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Abstract
Background
People with dementia living at home represent a growing group of social care services users in England. Many are unable to complete questionnaires due to cognitive impairment. The ASCOT-Proxy is an adapted version of an established measure, ASCOT, which was developed as a way of collecting social care-related quality of life (SCRQoL) data from this group of service users, either alone or alongside the ASCOT-Carer, a measure of SCRQoL for unpaid carers. The ASCOT-Proxy includes two perspectives, the proxy-proxy perspective (‘My opinion: What I think’) and proxy-person perspective (‘What I think the person I represent thinks’). We aimed to establish the feasibility, construct validity and reliability of the ASCOT-Proxy and ASCOT-Carer, with unpaid carers of people with dementia living at home unable to self-report. We also aimed to establish structural characteristics of the ASCOT-Proxy.

Methods
Cross-sectional data were collected using self-administered questionnaire (paper or online) among unpaid carers living in England between January 2020 and April 2021. Unpaid carers could take part if they supported someone living with dementia who was unable to self-complete a structured questionnaire. The person living with dementia or their unpaid carer had to use at least one social care service. We used the proportion of missing data to establish feasibility, ordinal exploratory factor analysis to establish structural characteristics, Zumbo’s ordinal alpha for internal reliability, and hypothesis testing for construct validity. We also conducted Rasch analysis.

Results
We analysed data for 313 carers (62.4(± 12.0) years, 75.7% (N=237) females). We were able to calculate the ASCOT-Proxy-proxy overall score for 90.7% of our sample, the ASCOT-Proxy-person overall score for 88.8% of our sample and in case of the ASCOT-Carer for 99.7% of our sample. As there was an issue with structural characteristics of the ASCOT-Proxy-proxy we conducted Rasch, reliability and construct validity analysis for the ASCOT-Proxy-person and ASCOT-Carer only.

Conclusions
This was a first study to explore psychometric characteristics of the ASCOT-Proxy and ASCOT-Carer with unpaid carers of people with dementia living at home unable to self-report. There are some aspects of the psychometric characteristics of the ASCOT-Proxy and ASCOT-Carer that warrant further investigation in future.
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Background
In 2019, it was estimated that one in every fourteen people aged 65 years and over were living with dementia in the United Kingdom (UK). In the UK, around 61% of older people with dementia live in their own homes irrespective of dementia severity [1]. Notably, at the early stages of dementia, most people prefer to continue to live at home [2]. Hence, it is important to understand how best to support people to stay at home and maintain their independence, links with local community, and wellbeing. As dementia progresses, many people find it increasingly difficult to look after themselves and their homes and may need help with their daily activities [3, 4]. The majority of this help is provided by family members, close friends or neighbours (also referred to as unpaid [5], informal [6] or family carers [7]). However, community-based social care services, including home care and day activities, are also important sources of support [8].
The Adult Social Care Outcomes Toolkit (ASCOT) is a suite of self-report [9–11], interview [12], easy read [13] or mixed methods [14] measures designed to measure social-care related quality of life (SCRQoL) of service users and their carers [15]. The measures are preference-based measures [10, 16] that may be used in economic evaluation of social care services (also known as long-term care) [17, 18], interventions or policy. However, it is difficult to collect information using self-report questionnaires from people who have memory or communication difficulties, including people with moderate to severe dementia [14, 19]. To work around this, an adapted version of the ASCOT self-completion version (SCT4), the ASCOT-Proxy has been developed for completion by someone who knows the person well, such as, a close friend or relative [20–22]. The ASCOT-Proxy uses the same eight domains (items) of SCRQoL identified in the original development work and the final version of the ASCOT-SCT4 [10]. However, the item wording, format and response options were adapted to improve the acceptability of the measure to proxy respondents (care workers or unpaid carers) [20, 21]. Based on the development studies of the ASCOT-Proxy [20–22] and informed by Pickard and Knight’s [23] conceptual framework of proxy-response, the ASCOT-Proxy includes two proxy perspectives: proxy-proxy perspective (‘My opinion: What I think’) and proxy-person perspective (‘What I think the person I represent thinks’) in the response options.
There is also another version of the questionnaire called the ASCOT-Carer, which looks at aspects of life that are important to friends and relatives who look after someone with social care support needs. Previous studies have established that the ASCOT-Carer is a valid and reliable measure of SCRQoL among carers in England [15]. However, the study in England only included a relatively small number of carers of people with dementia, so separate subgroup analysis was not possible [15]. As such, this study will address the evidence gap with regard to the measurement properties of the ASCOT-Carer with this subgroup of carers [24, 25].
The aim of the present study was to establish the feasibility, reliability and construct validity of the ASCOT-Proxy and ASCOT-Carer. In addition, we aimed to compare structural characteristics of the ASCOT-Proxy against the original ASCOT-SCT4 (self-completion form) [10]. The structural characteristics of the ASCOT-Carer using the same data as this study is reported elsewhere [26]).

Methods
Participants and setting
Data analysed in this paper were collected as part of the ‘Measuring Outcomes of People with Dementia and their carers’ (MOPED) study. Data were collected using a self-administered questionnaire from unpaid carers in England between 27th January 2020 and 30th April 2021. Participants could choose between a postal or online version (using Qualtrics XM Platform™). The online version asked participants if they wished to leave the question blank, but completing items was not mandatory.
Carers were eligible to take part in the MOPED study if they provided unpaid support to a relative, partner/spouse or friend with dementia, living at home (not in residential or nursing care), who was unable to self-complete a structured questionnaire, even with help. The person living with dementia or their unpaid carer had to use at least one community-based social care service at the time of recruitment to the MOPED study. This was adapted from ‘at the time of recruitment’ to ‘before the start of the COVID-19 pandemic’, since some people temporarily stopped receiving social care support or had reduced or adapted support as a result of the legal restrictions on social interaction due to the pandemic [27]. These services could be funded via the local authority, voluntary (third) sector organisations, or paid for by the person with dementia or their carer. Social care was defined as any type of community-based social care support, including equipment and homes adaptations, information and advice, home care, day activities, or support from carers’ organisations. We included people irrespective of type and frequency of the social care community support received, as in previous research [10, 11]. Carers had to be able to provide informed consent and respond to a self-completion format questionnaire in English.
We recruited participants via Join Dementia Research (JDR), an online panel of volunteers interested in dementia research including people living with dementia, unpaid carers and healthy participants. In addition to JDR, we recruited participants via 25 National Health Service (NHS) research sites.

Measures
The ASCOT-Proxy [21] is an adapted version of the ASCOT-SCT4 [10], designed to be completed by proxy-report rather than self-report. The eight SCRQoL domains (items) of the ASCOT-SCT4 are also included in the ASCOT-Proxy, with similar wording for the domains (items): food and drink, accommodation cleanliness and comfort, personal cleanliness and comfort, personal safety, social participation and involvement, occupation (doing things a person values and enjoys), control over daily life, and dignity. Each item has four response options that correspond to four different outcome states (ideal state (coded as 3 in the analysis), no unmet needs (coded as 2), some unmet needs (coded as 1), and high-level of unmet needs (coded as 0)). For example for food and drink, the response options are: ‘As clean and comfortable as s/he wants’; ‘Adequately clean and comfortable’; ‘Not quite clean or comfortable enough’, ‘Not at all clean or comfortable’. For occupation, the response options are: ‘Is able to spend his/her time as s/he wants, doing the things s/he values or enjoys’; ‘Is able to do enough of the things s/he values or enjoys with his/her time’; ‘Does some of the things s/he values or enjoys with his/her time, but not enough’; ‘Doesn’t do anything s/he values or enjoys with his/her time’.
The key difference between the ASCOT-Proxy and ASCOT-SCT4 is that the ASCOT-Proxy is designed for completion on behalf of services users by someone who knows the person well, typically a family member or care staff [20, 21], rather than self-report [10]. In the MOPED study, we collected the ASCOT-Proxy data from unpaid carers only, not care staff. The questionnaire is available from the ASCOT website (www.​pssru.​ac.​uk/​ascot) [28].
The full details on how we calculated the scores for the ASCOT-Proxy (both perspectives) is provided in the ASCOT-SCT4 Proxy guidance (pages 6-9, [29]). As the ASCOT is a preference-weighted measure of SCRQoL [10, 16] for use in social care research and economic evaluation [17, 18], we converted the raw scores per each item into the preference-weighted values, reflecting their relative importance/value to the general population [10]. We then added together the preference-weighted values and entered them into a formula (overall score = (0.203 x weighted score) – 0.466) to give the overall score [29]. The overall score ranges from -.17 to 1.00. Higher scores indicate better SCRQoL. The formula is based on a Time Trade Off exercise with members of the public [10]. Thus, while a score of 1.00 would mean that the person has reported the ideal state in all domains (items), a score of 0.00 is, in the view of the general population, valued the same as being dead. Scores, and the states that they represent, between -0.01 and -0.17 are seen as being ‘worse than death’. A negative score will be calculated, for example, if a person has high unmet needs in all domains (items) (e.g. no control over daily life, not at all clean or comfortable, socially isolated, not enough food and drink etc.). During the preference study, people said death would be preferable to living in this state.
The ASCOT-Carer-SCT4 is a measure of SCRQoL for unpaid carers, aged 18 years or over [15]. It includes seven domains (items), one each for the following SCRQoL attributes: feeling encouraged and supported, space and time to be yourself, self-care, personal safety, social participation and involvement, occupation (doing things a person values and enjoys) and control over daily life. Each domain (item) has four response options, like the other ASCOT measures, reflecting four different outcome states (ideal state (coded as 3 in analysis), no unmet needs (coded as 2), some level of unmet needs (coded as 1), and high-level of unmet needs (coded as 0)). For example, the response options for occupation are: ‘I’m able to spend my time as I want, doing things I value or enjoy’; ‘I’m able to do enough of the things I value or enjoy with my time’; ‘I do some of the things I value or enjoy with my time, but not enough’; ‘I don’t do anything I value or enjoy with my time’. For self-care the response options are: ‘I look after myself as well as I want’; ‘I look after myself well enough’; ‘Sometimes I can’t look after myself well enough’; ‘I feel I am neglecting myself’.
The questionnaire is also available from the ASCOT website (www.​pssru.​ac.​uk/​ascot) [30].
The full details on how we calculated the scores for the ASCOT-Carer is provided in the ASCOT-Carer-SCT4 guidance (pages 5-7 [31]). The ASCOT-Carer is a preference-weighted measure of carers’ SCRQoL. We converted the raw scores for each item into the preference-weighted value, based on best-worst scaling [16]. These reflect their relative importance/value to the general population. The overall SCRQoL score for carers is calculated by summing the preference-weighted values for each domain. The overall score ranges between 0 (high-level of unmet needs) and 1 (ideal state).
The full detail of measures used for establishing construct validity is reported in Additional File 1.

