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Abstract 
Age-associated cognitive decline is a normal, non-pathological and inevitable 
human occurrence. Therefore, it remains a research priority to assess the 
role of certain protective factors, such as age, gender, and marital status, 
that influence age-associated cognitive decline to intervene in the stemming 
of its progress and guide theory, policy, and practice. The study used a dis-
sociative paradigm, using two measures to assess both short-term and 
visuo-spatial memory, to clarify the unestablished results of whether cogni-
tive ageing occurs in one subsystem (i.e., modular) or across the whole 
brain (i.e., generalised). Participants (N = 126; 79 females and 46 males) 
from Sydney, New South Wales were recruited and divided into three age 
groups: 18 - 27, 27 - 62, and 62+. Participants completed an online ques-
tionnaire, with computer administered tasks, assessing visuo-spatial and 
short-term memory. A Multivariate Analysis of Covariance (MANCOVA) 
revealed no significant covariate effects; covariates entered included partici-
pants’ total scores from psychometrically established measures addressing 
engagement with social networks, depressive symptomology, personal well-
being, and resilience. Consistent with previous findings, results from a Mul-
tivariate Analysis of Variance (MANOVA) supported the notion that being 
married is a protective factor in slowing down the progression of 
age-associated cognitive decline (i.e., visuo-spatial memory), in comparison 
to being single or in a de facto relationship. Older adults who were married 
performed lower on visuo-spatial memory tasks than younger adults. Support 
for the generalised model of ageing was revealed. Future directions and im-
plications of the study’s findings indicate the need to maximise protective in-
terventions for those who are single or in a de facto relationship, and the 
brain as a whole system, to prevent unwarranted cognitive decline. 
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1. Introduction 

Age-associated cognitive decline is considered a hallmark of ageing, hence a 
normal, non-pathological human occurrence (Deary et al., 2009). As a result of 
advancing age, cognitive decline is associated with a deterioration in certain 
cognitive abilities, such as processing speed, language, memory, and executive 
functioning abilities (Crook et al., 1992; Harada, Natelson-Love, & Triebel, 
2013). Cognitive ageing is detectable in early adulthood, including healthy edu-
cated adults (Salthouse, 2009; Salthouse, 2011) and a common precursor of de-
mentia, illness, and death (Deary et al., 2009). However, the progress and severi-
ty of age-associated cognitive decline are variable (Stern, 2009). Certain individ-
ual differences may contribute to higher levels of cognitive reserve, aiding in the 
mitigation of cognitive ageing and protection of brain health (Cornwell & Waite, 
2009; Deary et al., 2009). It is predicted that between 2015 and 2050, 22% of the 
world’s population will be over the age of 60, with the number of people aged 65 
or older, outnumbering children under the age of five (World Health Organisa-
tion [WHO], 2018). As such, the projected increase in the ageing population will 
place significant added pressure on the individual, family, societal, and econom-
ical resources (Centres for Disease Control and Prevention and the Alzheimer’s 
Association, n.d.; Deary et al., 2009; Kremen, Lachman, Pruessner, Sliwinski, & 
Wilson, 2012). This indicates that a research priority and public health goal re-
mains to better understand the role of protective factors with a view of impeding 
unwarranted cognitive ageing. 

Literature has claimed that, as a function of age, there is decreased flexibility 
in cognitive function, especifically areas of “fluid” cognitive ability involving 
memory, executive functioning, and processing speed and reasoning, which are 
all requirements for everyday independence (Deary et al., 2007). Spatial memory 
involves the retention of the location or position of objects or places and has 
been found to be particularly sensitive to age-associated cognitive decline, more 
so than verbal cognition (Cornoldi & Vecchi, 2003; Iachini et al., 2009). This 
difference in the spatial domain compared to that of the verbal domain may be 
due to cognitive reserve, arising from verbal encoding of explicit knowledge. The 
existence of multiple redundant verbal associations provides alternate retrieval 
mechanisms for verbally encoded material. This may buffer damage to verbally 
encoded associations, hence an explanation to the robust age-related differences 
in spatial and verbal memory (Jenkins, Myerson, Joerding, & Hale, 2000).  

Consequently, findings from previous studies suggest decline in visuo-spatial 
memory to be predictive of age-associated cognitive decline (Caroll, 2015; Hol-
den & Gilbert, 2012; Hort et al., 2007). Further, a limited number of studies have 
used visuo-spatial memory as a measurement of cognitive ageing. The MMSE 
has been widely used in the ageing literature to screen dementia; however, its 
ability to be able to detect more subtle age-associated cognitive changes is ques-
tionable (Berteau-Pavy, Park, & Raber, 2007). The Novel Image-Novel Location 
(NINL; Rizk-Jackson et al., 2006) is a sensitive measure to assess visuo-spatial 
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memory in neurotypical elderly. Further, the use of visuo-spatial memory over 
verbal memory allows for test fairness across all educational levels and age 
groups (Raber, 2015). Rodent models have been used to study cognitive ageing 
using location and object novelty recognition tasks, finding sex and age differ-
ences (Benice & Raber, 2009; Bernice, Rizk, Kohama, Pfankuch, & Raber, 2006). 
Performance on the NINL is sensitive to the effects of a gene allele (i.e., apolipo-
protein E4), which is a known risk factor for developing late onset Alzheimer’s 
disease (Berteau-Pavy et al., 2007; Haley, Berteau-Pavy, Park, & Raber, 2010; 
Raber, 2015). For this reason, the current study aimed to contribute to the re-
search by the use of an extension of the NINL, namely, The Bond Novel Image 
Novel Location-Revised (NINL_BR; Carroll & Bahr, 2015) to assess visuo-spatial 
memory in an Australian community sample, ensuring age-related changes were 
conservatively detected. 

