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Abstract

A growing body of literature suggests that higher engagement in a range of activities can be

beneficial for cognitive health in old age. Such studies typically rely on self-report question-

naires to assess level of engagement. These questionnaires are highly heterogeneous

across studies, limiting generalisability. In particular, the most appropriate domains of activ-

ity engagement remain unclear. The Victoria Longitudinal Study-Activity Lifestyle Question-

naire comprises one of the broadest and most diverse collections of activity items, but

different studies report different domain structures. This study aimed to help establish a gen-

eralisable domain structure of the Victoria Longitudinal Study-Activity Lifestyle Question-

naire. The questionnaire was adapted for use in a sample of UK-based older adults (336

community-dwelling adults aged 65–92 with no diagnosed cognitive impairment). An explor-

atory factor analysis was conducted on 29 items. The final model retained 22 of these items

in a six-factor structure. Activity domains were: Manual (e.g., household repairs), Intellectual

(e.g., attending a public lecture), Games (e.g., card games), Religious (e.g., attending reli-

gious services), Exercise (e.g., aerobics) and Social (e.g., going out with friends). Given that

beneficial activities have the potential to be adapted into interventions, it is essential that

future studies consider the most appropriate measurement of activity engagement across

domains. The factor structure reported here offers a parsimonious and potentially useful

way for future studies to assess engagement in different kinds of activities.

Introduction

The potential cognitive benefits of an active lifestyle in old age are well documented. The ‘use

it or lose it’ hypothesis holds that the brain can be ‘kept fit’ through engagement in stimulating

activities [1]. Potentially stimulating activities are often categorised into three broad areas:

mentally engaging activities (e.g., reading books or solving crosswords; also commonly

referred to as cognitively engaging or intellectually engaging), physically engaging activities

(e.g., exercise or sport) and socially engaging activities (e.g., visiting friends or relatives).

Engagement in these areas has been linked to more favourable cognitive outcomes [2–4].
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Understanding these associations is an important step in the design and implementation of

interventions to promote healthy cognitive ageing. It is therefore important that researchers

have conceptually and psychometrically sound measures to assess activity engagement.

Bielak [5, 6] notes that when assessing the association between activity engagement and

cognition in old age, a fundamental question remains: what is the best way to measure engage-

ment? Researchers exploring a broad range of possible activities often employ self-report ques-

tionnaires. Typically, individuals are presented with a list of activities and asked to indicate

how often they normally engage in them. This approach provides a simple, efficient way to

assess activity engagement. However, questionnaires vary across studies in several ways,

including number of items (i.e., activities) and response options (e.g., yes/no dichotomy vs rat-

ing scales).

Another major source of variation across studies is the number of activity domains

assessed. While some studies derive a single measure of overall activity engagement, e.g., [7],

others group items to provide scores assessing engagement in specific ‘types’, or domains, of

activity. For example, some studies classify activities into the three conventional domains of

mental, physical and social [8]. While useful for discursive purposes, this approach can be

restrictive in practice, not allowing for the multi-faceted nature of some activities. Other stud-

ies include more nuanced activity domains, such as political (e.g., taking part in a demonstra-

tion) [9] or artistic (e.g., painting) [10].

There is no current consensus on the most appropriate set of activity domains. Adams et al.

[11] found that, across 42 studies, the number of activity domains measured ranged from one

to thirteen. Domains may be specified a priori, e.g. [8], or based on post-hoc data reduction

techniques such as factor analysis, e.g., [12]. Predefined activity domains, while often based on

prior research, can be idiosyncratic. For example, Wang et al.’s measure of mental engagement

includes activities such as sewing or attending an opera [8], while Verghese et al.’s includes

activities such as writing and group discussions [13]. Data reduction techniques such as factor

analysis can provide a more empirical approach to measuring specific activity domains,

although associations among items may be specific to the analytic sample; validation of a factor

structure across samples is necessary for generalisability.

The diversity of methods in the literature can be illustrated by a specific example: the Victo-

ria Longitudinal Study-Activity Lifestyle Questionnaire (VLS-ALQ). First described in Hultsch

et al. [14], the full questionnaire asks individuals to rate their level of engagement in 70 activi-

ties. Based on a content analysis of these items, the authors proposed six activity domains

(Physical, Social, Self-Maintenance, Passive Information Processing, Integrative Information

Processing and Novel Information Processing). However, other studies utilising this question-

naire have used different domains, with the rationale for the categorisation of items often

unreported. For example, Hultsch et al. [15] included a domain measuring engagement in

hobbies and home maintenance activities, while Small et al. [16] instead classified items into

the three broad domains of mental, physical and social activities. Jopp et al. [17] modified the

questionnaire by removing items related to self-maintenance and adding new items related to

physical and social activities. The authors validated an eleven-factor structure, categorising

items into the domains of Physical, Crafts, Games, Watching TV, Social-Private, Social-Public,

Religious, Technology Use, Developmental, Experiential and Travel.

The large pool of items within the VLS-ALQ make it a good candidate for investigating

activity engagement. However, variation in the factor structure adopted across studies high-

lights the central issue of making generalisations; it is difficult to synthesise results when stud-

ies using the same instrument adopt differing approaches. This is magnified across the

literature when the fuller diversity of measures is considered. The present study examined the

factor structure of an adapted version of the VLS-ALQ with a UK-based sample of older adults.
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By exploring the congruence of a factor structure derived from a geographically distinct sam-

ple, this study was intended to contribute to a consensus on the underlying dimensionality not

only of the VLS-ALQ, but also of activity engagement more broadly.

Materials and methods

Participants

Participants were recruited as part of an activity-based intervention study. Eligible participants

had to be aged 65 or over and fluent in English. Exclusion criteria were a) diagnosis of a neuro-

degenerative condition or brain tumour; b) stroke; c) head injury; d) significant manual

impairment; e) prior engagement in all the activities offered as part of the intervention study;

f) living outside the study recruitment area and being unable to travel to the area regularly.