Statistical analysis
Analyses were conducted in Stata 16 [32] and in WINSTEPS software (version 3.92.1.). The full detail of the descriptive analysis, feasibility, structural characteristics, Rasch analysis, reliability/internal consistency, construct validity, and sample size calculation is reported in Additional File 2.


Results
Descriptive analysis
The flow of participants through the MOPED study is shown in Fig 1. Characteristics of participants (n=313 carers) are shown in Table 1.[image: ]
Fig. 1Flow of the participants through the study.
Abbreviations: JDR (Join Dementia Research); NHS (the National Health Service). Notes: n/a (information was not available)

Table 1Sample Characteristics


	Variable
	Total
	Mean (SD)/Median (IQR)/% (N)

	Sociodemographic characteristics

	 Age: Carer
	313
	62.44 (12.04)

	 Age: Person with dementia
	312
	81.47 (9.37)

	Gender: Carer
	313
	 
	 Female
	 	75.72% (237)

	 Male
	 	24.28% (76)

	Ethnicity: Carer
	313
	 
	 White/White British
	 	94.57% (296)

	 Multiple or mixed ethnic groups
	 	0.96% (3)

	 Asian/Asian British
	 	1.92% (6)

	 Black/African/Caribbean/Black British
	 	1.60% (5)

	 Other Ethnic group
	 	0.96% (3)

	Region
	303
	 
	 Greater London
	 	12.78% (40)

	 South East
	 	31.95% (100)

	 South West
	 	11.50% (36)

	 East of England
	 	6.39% (20)

	 East Midlands
	 	4.79% (15)

	 West Midlands
	 	7.03% (22)

	 Yorkshire and Humber
	 	10.22% (32)

	 North West
	 	9.58% (30)

	 North East
	 	2.56% (8)

	I/ADLS: proxy-proxy (number of ADLs with difficulty or unable to complete alone)
	310
	Median: 5 (IQR: 3; 8)

	Caregiving situation

	 Lives in the same household
	313
	 
	 Yes
	 	57.83% (181)

	 No
	 	42.17% (132)

	Relationship to a person living with dementia
	313
	 
	 Husband/wife/partner
	 	41.53% (130)

	 Parent (mother, father)
	 	48.88% (153)

	 Sibling
	 	1.28% (4)

	 Other
	 	8.31% (26)

	Hours of care per week
	310
	 
	 50 or more
	 	46.96% (147)

	 49 and less
	 	52.08% (163)

	Help with personal care
	311
	 
	 Yes
	 	73.80% (231)

	 No
	 	25.56% (80)

	Help with giving medicines
	311
	 
	 Yes
	 	80.51% (252)

	 No
	 	18.85% (59)

	Impact of caring on health
	311
	 
	 Yes
	 	94.57% (296)

	 No
	 	4.79% (15)

	Home design suitability: proxy-proxy perspective
	313
	 
	 Meets their needs very well
	 	32.27% (101)

	 Meets most of their needs
	 	46.65% (146)

	 Meets some of their needs
	 	17.89% (56)

	 Totally inappropriate
	 	3.19% (10)

	Satisfaction with social care services: Carer (7-point scale)
	309
	Median: 5 (IQR: 4; 6)

	Well-Being & Health

	 EQ-5D-5L: Carer
	313
	Median: 0.77 (IQR: 0.71; 0.88)

	 EQ-5D-5L: Proxy-proxy
	311
	0.26 (0.28)

	 EQ-5D-5L: Proxy-person
	309
	Median: 0.53 (IQR: 0.09; 0.74)

	 C-DEMQOL: Carer
	304
	86.22 (18.86)

	 DEMQOL: Proxy-proxy
	291
	Median: 87 (IQR: 76; 99)

	 Overall quality of life: Carer
	312
	Median: 4 (IQR: 3; 4)

	 Overall quality of life: Proxy-proxy
	310
	Median: 3 (IQR: 2; 4)

	 Overall quality of life: Proxy-person
	310
	Median: 3 (IQR: 2; 4)

	 Carer Experience Scale (CES): Carer
	309
	Median: 64.38 (IQR: 49.63; 77.55)

	Mode of administration
	313
	 
	 Online
	 	20.13% (63)

	 Paper
	 	79.87% (250)


Only non-missing data are presented and therefore % do not add up to 100%.
Abbreviations: IQR Interquartile range, SD Standard deviation



The distribution of responses as well as overall scores for the ASCOT-Proxy (both perspectives) and ASCOT-Carer are shown in Tables 2 and 3.Table 2Distribution of responses for the ASCOT Proxy: both perspectives (n=313)


	 	Outcome states/response options % (N)
	 
	Social care related-quality of life attribute
	Ideal state
	No unmet needs
	Some unmet needs
	High-level of unmet needs
	Missing

	Food and drink

	 Proxy-Proxy
	62.62% (196)
	20.77% (65)
	9.27% (29)
	6.39% (20)
	0.96% (3)

	 Proxy-Person
	67.73% (212)
	20.13% (63)
	9.90% (31)
	0.32% (1)
	1.92% (6)

	Accommodation cleanliness and comfort

	 Proxy-Proxy
	61.34% (192)
	27.80% (87)
	9.58% (30)
	1.28% (4)
	n/a

	 Proxy-Person
	74.76% (234)
	19.49% (61)
	4.15% (13)
	0.32% (1)
	0.32% (4)

	Personal cleanliness and comfort

	 Proxy-Proxy
	42.17% (132)
	43.45% (136)
	12.78% (40)
	1.60% (5)
	n/a

	 Proxy-Person
	70.93% (222)
	23.96% (75)
	4.15% (13)
	0.32% (1)
	0.64% (2)

	Personal safety

	 Proxy-Proxy
	58.47% (183)
	29.07% (91)
	28% (8.95)
	2.88% (9)
	0.64% (2)

	 Proxy-Person
	58.15% (182)
	24.28% (76)
	12.14% (38)
	3.83% (12)
	1.60% (5)

	Social participation and involvement

	 Proxy-Proxy
	14.38% (45)
	22.36% (70)
	42.49% (133)
	20.45% (64)
	0.32% (1)

	 Proxy-Person
	21.09% (66)
	28.43% (89)
	28.12% (88)
	21.41% (67)
	0.96% (3)

	Occupation

	 Proxy-Proxy
	7.67% (24)
	17.25% (54)
	44.41% (139)
	30.35% (95)
	0.32% (1)

	 Proxy-Person
	14.38% (45)
	24.60% (77)
	34.19% (107)
	25.88% (81)
	0.96% (3)

	Control over daily life

	 Proxy-Proxy
	13.10% (41)
	30.67% (96)
	25.56% (80)
	29.71% (93)
	0.96% (3)

	 Proxy-Person
	20.77% (65)
	24.92% (78)
	23.32% (73)
	29.39% (92)
	1.60% (5)

	Dignity

	 Proxy-Proxy
	29.07% (91)
	43.13% (135)
	17.25% (54)
	3.83% (12)
	6.71% (21)

	 Proxy-Person
	21.41% (67)
	36.42% (114)
	27.48% (86)
	7.67% (24)
	7.03% (22)

	ASCOT Proxy: overall scores (range: -0.17 – 1)
	Total
	Median
	IQR
	% (N) min value
	% (N) max value

	 Proxy-Proxy
	284
	0.63
	0.21; 0.76
	0% (0)
	1.3% (4)

	 Proxy-Person
	278
	0.68
	0.48; 0.81
	0% (0)
	1.3% (4)


Abbreviations: IQR Interquartile range, SD Standard deviation, n/a No missing data


Table 3Distribution of responses for the ASCOT Carer (n=313)


	 	Outcome states/response options % (N)

	Social care related-quality of life attribute
	Ideal state
	No unmet needs
	Some unmet needs
	High-level of unmet needs
	Missing

	Feeling encouraged and supported
	13.42% (42)
	36.42% (114)
	38.98% (122)
	11.18% (35)
	n/a

	Space and time to be yourself
	7.03% (22)
	30.35% (95)
	53.67% (168)
	8.95% (28)
	n/a

	Self-care
	21.09% (66)
	46.96% (147)
	18.53% (58)
	13.42% (42)
	n/a

	Personal safety
	75.08% (235)
	21.41% (67)
	2.56% (8)
	0.64% (2)
	0.32% (1)

	Social participation and involvement
	13.42% (42)
	27.80% (87)
	44.73% (140)
	14.06 (44)
	n/a

	Occupation
	5.11% (16)
	23.32% (73)
	66.13% (207)
	5.43% (17)
	n/a

	Control over daily life
	10.22% (32)
	38.02% (119)
	45.37% (142)
	6.39% (20)
	n/a

	 	Total
	Median
	IQR
	% (N) min value
	% (N) max value

	ASCOT Carer: overall score (range: 0– 1)
	312
	0.66
	0.49; 0.83
	0% (0)
	1.6% (5)


Abbreviations: IQR Interquartile range, SD Standard deviation, n/a No missing data




Feasibility
Overall, the percentage of missing values was low for the ASCOT-Proxy (both perspectives) ranging from 0% to 1.92% (Table 2). The dignity item had a higher percentage of missing data (Proxy-proxy: ‘My opinion: What I think’: 6.71%; proxy-person: ‘What I think the person I represent thinks’: 7.03% of missing data). The overall ASCOT-Proxy-proxy score could be calculated for 90.7% of our sample while the overall ASCOT-Proxy-person score could be calculated for 88.8% of our sample. Immediate form of one-sample test of proportion confirmed that there was no significant difference (p= 0.258) in the proportion of missing data between the ASCOT-Proxy-proxy (29/313) and ASCOT-Proxy-person (35/313) overall scores. This indicates that both ASCOT-Proxy perspectives have similar feasibility for unpaid carers of people living with dementia.
We explored whether the feasibility of the ASCOT-Proxy perspectives differ based on mode of administration (paper version versus online) using the immediate form of two-sample test of proportions to compare the proportion of missing data for the ASCOT-Proxy scores by mode of administration. For the ASCOT-Proxy-proxy perspective, the proportion of missing data was significantly (p<0.001) higher for participants who used paper questionnaires (missing: 13/63) when compared to those using online version (missing: 16/250). For the ASCOT-Proxy-person perspective, the proportion of missing data was also significantly (p<0.001) higher for participants who used paper questionnaires (missing: 17/63) when compared to those using online version (missing: 18/250).
Regarding the ASCOT-Carer, all but one item (personal safety; 0.32% of missing data) had no missing data indicating a good feasibility (Table 3). We were able to calculate the ASCOT-Carer overall score for 99.7% of our sample. As only one observation was missing for the ASCOT-Carer overall score, we did not explore the role of administration mode in acceptability of the ASCOT-Carer.