The cognitive reserve hypothesis posits that cognitive stimulation can act as a 
protective factor against cognitive decline (Stern, 2009). Individuals who have 
higher levels of cognitive reserve, which refers to the brain’s ability to actively 
cope and function after cognitive deterioration, are more likely to maintain 
higher levels of cognitive performance (Satz, 1993; Stern, 2009). Research has 
suggested that higher socio-economic status, bi- or multilingualism, level of 
education, IQ, occupational complexity, proposition of relationships (e.g., mar-
riage) in comparison to living alone, and social networks can buffer and delay 
cognitive ageing processes, hence contribute to higher cognitive reserve (Baltes 
& Baltes, 1990; Coyle, 2003; Craik, Bialystok, & Freedman, 2010; Crooks et al., 
2008; Elovainio et al., 2018; Fratiglioni & Wang, 2007; Håkansson et al., 2009; 
Mazzuco, Meggiolaro, Ongaro, & Toffolutti, 2017; Mousavi-Nasab et al., 2012; 
Stern, 2009; Perquin et al., 2013; Van Gelder et al., 2006; Yates, Clare, & Woods, 
2017). It has also been suggested that women have more positive exchanges with 
children, other family, and friends compared to men and these positive ex-
changes may be indicative of greater cognitive stimulation for women than men 
(Stafford et al., 2011). In addition to age-associated cognitive decline, an indi-
vidual’s social and emotional life does change as a function of increasing age 
(Charles & Carstensen, 2010). Widowhood is a more common marital state for 
the elderly (Lee, DeMaris, Bavin, & Sullivan, 2001; Lubben, 1988), increasing lo-
neliness, stress, and depression. This can cause intellectual and cognitive stimu-
lation gained from relationships to be reduced (Paul & Ribeiro, 2009), accelerat-
ing cognitive decline (Lucanin, Lucanin, & Mladen, 2011; Meng, Liu, Liu, Fang, 
& Zhai, 2018; Ownby, Crocco, Acevedo, John, & Loewenstein, 2006; Turner, 
Capuano, Wilson, & Barnes, 2015; Wilson, Mendes de Leon, Bennett, Bienias, & 
Evans, 2004). Research has shown that personal wellbeing, or lack thereof, may 
be associated with cognitive changes, for example, individuals who view their 
ageing positively, will be more likely to actively exploit their cognitive resources 
(Levy, 2003; West, Thorn, & Bagwell, 2003). Further, studies have found that re-
silience and social integration promote wellbeing and reduce the rate of cogni-
tive decline (Ertel, Glymour, & Berkman, 2008; Tschanz et al., 2013). The need 
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to control for each participant’s expected cognitive reserve factors can be justi-
fied to ensure that age-related cognitive changes are not confounded. As a 
consequence, the current study examined the impact of age, gender, and ma-
rital status on non-pathological cognitive ageing, after controlling for the ef-
fects of expected cognitive reserve factors (i.e., depressive symptomology, resi-
lience, personal wellbeing, and engagement with social networks), due to their 
suggested salience. 

The current study aimed to extend upon the findings from Caroll’s (2015) 
study, which examined the impact of conjugal loss on age-associated cognitive 
decline. Carroll’s (2015) findings revealed that those who had lost a partner (i.e., 
widowed) performed lower on cognitive performance (i.e., visuo-spatial memory 
tasks) as well as having slower reaction times, compared to non-widowed par-
ticipants. Caroll’s (2015) study implemented the use of a sensitive construct (i.e., 
visuo-spatial memory; Iachini et al., 2009) to measure cognitive ageing; however, 
the study did possess a number of limitations. For example, while there was no 
significant covariate effect for social support, the utilisation of a well-established 
psychometrically sound measure was absent. Instead, simple demographics for 
the assessment of social support were collected that lacked uniformity, and 
whether the effects of marital status on cognitive functioning are still evident af-
ter controlling for participant’s engagement with social networks remains largely 
unknown. Further, the small Queensland sample size used in Caroll’s (2015) 
study (N = 59) may have restricted its ability to distinguish gender effects. Con-
sequently, the current study aimed to address these limitations and extend the 
generalisability and interpretation of Caroll’s (2015) findings in the examination 
of age, gender, and marital status on age-associated cognitive decline. To in-
crease power, the current study aimed to use a larger sample compared to Ca-
roll’s (2015) study (Shadish, Cook, & Campbell, 2002). State-specific Queen-
sland factors were excluded by sampling from different areas of Sydney, New 
South Wales, to increase generality. By addressing these limitations in the cog-
nitive ageing literature, the current study may guide future research efforts and 
psychological and social intervention strategies tailored to individuals who 
have deficits in cognitive protective factors, hence, improve the wellbeing of 
older adults. 

Further empirical studies, in alignment with the cognitive reserve hypothesis 
have supported the proposition of relationships (e.g., marriage) acting as protec-
tive factors against age-associated cognitive decline, in comparison to living 
alone (Håkansson et al., 2009; Mousavi-Nasab et al., 2012). In accordance with 
these findings are the results from a longitudinal study by Mazzuco et al. (2017), 
whose sample comprised of Northern Europeans (N = 1276). The researchers 
showed that co-residence with a partner or with adult children reduced cognitive 
decline in older adults in comparison to those living alone, even if their cognitive 
status was already being compromised. The findings relating to cognitive decline 
were measured by differences in scores from 2004 to 2006-07 via five different 
measures of cognitive function. These included, orientation, immediate recall, 
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delayed recall, verbal fluency, and numeracy tests. However, in their Southern 
European (i.e., Italy and Spain) sample (N = 1142), co-residence with others, was 
negatively associated with the cognitive health of older adults (Mazzuco et al., 
2017). Further, the study did not show whether gender had an effect on cogni-
tive ageing. Studying both men and women allows both biological mechanisms 
to be considered and their association with cognitive decline. Notably, the re-
searchers’ contradictory findings could have been because selection bias was not 
controlled. There was also no provision made for the differences in the level of 
co-residence of older people with adult children as well as institution variability 
across Northern and Southern Europe (Gaymu et al., 2006). Therefore, the cur-
rent study aimed to overcome this methodological problem by purposively sam-
pling men and women of differing marital statuses residing from one country 
(i.e., Australia) to add to the external validity of findings. 