Participants were recruited via volunteer databases, flyers, local newspaper adverts, contact

with local community groups and social media.

A total of 416 individuals were screened for eligibility. Eighty did not meet the criteria and

were excluded or withdrew from the study after screening. The remaining 336 volunteers were

enrolled on the study and comprise the analytic sample (102 men, 234 women; for sample

characteristics see Table 1). All participants lived in Scotland, predominantly around Edin-

burgh and the Lothians. Three hundred and thirty participants (98.2%) identified as White

(British/Irish/European/Other White Background). All data reported here were collected as

part of participants’ baseline assessments, prior to intervention group allocation (assessments

were conducted between June 2017 and December 2019). All participants provided written

informed consent at the start of their assessment. The study received ethical approval from

the Heriot-Watt University School of Social Science Ethics Committee (Ref: 2017–453) and

the NHS South East Scotland Research Ethics Committee 02 (REC Ref: 17/SS/0153; SSA

Ref: 17/SS/0157).

Measures and procedure

Participants completed an adapted version of the 57-item VLS-ALQ validated by Jopp et al.

[17]. Each item comprises a statement (e.g., “I read newspapers”) with nine response options

to indicate current frequency of engagement in the activity. Response options are coded as fol-

lows: 0 = Never, 1 = Less than once a year, 2 = About once a year, 3 = Two or three times a

year, 4 = About once a month, 5 = Two or three times a month, 6 = About once a week,

7 = Two or three times a week, 8 = Daily. The present study adapted this version in two ways.

First, the wording of some of the items was amended from North American English to UK

English. Second, three items from the original 70-item questionnaire [14] were re-included

Table 1. Sample characteristics.

Variable Mean SD Min Max Skew Kurtosis

Age 71.4 5.4 65 92 1.00 0.67

Years of Education 15.9 3.5 9 26 0.03 -0.51

Deprivation 16.2 4.6 2 20 -1.23 0.53

Self-Rated Healtha 3.7 0.9 1 5 -0.47 -0.13

MMSE Total Score 28.9 1.2 23 30 -1.62 3.55

Note. Deprivation = Scottish Index of Multiple Deprivation (vigintile ranking [i.e. 1–20] based on postcode—lower values indicate higher deprivation). MMSE = Mini-

Mental State Examination; scores range from 0 to 30—lower values indicate cognitive problems.
a 1 = Poor, 2 = Fair, 3 = Good, 4 = Very Good, 5 = Excellent.

https://doi.org/10.1371/journal.pone.0260996.t001
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(listen to radio, attend concert/play, attend sports events), along with two new items covering

activities not included in the original VLS-ALQ (go to galleries/museums, go to pubs/social

clubs), leading to a total of 62 items.

The short version of the International Physical Activity Questionnaire (IPAQ) [18] was

used to assess participants’ current level of physical activity. The questionnaire asks individuals

to record the amount of time they spent engaging in vigorous activity, moderate activity and

walking respectively over the preceding week. This information was used to calculate a mea-

sure of total metabolic equivalent of task (MET) minutes-per-week (i.e., overall energy expen-

diture; test-retest reliability = .76) [18].

Years of education was recorded as the total number of years in primary, secondary and

further/higher education. The Scottish Index of Multiple Deprivation 2016 (SIMD16) [19] was

used as a proxy measure of socioeconomic status. Geographical areas are ranked according to

overall level of deprivation using a combination of multiple indicators (e.g., income, education,

housing) and rankings are split into vigintiles (1 = most deprived to 20 = least deprived). Vig-

intile rankings for each participant were obtained based on their postcodes.

As an indicator of perceived health-status, participants were asked to rate their general

health on a five-point scale (1 = Poor, 2 = Fair, 3 = Good, 4 = Very Good, 5 = Excellent). The

Mini-Mental State Examination (MMSE) [20] was used as an indicator of global cognitive sta-

tus. The MMSE is a standardised instrument that is widely used to detect possible cognitive

impairment in both clinical and research settings. The test takes around five minutes to

administer, with questions covering orientation (time and place), memory (registration and

recall of three words), concentration (spelling ‘world’ backwards), language (naming objects,

sentence repetition and reading comprehension) and praxis (ideational [folding a piece of

paper in half], copying/drawing and spontaneous writing). Scores range from 0–30; test-retest

reliability estimates typically range from .80 -.95 [21]. MMSE scores� 23 are often taken to

indicate potential cognitive impairment. One participant scored below this cut-off. However,

MMSE was not used as an exclusion criterion in the present study in order to avoid excluding

individuals with low education (MMSE score has been shown to be sensitive to level of educa-

tion) [22].

Assessments were conducted in person by a member of the research team and normally

lasted for 3 to 3.5 hours. Participants provided demographic information and completed a bat-

tery of cognitive and physical tests, including the MMSE, over the course of their assessment.

All members of the research team were trained in the administration of these standardised

tests prior to the commencement of data collection. At the end of the assessment, participants

were given a booklet of questionnaires, including the VLS-ALQ and the IPAQ, to complete at

home and return to the research team by post. In the case that a questionnaire was returned

with missing responses, attempts were made to contact the participant via phone or email to

request their answers.

Statistical analysis

Where missing data remained, this was dealt with via multiple imputation (MI). The MI pro-

cess involves the replacement of missing values with a set of m> 1 plausible values, resulting

in m complete sets of data containing varying estimates of the missing values. Standard statisti-

cal methods are then applied to each of these datasets, and parameter estimates and standard

errors are pooled to form a single set of results according to formulae suggested by Rubin [23].