Factor structure of ASCOT-Proxy perspectives
As the ASCOT-Proxy has Likert-type items which yield ordinal data, we undertook several steps when examining structural characteristics of the ASCOT-Proxy (both perspectives) as recommended by Gugiu et al. [33]. First, based on the results from Horn’s parallel analysis (principal component analysis as a factor estimation type, 5000 iterations, using 95th percentile for randomly generated eigenvalues, similarly as in a previous study [34]), we retained two factors for the ASCOT-Proxy-proxy (Fig. 2). To inform our decision regarding the number of factors to retain, we compared the observed principal component eigenvalues with the 95th percentile eigenvalues (random) from the simulated datasets. We retained those factors where observed eigenvalues exceeded the eigenvalues generated by random.[image: ]
Fig. 2Parallel analysis of the ASCOT-Proxy-proxy.
Note: Plot of actual principal component eigenvalues versus randomly generated 95th percentile eigenvalues


Then, we performed maximum likelihood exploratory factor analysis on the polychoric correlation matrix (ordinal exploratory factor analysis). In case of the ASCOT-Proxy-proxy we specified to retain two factors and applied oblique rotation (promax) to allow for the factors to be correlated. Next, we verified that the suggested solution from the parallel analysis, supported the stability and interpretability of the factors structure. We checked whether any items had low factor loadings (<.4) on all the factors, or salient loadings (>.5) on two factors [33]. Based on this (see Table 4) we retained two factor solution in case of the ASCOT-Proxy-proxy. These two factors can represent (1) basic domains (items) that relate to basic care needs/support to sustain life and health (food and drink, accommodation cleanliness and comfort, personal cleanliness and comfort, personal safety) and 2) higher order domains (items) that relate to aspects beyond basic care needs and/or relate to a person’s sense of self and identity (social participation and involvement, occupation, control over daily life) [10]. While we consider our findings from parallel analysis robust (the real eigenvalue line for two factors is above the 95th percentile eigenvalue for the simulated data), it is the first time when the results indicate that one of the ASCOT tools has different structure than other ASCOT tools. For example, the original ASCOT-SCT4 [10] has a weak unidimensional one-factor structure which was also confirmed for other adapted version, e.g. easy-read ASCOT [13] and the translation of ASCOT into Finnish [35].Table 4Rotated factor loadings and unique variances for the ASCOT-Proxy-proxy


	Item
	Factor 1: Basic domains
	Factor 2: Higher order domains
	Uniqueness

	Food and drink
	0.6006
	0.0006
	0.6390

	Accommodation cleanliness and comfort
	0.8372
	-0.0442
	0.3298

	Personal cleanliness and comfort
	0.8472
	-0.1115
	0.3531

	Personal safety
	0.5977
	0.0992
	0.5806

	Social participation and involvement
	0.2664
	0.4215
	0.6524

	Control over daily life
	-0.0473
	0.4773
	0.7898

	Occupation
	-0.1014
	0.9939
	0.0906

	Dignity
	0.2020
	0.0399
	0.9505


Factor 1 represents (1) basic domains (items) that relate to basic care needs/support to sustain life and health (food and drink, accommodation cleanliness and comfort, personal cleanliness and comfort, personal safety). Factor 2 represents higher order domains that relate to aspects of quality of life beyond basic care needs and/or relate to a person’s sense of self and identity (social participation and involvement, occupation, control over daily life).
The correlation between the promax rotated factors was: 0.4407. This suggests that promax rotation is an acceptable solution (the correlation was higher than 0.30).



In case of the ASCOT-Proxy-person, the suggested solution from the parallel analysis was to retain one factor (Fig. 3). However, given the close proximity between the random eigenvalue line and the observed eigenvalues for two factors, the result from the parallel analysis suggests that in a different sample, one may potentially find a two factor solution. Therefore, we ran maximum likelihood exploratory factor analysis on the polychoric correlation matrix (ordinal exploratory factor analysis) and specified to retain one factor and then two factors (oblique rotation - promax). Next, we checked whether any items had low factor loadings (<.4) on all the factors, or salient loadings (>.5) on two factors [33]. As one factor solution better supported the stability and interpretability of the factor structure, we conclude that the ASCOT-Proxy-person has a weak unidimensional (one-factor) structure (Table 5).[image: ]
Fig. 3Parallel analysis of the ASCOT-Proxy-person.
Note: Plot of actual principal component eigenvalues versus randomly generated 95th percentile eigenvalues

Table 5Factor loadings and unique variances for the ASCOT-Proxy-person: comparison of one factor solution vs two-factor solution


	ASCOT-Proxy-person (original)
	One factor solution
	Two-factor solution

	Item
	Factor 1
	Uniqueness
	Factor 1
	Factor 2
	Uniqueness

	Food and drink
	0.4634
	0.7853
	0.3870
	0.1032
	0.7929

	Accommodation cleanliness and comfort
	0.6487
	0.5793
	0.8219
	-0.0724
	0.3889

	Personal cleanliness and comfort
	0.7286
	0.4692
	0.8547
	0.0085
	0.2609

	Personal safety
	0.4929
	0.7571
	0.2920
	0.2420
	0.7735

	Social participation and involvement
	0.4364
	0.8096
	-0.1222
	0.6166
	0.6931

	Control over daily life
	0.7076
	0.4993
	0.1971
	0.5872
	0.4809

	Occupation
	0.7038
	0.5046
	-0.0428
	0.9150
	0.2067

	Dignity
	0.2507
	0.9371
	0.0367
	0.2261
	0.9378

	ASCOT-Proxy-person (recoded)a
	One factor solution
	Two-factor solution

	Item
	Factor 1
	Uniqueness
	Factor 1
	Factor 2
	Uniqueness

	Food and drink: recoded
	0.4160
	0.8269
	0.1308
	0.3372
	0.8162

	Accommodation cleanliness and comfort
	0.6534
	0.5731
	-0.1252
	0.9521
	0.2209

	Personal cleanliness and comfort
	0.7199
	0.4817
	0.1257
	0.7005
	0.3877

	Personal safety
	0.4898
	0.7601
	0.2551
	0.2855
	0.7659

	Social participation and involvement
	0.4477
	0.7996
	0.6373
	-0.1359
	0.6794

	Control over daily life: recoded
	0.7295
	0.4677
	0.6584
	0.1208
	0.4563

	Occupation
	0.7054
	0.5024
	0.8855
	-0.0629
	0.2789

	Dignity
	0.2788
	0.9222
	0.2311
	0.0720
	0.9214


In case of two-factor solution, we report rotated factor loadings (oblique rotation-promax). The correlation between the promax rotated factors was: 0.5851 for the ASCOT-Proxy-person (original) and 0.6008 for the ASCOT-Proxy-person (recoded). This suggests that promax rotation is an acceptable solution (the correlation was higher than 0.30).
aThe lowest two (high-level of unmet needs, some needs) and highest two categories (no needs, ideal state) were combined for food and drink and for control over daily life.



Rasch analysis (the category probability curves; see below) suggested that the lowest two (high-level of unmet needs, some needs) and highest two categories (no needs, ideal state) should be combined for food and drink and for control over daily life in case of the ASCOT-Proxy-person. As a result of the Rasch findings, we reran the parallel analysis and exploratory factor analysis using the recoded data. The suggested solution from the parallel analysis was to retain two factors (Fig. 4). Therefore, we ran maximum likelihood exploratory factor analysis on the polychoric correlation matrix (ordinal exploratory factor analysis) and specified to retain two factors (oblique rotation - promax). Next, we checked whether any items had low factor loadings (<.4) on all the factors, or salient loadings (>.5) on two factors [33]. Based on the results (Table 5) two factor solution seemed not to be appropriate. Therefore, we reran the exploratory factor analysis and specified to retain one factor and explored the factor loadings of each domain (item). As one factor solution better supported the stability and interpretability of the factor structure, we conclude that the ASCOT-Proxy-person has a weak unidimensional (one-factor) structure (Table 5).[image: ]
Fig. 4Parallel analysis of the ASCOT-Proxy-person with recoded values for food and drink and control over daily life.
Note: Plot of actual principal component eigenvalues versus randomly generated 95th percentile eigenvalues


In addition, it is important to highlight that the dignity domain (item) had low factor loadings (<.4) in the ASCOT-Proxy (both perspectives) (Tables 4 and 5). This may indicate that the dignity domain (item) should be dropped from further analysis. However, as highlighted by Gugiu et al. [33], this may be not always the case, e.g. researchers may consider to keep the item if dropping it compromises the content validity of the instrument. The strongest evidence to support the decision whether dropping the item would compromise the content validity comes from qualitative concept elicitations studies. In the ASCOT-SCT4 [10] and therefore ASCOT-Proxy, dignity is defined as ‘the negative and positive psychological impact of support and care on the service user’s personal sense of significance’. It has been identified as an important aspect of SCRQoL based on reviewing previous literature about measures of SCRQoL, as well as a series of qualitative studies with service users [10]. As the ASCOT-Proxy is an adapted version of the ASCOT-SCT4, the dignity domain (item) was considered for inclusion in the development studies of the ASCOT-Proxy [20, 21]. In the early development study of the ASCOT-Proxy, the participants (n=35 unpaid carers, n=8 care workers) described having greater difficulty answering those ASCOT questions by proxy that related to abstract concepts (e.g. dignity, occupation, control over daily life) than concrete concepts (e.g. food and drink) [20]. This issue was then further explored with 25 unpaid carers and care workers in three iterative rounds of cognitive interviews [21]. Overall, 22/25 participants correctly interpreted the dignity item and 18/25 found the item (in the draft version presented) to be acceptable. The following concerns over acceptability were raised: care staff (as proxies) may not respond accurately, as it may reflect badly on them (n=1), it was difficult for the respondent to imagine the person’s perspective on dignity due to condition-specific considerations (e.g., perceived lack of self-awareness) (n=3), the person did not currently receive paid help (i.e. it was not applicable) (n=2) or another unspecified reason (n=1). These may be mitigated by focussing on unpaid carers as proxies and also limiting the sample to those receiving care, as in this study. Given the fact that dignity is an important aspect of SCRQoL as established in the ASCOT-SCT4 [10] and was found acceptable in the development study for the ASCOT-Proxy [21], in this study, we retained it in further analysis. However, it is important that researchers report structural characteristics of the ASCOT-Proxy in the future studies. If the present finding is replicated, it may be necessary to revisit whether dignity should be included as an important aspect of SCRQoL of social care users when the answers are provided by proxy (e.g. through qualitative concept studies with unpaid carers as proxy respondents).
As the results from factor structure analysis inform Rasch analysis, reliability and construct validity analysis, these were only conducted with the ASCOT-Proxy-person in this study. We decided not to proceed with these analysis for the ASCOT-Proxy-proxy as whether and how the ASCOT-Proxy-proxy tool should be used when having two factor solution have to be considered carefully.
The one factor structure of the ASCOT-Carer using the same data as this study has been established elsewhere and is not included in this paper [26].

