED) sample were all carers of someone 
with dementia. The majority of the MOPED sample (study 
2) were caring for a parent (n=152, 48.6%) or a spouse or part-
ner (n=130, 41.5%). Most carers were co-resident with the  
person they support (n=181, 57.8%). The high level of social 
care needs of care recipients is reflected in the profile of diffi-
culty with ADLs; 32.2% of the sample reported that the person 
they supported had difficulty with all eight ADLs. Almost half 
of the sample (47.0%) were carers providing 50 or more hours  
of unpaid care per week.

The distribution of scores by item for ASCOT (IIASC, Study  
1) and ASCOT-Carer (MOPED, Study 2) are shown in  
Figure 5 and Figure 6. The rating of high-level or some needs 
are highest for the three ASCOT ‘higher order’ domains of 
Control over daily life, Social participation and Occupation. 
The ideal state (best care-related QoL) was rated by over half 
of the sample for the basic domains of Personal comfort and 
cleanliness (56.1%), Accommodation (60.1%) and Food and  
drink (70.1%).

The ASCOT-Carer ratings had a different response profile. With 
the exception of Personal safety (3.2%), between 28% (Occu-
pation) and 63% (Time and space) of ratings per attribute 
were high-level or some needs. This is broadly consistent with 
a 2013/14 data collection from carers in England using the  
ASCOT-Carer2. However, the current study sample had a higher 
profile of need with regard to Control over daily life (51.8%  
versus 37.0%) and Social participation (58.8% versus 33.3%). 
The reverse was the case for Occupation (28.8% versus 49.1% 
of the sample reported high-level or some needs)2. This is unsur-
prising given that the study sample was carers of people with 
dementia living in their own homes. This subgroup of carers are 
known to have specific high-level social care support needs that 
relate to the condition, for example, in its fluctuating and unpre-
dictable nature36–38. The data collection also coincided with  
the COVID-19 pandemic and associated restrictions in England, 
which may have affected a number of aspects of quality of 
life due to the legal restrictions. The lower levels of QoL for 
Social participation and Control over daily life may, at least 
partly, be affected by the legal restrictions on socializing,  
travel/movement, leaving the home and other aspects of life 
designed to curb the spread of the infection.

The results of the reflective, formative and mixed measure-
ment models are shown in Table 2. The reflective models were 
a poor fit against the criteria (i.e. RMSEA ≤0.06 (upper confi-
dence interval ≤0.08), SMSR ≤0.08, and CFI/TLI ≥0.9535). Only 
SMSR ≤0.08 was met for ASCOT; SMSR ≤0.08 and CFI/TLI  
≥0.95 were met for ASCOT-Carer. All of the applied crite-
ria were met for the ASCOT formative model. The chi-square  

Figure 5. ASCOT ratings (Study 1).
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(χ²) test of predicted against observed data was also not sig-
nificant, which indicates good model fit. By contrast, the forma-
tive model was a poor fit for ASCOT-Carer. Only SMSR ≤0.08 
was met. Finally, the mixed measurement model was a good 
fit for ASCOT and ASCOT-Carer. Taken together, the find-
ings indicate that the RMM is the worst fit for ASCOT. The FM 
or mixed measurement models may apply to ASCOT, with the 
best fit for the FM. The mixed measurement model was the best  
fit for ASCOT-Carer.

The network models are shown in Figure 7 and Figure 8. The 
nodes (A1-8, C1-7) represent the items in ASCOT and ASCOT-
Carer. The edges, shown as lines between nodes, represent 
empirical correlation between nodes. Thicker lines represent a 
stronger correlation between items. For both the ASCOT analysis  
(Figure 7) and ASCOT-Carer (Figure 8), there are relevant 
edges between all nodes. All correlations were positive, shown  
by green lines.

Degree centrality is an indicator of the relative importance of 
each node defined by the number of connections connected 
to each node. This ranged in the ASCOT analysis (Figure 7)  
from two (Dignity) to five connections (Accommodation). 
As expected based on the theoretical concept of higher order 
domains and basic domains, there are relevant edges between 
A1 to A3 (higher order) and A5 to A7 (basic), with connec-
tion also to A4. The node that relates to the Dignity item 
has the lowest number of edges, to A3 (Occupation) and A7  
(Accommodation), which aligns to the concept that it is distinct 
from the other nodes since it is the only one that relates to care 

delivery. The network for ASCOT-Carer analysis (Figure 8)  
also has a degree centrality from two (Feeling supported) to 
five (Self-care). However, the structure does not align with 
the theoretical split between higher order domains (C1 to C3)  
and basic domains (C4 to C6) as for ASCOT.

The centrality indices for each node are reported in Table 3.  
These are indicators of the relative importance or influence of 
each node. Specifically, the indices represent a composite of the 
number and strength of connections (strength), the relation-
ship with other nodes or its connectivity (closeness) and the 
importance of a node in relation to the average pathway between 
other nodes (betweenness). For ASCOT (A1-8), the most  
influential nodes in ASCOT are Occupation and Personal cleanli-
ness and comfort. Accommodation, Control and Personal safety 
are also indicated as influential by one of the strength, close-
ness and betweenness indices, respectively. Since the strength 
index is least likely to be affected by sample size and is typi-
cally the most reliable of the three indices29, we tentatively  
also highlight Accommodation as an influential node, along-
side Occupation and Personal comfort and cleanliness. For 
ASCOT-Carer (C1-7), there are relevant edges between higher 
order domains (C1 to C3), but also C6 (Time and Space) to C1 
(Control) and C3 (Occupation). The centrality indices indicate 
the most influential nodes are Time and space, Self-care, Social  
participation and Occupation.