Further review of the cognitive ageing literature has found shortfalls in the 
examination of age, gender, and marital status on age-related cognitive decline. 
A longitudinal study (N = 1416) by Van Gelder et al. (2006) revealed that Euro-
pean men aged between 70 - 89 years old, who were unmarried or lived alone 
during a five-year period showed greater cognitive decline compared to those 
men who were married or who lived with someone during this five-year period. 
As there was no provision or control regarding participant’s engagement with 
social networks in either marital status or living arrangement in the aforemen-
tioned study, the researchers’ finding was not decisive, compromising the exter-
nal validity of their findings. Hence, the present study controlled for the ex-
pected confounding effects of each participant’s engagement with social net-
works on cognitive ageing and marital status by using an established measure 
with sound psychometric properties, such as the Lubben Social Network Scale 
(LSNS; Lubben & Gironda, 2003). Moreover, Van Gelder et al.’s (2006) study 
measured cognitive decline by the Mini-Mental State Examination (MMSE; 
Folstein, Folstein, & McHugh, 1975), which is a measure of global cognitive 
functioning. Thus, the detailed assessment of different cognitive domains re-
mained absent. As a result, the current study addressed this limitation by mea-
suring the cognitive domain of visuo-spatial memory, due to its sensitivity to 
age-associated cognitive changes (Holden & Gilbert, 2012; Hort et al., 2007; Ia-
chini et al., 2009). 

In contrast to visuo-spatial memory, evidence suggests that short-term mem-
ory (STM) may remain unaffected as a function of age. STM has been differen-
tiated into two processes, which include, primary memory and true working 
memory (Luo & Craik, 2008). Both primary and true working memory involves 
the simple storage of information, however, true working memory manipulates 
information. Previous studies assessing STM using forward digit span tasks have 
found that span remains unaffected by age (Harrison, Rosenblum, & Currie, 
2010). This indicates that STM shows little decline in those with mild cognitive 
impairment and Alzheimer’s disease compared to healthy individuals (Gron-
holm-Nyman, Rinne, & Laine, 2009; Traykov et al., 2007). Two disease process 
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models have been identified to explain cognitive ageing processes: generalised 
and modular decline. Under the generalised model, the brain as a whole is sub-
ject to decline; the accumulation of amyloid plaque, attacking neurological 
structures unsystematically, has been suggested to primarily influence wide-
spread cognitive decline (Hardy, 2002; Salthouse, 1996). The modular decline 
model presents an alternative view, which posits that cognitive decline is ordered 
and predictable with specific sub-systems declining separately, implying that 
cognitive preservation is differential (Delaloye et al., 2009). While the cognitive 
reserve hypothesis does not favour either model of cognitive ageing, the idea of 
differential preservation in cognition is proposed (Stern, 2009). Therefore, the 
current study implemented a dissociative paradigm, using two measures to as-
sess both STM and visuo-spatial memory. A forward digit span task (DST) to 
assess STM was used as a comparison to the measure of interest (i.e., NINL_BR), 
which assessed visuo-spatial memory. 

2. The Current Study 

Based on the empirical literature reviewed, the following was hypothesised. 
H1: After controlling for expected cognitive reserve factors, participants who were 

in married or de facto relationships would have significantly higher visuo-spatial 
memory scores than those participants who were single or widowed. 

H2: After controlling for expected cognitive reserve factors, older-aged males 
would have significantly lower visuo-spatial memory scores compared to old-
er-aged females. 

H3: In support of the modular decline of ageing, there would be a significant 
dissociation of performance with age, with DST performance (i.e., STM) remain-
ing unaffected by age, however, performance on the NINL_BR (i.e., visuo-spatial 
memory) would show decline as a function of age. Conversely, in support of the 
generalised model of ageing, there would be no significant difference in DST and 
NINL_BR performance as age increases. 

3. Method 
3.1. Participants 

Participants were recruited via a purposive sampling approach from either social 
networking sites (e.g., Facebook) or an email, which included the friends, family, 
and acquaintances of the student researcher that resided in Sydney, New South 
Wales. Inclusion criteria required respondents to provide informed consent, be 
aged over 18, and have access to an internet connected electronic device. One 
hundred and forty questionnaire responses were completed and this exceeded 
the minimum sample size (N = 135) required to obtain a medium effect size (f = 
0.15), power of 0.80, and a critical alpha of 0.05, using G * Power as a validation 
tool a priori (Faul, Erdfelder, Lang, & Buchner, 2007).  

Originally, marital status was categorised into six categories: married, de facto, 
single, widowed, divorced, new relationship, and divorced, single. For the pur-
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poses of the study and to ensure sufficient cell sizes, the divorced, new relation-
ship (n = 1) was collapsed into the married category and the divorced, single (n 
= 2) was collapsed into the single category. Insufficient cell sizes were observed 
for the widowed category (n = 14) and collapsing of cells was not an option for 
this particular category. Therefore, a decision was made to remove the widowed 
category, leaving marital status comprising married, de facto, and single. Con-
sequently, the total analytical sample consisted of 126 participants, ranging be-
tween 18 and 92 years old (M = 45.79 years, SD = 22.23 years). Age was 
categorised into three groups (18 - 27, 27 - 62, and 62+). This was done to 
achieve an age-balanced design and to broadly correspond to other ageing re-
search in the categorisation of young, middle-aged, and old people (Byers, Yaffe, 
Covinsky, Friedman, & Bruce, 2010).  

The sample comprised 79 females (63.2%) and 46 males (36.8%). Forty-eight 
participants (38.4%) were between 18 and 27, 43 participants (34.4%) were be-
tween 27 - 62, and 34 (27.2%) participants were above 62 years old. Of the total 
sample, 18 participants (14.3%) were in a de facto relationship, 65 participants 
(51.6%) were married, and 38 participants (30.2%) were single. See Table 1 for 
distribution of independent variables (i.e., marital status, age, and gender). A 
chi-square test revealed that the gender distribution in the current sample was 
not representative of the Australian population based on gender norms from the 
Australian Bureau of Statistics (ABS, 2017), p = 0.003 (see Appendix A). 

3.2. Materials 

Socio-demographic questionnaire. The 3-item socio-demographic ques-
tionnaire obtained information, including each participant’s current age in 
years, gender, and marital status. 

The Lubben Social Network Scale - 6 (LSNS-6; Lubben & Gironda, 2003) 
is a six-item scale which is further divided into two subscales evaluating family 
and friendship ties. Total LSNS-6 scores are an equally weighted sum of these six 
items, with scores ranging from zero to 30. Higher scores are reflective of larger 
social networks. The LSNS-6 has demonstrated sound psychometric properties, 
supporting its use in research and clinical contexts (Gray, Kim, Ciesla, & Yao, 
2016). 

The Novel Item Novel Location-Bond Revised (NINL_BR; Carroll & 
Bahr, 2015) objectively examines visuo-spatial memory in adults. The NINL_BR  
 
Table 1. Distribution of marital status by age and gender. 