Rasch analysis: Overall model fit
For the full description of Rasch analysis please see Additional File 2. We assessed model fit using the information-weighted mean square (INFIT MNSQ), outlier-sensitive mean square (OUTFIT MNSQ) statistics and point-measure correlation. Similarly as in another study [36], we considered values of INFIT and OUTFIT MNSQ statistics in the range of .5 to 1.5 as satisfactory [37]. The INFIT MNSQ and OUTFIT MNSQ statistics for the ASCOT-Proxy-person and ASCOT-Carer are shown in Table 6 and Table 7. All items were in the acceptable INFIT MNSQ and OUTFIT MNSQ range of .5 to 1.5 and consisted of positive item-Rasch measure correlations, except for the ASCOT-Carer personal safety (OUTFIT MNSQ=2.27). This indicates there may be an issue with the item, indicating that the item should be dropped. As this is the first study to use Rasch analysis when exploring psychometric properties of the ASCOT-Carer in unpaid carers, it is important that future studies using the ASCOT-Carer explore this further in their analysis.Table 6Item statistics including difficulty (in logits), infit and outfit mean square and point-measure correlations for the ASCOT-Proxy-person


	 	ASCOT-Proxy-person
	ASCOT-Proxy-person – collapsed categoriesb

	Scale domain (item)
	Item difficulty
	SE
	INFIT MNSQa
	OUTFIT MNSQa
	Point-measure correlation
	Item difficulty
	SE
	INFIT MNSQa
	OUTFIT MNSQa
	Point-measure correlation

	Food and drink
	-1.38
	0.10
	1.06
	1.28
	0.42
	-1.38
	0.20
	0.98
	1.06
	0.27

	Accommodation cleanliness and comfort
	-1.53
	0.12
	0.94
	0.95
	0.43
	-1.61
	0.12
	0.95
	0.91
	0.45

	Personal cleanliness and comfort
	-1.48
	0.11
	0.88
	0.81
	0.49
	-1.56
	0.11
	0.92
	0.94
	0.48

	Personal safety
	-0.33
	0.08
	1.12
	1.12
	0.48
	-0.36
	0.09
	1.09
	1.09
	0.51

	Social participation and involvement
	1.18
	0.07
	1.12
	1.25
	0.59
	1.23
	0.07
	1.10
	1.23
	0.63

	Control over daily life
	1.37
	0.07
	0.81
	0.78
	0.72
	1.41
	0.13
	0.82
	0.75
	0.59

	Occupation
	1.52
	0.07
	0.71
	0.72
	0.75
	1.60
	0.08
	0.76
	0.77
	0.75

	Dignity
	0.64
	0.08
	1.29
	1.33
	0.45
	0.66
	0.08
	1.29
	1.33
	0.49

	ASCOT-Proxy-person (mean)
	0.00
	0.10
	0.99
	1.00
	 	0.00
	0.11
	0.99
	1.01
	 

Abbreviations: Infit MNSQ Information-weighted mean square, Outfit MNSQ Outlier-sensitive mean square
aValues in the range of .5 to 1.5 indicate a good fit
bBased on the category response curves we collapsed two domains (items): the lowest two (high-level of unmet needs, some needs) and highest two categories (no needs, ideal state) were combined for food and drink and for control over daily life.


Table 7Item statistics including difficulty (in logits), infit and outfit mean square and point-measure correlations for the ASCOT-Carer


	Scale domain (item)
	Item difficulty
	SE
	INFIT MNSQa
	OUTFIT MNSQa
	Point-measure correlation

	Personal safety
	-3.23
	0.14
	1.20
	2.27
	0.46

	Social participation and involvement
	0.65
	0.10
	0.98
	0.97
	0.75

	Control over daily life
	0.33
	0.11
	0.91
	0.91
	0.75

	Occupation
	1.02
	0.12
	0.76
	0.77
	0.76

	Feeling encouraged and supported
	0.40
	0.10
	1.35
	1.39
	0.64

	Space and time to be yourself
	0.89
	0.11
	0.79
	0.79
	0.79

	Self-care
	-0.07
	0.09
	0.92
	0.91
	0.74

	ASCOT-Carer (mean)
	0.00
	0.11
	0.99
	1.14
	 

Abbreviations: Infit MNSQ Information-weighted mean square, Outfit MNSQ Outlier-sensitive mean square.
aValues in the range of .5 to 1.5 indicate a good fit. Items highlighted in bold did not meet this criteria.



In this study, we kept the item in further analysis, as the item relates to an aspect of SCRQoL that has been identified as important to unpaid carers in previous research and is part of the ASCOT-Carer measure that has been widely used.

Rasch analysis: Rating scale
As in another study [36], we evaluated the functionality of the ASCOT-Proxy-person and ASCOT-Carer 4-point rating scales using criteria proposed by Linacre: 1. the occurrence of more than 10 endorsements per response category, 2. the observation that both average measures and category thresholds increase across each response category, and 3. an observed OUTFIT MNSQ value of less than 2 for each response category [38]. If we observed disordered thresholds or group means or a high OUTFIT MNSQ for a category that had less than 10 respondents, we dismissed the finding (as we did not have enough evidence that subjects were unable to distinguish between the adjacent response categories).
Following domains (items) had observed average disordered in the ASCOT-Proxy-person (Table 8): food and drink; person cleanliness and comfort; and personal safety. In case of the ASCOT-Carer (Table 9), following items had OUTFIT MNSQ higher than two: personal safety; and feeling supported and encouraged.Table 8Response category (rating scale) diagnostics based on Linacre’s criteria: the ASCOT-Proxy-person


	Scale category
	Observed count
	% of counts
	Observed average
	OUTFIT MNSQ
	Rasch-Andrich Threshold
	Category measure

	Food and drink

	 High-level of unmet needs
	1
	0
	-0.10
	1.00
	NONE
	-4.78

	 Some unmet needs
	31
	10
	0.18
	1.36
	-2.27
	-2.12

	 No unmet needs
	63
	21
	0.71
	1.43
	1.04
	-0.21

	 Ideal state
	212
	69
	1.41
	1.00
	1.24
	1.33

	Accommodation cleanliness and comfort

	 High-level of unmet needs
	1
	0
	0.12
	1.57
	NONE
	-4.15

	 Some unmet needs
	13
	4
	-0.20
	0.94
	-1.39
	-2.24

	 No unmet needs
	61
	20
	0.51
	0.92
	0.23
	-0.73

	 Ideal state
	234
	76
	1.39
	0.94
	1.17
	0.96

	Personal cleanliness and comfort

	 High-level of unmet needs
	1
	0
	-0.10
	1.25
	NONE
	-4.14

	 Some unmet needs
	13
	4
	-0.33
	0.83
	-1.42
	-2.28

	 No unmet needs
	75
	24
	0.49
	0.72
	0.00
	-0.67

	 Ideal state
	222
	71
	1.46
	0.93
	1.41
	1.19

	Personal safety

	 High-level of unmet needs
	12
	4
	0.29
	1.86
	NONE
	-2.49

	 Some unmet needs
	38
	12
	0.04
	0.81
	-.84
	-0.89

	 No unmet needs
	76
	25
	0.95
	1.12
	0.17
	0.28

	 Ideal state
	182
	59
	1.51
	1.06
	0.67
	1.76

	Social participation and involvement

	 High-level of unmet needs
	67
	22
	0.24
	0.97
	NONE
	-1.06

	 Some unmet needs
	88
	28
	1.03
	1.11
	-0.89
	0.53

	 No unmet needs
	89
	29
	1.31
	1.15
	-0.06
	1.81

	 Ideal state
	66
	21
	2.03
	1.69
	0.95
	3.45

	Occupation

	 High-level of unmet needs
	81
	26
	0.19
	0.79
	NONE
	-0.89

	 Some unmet needs
	107
	35
	0.91
	0.57
	-1.14
	0.84

	 No unmet needs
	77
	25
	1.75
	0.56
	0.08
	2.23

	 Ideal state
	45
	15
	2.46
	0.85
	1.06
	3.90

	Control over daily life

	 High-level of unmet needs
	92
	30
	0.28
	0.82
	NONE
	-0.59

	 Some unmet needs
	73
	24
	0.85
	0.86
	-0.49
	0.79

	 No unmet needs
	78
	25
	1.59
	0.64
	-0.22
	1.89

	 Ideal state
	65
	21
	2.23
	0.79
	0.71
	3.41

	Dignity

	 High-level of unmet needs
	24
	8
	0.02
	1.07
	NONE
	-2.18

	 Some unmet needs
	86
	30
	0.85
	1.56
	-1.59
	-0.23

	 No unmet needs
	114
	39
	1.28
	1.21
	0.02
	1.51

	 Ideal state
	67
	23
	1.62
	1.39
	1.58
	3.45


We evaluated the functionality of the ASCOT-Proxy-person 4-point rating scale using criteria proposed by Linacre: 1. the occurrence of more than 10 endorsements per response category, 2. the observation that both average measures and category thresholds increase across each response category, and 3. an observed OUTFIT MNSQ value of less than 2 for each response category [38]. Items highlighted in bold did not meet this criteria.
Abbreviations: MNSQ Mean square


Table 9Response category (rating scale) diagnostics based on Linacre’s criteria: the ASCOT-Carer


	Scale category
	Observed count
	% of counts
	Observed average
	OUTFIT MNSQ
	Rasch-Andrich Threshold
	Category measure