Discussion
This study aimed to further understand the nature and internal 
structure of measures of SCRQoL for adults with social care needs 

Figure 6. ASCOT-Carer ratings (Study 2).

Page 10 of 27

NIHR Open Research 2023, 2:21 Last updated: 02 MAY 2023



Ta
bl

e 
2.

 C
on

fir
m

at
or

y 
fa

ct
or

 a
na

ly
si

s 
(r

efl
ec

tiv
e 

m
od

el
) a

nd
 M

IM
IC

 (f
or

m
at

iv
e 

an
d 

m
ix

ed
 m

ea
su

re
m

en
t m

od
el

s)
.

Co
nfi

rm
at

or
y 

fa
ct

or
 a

na
ly

si
s 

(r
efl

ec
ti

ve
)

M
IM

IC
 (f

or
m

at
iv

e)
M

IM
IC

 (m
ix

ed
)

St
ud

y 
1:

 A
SC

O
T

St
ud

y 
2:

 A
SC

O
T-

Ca
re

r
St

ud
y 

1:
 A

SC
O

T
St

ud
y 

2:
 A

SC
O

T-
Ca

re
r

St
ud

y 
1:

 A
SC

O
T1

St
ud

y 
2:

 A
SC

O
T-

Ca
re

r2

M
ea

su
re

 
D

om
ai

n 
(if

 a
pp

lic
ab

le
) 

Ba
si

c,
 h

ig
he

r o
r i

de
nt

ity
 

& 
se

ns
e 

of
 s

el
f (

if 
ap

pl
ic

ab
le

)

Fa
ct

or
 

lo
ad

in
g

SE
Fa

ct
or

 
lo

ad
in

g
SE

St
an

d.
 

Co
eff

.
SE

St
an

d.
 C

oe
ff

.
SE

St
an

d.
 C

oe
ff

.
SE

St
an

d.
 

Co
eff

.
SE

AS
CO

T 
Ac

co
m

m
od

at
io

n 
Ba

sic

0.
51

6*
*

0.
03

4
0.

04
8

0.
04

5
0.

12
4*

*
0.

04
3

AS
CO

T 
Fo

od
 a

nd
 d

rin
k 

Ba
sic

0.
43

7*
*

0.
03

6
0.

08
9*

0.
04

2
0.

12
8*

*
0.

04
0

AS
CO

T 
Pe

rs
on

al
 c

ar
e 

Ba
sic

0.
58

9*
*

0.
03

1
0.

07
8

0.
04

6
0.

30
8*

*
0.

04
1

AS
CO

T 
&

 A
SC

O
T-

Ca
re

r 
Pe

rs
on

al
 s

af
et

y 
Ba

sic

0.
47

8*
*

0.
03

4
0.

34
8*

*
0.

05
4

0.
17

7*
*

0.
04

2
0.

13
3*

0.
05

5
0.

23
8*

*
0.

03
9

0.
09

4
0.

05
2

AS
CO

T 
&

 A
SC

O
T-

Ca
re

r 
Co

nt
ro

l o
ve

r d
ai

ly 
lif

e 
Hi

gh
er

 O
rd

er

0.
58

7*
*

0.
03

0
0.

74
4*

*
0.

03
1

0.
24

7*
*

0.
04

6
0.

20
5*

*
0.

06
5

0.
60

8*
*

0.
03

0
0.

75
0*

*
0.

03
0

AS
CO

T 
&

 A
SC

O
T-

Ca
re

r 
So

cia
l p

ar
tic

ip
at

io
n 

Hi
gh

er
 O

rd
er

0.
64

9*
*

0.
02

8
0.

68
2*

*
0.

03
6

0.
25

0*
*

0.
04

6
0.

17
8*

*
0.

06
2

0.
69

1*
*

0.
02

7
0.

67
8*

*
0.

03
5

AS
CO

T 
&

 A
SC

O
T-

Ca
re

r 
O

cc
up

at
io

n 
Hi

gh
er

 O
rd

er

0.
65

4*
*

0.
02

9
0.

76
8*

*
0.

02
9

0.
29

9*
*

0.
04

8
0.

12
7

0.
06

8
0.

72
7*

*
0.

02
6

0.
77

8*
*

0.
02

8

AS
CO

T 
Di

gn
ity

 
Id

en
tit

y

0.
41

4*
*

0.
03

6
0.

05
9

0.
04

1
0.

42
1*

*
0.

03
6

AS
CO

T-
Ca

re
r 

Se
lf-

ca
re

 
Ba

sic

0.
62

9*
*

0.
03

9
0.

24
0*

*
0.

06
5

0.
46

0*
*

0.
05

1

AS
CO

T-
Ca

re
r 

Ti
m

e 
&

 s
pa

ce
 

Id
en

tit
y

0.
80

3*
*

0.
02

7
0.

19
8*

*
0.

07
0

0.
80

9*
*

0.
02

6

AS
CO

T-
Ca

re
r 

Fe
el

 s
up

po
rt

ed
 

Ba
sic

0.
49

7*
*

0.
04

7
0.

18
0*

*
0.