Marital Status 
18 - 27 27 - 62 62+ 

Male Female Male Female Male Female 

Married 2 1 9 26 8 17 

De facto 4 9 2 2 0 1 

Single 19 13 0 2 1 3 

Note: Valid N = 119. Missing N = 7. Total N = 126. 
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was derived from the Novel Image Novel Location (NINL; Rizk-Jackson et al., 
2006) and contains similar stimuli. The NINL_BR is administered online and 
participants are first presented with the Learning Phase, which consists of the 
presentation of 24 sets of slides containing three images of everyday items, with 
each slide shown for eight seconds (refer to Figure 1). Each slide is split into 
four quadrants, with one quadrant always remaining imageless. The instructions 
in the Learning Phase ask the participant to remember the images and their po-
sitioning on the slide.  

The Test Phase comprises 24 slides, with the images either remaining the 
same as in the Learning Phase, labelled, No Change (NC); an unseen image, 
labelled, New Image (NI); or a change in image position to an empty quadrant, 
labelled, New Location (NL; refer to Figure 2). For the purposes of this study, 
three scores were created: Proportion NC, Proportion NI (i.e., content memory), 
and Proportion NL (i.e., content and spatial memory), and these scores capture 
the correct recognition and identification of an image from the Learning Phase. 
A participant’s total score ranges from zero to 24 and is reflective of their overall 
memory performance. Higher scores indicate a more precise recall of the Learn-
ing Phase in the Test Phase. The NINL_BR has demonstrated good test-retest re-
liability, convergent, and divergent validity (Berg, 1988; Caroll, 2015; Hayley et 
al., 2012; Rizk-Jackson et al., 2006). 
 

 
Figure 1. Learning phase example from the NINL_BR. 

 

 
Figure 2. Test phase example from the NINL_BR, revealing a change in location (NL). 
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Forward Digit Span Task (DST). DSTs are popularly used in cognitive psy-
chology, neuropsychological testing, and experimental research as a test of 
short-term verbal memory (Franzen, Robbins, & Sawicki, 1989; Lezak, 1983; 
Richardson, 2007). The purpose of employing an online forward DST in the 
current study was for comparison to the measure of interest (i.e., NINL_BR). 
Participants were shown a set of slides with sequences of 11 random numbers. 
Each slide was shown for eight seconds after which it blanked and participants 
then recalled as many of the numbers they could remember in the correct order 
presented. Each participant’s mean digit span was used for the analysis as an in-
dicator of short-term storage capacity (Myerson, Emery, White, & Hale, 2003). 

The Depression, Anxiety, and Stress Scale (DASS 21; Lovibond & Lovi-
bond, 1995) is a 21 item scale that measures the severity of three states of 
self-reported negative affect: depression, anxiety, and stress symptoms expe-
rienced over the past week in adults (Lovibond & Lovibond, 1995). The use of 
the DASS 21 in the present study allows for comparable scores using local Aus-
tralian norms across age, sex, and education (Crawford et al., 2011). The DASS 
21 has demonstrated sound psychometric properties, with notably good reliabil-
ity in adult non-clinical samples, supporting its use in the current study (Henry 
& Crawford, 2005; Sinclair et al., 2012). The DASS 21 has also revealed good 
convergent and divergent validity (Brown et al., 1997; Gloster et al., 2008; Craw-
ford & Henry, 2003; Ng et al., 2007; Norton, 2007; Sinclair et al., 2012; Wood et 
al., 2010). Consequently, the DASS 21 was used to operationalise depressive 
symptomology in the current study.  

The Personal Wellbeing Index-Adult; Fifth Edition (PWI-A, 5th Edition; 
International Wellbeing Group (IWG), 2013) is a 7-item self-report measure 
used to assess subjective satisfaction in adults over the age of 18. The PWI-A ad-
dresses seven different facets of life including standard of living, personal health, 
achievement, personal relationships, personal safety, community-connectedness, 
and future security (International Wellbeing Group (IWG), 2013). The total 
PWI-A score (“Subjective Wellbeing”) is obtained by summing the seven do-
main scores, with higher scores reflective of greater personal wellbeing (Interna-
tional Wellbeing Group (IWG), 2013). Scores range from zero to 100. In the in-
terests of psychometrics, the current study used a standard scoring system for 
the PWI-A. The PWI-A has demonstrated good psychometrics in cross-cultural 
samples (Diener, Emmons, Larsen, & Griffin, 1985; Lau & Cummins, 2005; Lau, 
Cummins, & McPherson, 2005; Misajon et al., 2016; Tomyn, Fuller Tyszkiewicz, 
& Cummins, 2013; Yousefi, Alipour, & Sharif, 2011). 

The Resilience in Midlife Scale (RIM Scale; Ryan & Caltabiano, 2009) 
measures resilience (self-reported) in adults between the ages of 35 and 60. The 
RIM Scale contains 25 items that tap five facets of resilience, such as persever-
ance, internal locus of control, self-efficacy, adaptation and coping, and family 
or social networks (Ryan & Caltabiano, 2009). Scores range from zero to 100, 
with higher scores reflective of greater resilience. The RIM Scale has demon-
strated good internal consistency (α = 0.87) and split-half reliability (r = 0.88) in 
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a non-clinical Australian sample of 130 adults (Ryan & Caltabiano, 2009) and 
was used to operationalise resilience in this study. 

Refer to Appendix B for instrumentation and Appendix C for reliability sta-
tistics for scales.  

3.3. Procedure 

Prior to data collection the study was approved by the Bond University Human 
Research Ethics Committee (BUHREC; BUHREC #RO15061) and conducted in 
alignment with the National Statement (2007). Participants were provided with a 
link, which directed them to the online questionnaire platform, Google Forms, a 
web-based software offered by Google within its Google Drive service. An ex-
planatory statement was provided (see Appendix B). Participants who volunta-
rily selected that they understood informed consent were able to proceed, infer-
ring participation. After a three-month data collection period, the data was di-
rectly exported to the IBM Statistical Package for the Social Sciences (SPSS) ver-
sion 25 for statistical screening and analysis. The data was only accessible by the 
researcher and will be stored with a password protected file for five years at 
Bond University, in accordance with the guidelines set out by BUHREC. 