In comparison to more conventional approaches to missing data (e.g., listwise deletion), multi-

ple imputation yields unbiased parameter estimates when data are missing at random (i.e.,

missingness in a given variable does not depend on the variable itself, but may depend on
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other variables) [24]. For a full summary of the missing data and multiple imputation process,

see S1 Appendix.

All analyses were conducted using R (version 4.0.1) [25]. Exploratory factor analysis (EFA)

was used to examine the underlying factor structure of the adapted version of the VLS-ALQ.

EFA was used as the aim of the analysis was to identify true latent domains that explained com-

mon variance among the activity items rather than simply summarise the maximum amount

of observed variance, as is done in principal component analysis [26]. As suggested by Nassiri

et al. [27], the EFA was conducted on the pooled Pearson correlation matrix of all imputed

datasets (Pearson correlations have been recommended as appropriate for use when ordinal

variables have five or more response categories and are approximately normally distributed)

[26]. A combination of parallel analysis [28] and Velicer’s Minimum Average Partial (MAP)

test [29] was used to establish the possible number of factors. Parallel analysis on the pooled

correlation matrix has been shown to perform well in determining the correct number of fac-

tors [30]. The number of factors suggested by parallel analysis was used as a maximum esti-

mate, while MAP was used to indicate a minimum; all possibilities in between were

investigated.

The fa() function in the psych package (version 1.9.12) [31] was used to estimate models.

Models were estimated using maximum likelihood with oblique (oblimin) rotation. Given the

distributional assumptions of maximum likelihood estimation, items that were substantially

non-normal (absolute univariate skew > 2 and/or absolute univariate kurtosis > 7) [32] across

all imputations were excluded prior to conducting the analysis. Items that did not correlate at

a magnitude of at least .3 with one or more other items were also excluded [33]. Finally, items

with a Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy value of less than 0.5 (the

bare minimum proposed by Kaiser) [34] were excluded. Models were then estimated on the

remaining pool of items. Bartlett’s test was conducted to ensure that correlations between

these items were of sufficient size for EFA. The determinant of the item correlation matrix was

calculated to assess multicollinearity among the items (a value > .00001 can be taken as indi-

cating an absence of multicollinearity) [35].

For each possible number of factors, models were estimated then moderated in an iterative

fashion by excluding items with no pattern coefficients (i.e., loadings) of at least .3 on any fac-

tor, and items loading on multiple factors (i.e., items with Hofmann’s index of

complexity > 2) [36]. Models were deemed viable once all items primarily loaded on one fac-

tor and each factor had at least three items loading on it (a minimum that has been suggested

as more items per factor improves factor stability) [26, 37]. The most appropriate number of

factors was decided by examining and comparing each model’s root mean square error of

approximation (RMSEA; values < .05 indicating good fit, values .05 - .08 indicating adequate

fit) [38], Tucker-Lewis Index (TLI; values� .95 indicating good fit) [39] and conceptual

interpretability.

Once the appropriate factor model was selected, activity domain scores were calculated by

summing responses to the relevant items for each factor. To explore the validity of these

domains, Pearson correlations between domain scores, demographic variables (age, education,

deprivation, self-rated health), MMSE scores and total MET-minutes per week were calculated.

As there may be gender differences in activity participation [5], Welch’s t-tests were also used

to compare mean levels of engagement in each domain between men and women.

Results

Eight items were initially excluded due to highly non-normal distributions (i.e., absolute uni-

variate skew> 2 and/or absolute univariate kurtosis > 7, detailed above). A further 24 items
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were excluded due to consistently low correlations with other variables. One item was also

excluded due to a low KMO value. Specific reasons for exclusions are listed in S2 Appendix.

EFA was conducted on the remaining 29 items.

The overall KMO indicated that the suitability of the data for factor analysis was adequate

(KMO = .69). Item-level KMO values ranged from .55 to .79 (see S3 Appendix). Bartlett’s test

of sphericity, χ2 (406) = 2020.58, p< .001, indicated that item correlations were of an accept-

able magnitude for EFA. The determinant of the correlation matrix did not indicate any prob-

lem with multicollinearity among the items (determinant = .002).

The MAP test indicated that extracting three factors achieved a minimum average squared

partial correlation of 0.01. Parallel analysis suggested that eight factors had eigenvalues greater

than would be expected by chance (see S4 Appendix). Thus, all possibilities within the range of

three to eight factors were examined.

The eight and seven-factor models failed to meet the outlined criteria for viability (exclu-

sion of items for the reasons outlined above led to some factors being defined by only one or

two primary loadings). The six-factor model met the specified criteria after seven items were

excluded, the five-factor model did so after ten items were excluded, the four-factor model did

so after nine items were excluded and the three-factor model did so after twelve items were

excluded.

The six-factor model was found to have the lowest RMSEA value (0.036), indicating good

fit (see Table 2). The five and six factor models had the joint highest TLI value (.918; see

Table 2), although both were below the cut-off threshold for good model fit of .95 recom-

mended by Hu et al. [39]. Therefore, given that the six-factor model had the lowest RMSEA

value and the factors identified in the six-factor model were conceptually sound, this model

was selected as the optimal factor structure for the activity items. The pattern matrix for the

six-factor model is presented in Table 3. The structure matrix for the six-factor model is pre-

sented in S5 Appendix. Pattern/structure matrices for the three, four, five, seven and eight fac-

tor solutions are presented in S6 Appendix.

Bolded pattern coefficients presented in Table 3 indicate primary loadings. The items that

loaded primarily on the first factor were all related to manual, practical skills (e.g., ‘Do house-

hold repairs [for example, painting or leaky faucets]’, ‘Repair a mechanical device [for example,

a car or lawn mower]’); this factor was named Manual. The items that loaded primarily on the

second factor indicated an interest in learning and culture (e.g., ‘Engage in creative writing,

writing poems, writing newspaper articles, etc.’, ‘Read books or magazines as part of my job,

career, or formal education’); this factor was named Intellectual. Items such as ‘Play card

games (for example, Bridge)’ and ‘Play word games (for example, Scrabble)’ loaded primarily

on the third factor; this factor was named Games.