05
4

0.
26

0*
*

0.
05

2

Page 11 of 27

NIHR Open Research 2023, 2:21 Last updated: 02 MAY 2023



Co
nfi

rm
at

or
y 

fa
ct

or
 a

na
ly

si
s 

(r
efl

ec
ti

ve
)

M
IM

IC
 (f

or
m

at
iv

e)
M

IM
IC

 (m
ix

ed
)

St
ud

y 
1:

 A
SC

O
T

St
ud

y 
2:

 A
SC

O
T-

Ca
re

r
St

ud
y 

1:
 A

SC
O

T
St

ud
y 

2:
 A

SC
O

T-
Ca

re
r

St
ud

y 
1:

 A
SC

O
T1

St
ud

y 
2:

 A
SC

O
T-

Ca
re

r2

M
ea

su
re

 
D

om
ai

n 
(if

 a
pp

lic
ab

le
) 

Ba
si

c,
 h

ig
he

r o
r i

de
nt

ity
 

& 
se

ns
e 

of
 s

el
f (

if 
ap

pl
ic

ab
le

)

Fa
ct

or
 

lo
ad

in
g

SE
Fa

ct
or

 
lo

ad
in

g
SE

St
an

d.
 

Co
eff

.
SE

St
an

d.
 C

oe
ff

.
SE

St
an

d.
 C

oe
ff

.
SE

St
an

d.
 

Co
eff

.
SE

O
ve

ra
ll 

Q
oL

0.
72

1 
**

0.
03

5
0.

79
6 

**
0.

05
1

EQ
-5

D
 In

de
x

0.
46

9*
*

0.
03

5
0.

42
4*

*
0.

05
2

N
73

7
31

2
72

7
31

1
73

7
31

2

χ2  
14

8.
79

**
37

.5
7*

*
13

.4
3 

33
.2

7*
*

28
.5

5*
*

14
.6

1

RM
SE

A
0.

09
4

N
o†

0.
07

4
N

o 
0.

03
6

Ye
s

0.
12

1
N

o
0.

03
8

Ye
s

0.
03

2
Ye

s

  9
5%

 C
I

0.
07

2;
 0

,1
07

0.
01

9;
 0

.0
89

<.
00

1;
 0

.0
55

0.
06

6;
 0

.1
71

<.
00

1;
 0

.0
46

<.
00

1;
 0

.0
45

  9
0%

 C
I l

ow
er

0.
08

0
0.

04
6

<.
00

1
0.

08
3

0.
01

7
<0

.0
01

  9
0%

 C
I u

pp
er

0.
10

8
N

o 
0.

10
2

N
o 

0.
06

4
Ye

s
0.

16
3

N
o 

0.
05

7
Ye

s
0.

07
2

Ye
s

SM
SR

0.
05

4
Ye

s 
0.

04
2

Ye
s

0.
01

3
Ye

s
0.

03
8

Ye
s

0.
02

2
Ye

s
0.

02
4

Ye
s

  9
5%

 C
I

0.
04

3;
 0

.0
63

0.
02

6;
 0

.0
51

0.
00

7;
 0

.0
16

0.
02

5;
 0

.0
52

0.
01

5;
 0

.0
26

0.
01

6;
 0

.0
29

CF
I

0.
88

8
N

o 
0.

96
7

Ye
s 

0.
98

6
Ye

s
0.

90
7

N
o 

0.
98

0
Ye

s
0.

99
4

Ye
s

  9
5%

 C
I 

0.
85

5;
 0

.9
28

0.
95

0;
 0

.9
97

0.
96

7;
 1

.0
18

0.
83

4;
 0

.9
73

0.
97

0;
 1

.0
00

0.
98

7;
 1

.0
00

TL
I

0.
78

4
N

o 
0.

95
`

Ye
s 

0.
96

6
Ye

s
0.

76
9

Ye
s

0.
96

9
Ye

s
0.

99
1

Ye
s

  9
5%

 C
I 

0.
79

7;
 0

.8
98

0.
92

6;
 0

.9
96

0.
91

9;
 1

.0
18

0.
58

5;
 0

.9
32

0.
95

3;
 1

.0
02

0.
97

9;
 1

.0
15

*p
<0

.0
5,

 *
*p

<0
.0

1

¹ R
efl

ec
ti

ve
: C

on
tro

l, 
So

cia
l, 

O
cc

up
at

io
n,

 D
ig

ni
ty

. F
or

m
at

iv
e:

 A
cc

om
m

od
at

io
n,

 F
oo

d 
&

 d
rin

k,
 P

er
so

na
l c

ar
e,

 P
er

so
na

l s
af

et
y.

² R
efl

ec
ti

ve
: C

on
tro

l, 
So

cia
l, 

O
cc

up
at

io
n,

 T
im

e 
&

 s
pa

ce
. F

or
m

at
iv

e:
 S

el
f-c

ar
e,

 p
er

so
na

l s
af

et
y, 

Fe
el

in
g 

su
pp

or
te

d.

† 
G

oo
dn

es
s 

of
 fi

t c
rit

er
ia

 m
et

 (Y
es

/N
o)

Page 12 of 27

NIHR Open Research 2023, 2:21 Last updated: 02 MAY 2023



Figure 7. Partial correlation network for ASCOT. Key: A1 (Control over daily life) A2 (Social participation) A3 (Occupation) A4 (Safety) A5 
(Personal care) A6 (Food and drink) A7 (Accommodation) A8 (Dignity).

Figure 8. Partial correlation network for ASCOT-Carer. Key: C1 (Control over daily life) C2 (Social participation) C3 (Occupation) C4 
(Safety) C5 (Self-care) C6 (Time and space to be yourself) C7 (Feeling supported and encouraged).
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Table 3. Centrality indices.