3.4. Design 

The current study employed a 3 (Marital Status: de facto; married; single) × 3 
(Age Group: 18 - 27; 27 - 62; 62+) × 2 (Gender: male; female) between subjects 
Multivariate Analysis of Covariance (MANCOVA) to examine the relationship 
between marital status, age, and gender on age-associated cognitive decline after 
controlling for each participant’s expected cognitive reserve factors. Each par-
ticipant’s total scores from the measures (i.e., LSNS-6, DASS 21, RIM Scale, and 
PWI-A) were entered as covariates to control for their expected confounding ef-
fects on their cognitive reserve. Age, gender, and marital status were entered as 
independent variables. Visuo-spatial memory, as measured by the NINL_BR 
subscales (i.e., New Image, New Location, and No Change) and STM, as meas-
ured by the DST, were entered as dependent variables. As nocovariates were de-
tected, the initial analysis was followed with a 3 (Marital Status: de facto; mar-
ried; single) × 3 (Age Group: 18 - 27; 27 - 62; 62+) × 2 (Gender: male; female) 
between subjects Multivariate Analysis of Variance (MANOVA), with follow up 
Analyses of Variance (ANOVAs). A mixed ANOVA was also performed to test 
the third hypothesis. All analyses were conducted with a conventional alpha level 
set at 0.05 a priori (Tabachnick & Fidell, 2014). 

4. Results 
4.1. Data Diagnostics 

Data was screened to ensure assumptions were met for the MANCOVA, 
MANOVA, and ANOVAs. The assumption of homogeneity of variance for the 
New Location subdomain of the NINL_BR was violated. Univariate and multi-
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variate outliers were present, however, all outliers were accepted as genuine ex-
treme cases and preserved in the analysis. All other assumptions were met. 
MANCOVA and MANOVA are robust to allow for the above assumption viola-
tions. A conservative approach was taken for the analysis by using the Pillai’s 
Trace approximation of F (Tabachnick & Fidell, 2014). 

MANCOVA Analysis: Marital Status × Age × Gender 
A 3 × 3 × 2 MANCOVA analysis was conducted. No statistically significant 

covariate effects on the combined dependent variables (i.e., NINL_BR and DST) 
for the DASS 21, F(4, 91) = 1.20, p = 0.317; RIM Scale, F(4, 91) = 2.13, p = 0.084; 
PWI-A, F(4, 91) = 0.21, p = 0.934, and LSNS-6, F(4, 91) = 0.54, p = 0.708, were 
revealed. As such, all covariates for the remaining analyses were removed, de-
spite their theoretical importance, as they demonstrated no significant effect on 
cognition.  

MANOVA Analysis: Marital Status × Age × Gender 
A 3 × 3 × 2 between subjects MANOVA was conducted. No significant mul-

tivariate interaction effect amongst gender, marital status, and age on the com-
bined dependent variables was observed, F(8, 202) = 1.13, p = 0.342. Similarly, 
no significant multivariate interaction effect was found between gender and ma-
rital status, and gender and age, on the combined dependent variables, F(8, 202) 
= 0.45, p = 0.889 and F(8, 202). A significant multivariate interaction effect was 
found between marital status and age on the combined dependent variables, in-
dicating that the effect of cognitive decline is not the same for those who are of 
differing marital statuses and ages, F(16, 412) = 1.88, p = 0.020, Pillai’s trace = 
0.27, η2 = 0.07, power = 0.96.There was no significant multivariate effect of 
gender on the combined dependent variables, F(4, 100) = 0.64, p = 0.638. Con-
versely, a significant multivariate effect of marital status on the combined de-
pendent variables was obtained, indicating that marital status had a direct effect 
on cognitive performance, F(8, 202) = 2.36, p = 0.019, Pillai’s trace = 0.17, η2 = 
0.09, power = 0.88. There was also a significant multivariate effect of age on the 
combined dependent variables, indicating that age had a direct impact on cogni-
tive performance, F(8, 202) = 3.17, p = 0.002, Pillai’s trace = 0.22, η2 = 0.11, 
power = 0.96. 

Inspection of between-subjects effects demonstrated a significant interaction 
effect between marital status and age on the New Location and New Image sub-
domain of the NINL_BR, F(4, 103)= 3.78, p = 0.007, η2 = 0.13, power = 0.88 and 
F(4, 103) = 2.89, p = 0.026, η2 = 0.10, power = 0.76, respectively. Further, a sig-
nificant effect for marital status on New Location and New Image were found, 
F(2, 103) = 4.56, p = 0.013, η2 = 0.08, power = 0.76 and F(2, 103) = 3.19, p = 
0.045, η2 = 0.06, power = 0.60, respectively. These findings indicate that scores 
on the New Location and New Image subdomain of the NINL_BR are different 
for those of differing marital statuses. A significant between-subjects effect for 
age and New Location was found, indicating that age had a direct impact on 
New Location scores, F(2, 103) = 8.59, p < 0.001, η2 = 0.14, power = 0.96.  
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One-way ANOVAs. Two ANOVAs were conducted on a series of variables 
to examine more specifically the impact of marital status and age on the New 
Location and New Image subdomains of the NINL_BR. Using SPSS, the marital 
status file was split. No significant difference was found between those who were 
in a de facto relationship or single on New Location scores, F(2, 15) = 0.08, p = 
0.924 and F(2, 35) = 0.29, p = 0.753, respectively, and New Image scores, F(2, 15) 
= 1.98, p = 0.173 and F(2, 35) = 1.26, p = 0.296, respectively. However, for those 
participants who identified as being married there was a statistically significant 
difference on New Location scores, F(2, 61) = 28.52, p < 0.001, η2 = 0.47, power 
approaching one, and New Image scores, F(2, 61) = 4.28, p = 0.018, η2 = 0.12, 
power = 0.73. These results indicate that those who were married performed 
better on the New Location and New Image subdomain of the NINL_BR than 
those who were single or in a de facto relationship.  

Post-hoc comparisons between groups for New Location, using the Tukey 
HSD test (α = 0.05) indicated a floor effect. Inspection of means between groups 
using the Tukey HSD test (α = 0.05) suggested that New Image scores for those 
who were married and aged between 27 and 62 were significantly higher com-
pared to those who were married and aged over 62. New Image scores of the 
NINL_BR were significantly lower for those who were married and aged be-
tween 18 and 27 compared to the two other age groups. Further, for those who 
were single and in a de facto relationship no significant difference in New Image 
scores across age were found. A problem of interpretation remains as some cell 
sizes are small, revealing zero variation (M = 0.0, SD = 0.0), therefore the ob-
tained result should be treated with caution (Tabachnick & Fidell, 2014). See 
Table 2 for means and standard deviations.  