The fourth factor was primarily explained by loadings from items associated with religion

(e.g., ‘Attend church or other religious services’, ‘Attend organised social events [for example,

activities at the community centre or church social groups]’); this factor was named Religious.

Table 2. Model comparisons.

Number of factors Proportion of variance explained (%) RMSEA (90% CI) TLI

3 31.0 0.082 (0.072, 0.093) .700

4 33.1 0.070 (0.061, 0.080) .742

5 39.3 0.040 (0.026, 0.053) .918

6 40.0 0.036 (0.023, 0.048) .918

Note. RMSEA = root mean square error of approximation. TLI = Tucker-Lewis Index.

https://doi.org/10.1371/journal.pone.0260996.t002
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Items related to physical activity loaded primarily on the fifth factor (e.g., ‘Do aerobics [for

example, cardiovascular, fitness training, or workout]’, ‘Do weight lifting, strength training or

calisthenics’); this factor was named Exercise. The sixth factor was primarily explained by a

very large loading of ‘Visit relatives, friends or neighbours’ and two less substantial loadings of

‘Talk on the phone to friends or relatives’ and ‘Go out with friends’; this factor was named

Social. Correlations between the factors were generally small, ranging in magnitude from -.10

to .26 (see Table 3).

For comparison, a complete-case analysis was also conducted including only those partici-

pants who had complete data for the 22 items in the six-factor solution (N = 311). The six fac-

tors extracted were conceptually identical to those reported above, and the pattern of loadings

was the same (see S7 Appendix). The model explained 43.7% of the variance and fit indices

Table 3. Six-factor model pattern matrix and factor correlations.

Factor

Item 1. 2. 3. 4. 5. 6. h2

Do household repairs (for example, painting or leaky faucets) 0.86 -0.02 0.00 0.01 0.02 0.02 0.741

Repair a mechanical device (for example, a car or lawn mower) 0.71 0.08 0.00 0.00 0.00 0.02 0.537

Purchase a new item requiring some set-up or assembly 0.61 -0.01 0.07 0.00 0.00 -0.06 0.388

Engage in creative writing, writing poems, writing newspaper articles, etc. 0.13 0.57 -0.06 0.04 -0.08 0.02 0.354

Read books or magazines as part of my job, career, or formal education 0.02 0.55 0.03 -0.11 -0.01 0.00 0.297

Go to galleries or museums -0.12 0.43 0.11 -0.04 0.10 0.10 0.258

Attend a public lecture or talk -0.11 0.54 0.09 0.09 0.07 -0.01 0.357

Engage in political activities (for example, neighbourhood organisation) 0.08 0.46 0.00 -0.02 0.03 -0.01 0.233

Give a public talk or lecture (for example, to a club, service organisation, etc.) 0.05 0.50 -0.09 0.05 0.01 -0.08 0.269

Do aerobics (for example, cardiovascular, fitness training, or workout) 0.04 -0.01 0.03 0.06 0.65 -0.02 0.429

Do flexibility training (for example, stretching, yoga, or tai chi) -0.09 0.07 0.11 0.05 0.49 0.02 0.289

Do weight lifting, strength training, or calisthenics 0.03 -0.01 -0.06 -0.05 0.77 0.00 0.592

Play card games (for example, Bridge) -0.02 -0.05 0.46 0.05 0.06 0.01 0.221

Play board games (for example, chess or checkers) 0.08 0.03 0.63 -0.01 0.01 -0.05 0.412

Play knowledge games (for example, Trivial Pursuit) 0.03 0.03 0.65 0.00 -0.03 0.00 0.426

Play word games (for example, Scrabble) -0.03 -0.04 0.64 -0.01 -0.03 0.04 0.403

Talk on the phone to friends, or relatives -0.10 -0.03 0.08 0.13 0.04 0.35 0.177

Visit relatives, friends, or neighbours 0.02 -0.01 0.00 -0.01 0.00 1.00 0.995

Go out with friends -0.15 0.09 0.01 -0.01 -0.05 0.34 0.160

Attend church or other religious services 0.01 -0.03 -0.02 0.91 -0.04 -0.02 0.810

Engage in prayer, meditation, or philosophical contemplation -0.01 0.08 0.06 0.54 0.11 0.00 0.343

Attend organised social events (for example, activities at the community centre or church social groups) -0.05 0.13 0.02 0.47 0.05 0.13 0.297

Sum of Squared Loadings 1.73 1.61 1.50 1.39 1.30 1.28

Variance Explained (%) 7.9 7.3 6.8 6.3 5.9 5.8

Factor Correlations

1. Manual - - - - - -

2. Intellectual .19 - - - - -

3. Games .09 .20 - - - -

4. Religious -.03 .19 .09 - - -

5. Exercise .15 .26 .11 .00 - -

6. Social -.10 .09 .14 .05 .01 -

Note. Bold = primary loadings (pattern coefficient > .3); h2 = communality. VLS-ALQ items are included with permission to support the analyses; permission to use the

VLS-ALQ in full or in part must be obtained from Professor Roger Dixon (rdixon@ualberta.ca).

https://doi.org/10.1371/journal.pone.0260996.t003
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were largely comparable (RMSEA = 0.048 [90% CI = 0.037, 0.060], TLI = .880). For descriptive

purposes, omega reliability coefficients were calculated for each factor using the complete

cases. Reliability coefficients were as follows: Manual (ω = 0.85), Intellectual (ω = 0.69), Games

(ω = 0.69), Religious (ω = 0.72), Exercise (ω = 0.66), Social (ω = 0.65).