Dimension Higher, basic 
or identity Strength Closeness Betweenness

ASCOT

A1 Control over daily life Higher 0.74 2.01 4

A2 Social participation Higher 0.75 1.87 0

A3 Occupation Higher 1.08 2.05 16

A4 Personal safety Basic 0.55 1.93 6

A5 Personal comfort & cleanliness Basic 0.90 1.94 6

A6 Food and drink Basic 0.70 1.56 0

A7 Accommodation Basic 0.94 1.87 2

A8 Dignity Identity 0.31 1.39 0

ASCOT-Carer

C1 Control over daily life Higher 0.86 2.19 0

C2 Social participation Higher 0.83 2.50 4

C3 Occupation Higher 0.94 2.47 2

C4 Personal safety Basic 0.50 1.98 0

C5 Self-care Basic 0.91 2.56 8

C6 Time and space Identity 1.06 2.78 2

C7 Feel supported & encouraged Basic 0.38 1.95 0

Note. The three (or four) most central nodes according to each index are reported in bold. Closeness values are 
multiplied by 100. Values may be compared within, not across, measures.

(ASCOT) and their carers (ASCOT-Carer). In the development 
of the measures and psychometric testing of the original  
English language version or cultural adaptation and transla-
tions, authors have made different assumptions about whether 
the measure is formative1,2 or reflective15,16. In some work, the 
issue of measurement models has been noted, and an ‘agnostic’ 
approach taken to analysis that does not commit to either model17.  
In this study, we have directly compared measurement  
models for the ASCOT and ASCOT-Carer as reflective, formative 
or mixed. This provides useful insights to inform the approach 
for future translation and cross-cultural adaptation of the  
ASCOT measures.

The findings indicate that the ASCOT and ASCOT-Carer do 
not empirically fit to the RMM. Based on this empirical find-
ing, especially in combination with the literature on theoretical 
issues of applying RMMs to PBMs and/or health- or care-related  
QoL measures, like the ASCOT and ASCOT-Carer, we recom-
mend that the ASCOT measures are not assumed to be reflective. 
By contrast, the analysis provides tentative empirical evidence 
of fit of the ASCOT to the formative or mixed measurement  
model. The former is consistent with the development of 
the ASCOT, which argued that the attributes should be 
weakly correlated for its suitability as a PBM1. The fit for the  
ASCOT-Carer to the formative model is, however, not  

supported by this analysis. Instead, the best fit is the mixed meas-
urement model. The current guidelines for the development of 
patient-reported outcome measures (PROMs) suggest that it is 
acceptable to apply reflective measurement methods (i.e. EFA)  
to examine structural characteristics of measures based on the 
mixed measurement model8. This is relevant to cross-cultural  
adaptation and validation of translations, where EFA is rec-
ommended to establish cross-cultural validity8. Therefore, we 
recommend that future translations of the ASCOT measures 
may appropriately and usefully apply EFA to explore struc-
tural characteristics, especially if the translated version will be 
applied as a PBM in economic evaluations and as a measure of  
SCRQoL.

In addition to empirically testing the formative, reflective and 
mixed measurement models, we also applied the network model 
to explore whether it could add further insights into the nature and 
structure of ASCOT and ASCOT-Carer. The findings align with 
the theoretical concept of ASCOT comprising higher order and 
basic domains that have stronger relationships, as has been found 
in previous analysis using EFA and correlations for ASCOT1. The  
former relate to the domains of social participation, occupation 
and control, which may be conceptualized as aspects of care-
related QoL/need beyond basic care-related QoL/needs, like 
accommodation, food and drink, safety and personal comfort and 
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cleanliness. The analysis presented here for the ASCOT-Carer 
does not show the same division between basic/higher-order  
QoL/needs. However, there are key connections between the 
higher-order domains (i.e. social participation, occupation and  
control) and time and space to be yourself.

In the analysis presented here, the NM analysis provides use-
ful insights into the nature and internal structure of the meas-
ures that add to the insights of established methods, like EFA, 
CFA or SEM. It does this without specifying the underlying  
measurement model and in a way that aligns more closely to the 
complex relationships that are known to exist between aspects 
of health-related and social care-related QoL7. Specifically, the 
analysis for ASCOT indicates that Occupation (meaningful  
and enjoyable activity) and Personal comfort and cleanliness are 
the most influential aspects of QoL. Accommodation, control 
over daily life and personal safety are also key nodes. The most 
influential nodes for the ASCOT-Carer were Time and space,  
Self-care, Social participation and Occupation. Therefore, we 
propose that network analysis be used as a complementary 
approach in development and adaptation of ASCOT measures, 
alongside psychometric approaches, like EFA, to explore the  
internal structure and relationship between items.

Furthermore, the NM analysis presented here provides insights 
that may inform future qualitative research, as well as the appli-
cation of the measures in care planning and assessment7. This is  
relevant as there has been interest in applying ASCOT in this 
way, in England and internationally13,14,39. The most influen-
tial nodes for each measure and the key relationships between 
domains may be useful in informing needs assessment and care 
planning. Specifically, it may guide the conversation to focus 
on these aspects of QoL for service users (ASCOT) and carers  
(ASCOT-Carer) respectively, via the target of intervention 
(e.g. home care), to influence other aspects of QoL for addi-
tional benefit. In addition, it may guide research to understand 
whether and how specific social care interventions are effective. 
In previous studies, ASCOT measures have been used in quali-
tative interviews to identify how social care services impact on  
QoL of adults with care needs and carers1,40,41. This research  
provides insight into which care supports QoL; however, less  
attention has been given to relationships between QoL 
domains. The nature of the relationship indicated by an edge 
in the NM may indicate a direct causal pathway or the common  
effect of a (latent) variable not included in model29. These asso-
ciations are indicative of causal relationships that require  
further investigation, drawing on qualitative evidence, that may  
then inform the design and evaluation of interventions6.