	Feeling encouraged and supported

	 High-level of unmet needs
	35
	11
	-1.51
	1.55
	NONE
	-3.51

	 Some unmet needs
	122
	39
	-0.45
	1.13
	-2.76
	-0.98

	 No unmet needs
	114
	36
	1.42
	0.95
	0.03
	1.80

	 Ideal state
	42
	13
	1.92
	2.11
	2.74
	4.28

	Space and time to be yourself

	 High-level of unmet needs
	28
	9
	-2.03
	0.92
	NONE
	-3.94

	 Some unmet needs
	168
	54
	-0.33
	0.70
	-3.71
	-0.78

	 No unmet needs
	95
	30
	1.90
	0.65
	0.38
	2.75

	 Ideal state
	22
	7
	3.35
	1.03
	3.33
	5.36

	Self-care

	 High-level of unmet needs
	42
	13
	-2.10
	0.66
	NONE
	-2.99

	 Some unmet needs
	58
	19
	-0.71
	0.79
	-1.55
	-1.32

	 No unmet needs
	147
	47
	0.79
	0.96
	-0.92
	0.79

	 Ideal state
	66
	21
	2.25
	1.17
	2.47
	3.53

	Personal safety

	 High-level of unmet needs
	2
	1
	-4.16
	0.62
	NONE
	-5.84

	 Some unmet needs
	8
	3
	-2.11
	1.45
	-1.22
	-4.22

	 No unmet needs
	67
	21
	-0.72
	2.78
	-0.65
	-2.49

	 Ideal state
	235
	75
	0.87
	1.22
	1.87
	-0.20

	Social participation and involvement

	 High-level of unmet needs
	44
	14
	-1.58
	1.12
	NONE
	-3.22

	 Some unmet needs
	140
	45
	-0.23
	0.94
	-2.74
	-0.55

	 No unmet needs
	87
	28
	1.29
	0.86
	0.39
	2.04

	 Ideal state
	42
	13
	3.10
	0.95
	2.35
	4.19

	Occupation

	 High-level of unmet needs
	17
	5
	-1.98
	1.00
	NONE
	-4.66

	 Some unmet needs
	207
	66
	-0.21
	0.78
	-4.59
	-0.81

	 No unmet needs
	73
	23
	2.16
	0.67
	0.93
	3.32

	 Ideal state
	16
	5
	4.08
	0.60
	3.66
	5.83

	Control over daily life

	 High-level of unmet needs
	20
	6
	-2.06
	1.00
	NONE
	-4.33

	 Some unmet needs
	142
	45
	-0.58
	0.80
	-3.55
	-1.34

	 No unmet needs
	119
	38
	1.42
	0.76
	0.23
	2.11

	Ideal state
	32
	10
	2.95
	1.24
	3.32
	4.78


We evaluated the functionality of the ASCOT-Carer 4-point rating scale using criteria proposed by Linacre: 1. the occurrence of more than 10 endorsements per response category, 2. the observation that both average measures and category thresholds increase across each response category, and 3. an observed OUTFIT MNSQ value of less than 2 for each response category [38]. Items highlighted in bold did not meet this criteria.
Abbreviations: MNSQ Mean square




Rasch analysis: Functionality of the response categories
We conducted Rasch analysis (the category probability curves) to examine whether unpaid carers are able to distinguish between the four responses options for each domain (item) (both the ASCOT-Proxy-person and the ASCOT-Carer). The category response curves indicated disordered thresholds for food and drink and control over daily life for the ASCOT-Proxy-person (Fig. 5). The lowest two (high-level of unmet needs, some needs) and highest two categories (no unmet needs, ideal state) were combined for food and drink. Similarly, the lowest two (high-level of unmet needs, some needs) categories and highest two categories (no unmet needs, ideal state) were combined for control over daily life (Fig. 6).[image: ]
Fig. 5Category response curve for the ASCOT-Proxy-person.
Note: Red: high-level of unmet needs; Blue: some unmet needs; Purple: no unmet needs; Black: ideal state

[image: ]
Fig. 6Category response curve for the ASCOT-Proxy-person: collapsed categories.
Note: Red: high-level of unmet needs; Blue: some unmet needs; Purple: no unmet needs; Black: ideal state. In case of food and drink and control over daily life: Red: high-level of unmet needs and some unmet needs; Blue: no unmet needs and ideal state


There were no disordered category thresholds for the ASCOT-Carer (Fig. 7).[image: ]
Fig. 7Category response curve for the ASCOT-Carer.
Note: Red: high-level of unmet needs; Blue: some unmet needs; Purple: no unmet needs; Black: ideal state



Wright-Andrich maps: examination of floor and ceiling effects
Figures 8 and 9 present the Wright-Andrich Maps for the ASCOT-Proxy-person (collapsed categories for food and drink and control over daily life) and the ASCOT-Carer respectively. The Wright-Andrich Map plots the person measures along the left side and the item measures for each of the domains (items) along the right side. The M to the left of the centre line stands for the mean of the person logits. The M on the right represents the mean of the domain (item) logits. The S’s and T’s stand for 1 and 2 standard deviations from the means, respectively. From Fig. 8 (ASCOT-Proxy-person) we observed two significant gaps (approximately 1.5 logit) on the latent continuum. We see a lack of alignment between the person and item distributions, which is best characterised as the 1-point logit difference between the means of the items and persons. Similarly as in another study [36] floor and ceiling effects were defined as the existence of persons with logit scores at the bottom or top of the persons distribution (left side of the Wright-Andrich Map) that were at least one logit from the nearest item measure (right side of the Wright-Andrich Map). Specifically, we considered effects to be mild if less than 10% of respondents met this definition, moderate if 10% to 20% met the definition, and severe if more than 20% of respondents met the definition [36]. In case of the ASCOT-Proxy-person (Fig. 8), we detected a mild floor effect, which can be seen by the lack of overlap between persons and items at the top of the figure. Based on the Wright-Andrich Map, the ASCOT-Proxy-person would benefit from either adding new ‘easier’ items (within an existing cognitive framework) measuring slightly different aspects of the same domain or by moderating the intensity of the question using different wording.[image: ]
Fig. 8Results of Rasch Analysis, Wright-Andrich Map of the ASCOT-Proxy-person (collapsed categories).
Note: The Measure Scale (-4 to +4) is the logit scale resulting from the Rasch Analysis. Top of the figure represents the floor (high-level of unmet needs coded as 0) while the bottom represents the ceiling (ideal state coded as 3)
food and drink (collapsed; food_2R); accommodation cleanliness and comfort (home_2); personal cleanliness and comfort (pers_2); personal safety (safety_2); social participation and involvement (social_2); control over daily life (collapsed; control_2R); occupation (occ_2); dignity (dignity_2)

[image: ]
Fig. 9Results of Rasch Analysis, Wright-Andrich Map of the ASCOT-Carer.
Note: The Measure Scale (-6 to +6) is the logit scale resulting from the Rasch Analysis. Top of the figure represents the floor (high-level of unmet needs coded as 0) while the bottom represents the ceiling (ideal state coded as 3)
personal safety (safety_c); social participation and involvement (social_c); control over daily life (control_c); occupation (occ_c); feeling encouraged and supported (support_c); space and time to be yourself (time_c); self-care (selfcare_c)


From Fig. 9 (the ASCOT-Carer) we observed one significant gap (approximately more than 1 logit) on the latent continuum. We see that the two distributions are roughly aligned, (approximately less than .5 logit difference), as demonstrated by the proximity of the average person measure to the average item measure. In case of the ASCOT-Carer (Fig. 9) we detected a mild floor effect, which can be seen by the lack of overlap between persons and items at the top of the figure. Based on the Wright-Andrich Map, the ASCOT-Carer would benefit from either adding new ‘easier’ items (within an existing cognitive framework) measuring slightly different aspects of the same domain or by moderating the intensity of the question using different wording.’

Rasch analysis: Differential Item Functioning
Lastly, we performed a Rasch differential item functioning (DIF) test to see if respondents conceptualised items differently based on the mode of administration (postal versus online). In the analysis of uniform DIF by survey administration, the Mantel-Haenszel statistic, adjusted for multiple comparisons (p<0.007), indicated DIF for two items from the ASCOT-Carer: occupation (χ2=12.33, p=0.0004) and feeling encouraged and supported (χ2=14.33, p=0.0002). This indicates that these two items respond differently, by survey administration group. For occupation, the DIF measure was 1.71 (DIF S.E. =0.30) for those who completed the survey via postal return and 0.87 (DIF S.E. = 0.14) for those who completed the survey online (DIF contrast=0.84, joint S.E. =0.33). For feeling encouraged and supported, the DIF measure was -0.47 (DIF S.E. =0.22) for those who completed the survey via postal return and 0.61 (DIF S.E. = 0.11) for those who completed the survey online (DIF contrast=-1.08, joint S.E. =0.25).
To better understand why respondents conceptualised items differently based on the mode of administration (postal versus online), we have explored whether the two samples (postal and online survey) differed in sociodemographic characteristics: age, gender and ethnicity. We identified that those who filled in postal version were older than those who filled in online version (mean age: 70.63 versus 60.38 years). Therefore, we performed a Rasch DIF test to see if respondents conceptualised items differently based on their age (under 65 years old versus 65 years or over). In the analysis of uniform DIF by age, the Mantel-Haenszel statistic, adjusted for multiple comparisons (p<0.007), indicated DIF for two items from the ASCOT-Carer: occupation (χ2=13.53, p=0.0002) and feeling supported and encouraged (χ2=12.73, p=0.0004). For the occupation, the DIF measure was 0.72 (DIF S.E. =0.16) for those who were under 65 years old and 1.44 (DIF S.E. =0.20) for those 65 years or over (DIF contrast=-0.72, joint S.E.=0.25). For feeling encouraged and supported, the DIF measure was 0.77 (DIF S.E. =0.13) for those who were under 65 years old and -0.06 (DIF S.E. =0.15) for those 65 years or over (DIF contrast=0.83, joint S.E.=0.20).
There was no evidence of DIF by survey administration or age for the ASCOT-Proxy-person (p>.006).

Reliability/Internal consistency
The Cronbach’s alpha was 0.69 for the ASCOT-Proxy-person; and 0.83 for the ASCOT-Carer. The ordinal alpha was 0.78 for the ASCOT-Proxy-person; and 0.87 for the ASCOT-Carer, which meets the .70 reliability standard [39].