Mean comparisons between men and women on activity domain scores are presented in

Table 4. On average, men scored significantly higher than women in the Manual domain,

while women scored significantly higher in the Religious and Social domains. There were no

significant correlations between any of the activity domain scores and either age, deprivation,

self-rated health or MMSE score (see Table 4). Years of education demonstrated small but sig-

nificant positive correlations with scores in the Manual (r = .14, p< .05), Intellectual (r = .30,

p< .001) and Exercise (r = .12, p< .05) domains. Scores in the Exercise domain were signifi-

cantly positively correlated with total MET-minutes per week from the IPAQ (r = .26, p<
.001), as were scores in the Intellectual domain (r = 0.14, p< .05).

Discussion

The VLS-ALQ has been utilised by several well-cited studies investigating the association

between activity engagement and cognition in older age [14–16]. However, the domains used

to summarise activity engagement have varied across these studies. The present study adapted

a modified version of the VLS-ALQ [17] for use in a UK-based sample of older adults. An

exploratory factor analysis identified six activity domains from 22 items: Manual, Intellectual,

Games, Religious, Exercise and Social.

Jopp et al. [17] validated an eleven-factor structure across two large samples using their

57-item version of the questionnaire. These samples included adults of all ages, unlike the

older sample utilised in the present study. However, there are some notable consistencies

across both studies. The items that load on the Manual, Games, Religious, Exercise and Social

factors in the present study also loaded on conceptually similar factors in Jopp et al.’s study

(termed Crafts, Games, Religious, Physical and Social-Private respectively) [17]. Only the

Intellectual factor identified here is theoretically distinct. The items comprising this factor

Table 4. Activity domain scores: Gender comparisons and correlations with demographic variables, MMSE scores and total MET-minutes per week.

Activity

Domain

Mean (SD)

Men

Mean (SD)

Women

t df p Correlations

Age Years of

Education

Deprivation Self-Rated

Healtha
MMSE Total MET-minutes

per week

Manual 8.49 (4.97) 3.89 (3.83) 8.94 107.09 <0.001 -.08 .14� -.10 -.01 -.11 .12

Intellectual 11.81 (8.25) 11.11 (7.91) 0.73 125.20 0.469 -.08 .30��� .00 .05 .00 .14�

Games 5.96 (6.90) 7.23 (6.73) -1.72 95.61 0.089 -.06 .02 -.05 -.01 -.05 .12

Religious 5.78 (6.06) 7.86 (6.28) -2.95 175.60 0.004 .10 -.04 .03 -.02 -.05 .02

Exercise 6.69 (7.72) 6.93 (6.72) -0.28 129.84 0.780 -.01 .12� .01 .04 -.13 .26���

Social 15.24 (4.12) 17.33 (3.82) -4.49 71.61 <0.001 .06 -.01 .10 .11 .08 .05

Note. Deprivation = Scottish Index of Multiple Deprivation (vigintile ranking [i.e. 1–20] based on postcode—lower values indicate higher deprivation). MMSE = Mini-

Mental State Examination (scores range from 0 to 30—lower values indicate cognitive problems). MET = metabolic equivalent of task; total MET-minutes per week

measured using the International Physical Activity Questionnaire (higher scores indicate higher levels of overall physical activity). Significant gender differences

(indicated by boldface) remained so after Bonferroni correction.
a1 = Poor, 2 = Fair, 3 = Good, 4 = Very Good, 5 = Excellent.

�p < .05

��p < .01

���p < .001.

https://doi.org/10.1371/journal.pone.0260996.t004
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were instead categorised as either Developmental (‘Engage in creative writing’, ‘Read books or

magazines as part of my job’, ‘Attend a public lecture or talk’) or Social-Public (‘Engage in

political activities’, ‘Give a public talk or lecture’) by Jopp et al. ‘Go to galleries or museums’,

which also loaded on the Intellectual factor, was a new item added in the present study. Collec-

tively, these items indicate an interest in learning and culture, something that has not been

fully captured in previous uses of the VLS-ALQ.

The present results reinforce the importance of physical and social activity as theoretically

meaningful domains of activity engagement. It should be noted, however, that the physical

and social domains reported here have more conceptual specificity than those of other ques-

tionnaires. The physical activity domain in this study was named was Exercise as the three rele-

vant items characterise the type of individual physical activity that one might engage in for the

specific purpose of maintaining fitness (aerobics, flexibility training and weightlifting). This is

distinct from other questionnaires that also include items measuring engagement in competi-

tive sports, outdoor activities or gardening [8, 9, 13]. Further research will be necessary to

explore whether this qualitative distinction affects any association between physical activity

and cognitive outcomes. The Social domain in the present study is similarly distinct, focusing

more on socialising with a close group of friends and relatives. This is similar to the measure of

‘one-on-one’ social activity in Bielak et al. [40], which, unlike group social activity (i.e., clubs),

was associated with changes to cognitive performance among older adults.

There is also evidence of the Manual, Games and Religious domains in other activity ques-

tionnaires. The Manual domain reported here could be considered analogous to the Realistic

domain reported in Parslow et al. [10], which was defined by items such as ‘Fixed mechanical

things’ and ‘Used metalwork or machine tools’. Ghisletta et al. [12] identified an activity factor

similar to Games that they termed Leisure (defined by two items: ‘play games’ and ‘do cross-

word puzzles’). The same study also identified a similar Religious factor (items: ‘pray’ and

‘attend religious services’).