The study presented here has some limitations. The analysis 
was conducted on datasets from two studies in England. Further 
studies to replicate and confirm the findings, both in England  
and other countries with translated versions of the measure, would 
add further insight. Study 1 (IIASC) included a diverse sample 
of users of social care services with a range of needs. However, 
Study 2 (MOPED) included only a sub-group of carers, i.e. of  
people with dementia, who are known to have higher-level and 
specific needs compared to other carers. Modelling based on 
these data may not fully inform the structure of the ASCOT-Carer, 
when applied for use with carers more broadly, so replication  

with other groups of carers is important. Furthermore, the 
specification of the mixed measurement models were lim-
ited in the choice of external measures (i.e. EQ-5D and overall  
QoL rating) by the variables available in the respective study 
datasets. Although the choice of these measures may be justi-
fied by previous studies that show the relationship between 
SCRQoL and the related constructs of health-related QoL and 
overall QoL1,12, it may be that other external measures may be  
more suitable (e.g. the EQ-VAS or carer-related quality of 
life or related measures based on the capability approach, 
like the ICECAP-A42 or ICECAP-O43) and may lead to  
differences in the coefficients for structural paths and their sig-
nificance. Indeed, we have not placed much emphasis on inter-
preting the structural paths, despite being of interest, for this  
reason.

Conclusions
The findings of this study indicate that the ASCOT and ASCOT-
Carer are not adequately described as RMMs. The ASCOT 
fits best to either formative or mixed measurement model.  
ASCOT-Carer fits best to the mixed measurement model. These 
findings are relevant to the psychometric evaluation of cross-
cultural adaptation and validation of translated versions of 
ASCOT and ASCOT-Carer. We recommend that future transla-
tions of the ASCOT measures may usefully and appropriately 
apply EFA to explore structural characteristics, especially if 
the translated version will be applied as a PBM in economic 
evaluations and as a measure of SCRQoL. Further investigation 
using datasets collected with different populations and in other  
contexts may usefully guide the approach and provide addi-
tional evidence of their internal structure. In addition to EFA, 
network analysis (based on the network model) may also  
provide useful insights into the relationships between items.

List of abbreviations
ASCOT      Adult Social Care Outcomes Toolkit

CFA           Confirmatory factor analysis

CFI            Comparative fit index

EFA           Exploratory factor analysis

FM            Formative measurement model

IIASC        Identifying the impact of adult social care study

LA             Local authority

MIMIC      Multiple indicators multiple causes model

MOPED      Measuring the outcomes of people with dementia and 
their carers study

NM            Network model

PBM          Preference-based measure

RMM        Reflective measurement model

RMSEA    Root mean square error of approximation

SCRQoL   Social care-related quality of life
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SMSR       Standardized root mean square residual

TLI            Tucker-Lewis index

QoL           Quality of life
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Appendix. STATA and R Syntax
*** STATA Syntax (ASCOT)

clear

use “G:\filepath\filename.dta”

*EFA

factortest home food perscare safety control social occ dignity

paran home food perscare safety control social occ dignity, cen-
tile(95) iter(5000) quietly graph

polychoric home food perscare safety control social occ dignity

return list

matrix list r(R)

matrix SCRQoL = r(R)

matrix list SCRQoL

factormat SCRQoL, n(770) shape(full) names(home food  
perscare safety control social occ dignity) pf factor (1)

*CFA

gen scrqol = control + perscare + food + home + safety + social + 
occ + dignity

*MODEL ONE (reflective)

sem (scrqol -> home food perscare safety control social occ dig-
nity), standardized latent (scrqol)

estat gof, stats(all)

return list

capture program drop fit

program define fit, rclass

sem (scrqol -> home food perscare safety control social occ  
dignity), standardized latent (scrqol)

estat gof, stats(all)

return scalar cfi=r(cfi)

return scalar tli=r(tli)

return scalar srmr=r(srmr)

return scalar rmsea=r(rmsea)

end

bootstrap cfi=r(cfi) tli=r(tli) srmr=r(srmr) rmsea=r(rmsea), 
reps(1000) level(95): fit

estat bootstrap, all

*MODEL TWO (formative) MIMIC, with QoL & EQ5D  
(external)

sem (scrqol -> qol eq5dindex) (home food perscare safety control 
social occ dignity -> scrqol), standardized latent (scrqol)

estat gof, stats(all)

return list

capture program drop fit
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program define fit, rclass

sem (scrqol -> qol eq5dindex) (home food perscare safety control 
social occ dignity -> scrqol), standardized latent (scrqol)

estat gof, stats(all)

return scalar cfi=r(cfi)

return scalar tli=r(tli)

return scalar srmr=r(srmr)

return scalar rmsea=r(rmsea)

end

bootstrap cfi=r(cfi) tli=r(tli) srmr=r(srmr) rmsea=r(rmsea), 
reps(1000) level(95): fit