Construct validity
Table 1 in Additional File 2 provides an overview of the hypotheses used in this study for assessing construct validity. Table 10 shows Spearman correlation coefficients between the ASCOT-Proxy-person, ASCOT-Carer overall scores (continuous variables) and related constructs (continuous variables). The majority of the Spearman’s rank correlations (>75%) between the ASCOT-Proxy-person, ASCOT-Carer and other variables were same as hypothesised. There were few exceptions to this. The correlations between ASCOT-Proxy-person overall scores and DEMQOL-Proxy-proxy were weaker than expected but stronger with I/ADLs (Proxy-proxy) than expected.Table 10Convergent validity of the ASCOT-Proxy-person and ASCOT-Carer


	 	ASCOT-Proxy-person
	ASCOT-Carer

	Variables
	N
	Rs
	As hypothesised
	N
	Rs
	As hypothesised

	Well-Being & Health

	 EQ-5D-5L (carer)
	n/a
	n/a
	n/a
	312
	0.42***
	YES

	 EQ-5D-5L-Proxy-proxy
	278
	0.38***
	YES
	n/a
	n/a
	n/a

	 EQ-5D-5L-Proxy-person
	275
	0.41***
	YES
	n/a
	n/a
	n/a

	 C-DEMQOL
	n/a
	n/a
	n/a
	303
	0.75***
	YES

	 DEMQOL-Proxy-proxy
	268
	0.44***
	Exp: large positive correlation
This study: medium positive
	n/a
	n/a
	n/a

	 Carers quality of life (one item)
	n/a
	n/a
	n/a
	311
	0.71***
	YES

	 Proxy-proxy quality of life (one item)
	276
	0.40***
	YES
	n/a
	n/a
	n/a

	 Proxy-person quality of life (one item)
	277
	0.61***
	YES
	n/a
	n/a
	n/a

	 Carer Experience Scale
	n/a
	n/a
	n/a
	308
	0.65***
	YES

	 ASCOT-Proxy-proxy
	n/a
	n/a
	n/a
	283
	0.10
	Exp: small positive correlation
This study: small positive correlation, ns

	 ASCOT-Proxy-person
	n/a
	n/a
	n/a
	277
	0.18*
	YES

	 Satisfaction with social care services
	n/a
	n/a
	n/a
	308
	0.40***
	YES

	Sociodemographic

	 (I/ADLS): proxy-proxya
	276
	-0.30***
	Exp: small negative correlation
This study: medium negative
	n/a
	n/a
	n/a


We used the correlation coefficient as a measure of the size of the effect. We interpreted values of ± 0.1 as a small effect, ± 0.3 as a medium effect and ± 0.5 as a large effect Bold indicates that the magnitude and direction of the correlation was as hypothesised
Abbreviations: Rs The spearman correlation coefficient, n/a Not used for validation, Exp Expected, ns Non-significant
aInstrumental activities of daily living (I/ADLS): total number of eight ADLs with difficulty or unable to complete alone (higher the score, the more ADLs with difficulty: getting around (except steps) indoors; getting in and out of bed; eating; paperwork or finances; having a bath or shower; dressing or undressing; using the toilet; washing hands and face)
*< 0.05; **< 0.01; ***< 0.001



Table 11 displays the associations between the ASCOT-Proxy-person, ASCOT-Carer overall scores and various subgroups of the sample. Both measures detected differences between their scores and various subgroups as hypothesised.Table 11Known-groups validity of the ASCOT-Proxy perspectives and ASCOT-Carer


	 	ASCOT-Proxy-person
	ASCOT-Carer

	Variables
	N
	Median
	As hypothesised
	N
	Median
	As hypothesised

	Home design suitability
proxy-proxy
	278
	H(3)= 13.747**
	YES
	312
	H(3)= 18.649***
	YES

	Meets their needs very well
	89
	0.71
	 	101
	0.70
	 
	Meets most of their needs
	132
	0.66
	 	146
	0.66
	 
	Meets some of their needs
	47
	0.64
	 	55
	0.54
	 
	Totally inappropriate
	10
	0.40
	 	10
	0.57
	 
	Impact of caring on health
	 	 	 	300
	H(1)= 13.758***
	YES

	 Yes
	n/a
	n/a
	n/a
	285
	0.66
	 
	 No
	n/a
	n/a
	n/a
	15
	0.92
	 
	Caregiving situation

	 Lives in the same household
	 	 	 	312
	H(1)= 38.378***
	YES

	 Yes
	n/a
	n/a
	n/a
	180
	0.75
	 
	 No
	n/a
	n/a
	n/a
	132
	0.60
	 
	 Relationship
	 	 	 	312
	H(4)= 19.440***
	YES

	 Spouse/partner
	n/a
	n/a
	n/a
	129
	0.61
	 
	 Parent
	n/a
	n/a
	n/a
	153
	0.70
	 
	 Sibling
	n/a
	n/a
	n/a
	4
	0.89
	 
	 Child
	n/a
	n/a
	n/a
	1
	0.66
	 
	 Other
	n/a
	n/a
	n/a
	25
	0.83
	 
	Hours of care per week
	 	 	 	309
	H(4)= 68.137***
	YES

	 0-9
	n/a
	n/a
	n/a
	48
	.85
	 
	 10-19
	n/a
	n/a
	n/a
	47
	.73
	 
	 20-34
	n/a
	n/a
	n/a
	36
	.71
	 
	 35-49
	n/a
	n/a
	n/a
	32
	.56
	 
	 50 or more
	n/a
	n/a
	n/a
	146
	.60
	 
	Help with personal care
	 	 	 	310
	H(1)= 30.446***
	YES

	 Yes
	n/a
	n/a
	n/a
	230
	0.62
	 
	 No
	n/a
	n/a
	n/a
	80
	0.73
	 
	Help with medicines
	 	 	 	310
	H(1)= 30.838***
	YES

	 Yes
	n/a
	n/a
	n/a
	251
	0.65
	 
	 No
	n/a
	n/a
	n/a
	59
	0.85
	 
	Sociodemographic characteristics

	 Carer’s gender
	 	 	 	312
	H(1)= 1.655
	YES

	 Female
	n/a
	n/a
	n/a
	237
	0.66
	 
	 Male
	n/a
	n/a
	n/a
	75
	0.67
	 
	 Carer in paid employment
	 	 	 	312
	H(1)= 7.431**
	YES

	 Yes: full- or part-time
	n/a
	n/a
	n/a
	120
	0.71
	 
	 No
	n/a
	n/a
	n/a
	192
	0.66
	 

Bold indicates that the group differences were as hypothesised.
H Chi-squared with ties including d.f., n/a Not used for validation, Exp. Expected
*< 0.05; **< 0.01; ***< 0.001





Discussion
The aim of this cross-sectional study where data were collected using self-administered questionnaire (online or paper form) was to establish the feasibility, construct validity and reliability of the ASCOT-Proxy and ASCOT-Carer among unpaid carers of people with dementia who are unable to self-report. In addition, we aimed to compare the structural characteristics of the ASCOT-Proxy (an adapted version of the ASCOT-SCT4), against the original ASCOT-SCT4 [10].
Overall, the percentage of missing values was low for the ASCOT-Proxy (both perspectives) and ASCOT-Carer indicating a good acceptance of both measures among unpaid carers of people with dementia who are unable to self-report. It is important to mention though, that the dignity item had a higher percentage of missing data in the ASCOT-Proxy (Proxy-proxy: 6.71%; Proxy-person: 7.03%). The overall scores for SCRQoL are only calculated when all items have non-missing values [10]. As such missing data imputation techniques should be considered when calculating overall SCRQoL score.
Next, we found that the proportion of missing data was significantly higher for participants who used paper questionnaires when compared to those using online version. This should not be interpreted that online version of the ASCOT-Proxy was more acceptable than the paper one. For example, unlike the paper version, where participants could accidentally skip over pages, the online version asked participants if they wished to leave the question blank. In addition, when participants could choose which form they wanted to fill in those who were older preferred the paper version (70.6 vs 60.4 years old). Without being able to offer the paper version, it is possible participants would not be willing to take part. This was highlighted to us by research staff across NHS sites, who recruited approximately half of the participants (140/313) on our behalf. Of these, 55 people recruited through the NHS chose to fill in a paper questionnaire, as opposed to 88 people who selected online questionnaire. Only eight participants out of 159 recruited through JDR selected a paper form. It is important to know that those recruited through this platform for the majority of time (between April and October 2020) did not have an option to fill in paper form of the questionnaire due to lack of access to printing facilities by research team as a result of lockdown measures [27]. This is important, as it highlights that there are issues with exclusion of some participants if offering only an online option as a mode for data collection.
In this study, we tested the structural characteristics of the ASCOT-Proxy using exploratory factor analysis against the ASCOT-SCT4 [10]. We confirmed a weak unidimensional (one-factor) solution for the ASCOT-Proxy-person. Similar to this study, one-factor structure has been found for the ASCOT-SCT4 in samples of older adults [10] as well as for other adapted version, e.g. easy-read ASCOT [13] and the translation of the ASCOT into Finnish [35]. On the other hand, we found two factor solution for the ASCOT-Proxy-proxy representing basic domains (items) (Factor 1) and higher order domains (items) Factor 2 [10]. As highlighted in the Results section, the two factor solution for the ASCOT-Proxy-proxy was, while robust, a novel finding. Therefore, future studies should report the factor structure for ASCOT-Proxy-proxy and if our results are replicated, it has to be considered carefully whether and how the ASCOT-Proxy-proxy tool should be used (e.g. in terms of calculating overall scores, establishing construct validity etc.). It is important to highlight though, that the ASCOT-Proxy has been developed and tested at all stages of its development with both perspectives, including this study, so we do not know how e.g. the ASCOT-Proxy-person would perform on its own. More importantly, inclusion of both perspectives improved the acceptability and face validity of the measure during earlier stages of its development [21].
Next, the dignity domain (item) had a low factor loading in case of both ASCOT-Proxy perspectives. In this study, as explained in the Results section (Factor structure of ASCOT-Proxy perspectives) we retained dignity domain (item) as ASCOT-Proxy was developed to conceptually align closely to the ASCOT-SCT4 self-completion tool where each domain (item) represents one dimension of SCRQoL. Dignity is an important aspect of SCRQoL as established in ASCOT-SCT4 development studies [10] and the item was acceptable when developing the ASCOT-Proxy [21]. However, as this was first study to explore structural characteristics of the ASCOT-Proxy, it is important to test structural characteristics of the ASCOT-Proxy (both perspectives) as part of future studies to see whether there are any issues with the dignity item. If our findings are replicated it may be necessary to revisit whether dignity should be included as an important aspect of SCRQoL of social care users when the answers are provided by proxy (e.g. through qualitative conceptual studies with unpaid carers).
In addition to evaluating psychometric properties of the ASCOT-Proxy and ASCOT-Carer by Classical Test Theory methods, we have conducted Rasch analysis [40, 41] to further evaluate the measurement properties of the ASCOT-Proxy-person and ASCOT-Carer. To summarise, the following issues were highlighted when conducting Rasch analysis. First, the ASCOT-Carer personal safety was outside of OUTFIT MNSQ range of .5 to 1.5 when evaluating overall model fit. This is the first study to suggest there may be an issue with the personal safety item in the ASCOT-Carer. It is important to keep in mind though that this was the first time when psychometric characteristics of the ASCOT-Carer were tested in a sample of unpaid carers of someone living with dementia in England. This was also the first time when the Rasch analysis was used as an approach when investigating psychometric characteristics of the ASCOT-Carer. It is also important to highlight that we collected data during COVID-19 pandemic which could impact how people responded when asked about their personal safety. Therefore, we suggest when the ASCOT-Carer is going to be used in the future as a measure, researchers will explore whether there are any issues with personal safety item as identified in this study. Next, this study indicates that respondents may not distinguish between all four response categories for food and drink and control over daily life in case of the ASCOT-Proxy-person. There is an indication that two-response categories option (by combining the two lowest categories and the two highest categories) may be a better solution than four response categories for both food and drink and control over daily life. Next, based on Wright-Andrich maps we detected a mild floor effect in case of both ASCOT-Proxy-person and ASCOT-Carer. Based on the Wright-Andrich Map, both measures would benefit from either adding new ‘easier’ items (within an existing cognitive framework) measuring slightly different aspects of the same domain or by moderating the intensity of the question using different wording. Lastly, Rasch differential item functioning test indicated that the differential item functioning in case of two items in the ASCOT-Carer (occupation; feeling supported and encouraged) when compared postal vs online form of survey is not a bias of the tool but it is likely due to differences between the two samples, i.e. those who filled in postal version were older (70.63 years old) than those who filled in online version (60.38 years old). This implies that the samples cannot be readily compared, unless the items are removed or different item measures are used to score subjects based on their age. The latter would require using Rasch person measures for calculating the preference-weighted values. This is something what should be explored in the future.
Looking across the results when testing convergent and known-group validity, we conclude that both ASCOT-Proxy-person and ASCOT-Carer are valid measures of SCRQoL. Both ASCOT-Proxy-person and ASCOT-Carer met the .70 reliability standard [39] when we calculated ordinal alpha (introduced by Zumbo et al. [42]). The .70 reliability standard was not met when we calculated Cronbach’s alpha for ASCOT-Proxy-person, however it is known that Cronbach’s alpha underestimates the reliability of the ordinal response scales [43]. It is important to highlight that in the present study, we only investigated one aspect of reliability (internal consistency) while test-retest reliability has not been studied. This was due to the impact of COVID-19 on this study, as we only managed to collect data at one time point. Therefore, test-retest reliability should be established in the future studies.
The most important potential limitation of our study is the lack of access to information about the characteristics of participants who started but did not finish the questionnaire (n=33) as we did not have permission to use information from incomplete online survey. Having the access to this information, would allow us to understand whether the questionnaires are more feasible for some participants. We were also unable to recruit participants through the providers of adult social care including local authorities, independent sector care providers and voluntary sector organisations potentially introducing selection bias in our sample. Instead, all our participants were recruited through the NHS and JDR. In this study, we used the same preference-weighted values for ASCOT-Proxy, as for ASCOT-SCT4. A subsequent step should be the development of preference weights for ASCOT-Proxy, which represent the relative importance of the response levels of each domain for quality of life. For example, there is suggestion, that self-reported measures used by people with dementia and proxy versions need different preference-weight values [44]. Next, we did not compare self- and proxy-report. This was not possible in this study, as we focussed on those unable to self-report (our main target group).