4.2. Generalised Versus Modular Decline 

Mixed ANOVA. The standardised (Z) scores of the total NINL_BR and DST 
were obtained for a directly comparable effect to test the third hypothesis. This 
was done as the NINL_BR utilised proportional scales, while the DST utilised a 
scaling system out of seven. Age was entered as the independent variable. The 
assumption of sphericity was met, Greenhouse-Geisser epsilon = 1.00. No sig-
nificant multivariate interaction effect was shown for type of measure on age, 
F(2, 122) = 0.13, p = 0.878, indicating no significant effect of age on NINL_BR 
and DST performance. Further, no significant multivariate effect was found for  
 
Table 2. Means and standard deviations of new image scores by marital status and age. 

Marital Status 
18 - 27 27 - 62 62+ 

M (SD) M (SD) M (SD) 

Married 0.29 (0.14) 0.67 (0.24) 0.66 (0.20) 

De facto 0.70 (0.10) 0.59 (0.21) 0.0 (0.0) 

Single 0.67 (0.16) 0.81 (0.09) 0.59 (0.12) 

Note. N = 126. M = Mean. SD = Standard Deviation. 
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type of measure (i.e., NINL_BR and DST), F(1, 122) = 0.0, p = 0.952, supporting 
the model of generalised ageing. A declining trend in NINL_BR and span per-
formance for participants aged between 27 and 62 was observed (see Figure 3). 
However, these visual observations are made with caution due to no statistical 
difference of age detected.  

5. Discussion 

MANCOVA results suggested that expected cognitive reserve factors had no ef-
fect on age-associated cognitive decline and if kept the study would have de-
creased power (Tabachnick & Fidell, 2014). Differences in the current study’s 
sample in comparison to previous studies may explain differences in efficacy of 
covariates. Results from the 3 × 3 × 2 MANOVA indicated a significant interac-
tion between marital status and age on the New Location and New Image sub-
domains of the NINL_BR. Follow-up ANOVAs revealed that those who were 
married obtained significantly higher scores on the subdomains of New Location 
(i.e., content and spatial memory) and New Image (i.e., content memory) of the 
NINL_BR than those who were single or in a de facto relationship. Thus, the 
first hypothesis was partially supported.  

Previous studies have found that those who are married or living with some-
one (e.g., adult children, partner) show significantly lower cognitive decline 
compared to those who are single or living alone (Aartsen et al., 2005; Caroll, 
2015; Elovainio et al., 2018; Håkansson et al., 2009; Mousavi-Nasab et al., 2012; 
Van Gelder et al., 2006). The findings in the current study were partially consis-
tent with previous studies, revealing married participants demonstrating signifi-
cantly less cognitive decline (indicated by significantly higher visuo-spatial 
memory scores) than participants who were single. However, inconsistent with 
previous studies, the current study found that those in a de facto relationship did  
 

 
Figure 3. Standardised total NINL_BR and DST scores across age. Reference line indi-
cates sample mean level of performance. 
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not demonstrate to have significantly higher visuo-spatial memory scores com-
pared to those who identified as being single. While it was expected that those 
participants who were single to perform significantly lower on visuo-spatial 
memory scores than those who were married, it was unexpected to find that 
those in a de facto relationship did not have significantly higher visuo-spatial 
memory scores than those who were single. 

Notably, two previous studies have indicated that co-residence with a partner 
or adult children to be negatively associated with older adults’ cognitive health 
when using Southern European samples (Bordone & Weber, 2012; Mazzuco et 
al., 2017). Therefore, it could be postulated that there was selection bias in the 
current study’s sample, which accounted for the unexpected finding for those in 
de facto relationships. Further, the sample distribution of the current study re-
vealed the majority for those who were married to be aged between 27 and 62 
and majority for those in a de facto relationship to be aged between 18 and 27. 
As such, this unpredicted result could be explained by differences in a relation-
ship length, which could have restricted the cognitive stimulation from being in 
a relationship to buffer and delay cognitive ageing processes and hence contri-
bute to higher cognitive reserve, for those who were in a de facto relationship 
(Feng et al., 2014; Stern, 2009). Regardless, the results suggest the implementa-
tion of proactive strategies to mitigate cognitive ageing for those who are single 
or in de facto relationships, as well as research evidence to evaluate their effec-
tiveness. 

Hedden and Gabrieli (2004) indicated that the risk of age-related cognitive 
changes increases as a function of age. Examination of means, from the current 
study also revealed younger married adults to have higher cognitive functioning 
than older married adults. For New Image scores, married individuals aged be-
tween 27 and 62, obtained scores that were significantly higher than those aged 
62+. These findings may give support to cognitive degradation occurring before 
the age of 65 (Salthouse, 2011). However, discussion of these results should be 
made with caution because of insufficient cases for analysis (Tabachnick & Fi-
dell, 2014). 

The second hypothesis was not supported as there was no significant interac-
tion effect for age and gender evident in the current study. This suggests that 
animal models may not be applicable to human cognition, as rodent studies have 
revealed different outcomes, finding significant age and sex differences on cog-
nitive ageing (Benice & Raber, 2009; Bernice et al., 2006). As previously men-
tioned, Carroll’s (2015) study did not use an established scale with psychometric 
properties in the measurement of social networks, which was thought to con-
found results due to reported sex differences in expectations of social relation-
ships (Liao & Scholes, 2017). However, there was no significant covariate effect 
of engagement with social networks on age-associated cognitive decline, adding 
credence to Carroll’s (2015) findings. Literature has also indicated that women 
have more positive exchanges with children, other family, and friends compared 
to men and these positive exchanges may be indicative of greater cognitive sti-
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mulation for women than men (Stafford et al., 2011). However, modern society 
may challenge these stereotypical gender representations. In light of the current 
study, it is plausible to consider the sample size as restricting the current study’s 
ability to distinguish gender effects. 