estat bootstrap, all

*MODEL THREE (Mixed) MIMIC

sem (home food perscare safety -> scrqol) (scrqol -> control social 
occ dignity), standardized latent (scrqol)

estat gof, stats(all)

return list

capture program drop fit

program define fit, rclass

sem (home food perscare safety -> scrqol) (scrqol -> control social 
occ dignity), standardized latent (scrqol)

estat gof, stats(all)

return scalar cfi=r(cfi)

return scalar tli=r(tli)

return scalar srmr=r(srmr)

return scalar rmsea=r(rmsea)

end

bootstrap cfi=r(cfi) tli=r(tli) srmr=r(srmr) rmsea=r(rmsea), 
reps(1000) level(95): fit

estat bootstrap, all

*** R Syntax (ASCOT)

#upload .dta file into R

library(foreign)

setwd(“G:/filepath”)

mydata <- read.dta(“ASCOT.dta”)

#check variables and view data

names(mydata)

mydata

#pearson correlation matrix with pairwise deletion

cov(mydata, use=”pairwise.complete.obs”)

#polychoric correlations 

library(“qgraph”)

corMat <- cor_auto(mydata)

#Network analysis

Graph_lasso <- qgraph(corMat, graph = “glasso”, layout = “spring”, 
threshold = TRUE, tuning = 0.25,sampleSize = nrow(mydata))

#Calculating centrality indices

centRes <- centrality(Graph_lasso)

# Node strength (degree):

centRes$OutDegree # Or InDegree, it’s the same in unweighted 
networks

# Closeness:

centRes$Closeness

# Betweenness:

centRes$Betweenness

Appendix. Exploratory factor analysis
Method
Exploratory factor analysis (EFA) was conducted for ASCOT 
(Study 1, IIASC) and ASCOT-Carer (Study 2, MOPED). The 
Kaiser-Meyer-Olkin (Hutcheson & Sofroniou, 1999; Kaiser, 
1974) and Bartlett’s test (Bartlett, 1954) were applied to assess 
sampling adequacy and whether the correlations between  
items were adequate for factor analysis, respectively.

Since ASCOT and ASCOT-Carer are ordinal, polychoric cor-
relations (Holgado -Tello et al., 2008) using the user-writ-
ten command, polychoric (Kolenikov, 2016) were applied, and 
the EFA run on the polychoric correlation matrix. To guide 
the retention of factors, we applied Horn’s parallel analysis  
(Horn, 1965) with more recent Monte Carlo extension to it  
(Glorfeld, 1995) with the user-written command, paran (Dinno, 
2009; Dinno, 2015). Where the observed Eigenvalue for the 
factor exceeded the randomly generated Eigenvalue in ran-
dom correlation matrixes using 95th percentile (n=5,000)  
(Glorfeld, 1995), the factor was retained. Adjusted Eigenval-
ues with a value of ≥1 indicated for retention of the factor(s)  
(Dinno, 2009). EFA was then run using principal factors with 
the retained number of factors. The factor structure was then 
evaluated using the criterion for adequacy (i.e., non-weak load-
ings) of two or more items with factor loading of ≥.4 (Hair  
et al., 1998).

Results
The exploratory factor analysis is reported in Table A. For both 
ASCOT and ASCOT-Carer, sampling adequacy (KMO=.82; 
.87) and correlations between items (Bartlett’s test χ² (28) 
= 1,166.15, p < 0.001; χ² (21) = 733.64, p < 0.001) were  
adequate.

For ASCOT, Horn’s parallel analysis indicated a single fac-
tor solution, with the observed higher than random Eigen-
values only for the first factor. The difference was borderline 
for the second factor, both on visual inspection of the graphi-
cal representation (Horn, 1965) and adjusted Eigenvalues  
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(Dinno, 2009). (The first component had an adjusted Eigenvalue 
of 2.91 and the second had an Eigenvalue of .96, which was 
just under the criterion for retention (adjusted Eigenvalue ≥ 1)).  
Therefore, we ran the EFA on the polychoric correlation 
matrix for both one and two factors, separately. The two-factor 
model applying oblimin rotation (to allow factors to correlate)  
did not have any factor loadings ≥0.40, so we only report the 
one-factor solution (see Table A). For the one-factor solution, 
all factor loadings were ≥0.40. Six of the eight items had very  
high variance (≥.60), which corresponds to other studies of 

the structural characteristics of ASCOT, which have observed 
a single-factor structure with high unique variance (Netten  
et al., 2012).

A one-factor solution was also indicated for ASCOT-Carer fol-
lowing Horn’s parallel analysis. Observed Eigenvalues were 
only higher than random for the first factor (adjusted Eigen-
value = 3.26). The results of the one-factor EFA are reported in 
Table A. All factor loadings were ≥0.40. Two of the seven items  
had a very high unique variance (≥.60).

Table A. Exploratory factor analysis.