Conclusions
This was a first study to explore psychometric characteristics of the ASCOT-Proxy and ASCOT-Carer, with unpaid carers of people with dementia living at home unable to self-report. There are some aspects of the psychometric characteristics of the ASCOT-Proxy and ASCOT-Carer that warrant further investigation in future work.

Acknowledgements
Recruitment to this study was supported through the National Institute for Health Research (NIHR) Clinical Research Network (CPMS: 44825) and Join Dementia Research, which is funded by the Department of Health and Social Care (DHSC) and delivered by the NIHR in partnership with Alzheimer Scotland, Alzheimer's Research UK and Alzheimer's Society. Next, we would like to thank sites across the National Health Service and adult social care for their help with promoting and recruitment to the study.
Next, we would like to acknowledge help with the delivery of the study from following teams based at University of Kent: LSSJ Finance Team; Design and print centre team; Estates post room team and we would like to thank to Amanda Burns and Alan Dargan from Personal Social Services Research Unit for promoting the study on social media. In addition, we would like to thank our patient and public involvement representatives, Della Ogunleye and Aakta Patel, for their contribution to the study design, including the questionnaire format and content, recruitment strategy and ethical considerations. Lastly, we are very grateful to all carers who took part in our study and enhanced our understanding of measuring social care-related quality of life of people with dementia who are unable to self-report and their carers.
And finally, we would like to thank to the reviewers of this manuscript who shared their knowledge about psychometric methodologies with us, generously, and whose feedback strengthened the manuscript.

Authors’ contributions
The initial idea for this paper came from SR and A-M T. The core sections of the paper were formulated by BS, SR and A-M T. BS and SR were overseeing and supporting the data collection. Data were cleaned by BS and SR and analysed by BS with the exception of Rasch analysis (SR). BS designed all figures and tables, with comments and suggestions from all authors. Preparation of the manuscript was undertaken by BS, with considerable input from all authors. BS and SR are guarantors of the paper and accept full responsibility for the work and the conduct of the study, had access to the data, and control the decision to publish. All authors read and approved the final manuscript.

Funding
This research was funded by the National Institute for Health and Care Research (NIHR) under its Research for Patient Benefit (RfPB) Programme (Grant Reference Number: NIHR200058). The views expressed are those of the authors and not necessarily those of the NIHR or the Department of Health and Social Care.

Availability of data and materials
Not available.

Declarations
Ethics approval and consent to participate
Ethical approval for the study was obtained from the Social Care Research Ethics Committee in England on 14 January 2020 (Ref: 19/IEC08/0057). Approval to conduct the study in the National Health Service was granted from the Health Research Authority on 09 September 2020 (Ref: 19/IEC08/0057). Informed written consent was obtained from each participant prior to the conduct of the study. Depending on the participants’ preference they either signed paper consent form or online (eConsent) form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Dementia: At a glance. 2020 20/08/2021]; Available from: https://​www.​scie.​org.​uk/​dementia/​about/​.

	2.
Livingston G, et al. Making decisions for people with dementia who lack capacity: qualitative study of family carers in UK. Bmj. 2010;341: c4184.CrossrefPubMedPubMedCentral

	3.
Staying independent with dementia - Dementia guide 26/07/2018 20/08/2021]; Available from: https://​www.​nhs.​uk/​conditions/​dementia/​staying-independent-with-dementia/​.

	4.
Levine C, et al. Family Caregivers on the Job Moving Beyond ADLs and IADLs. Generations. J Am Soc Aging. 2003;27(4):17–23.

	5.
Rand S, et al. Measuring the outcomes of long-term care for unpaid carers: comparing the ASCOT-Carer, Carer Experience Scale and EQ-5D-3 L. Health Qual Life Outcomes. 2019;17(1):184.CrossrefPubMedPubMedCentral

	6.
Trukeschitz B, et al. Translation, cultural adaptation and construct validity of the German version of the Adult Social Care Outcomes Toolkit for informal Carers (German ASCOT-Carer). Qual Life Res. 2021;30(3):905–20.CrossrefPubMed

	7.
Brown A, et al. Measuring the quality of life of family carers of people with dementia: development and validation of C-DEMQOL. Qual Life Res. 2019;28(8):2299–310.CrossrefPubMedPubMedCentral

	8.
Wittenberg R, Hu B, Barraza-Araiza L, Rehill A. Projections of older people with dementia and costs of dementia care in the United Kingdom, 2019–2040; CPEC Working Paper 5; Care Policy and Evaluation Centre, London School of Economics and Political Science; 2019. https://​www.​alzheimers.​org.​uk/​sites/​default/​files/​2019-11/​cpec_​report_​november_​2019.​pdf.

	9.
Malley JN, et al. An assessment of the construct validity of the ASCOT measure of social care-related quality of life with older people. Health Qual Life Outcomes. 2012;10(1):21.CrossrefPubMedPubMedCentral

	10.
Netten A, et al. Outcomes of social care for adults: developing a preference-weighted measure. Health Technol Assess. 2012;16(16):1–166.CrossrefPubMed

	11.
Rand S, et al. Validity and test-retest reliability of the self-completion adult social care outcomes toolkit (ASCOT-SCT4) with adults with long-term physical, sensory and mental health conditions in England. Health Qual Life Outcomes. 2017;15(1):163.CrossrefPubMedPubMedCentral

	12.
Malley J, Rand S, Netten A, Towers A-M, Forder J. Exploring the feasibility and validity of a pragmatic approach to estimating the impact of long-term care: the ‘expected’ ASCOT method. Journal of Long-Term Care. 2019. ISSN 2516-9122. https://​doi.​org/​10.​31389/​JLTC.​11.

	13.
Rand S, et al. Feasibility, factor structure and construct validity of the easy-read Adult Social Care Outcomes Toolkit (ASCOT-ER). J Intellect Dev Disabil. 2020;45(2):119–32.Crossref

	14.
Towers AM, Smith N, Allan S, Vadean F, Collins G, Rand S, Bostock J, Ramsbottom H, Forder J, Lanza S, Cassell J. Care home residents’ quality of life and its association with CQC ratings and workforce issues: the MiCareHQ mixed-methods study. Southampton (UK): NIHR Journals Library; 2021. PMID: 34723450.

	15.
Rand SE, et al. Factor structure and construct validity of the Adult Social Care Outcomes Toolkit for Carers (ASCOT-Carer). Qual Life Res. 2015;24(11):2601–14.CrossrefPubMedPubMedCentral

	16.
Batchelder L, et al. Carer Social Care-Related Quality of Life Outcomes: Estimating English Preference Weights for the Adult Social Care Outcomes Toolkit for Carers. Value Health. 2019;22(12):1427–40.CrossrefPubMed

	17.
Bulamu NB, Kaambwa B, Ratcliffe J. A systematic review of instruments for measuring outcomes in economic evaluation within aged care. Health Qual Life Outcomes. 2015;13:179.CrossrefPubMedPubMedCentral

	18.
Makai P, et al. Quality of life instruments for economic evaluations in health and social care for older people: a systematic review. Soc Sci Med. 2014;102:83–93.CrossrefPubMed

	19.
Aznar C, Blake M, Mackie M, Pickering K, Rehsi A. Representativeness of Adult Social Care Surveys: Main Report. 2021, National Institute for Health Research: Ipsos MORI. https://​www.​ipsos.​com/​sites/​default/​files/​ct/​news/​documents/​2021-04/​Social_​Care_​Survey_​Review_​Main_​Report.​pdf.

	20.
Caiels J, et al. Exploring the views of being a proxy from the perspective of unpaid carers and paid carers: developing a proxy version of the Adult Social Care Outcomes Toolkit (ASCOT). BMC Health Serv Res. 2019;19(1):201.CrossrefPubMedPubMedCentral

	21.
Rand S, et al. Developing a proxy version of the Adult social care outcome toolkit (ASCOT). Health Qual Life Outcomes. 2017;15(1):108.CrossrefPubMedPubMedCentral

	22.
Rand, S.E., Caiels, J., Using proxies to assess quality of life: A review of the issues and challenges. Personal Social Services Research Unit. Canterbury: University of Kent; 2015.

	23.
Pickard AS, Knight SJ. Proxy evaluation of health-related quality of life: a conceptual framework for understanding multiple proxy perspectives. Med Care. 2005;43(5):493–9.CrossrefPubMedPubMedCentral

	24.
Dow J, et al. How best to assess quality of life in informal carers of people with dementia; A systematic review of existing outcome measures. PLoS One. 2018;13(3):e0193398.CrossrefPubMedPubMedCentral

	25.
Manthorpe J, Bowling A. Quality of life measures for carers for people with dementia: measurement issues, gaps in research, and promising paths. Res Policy Plan. 2016;31(3):163–78.