Some evidence of construct validity was found. Of particular note was the significant posi-

tive correlation (r = .26, p< .001) between scores in the Exercise domain and total MET-min-

utes per week from the IPAQ (a broader measure of overall physical activity). As noted above,

the Exercise domain of the VLS-ALQ measures frequency of engagement in specific fitness-

related activities, while the measure of MET-minutes per week from the IPAQ considers the

intensity of physical exertion across a wider range of activities. This may explain that while the

observed correlation was in the expected direction, it was small in magnitude. The observed

tendencies for men to engage in more manual activities and for women to engage in more

social activities were also reported by Parslow et al. [10]. There was no evidence of any rela-

tionship between activity domain scores and a measure of cognitive function (MMSE score).

This may be due to a ceiling effect–as would be expected in a sample of adults without diag-

nosed cognitive impairments, most participants scored towards the top end of the scale.

The activity domains reported here do not necessarily represent the definitive structure of

the VLS-ALQ, or of activity engagement more broadly. The use of a small convenience sample

is a limitation of the present study and it is important to acknowledge that results may have

been influenced by the self-selecting nature of this sample. Participants were almost all White,

generally healthy, highly educated and lived in less deprived areas–such individuals are likely

to behave in certain, relatively consistent ways and as such variability within the sample may

have been limited. This issue is highlighted by the fact that several items were excluded from

the analysis due to highly skewed distributions.

Many of the items were also excluded due to low correlations with other items. This was

done in order to keep only those items that shared a sizable amount of common variance,

which is an important condition for factor analysis [33]. However, excluding these items may
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explain why the present analysis did not identify four of the domains reported by Jopp et al.

[17]. Items that loaded on the factors termed Watching TV, Travel, Experiential and Technol-

ogy Use in Jopp et al.’s study were excluded in the present study due to non-normal distribu-

tions or low correlations with other items. Interestingly, the authors note that these four factors

exhibited lower reliability estimates relative to others, suggesting that they may have poor gener-

alisability. In other words, while the approach adopted here led to the initial exclusion of a large

proportion of items, this may have only resulted in the loss of factors with poor reliability, while

the most reliable factors identified by prior research were still largely replicated.

The exploratory nature of this analysis is also a limitation. Ideally, the factor structure here

would be replicated in an independent sample using confirmatory factor analysis. The small

sample size in the present study precluded splitting the sample and performing both explor-

atory and confirmatory analyses. Attempts to replicate these findings in future studies using

the VLS-ALQ or another questionnaire are therefore strongly encouraged. Further attempts to

identify other potentially important domains that were missed here due to sample limitations

are also encouraged. Such studies could use larger, more diverse samples; as Bielak [5] notes,

cultural background, socioeconomic status and geographic location are all factors that can

influence the kinds of activity one engages in. Achieving a generalisable model of the

dimensionality of activity engagement will require careful consideration of these factors.

Unlike other questionnaires, e.g., [6], the VLS-ALQ only measures frequency of engage-

ment and does not consider the relative level of mental, physical or social demand of each

activity. However, it is reasonable to assume that the Exercise and Social domains are predomi-

nantly physically and socially demanding respectively. The Religious domain appears to be

mainly socially demanding, although it also includes more solitary spiritual activity like prayer

or mediation. Items that loaded on the Intellectual domain (e.g., writing, reading) and the

Games domain (e.g., word games, card games) are commonly used to measure mental engage-

ment [13, 41, 42]. Another measure of mental of mental engagement also includes items simi-

lar to those that load on the Manual domain (e.g., household repairs) [43]. Therefore, the

Intellectual, Games and Manual domains could each be viewed as particularly mentally

demanding. More research is necessary to establish this empirically.

The purpose of this study was to explore what the most appropriate domains of activity

engagement were in an existing questionnaire. In doing so, this study aimed to highlight the

growing need for consensus in how activity engagement is measured, particularly in the field

of cognitive ageing. The domain structure reported here could provide a foundation for a

more consistent approach across future studies investigating the cognitive benefits of activity

engagement. As highlighted above, the domains identified in this study offer more conceptual

specificity than the broader domains of mental, physical or social activity. Future studies could

explore whether these new factors are useful in predicting cognitive ability or cognitive change

in older adults. For example, studies could examine whether engagement in one or more of

the domains identified here is associated with performance in specific cognitive domains.

In order to make generalisations about the effects of certain types of activity on cognition in

older age, greater consideration must be given to the assessment of activity engagement itself.

Despite the limitations outlined above, the present findings support the usefulness of the

VLS-ALQ as a measure of meaningful areas of engagement. Five of the factors identified were

conceptually similar to those reported in other studies, suggesting that manual/craft activities,

games, religious activities, exercising and socialising represent consistent underlying patterns

of activity engagement in older adults. An additional, novel factor (Intellectual) was also iden-

tified, suggesting certain older adults may have a specific propensity for activities involving

learning and culture. While further validation is imperative, the activity factors described here

could offer a useful framework for measurement of activity engagement in older age.
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12. Ghisletta P, Bickel J-F, Lövdén M. Does activity engagement protect against cognitive decline in old

age? Methodological and analytical considerations. The Journals of Gerontology Series B: Psychologi-

cal Sciences and Social Sciences. 2006; 61(5):253–61. https://doi.org/10.1093/geronb/61.5.p253

PMID: 16960228

13. Verghese J, LeValley A, Derby C, Kuslansky G, Katz M, Hall C, et al. Leisure activities and the risk of

amnestic mild cognitive impairment in the elderly. Neurology. 2006; 66(6):821. https://doi.org/10.1212/

01.wnl.0000202520.68987.48 PMID: 16467493

14. Hultsch DF, Hammer M, Small BJ. Age Differences in Cognitive Performance in Later Life: Relation-

ships to Self-Reported Health and Activity Life Style. Journal of Gerontology. 1993; 48(1):1–11. https://

doi.org/10.1093/geronj/48.1.p1 PMID: 8418144

15. Hultsch DF, Hertzog C, Small BJ, Dixon RA. Use it or lose it: engaged lifestyle as a buffer of cognitive

decline in aging? Psychol Aging. 1999; 14(2):245–63. Epub 1999/07/14. https://doi.org/10.1037//0882-