ASCOT 
(Study 1, IIASC)

ASCOT-Carer 
(Study 2, MOPED)

Factor loadings Uniqueness Factor loadings Uniqueness

Accommodation .63 .60

Food & Drink .57 .68

Personal comfort & cleanliness .70 .52

Personal safety .54 .70 .49 .76

Control over daily life .62 .61 .78 .37

Social participation .68 .54 .73 .46

Occupation .68 .53 .83 .32

Dignity .44 .81

Self-care .72 .49

Time & space .84 .29

Feel supported .55 .70
Items with uniqueness ≥.60 shown in bold.
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General comment 
 
This study compared fitting of three methods (i.e., reflective, formative, and mixed) to develop a 
model for measuring social care-related quality of life (ASCOT) as the construct using several 
observables. The models were developed for measuring the construct in a care recipient (i.e., 
ASCOT) or giver (i.e., ASCOT-Carer or ASCOT-C). Subsequently, methodologically validation of these 
models was conducted by network analysis of the observables. This study is important for future 
translation and cross-cultural adaptation of the ASCOT measures. Social observables may interact 
differently across cultures. Structural relationships of the measurement model in the original 
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culture should be described to identify such difference. Nevertheless, several major issues were 
identified in this study, which may make this study inconclusive yet (please kindly see major 
comments). Note, reviewer particularly commented on the methodological element of this 
manuscript, leaving the domain-field element uncommented, due to the limitation of the 
reviewer’s expertise. 
 
Major comments

Why were no uncertainty intervals for SMSR and CFI/TLI? To differ if a model indicated a 
good fit using the criteria from a finding which simply happened by chance (spurious 
correlation or sampling error), it is important to include the intervals, such as 95% 
confidence interval. This is possible to be inferred by resampling. 
 

1. 

How did this study deal with multiple-testing effect? This study only assessed the significant 
association by p-values, which resulted in many significant findings. Please kindly consider 
to correct the p-values for multiple-testing effect. Also consider to take effect size into 
account when identifying the significant association. 
 

2. 

How was strength, closeness, and betweenness computed? Please briefly explain how to 
get the numbers. It is also unclear how to deal with these three dimensions to achieve the 
analytical conclusion.

3. 

Minor comments
Please use terms consistently, e.g.: (1) closeness vs. connectedness which was 
interchangeably used in the main text and Table 3; (2) ASCOT-Care vs. ASCOT-C; and (3) 
other terms not limited to these examples. 
 

1. 

Please kindly consider to classify basic and higher-order domains with sublabels in Tables 2 
and 3. Also add sublabels for ASCOT and ASCOT-C in Table 3. It is easier than remembering 
the alphanumeric codes of the observables. 
 

2. 

The Introduction and Discussion seem to be written divergently, which makes it difficult to 
capture the central message. It is still unclear how this methodological comparison plus its 
network analysis would eventually help for future translation and cross-cultural adaptation 
of the ASCOT measures. This probably answers the “so-what” of this study. 
 

3. 

Please kindly consider to share the analytical codes, particularly those by R.4. 
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Partly
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Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Causal inference from observational data, Statistical and computational 
machine learning, Pathway (network) analysis.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 09 Mar 2023
Stacey Rand 

Response. Thank you for your helpful and constructive comments. Our response is below. 
 
Major comments 
1. Table 2 now includes the 95% CI estimates for the RMSEA, SMSR and CFI/TFI. 
The text has been edited to clarify that we apply a goodness-of-fit criteria for the RMSEA 
based on the 90% confidence interval (see Methods, p.9, following Hu & Bentler, 1999), so 
we also report the 90% CI for the RMSEA. 
 
In adding the 95% CI estimates, we noticed and corrected two errors in Table 2. (These are 
shown in track changes for ease of reference). These do not substantively change the 
results, but we have also highlighted the changes in the report of the results (p.13). 
 
i. The goodness-of-fit statistics in the MIMIC formative models for ASCOT and ASCOT-Carer 
were incorrect, due to a formatting error in the previous version. This has led to values 
showing on the wrong row of the Table, with the omission of standard coefficients/SE for 
the QoL measures (EQ-5D and QoL item) and the CFI/TLI. These are now correctly 
presented, along with the 95% CI estimates. 
 
ii. We realised that there was an inconsistency across the models. The formative models 
were reported using weighted least squares; the other models using maximum likelihood. 
For consistency, all analyses are now reported using maximum likelihood, which is what we 
had originally intended. We have also corrected the description in the Methods section (p.7). 
The criteria proposed by Hu & Bentler, 1999 – based on ml estimation – are then applied. 
This does not substantively change the key findings (i.e. that RMM is not a good fit for 
ASCOT or ASCOT-Carer), even if some of the criteria that were not previously met are now 
met (i.e. SMSR ≥ .08 for ASCOT and CFI/TLI ≥ .95 for ASCOT-Carer). 
 
2. The analyses (CFA, MIMIC and network analysis) do not apply any correction for multiple 
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comparisons. The rationale is that the study is designed to understand the structural 
characteristics of the ASCOT and ASCOT-Carer, against models based on reflective, 
formative and mixed measurement models. The focus is not on specific factor loadings or 
standardised coefficients for each item/variable; rather, we are seek to test the fit against 
the models. This is reflected in the approach in the paper (i.e. a focus on overall model fit, 
goodness-of-fit statistics). 
 
3. The centrality indices (strength, closeness and betweenness) were calculated using R (see 
attached syntax file). These indices are described in the Methods (p.9): 
 
“Centrality indices were also calculated and reported for node strength, closeness and 
betweenness. The strength index is a composite measure of both the number and strength 
of connections to a node. The closeness index represents the relationship between one 
node and the other nodes through its indirect connections (i.e. its connectedness or 
connectivity). A high closeness index indicates that the node is affected quickly by changes 
to the other nodes in the network. The betweenness index indicates the importance of a 
node in relation to the average pathway between other nodes.” 
 