	26.
Rand S, Towers AM, Malley J, Silarova B. Exploring the structural characteristics of the Adult Social Care Outcomes Toolkit (ASCOT) and ASCOT-Carer [version 2; peer review: 2 approved]. NIHR Open Res. 2023;2:21. https://​doi.​org/​10.​3310/​nihropenres.​13259.​2.

	27.
Brown, J., Kirk-Wade, E. , Coronavirus: A history of English lockdown laws. 2021.

	28.
Available from: https://​www.​pssru.​ac.​uk/​ascot/​wp-content/​uploads/​2021/​09/​ASCOT-SCT4-Proxy-with-IP-v1.​2-1.​pdf.

	29.
Rand S, Silarova B, Caiels J, Towers A-M, Welch E. Adult Social Care Outcomes Toolkit (ASCOT) SCT4 Proxy guidance. PSSRU: University of Kent; 2021.

	30.
ASCOT-Carer. Available from: https://​www.​pssru.​ac.​uk/​ascot/​wp-content/​uploads/​2021/​05/​ASCOT-Carer-SCT4.​pdf.

	31.
Rand S, Smith N, Towers A-M, Batchelder L, Razik K. Adult Social Care Outcomes Toolkit (ASCOT)-Carer SCT4 guidance. Version 2.0; Discussion Paper 2952; 2019, The Policy Research Unit in Quality and Outcomes of person-centred care (QORU). https://​www.​pssru.​ac.​uk/​ascot/​wpcontent/​uploads/​2021/​05/​ASCOT-Carer-SCT4-guidance-1.​pdf.

	32.
StataCorp. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC; 2019.

	33.
Gugiu PC, Drew D, Polek E. A Critical Appraisal of the Evidence Supporting the Factor Structure of Extant Coping Instruments. Evaluation & the Health Professions. 2022;45(3):235–48.Crossref

	34.
Gugiu PC, et al. Development and evaluation of the short version of the Patient Assessment of Chronic Illness Care instrument. Chronic Illness. 2009;5(4):268–76.CrossrefPubMed

	35.
Nguyen L, et al. Social care-related outcomes in Finland. Construct validity and structural characteristics of the Finnish ASCOT measure with older home care users. Health Soc Care Community. 2021;29(3):712–28.CrossrefPubMed

	36.
Shi Y, et al. A Rasch Analysis Validation of the Maslach Burnout Inventory-Student Survey with Preclinical Medical Students. Teach Learn Med. 2019;31(2):154–69.CrossrefPubMed

	37.
Jüttner M, et al. Development and use of a test instrument to measure biology teachers’ content knowledge (CK) and pedagogical content knowledge (PCK). Educational Assessment, Evaluation and Accountability. 2013;25(1):45–67.Crossref

	38.
Linacre JM. Optimizing rating scale category effectiveness. J Appl Meas. 2002;3(1):85–106.PubMed

	39.
Nunnally JC. Psychometric Theory (2nd ed.). New York: McGraw-Hill; 1978.

	40.
Tennant A, McKenna SP, Hagell P. Application of Rasch analysis in the development and application of quality of life instruments. Value Health. 2004;7(Suppl 1):S22-6.CrossrefPubMed

	41.
Rasch G. Studies in mathematical psychology: I. Probabilistic models for some intelligence and attainment tests. Nielsen & Lydiche; 1960.

	42.
Zumbo BD, Gadermann AM Zeisser C. Ordinal Versions of Coefficients Alpha and Theta for Likert Rating Scales. J Mod Appl Stat Methods. 2007;6(1):Article 4. https://​doi.​org/​10.​22237/​jmasm/​1177992180.

	43.
Gadermann AM, Guhn M, Zumbo BD. Estimating ordinal reliability for Likert-type and ordinal item response data: A conceptual, empirical, and practical guide. Practical Assessment, Research, and Evaluation. 2019;17:Article 3. https://​doi.​org/​10.​7275/​n560-j767.

	44.
Mulhern B, Rowen D, Brazier J, Smith S, Romeo R, Tait R, Watchurst C, Chua KC, Loftus V, Young T, Lamping D, Knapp M, Howard R, Banerjee S. Development of DEMQOL-U and DEMQOL-PROXY-U: generation of preference-based indices from DEMQOL and DEMQOL-PROXY for use in economic evaluation. Health Technol Assess. 2013;17(5):v-xv, 1-140. https://​doi.​org/​10.​3310/​hta17050. PMID: 23402232; PMCID: PMC4781552.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12955_2023_2122_Fig3_HTML.png
Eigenvalue
15

Component

——<+ —- Observed
Adjusted
o Random






OEBPS/navigation.xhtml

    
      Contents


      
        		Feasibility, validity and reliability of the ASCOT-Proxy and ASCOT-Carer among unpaid carers of people living with dementia in England


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12955_2023_2122_Fig9_HTML.png
INPUT: 315 PERSON /7 ITeEM REPORTED: 3515 PERSON 7 1TEM 2o CAITS WINSTEPS 5.9

MEASURE PERSON - MAP - ITEM - Andrich thresholds (modal categories if orde
<more>|<rare>

6 E o+
|
-
|
5 -
|
| occ_c .3
#2 |
| time_c .3
4 T+
N
I control_c .3
a8 | support_c .3
3 + social_c .3
T
a8 |
| selfcare_c .3
#asu8 S|
2 +I occ_c .2
|
#augass |
|s
Haaag | time_c .2
1 + social_c .2
|
Hasagag | control_c .2
M| support_c .2
#RugussaRy |
] +M
|
JHasass |
|
Saaanaag |
-1 .+ selfcare_c .2
Haung |
s|s safety_c .3
| selfcare_c .1
#au8 |
-2 + social_c .1
S8 |
| support_c .1
## |
|T time_c .1
-3 +
. T| control_c .1
|
# | occ_c .1
| safety_c .2
-4 +
|
| safety_c .1
|
|
- s +
-
|
|
|
-6 +

<less>|<fregq>
EACH "#" IS 4: FACH "." IS 1 170 3





OEBPS/images/12955_2023_2122_Fig6_HTML.png
Food and drink

Accommodation cleanliness and comfort

Personal cleanliness and comfort

Social participation and involvement

o L “ g
g.u %'" g.. zv
B F-a B E..
s £ £ s
& e > & a e
§ 2 8 %u
1 , " i.

F .l - - > : . . ' 2 3 . . . .

%4 & e, & B 2.0 Measure relative to item W RN AU SR Y B 8 26 i WA S D T T S TR
Measure relative to item difficulty SRS IONICS Yo o S, Measure relative to item difficulty
Occupation Control over daily life Personal safety . Dignity

., - ; 2
% § 2 H
z. i, 0 3
g, &, ¢ T
& N & >
g g §. §
. i. £ -

3o
. ER RS R I NI S AL AL : SRR e

o B A A2

Measure relative to item difficulty






OEBPS/images/12955_2023_2122_Fig7_HTML.png
Category Probability

Occupation

Control over daily life Self-care Personal safety
o “ o
" - “
2 2 -
3 F 3
F £ .l F &8
] £ g
a s > ;u
2
8 & 8
3. 3 3.
T3 g [+
o "
o .
. P TR P R S B TR TR B
4 2 1 4 4 433 02 48 8T 8 R Br 2k B B Va0 R O RRUIBY T T S S A ) M OB FEITNTA WA O R RS Ve
Measure relative to item difficulty Measure relative to item difficulty U Tolatve o o ooy, Measure relative to item difficulty

Social participation and involvement

Space and time to be yourself

Category Probability

Category Probability

IR S R

Measure relative to item difficulty

MR

SRR S TE IR A, AT Ty 8

Measure relative to item difficulty

Feeling encouraged and supported

Category Probability






OEBPS/images/12955_2023_2122_Fig4_HTML.png
Eigenvalue
1.5

Component

——<+ —- Observed
Adjusted
« Random






OEBPS/images/12955_2023_2122_Fig5_HTML.png
Food and drink A dation cleanli and comfort Personal cleanliness and comfort Social participation and involvement
“ “ “
2z 2z o
3 H g ze
Jg 2 g i'_
g, H g e
> a e a o
| ; i ;
i & 3o
i ™ o e sl ‘m’.w:.m.'wm;u‘;’ e i R TR e S T ST T U T TR e ]
Measure relative to item difficulty Measure relative to item difficulty
Occupation Control over daily life Personal safety Dignity
2o 2w o zv
H H % ]
0 B 2. 3.
i, s s <.
> § ; g
£ . £ i
“ N “
Measure relative to item dificulty Measure relative to item difficulty s e o oy © 7 Measuro rolatve tokom diticuy






OEBPS/css/envelope.png





OEBPS/images/12955_2023_2122_Fig1_HTML.png
Recruitment

Number of participants potentially eligible
IDR: 3410
NHS: n/a

!

Invited
JDR: 2872
NHS: n/a

Consented: 644
JDR: 436
NHS: 208

Met eligibility criteria: 346
IDR: 202
NHS: 144

Data collection

Started questionnaire: 346
JDR: 202
NHS: 144

Finished questionnaire: 313
IDR: 173
NHS: 140

Analysis

Analysed: 313
IDR: 173
NHS: 140






OEBPS/images/12955_2023_2122_Fig2_HTML.png
Eigenvalue
15

Component

——<+ —- Observed
Adjusted
gl Random






OEBPS/css/sidebar.gif





OEBPS/images/12955_2023_2122_Fig8_HTML.png
INPUT: 313 PERSON 8'ITEM REPORTED: 312 PERSON 8 ITEM 28 CATS WINSTEPS 3.92.1

MEASURE PERSON - MAP - ITEM - Andrich thresholds (modal categories if ordered)
<more>|<rare>

4 # o+
23
%
T
|
3 +
JEEER
occ_2 .3
T
JHaug S| dignity_2 .3
social_2 .3
|
2 % +
BERERREE
. occ_2 .2
LERRERRRERRy
control_2R .1
. S
LEgagasas M social_2 iy )
1 +
#augue |
ah dignity_2 .2
HEERRs
# occ_2 “a § safety_2 .3
LEEaEy social_2 4 |
one
2] JEEEE M pers_2 e3
| safety_2 52
Haag | home_2 =3
=3
3
-1 T+ dignity_2 .1
o |
|S safety_2 .1
3 food_2R .1 home_2 .2
pers_2 )
]
-2 +
|
|
78
|
-3 + pers_2 .1
home_2 b
|
-4 -

<less>|<fregq>
EACH "#" IS 4: EACH "." IS 1 710 3