7974.14.2.245 PMID: 10403712.

16. Small BJ, Dixon RA, McArdle JJ, Grimm KJ. Do changes in lifestyle engagement moderate cognitive

decline in normal aging? Evidence from the Victoria Longitudinal Study. Neuropsychology. 2012; 26

(2):144. https://doi.org/10.1037/a0026579 PMID: 22149165

17. Jopp DS, Hertzog C. Assessing adult leisure activities: an extension of a self-report activity question-

naire. Psychol Assess. 2010; 22(1):108–20. Epub 2010/03/17. https://doi.org/10.1037/a0017662

PMID: 20230157; PubMed Central PMCID: PMC2841313.

18. Craig CL, Marshall AL, Sjorstrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical

activity questionnaire: 12-country reliability and validity. Medicine & Science in Sports & Exercise. 2003;

35(8):1381–95. https://doi.org/10.1249/01.MSS.0000078924.61453.FB PMID: 12900694

19. Scottish Government. The Scottish Index of Multiple Deprivation 2016 [cited 2021 May 31]. Available

from: https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/

PLOS ONE Measuring activity engagement in old age

PLOS ONE | https://doi.org/10.1371/journal.pone.0260996 December 6, 2021 12 / 14

https://doi.org/10.1093/gerona/59.9.m940
http://www.ncbi.nlm.nih.gov/pubmed/15472160
https://doi.org/10.1080/13825585.2015.1041450
https://doi.org/10.1080/13825585.2015.1041450
http://www.ncbi.nlm.nih.gov/pubmed/25929288
https://doi.org/10.1186/1471-2458-14-510
http://www.ncbi.nlm.nih.gov/pubmed/24885250
https://doi.org/10.1093/ije/dyw089
http://www.ncbi.nlm.nih.gov/pubmed/27272181
https://doi.org/10.1159/000264918
http://www.ncbi.nlm.nih.gov/pubmed/19996570
https://doi.org/10.1080/13825585.2016.1221378
http://www.ncbi.nlm.nih.gov/pubmed/27540887
https://doi.org/10.1037/a0024144
https://doi.org/10.1037/a0024144
http://www.ncbi.nlm.nih.gov/pubmed/21644808
https://doi.org/10.1093/gerona/gls153
http://www.ncbi.nlm.nih.gov/pubmed/22879456
https://doi.org/10.1002/gps.2490
https://doi.org/10.1002/gps.2490
http://www.ncbi.nlm.nih.gov/pubmed/21157851
https://doi.org/10.1159/000091829
http://www.ncbi.nlm.nih.gov/pubmed/16645300
https://doi.org/10.1017/S0144686X10001091
https://doi.org/10.1017/S0144686X10001091
https://doi.org/10.1093/geronb/61.5.p253
http://www.ncbi.nlm.nih.gov/pubmed/16960228
https://doi.org/10.1212/01.wnl.0000202520.68987.48
https://doi.org/10.1212/01.wnl.0000202520.68987.48
http://www.ncbi.nlm.nih.gov/pubmed/16467493
https://doi.org/10.1093/geronj/48.1.p1
https://doi.org/10.1093/geronj/48.1.p1
http://www.ncbi.nlm.nih.gov/pubmed/8418144
https://doi.org/10.1037//0882-7974.14.2.245
https://doi.org/10.1037//0882-7974.14.2.245
http://www.ncbi.nlm.nih.gov/pubmed/10403712
https://doi.org/10.1037/a0026579
http://www.ncbi.nlm.nih.gov/pubmed/22149165
https://doi.org/10.1037/a0017662
http://www.ncbi.nlm.nih.gov/pubmed/20230157
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://doi.org/10.1371/journal.pone.0260996


20. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method for grading the cognitive

state of patients for the clinician. Journal of psychiatric research. 1975; 12(3):189–98. https://doi.org/10.

1016/0022-3956(75)90026-6 PMID: 1202204

21. Tombaugh TN, McIntyre NJ. The mini-mental state examination: a comprehensive review. Journal of

the American Geriatrics Society. 1992; 40(9):922–35. https://doi.org/10.1111/j.1532-5415.1992.

tb01992.x PMID: 1512391

22. Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-Based Norms for the Mini-Mental State

Examination by Age and Educational Level. JAMA. 1993; 269(18):2386–91. https://doi.org/10.1001/

jama.1993.03500180078038 PMID: 8479064

23. Rubin DR. Multiple Imputation for Nonresponse in Surveys. Wiley Classics Library ed. Hoboken NJ:

John Wiley & Sons; 2004.

24. Enders CK. Applied Missing Data Analysis. Little TD, editor. New York, NY: The Guildford Press;

2010.

25. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation

for Statistical Computing; 2020.

26. Lloret-Segura S, Ferreres-Traver A, Hernandez-Baeza A, Tomas-Marco I. Exploratory item factor anal-

ysis: A practical guide revised and updated. Anales de Psicologı́a. 2014; 30(3):1151–69. https://doi.org/

10.6018/analesps.30.3.199361

27. Nassiri V, Lovik A, Molenberghs G, Verbeke G. On using multiple imputation for exploratory factor anal-

ysis of incomplete data. Behavior Research Methods. 2018; 50(2):501–17. https://doi.org/10.3758/

s13428-017-1013-4 PMID: 29392587

28. Horn JL. A rationale and test for the number of factors in factor analysis. Psychometrika. 1965; 30

(2):179–85. https://doi.org/10.1007/BF02289447 PMID: 14306381

29. Velicer WF. Determining the number of components from the matrix of partial correlations. Psychome-

trika. 1976; 41(3):321–7. https://doi.org/10.1007/BF02293557

30. Goretzko D, Heumann C, Bühner M. Investigating Parallel Analysis in the Context of Missing Data: A

Simulation Study Comparing Six Missing Data Methods. Educational and Psychological Measurement.