Reference: Hevey D: Network analysis: A brief overview and tutorial. Heal Psychol Behav Med. 
2018;6(1):301–28. 34040834 10.1080/21642850.2018.1521283 8114409 
 
The Results section (p.15) has been edited to improve the clarity of the reported partial 
correlation networks and their interpretation (Figure 7, 8). The centrality indices are 
reported in Table 3 and described on pp.15-16. 
 
Minor comments 
1. The manuscript has been reviewed and edited for consistency of terminology - 
specifically, ASCOT-C has been edited to ASCOT-Carer; connectedness to closeness, when 
referring to the centrality indices. 
 
2. Tables 2 and 3 have been edited to state which domains relate to ASCOT and/or to 
ASCOT-Carer, as well as the sublabels of basic or higher order domains. In Table 3, there are 
sublabels for each of the domains, alongside the alphanumeric codes. 
 
3. The introduction (pp.3-5) has been edited to further clarify the link between this study 
and its application to the psychometric evaluation of translated and cross-cultural adapted 
PBMs. 
 
This is also explained in the next paragraph of the Introduction (p.4), as below, as well as 
the final paragraph of the Introduction (p.5). 
 
“Inconsistent approaches to psychometric evaluation of the same measure have given rise 
to discussion of the correct approach to the translation and cross-cultural validity or 
adaptation of the measures for new contexts or populations 15– 17.“ 
 
This is then restated in the Discussion, paragraph 1 (p.17) and further explored through the 
Discussion. Some minor edits have been made to the conclusion to, again, clarify how these 
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findings are relevant to translation and cross-cultural adaptation (i.e. they inform our 
recommendation of the analytic approach to psychometric evaluation of translated and 
adapted measures). 
 
4. The STATA and R syntax are provided as an appendix.  

Competing Interests: None.
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© 2022 Feng Y. This is an open access peer review report distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
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You-Shan Feng   
Institute for Clinical Epidemiology and Applied Biostatistics, Medical University of Tübingen, 
Tübingen, Germany 

The authors present a very interesting paper looking into which model has the best fit with ASCOT 
data. The study contributes important work to determine how best the items of the ASCOT can be 
presented and perhaps scored use outside of CUA. The paper is very clearly presented and well 
written. I also appreciate the detail and presentation of the figures and tables. I have just a few 
points:

I wonder why only 1-factor models were used for the reflective model. Especially as the 
RMM is found to be the worst fit for the data, it might be prudent to investigate whether an 
alternative RMM could result in a better fit. Perhaps a 2- or 3-factor model, or a higher order 
model, would results in worse fit, but this should be discussed in the paper. 
 

1. 

Why was the preference-based EQ-5D scoring system used instead of a level sum score or 
using the items as is? Similarly, was the EQ-VAS considered? 
 

2. 

Given the spread of responses for ASCOT in Study 1, I am very surprised by how low the 
mean EQ-5D score is: 0.27. The low EQ-5D score should be mentioned in the discussion 
section as well: is this an expected mean score for this population? How does this and 
ASCOT responses compare to other patient populations?  
 

3. 

A terminology issue: while it is perfectly appropriate to use the term “mixed measurement 
model” to describe models which include both RMM and FM, the term “mixed model” can be 
confusing as the terminology is also applied to hierarchal regression methods. I advise 
authors to consider revising the term “mixed model” for clarity.  

4. 

From my point of view, the manuscript is ready for indexing once these few points of concern are 
addressed.
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Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Clinical Epidemiology, Biostatistics, Psychometrics, Instrument development, 
Questionnaire scoring, EuroQol Instruments, Self-rated health, Quality of Life Questionnaires

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 09 Mar 2023
Stacey Rand 

Response. Thank you for your helpful and constructive comments. Our response is below.
We considered one-factor models based on previous studies using exploratory factor 
analysis, which have found the ASCOT and ASCOT-Carer to fit to a one-factor model 
(Netten et al, 2012; Rand et al, 2019). The manuscript has been edited (p.7.) to explain 
this. In addition, EFA for the ASCOT and ASCOT-Carer were calculated with the study 
datasets (IIASC and MOPED, respectively). In both cases, the EFA indicated a one-
factor solution. 
 

1. 

The preference-based EQ-5D scoring system was applied based on current guidance 
on how to derive an index score from the five EQ-5D-3L/5L item scores for UK studies. 
Previous studies have found that the ASCOT/-Carer are moderately positively 
correlated with the EQ-5D-3L, whereas not all items were significantly associated with 
ASCOT SCRQoL (e.g. the association between ASCOT-Carer and EQ-5D self-care was 
not significant (Rand et al, 2019)). This informed our decision to focus on the EQ-5D 
index score. The EQ-VAS was not considered in the analysis. It was only collected in 
the MOPED study, not the IIASC study. To reflect this, the limitations section has been 

2. 
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amended to also refer to the EQ-VAS. 
 
The low EQ-5D score reflects the IIASC study aim, design and sample, i.e., it was a 
study of adults, who use community-based adult social care services (e.g., homecare 
to help with washing, dressing, eating) due to support needs related to long-term 
health conditions or disability. ASCOT is a measure of adult social care outcomes 
designed for completion by adults using adult social care services (e.g. home care). 
Therefore, studies that apply ASCOT (like IIASC) are likely to have samples with lower 
EQ-5D scores than general population. The introduction (p.3), methods (p.5) and 
results (p.10) have been edited to make this clearer. 
 

3. 

The term ‘mixed model’ has been revised to ‘mixed measurement model’ throughout.4. 
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