No significant interaction between age and type of measure was found, 
therefore, support for the generalised model of ageing was demonstrated. This 
could be reflective of insensitive instrumentation and as such a more sensitive 
test is suggested for future research to discriminate between generalised and 
modular cognitive ageing processes with age. Examination of the slope of the 
standardised comparison revealed the NINL_BR to be more sensitive to 
age-related changes than span. This finding is consistent with Gronholm-Nyman 
et al.’s (2009) and Traykov et al.’s (2007) findings. Miller’s (1956) study of STM 
also concluded that span was 7 ± 2 digits, suggesting that the limit of memory 
was about seven familiar chunks. For the current study, each participant’s mean 
digit span was within Miller’s (1956) 7 ± 2 digits (M = 6.15, SD = 1.85) and 
showed no significant span effect with age. Future replication may aim to im-
plement different memory processes and instrumentation to clarify what hap-
pens inside the ageing brain, ensuring the most effective interventions are im-
plemented for successful cognitive outcomes for the current ageing Australian 
population. 

5.1. Limitations and Future Research 

Interpretation of the above results for the current study should be considered 
with reference to the limitations. The current study’s gender distribution was not 
representative of the Australian population. Therefore, a larger more representa-
tive sample may ensure that gender effects are distinguished, while establishing 
generality to the Australian population. However, the current study’s gender 
distribution being overly representative of women compared to men is repre-
sentative of other similar studies (Shadish et al., 2002). Further, insufficient cell 
sizes for the widowhood category and the inability to collapse cells into another 
marital status category restricted the study’s ability to examine the impact of 
widowhood on cognitive ageing. As such, future studies could use alternative 
sampling techniques (e.g., direct random stratified sampling), making the ability 
to reach a larger widowed community more achievable.  

5.2. Implications 

The principle finding of the present study was that those participants who were 
married obtained significantly higher visuo-spatial memory scores than those 
who were in a de facto relationship or single. The results from the current study 
add validation to existing studies, which have found being married to be a pro-
tective factor against age-associated cognitive decline. Broadly, the current 
study’s findings contribute to the notion that being socially engaged buffers 
against cognitive ageing. Targeted interventions for client groups who are not in 
a marital relationship, to increase cognitive reserve and consequently reduce the 
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risk of unwarranted cognitive ageing, are suggested. However, the need for fur-
ther examination into the effects of marital status on age-associated cognitive 
decline is warranted. As such, it is suggested that future studies examine the dif-
ferences in cognitive stimulation and quality of relationships between those who 
are married and in a de facto relationship. This would enable the development of 
psychologically tailored diagnostic tools and treatments that add new cognitive 
and social activities to an individual’s lifestyle, to increase awareness on cogni-
tive reserve factors and prevent unwarranted cognitive decline. This may have 
long-term benefits by extending the living status of ageing adults to the home 
over institutionalised care, decreasing pressure on individual and societal re-
sources.  

The study’s findings also supported the generalised model of cognitive degra-
dation. This has implications for a preventive medicine approach to cognitive 
deterioration. If decline is generalised, a raft of cognitive interventions rather 
than specific targeted interventions, to increase cognitive reserve, is suggested. It 
would be recommended that future studies focus on other measures to examine 
cognitive dissociation processes, ensuring the most effective interventions are 
implemented for successful cognitive outcomes for the current ageing Australian 
population. In light of the above, the need to better understand the impact of 
age, gender, and marital status to buffer and delay age-associated cognitive de-
cline remains a primary public health and research goal. 
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Appendix A 
 
Table A1. Chi square test for gender distribution of the current study’s sample. 

Chi-Square Test Frequencies 

gender dichotmous 0 female 

Observed N Expected N Residual 

Female 79 62.5 16.5 

Male 46 62.5 −16.5 

Total 125   

 

Test Statistics gender dichotmous 0 female 

Chi-Square 8.712a 

df 1 

Asymp. Sig. 0.003 

a0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency is 62.5. 
 
Table A2. Missing values analysis for all independent and dependent variables. 

MVA 

Univariate Statistics 

 N Mean 
Std. 

Deviation 

Missing No. of Extremesa,b 

Count Percent Low High 

NL_prop 126 0.0109 0.04189 0 0.0   

NI_prop 126 0.6627 0.19253 0 0.0 2 0 

NC_prop 126 0.4722 0.18634 0 0.0 0 1 

NINL_prop 126 0.3819 0.08971 0 0.0 1 0 

mspan 126 6.1786 1.74959 0 0.0 1 10 

DASST 125 12.6480 10.26681 1 0.8 0 6 

resilience_tot 125 61.4880 10.78501 1 0.8 3 3 

Pwitot 121 35.9917 14.55421 5 4.0 0 0 

lsnstot 126 19.1587 5.58342 0 0.0 0 0 

gender 125   1 0.8   

Married 121   5 4.0   

trichage 125   1 0.8   

a. Number of cases outside the range (Q1 − 1.5 * IQR, Q3 + 1.5 * IQR). b. . Indicates that the inter-quartile 
range (IQR) is zero. 
 

1) Scatterplot of each dependent variable and each covariate for the 
MANCOVA analysis 
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Figure A1.1. Scatterplot of each dependent variable and each covariate for the 
MANCOVA analysis. 

 

 
Figure A1.2. Scatterplot of each dependent variable and each covariate for the 
MANCOVA analysis. 
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Figure A1.3. Scatterplot of each dependent variable and each covariate for the 
MANCOVA analysis. 
 

 
Figure A1.4. Scatterplot of each dependent variable and each covariate for the 
MANCOVA analysis. 
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Figure A1.5. Scatterplot of each dependent variable and each covariate for the MANCOVA analysis. 
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2) Homoscedasticity assumption check 
 

 
Figure A2.1. Homoscedasticity assumption check. 

 

 
Figure A2.2. Homoscedasticity assumption check. 
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3) Histograms for covariates and dependent variables 
 

 
Figure A3.1. Histograms for covariates and dependent variables. 

 

 
Figure A3.2. Histograms for covariates and dependent variables. 

 

 
Figure A3.3. Histograms for covariates and dependent variables. 
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Figure A3.4. Histograms for covariates and dependent variables. 

 

 
Figure A3.5. Histograms for covariates and dependent variables. 

 

 
Figure A3.6. Histograms for covariates and dependent variables. 
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Figure A3.7. Histograms for covariates and dependent variables. 

 

 
Figure A3.8. Histograms for covariates and dependent variables. 