2019; 80(4):756–74. https://doi.org/10.1177/0013164419893413 PMID: 32616957

31. Revelle W. psych: Procedures for Personality and Psychological Research. 1.9.12 ed. Evanston, Illi-

nois; 2019.

32. Curran PJ, West SG, Finch JF. The robustness of test statistics to nonnormality and specification error

in confirmatory factor analysis. Psychological methods. 1996; 1(1):16.

33. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 4th ed. Needham Heights, MA: Allyn and

Bacon; 2001.

34. Kaiser HF. An index of factorial simplicity. Psychometrika. 1974; 39(1):31–6. https://doi.org/10.1007/

BF02291575

35. Yong AG, Pearce S. A Beginner’s Guide to Factor Analysis: Focusing on Exploratory Factor Analysis.

Tutorials in Quantitative Methods for Psychology. 2013; 9(2):79–94. https://doi.org/10.20982/tqmp.09.

2.p079

36. Hofmann RJ. Complexity And Simplicity As Objective Indices Descriptive Of Factor Solutions. Multivari-

ate Behavioral Research. 1978; 13(2):247–50. https://doi.org/10.1207/s15327906mbr1302_9 PMID:

26794022

37. Floyd FJ, Widaman KF. Factor analysis in the development and refinement of clinical assessment

instruments. Psychological assessment. 1995; 7(3):286.

38. Browne MW, Cudeck R. Alternative Ways of Assessing Model Fit. Sociological Methods & Research.

1992; 21(2):230–58. https://doi.org/10.1177/0049124192021002005

39. Lt Hu, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria

versus new alternatives. Structural Equation Modeling: A Multidisciplinary Journal. 1999; 6(1):1–55.

https://doi.org/10.1080/10705519909540118

40. Bielak AAM, Gerstorf D, Anstey KJ, Luszcz MA. Longitudinal associations between activity and cogni-

tion vary by age, activity type, and cognitive domain. Psychology and aging. 2014; 29(4):863. https://

doi.org/10.1037/a0036960 PMID: 25133415

41. Carlson MC, Parisi JM, Xia J, Xue Q-L, Rebok GW, Bandeen-Roche K, et al. Lifestyle Activities and

Memory: Variety May Be the Spice of Life. The Women’s Health and Aging Study II. Journal of the Inter-

national Neuropsychological Society. 2012; 18(2):286–94. Epub 2011/12/15. https://doi.org/10.1017/

S135561771100169X PMID: 22172155

PLOS ONE Measuring activity engagement in old age

PLOS ONE | https://doi.org/10.1371/journal.pone.0260996 December 6, 2021 13 / 14

https://doi.org/10.1016/0022-3956%2875%2990026-6
https://doi.org/10.1016/0022-3956%2875%2990026-6
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
http://www.ncbi.nlm.nih.gov/pubmed/1512391
https://doi.org/10.1001/jama.1993.03500180078038
https://doi.org/10.1001/jama.1993.03500180078038
http://www.ncbi.nlm.nih.gov/pubmed/8479064
https://doi.org/10.6018/analesps.30.3.199361
https://doi.org/10.6018/analesps.30.3.199361
https://doi.org/10.3758/s13428-017-1013-4
https://doi.org/10.3758/s13428-017-1013-4
http://www.ncbi.nlm.nih.gov/pubmed/29392587
https://doi.org/10.1007/BF02289447
http://www.ncbi.nlm.nih.gov/pubmed/14306381
https://doi.org/10.1007/BF02293557
https://doi.org/10.1177/0013164419893413
http://www.ncbi.nlm.nih.gov/pubmed/32616957
https://doi.org/10.1007/BF02291575
https://doi.org/10.1007/BF02291575
https://doi.org/10.20982/tqmp.09.2.p079
https://doi.org/10.20982/tqmp.09.2.p079
https://doi.org/10.1207/s15327906mbr1302%5F9
http://www.ncbi.nlm.nih.gov/pubmed/26794022
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1037/a0036960
https://doi.org/10.1037/a0036960
http://www.ncbi.nlm.nih.gov/pubmed/25133415
https://doi.org/10.1017/S135561771100169X
https://doi.org/10.1017/S135561771100169X
http://www.ncbi.nlm.nih.gov/pubmed/22172155
https://doi.org/10.1371/journal.pone.0260996


42. Wilson RS, Barnes LL, Bennett DA. Assessment of Lifetime Participation in Cognitively Stimulating

Activities. Journal of Clinical and Experimental Neuropsychology. 2003; 25(5):634–42. https://doi.org/

10.1076/jcen.25.5.634.14572 PMID: 12815501

43. Schinka JA, McBride A, Vanderploeg RD, Tennyson K, Borenstein AR, Mortimer JA. Florida Cognitive

Activities Scale: initial development and validation. Journal of the International Neuropsychological

Society. 2005; 11(1):108–16. https://doi.org/10.1017/S1355617705050125 PMID: 15686613

PLOS ONE Measuring activity engagement in old age

PLOS ONE | https://doi.org/10.1371/journal.pone.0260996 December 6, 2021 14 / 14

https://doi.org/10.1076/jcen.25.5.634.14572
https://doi.org/10.1076/jcen.25.5.634.14572
http://www.ncbi.nlm.nih.gov/pubmed/12815501
https://doi.org/10.1017/S1355617705050125
http://www.ncbi.nlm.nih.gov/pubmed/15686613
https://doi.org/10.1371/journal.pone.0260996