 

 
Figure A3.9. Histograms for covariates and dependent variables. 
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4) Box and Whisker Plots for Covariates and Dependent Variables as-
sessing Univariate Outliers 
 

 
Figure A4. Box and Whisker Plots for Covariates and Dependent Variables assessing Univariate Outliers. 

 
MANCOVA Analysis Output 

 
Table A3. MANCOVA Analysis Output: Box’s test of equality of covariance matrices. 

Box’s test of equality of covariance matricesa 

Box’s M 41.640 

F 1.186 

df1 30 

df2 3994.987 

Sig. 0.224 

 
Table A4. MANCOVA Analysis Output: Levene’s test of equality of error variances. 

Levene’s test of equality of error variancesa 

 F df1 df2 Sig. 

NL_prop 3.872 15 98 0.000 

NI_prop 1.488 15 98 0.125 

NC_prop 1.701 15 98 0.063 

mspan 1.380 15 98 0.172 
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Table A5. Multivariate statistics SPSS output displaying main effects and interactions for the 3 × 3 × 2 MANCOVA examining age, 
gender, and marital status across age-associated cognitive decline controlling for social networks, depression, personal WellBeing, 
and resilience. 

Multivariate Testsa 

Effect  Value F 
Hypothesis 

df 
Error 

df 
Sig. 

Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerd 

Intercept Pillai’s Trace 0.326 10.988b 4.000 91.000 0.000 0.326 43.951 1.000 

 Wilks’ Lambda 0.674 10.988b 4.000 91.000 0.000 0.326 43.951 1.000 

 Hotelling’s Trace 0.483 10.988b 4.000 91.000 0.000 0.326 43.951 1.000 

 Roy’s Largest Root 0.483 10.988b 4.000 91.000 0.000 0.326 43.951 1.000 

DASST Pillai’s Trace 0.050 1.198b 4.000 91.000 0.317 0.050 4.791 0.362 

 Wilks’ Lambda 0.950 1.198b 4.000 91.000 0.317 0.050 4.791 0.362 

 Hotelling’s Trace 0.053 1.198b 4.000 91.000 0.317 0.050 4.791 0.362 

 Roy’s Largest Root 0.053 1.198b 4.000 91.000 0.317 0.050 4.791 0.362 

resilience_tot Pillai’s Trace 0.086 2.129b 4.000 91.000 0.084 0.086 8.515 0.610 

 Wilks’ Lambda 0.914 2.129b 4.000 91.000 0.084 0.086 8.515 0.610 

 Hotelling’s Trace 0.094 2.129b 4.000 91.000 0.084 0.086 8.515 0.610 

 Roy’s Largest Root 0.094 2.129b 4.000 91.000 0.084 0.086 8.515 0.610 

Pwitot Pillai’s Trace 0.009 0.208b 4.000 91.000 0.934 0.009 0.830 0.093 

 Wilks’ Lambda 0.991 0.208b 4.000 91.000 0.934 0.009 0.830 0.093 

 Hotelling’s Trace 0.009 0.208b 4.000 91.000 0.934 0.009 0.830 0.093 

 Roy’s Largest Root 0.009 0.208b 4.000 91.000 0.934 0.009 0.830 0.093 

lsnstot Pillai’s Trace 0.023 0.538b 4.000 91.000 0.708 0.023 2.151 0.174 

 Wilks’ Lambda 0.977 0.538b 4.000 91.000 0.708 0.023 2.151 0.174 

 Hotelling’s Trace 0.024 0.538b 4.000 91.000 0.708 0.023 2.151 0.174 

 Roy’s Largest Root 0.024 0.538b 4.000 91.000 0.708 0.023 2.151 0.174 

trichage Pillai’s Trace 0.343 4.758 8.000 184.000 0.000 0.171 38.062 0.998 

 Wilks’ Lambda 0.675 4.939b 8.000 182.000 0.000 0.178 39.514 0.998 

 Hotelling’s Trace 0.455 5.118 8.000 180.000 0.000 0.185 40.940 0.999 

 Roy’s Largest Root 0.386 8.887c 4.000 92.000 0.000 0.279 35.549 0.999 

gender Pillai’s Trace 0.044 1.055b 4.000 91.000 0.384 0.044 4.219 0.321 

 Wilks’ Lambda 0.956 1.055b 4.000 91.000 0.384 0.044 4.219 0.321 

 Hotelling’s Trace 0.046 1.055b 4.000 91.000 0.384 0.044 4.219 0.321 
 Roy’s Largest Root 0.046 1.055b 4.000 91.000 0.384 0.044 4.219 0.321 

Married Pillai’s Trace 0.269 3.582 8.000 184.000 0.001 0.135 28.654 0.981 
 Wilks’ Lambda 0.742 3.667b 8.000 182.000 0.001 0.139 29.333 0.984 
 Hotelling’s Trace 0.333 3.749 8.000 180.000 0.000 0.143 29.995 0.986 
 Roy’s Largest Root 0.279 6.428c 4.000 92.000 0.000 0.218 25.711 0.988 

trichage * gender Pillai’s Trace 0.201 2.569 8.000 184.000 0.011 0.100 20.551 0.911 

 Wilks’ Lambda 0.805 2.603b 8.000 182.000 0.010 0.103 20.824 0.915 

 Hotelling’s Trace 0.234 2.636 8.000 180.000 0.009 0.105 21.087 0.919 

 Roy’s Largest Root 0.195 4.491c 4.000 92.000 0.002 0.163 17.964 0.930 

trichage * Married Pillai’s Trace 0.451 2.989 16.000 376.000 0.000 0.113 47.827 0.998 

 Wilks’ Lambda 0.586 3.334 16.000 278.647 0.000 0.125 39.886 0.991 

 Hotelling’s Trace 0.646 3.614 16.000 358.000 0.000 0.139 57.817 1.000 

 Roy’s Largest Root 0.540 12.678c 4.000 94.000 0.000 0.350 50.714 1.000 
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gender * Married Pillai’s Trace 0.104 1.267 8.000 184.000 0.263 0.052 10.133 0.573 

 Wilks’ Lambda 0.897 1.273b 8.000 182.000 0.260 0.053 10.184 0.575 

 Hotelling’s Trace 0.114 1.279 8.000 180.000 0.257 0.054 10.231 0.577 

 Roy’s Largest Root 0.100 2.302c 4.000 92.000 0.064 0.091 9.210 0.649 

trichage * gender * Married Pillai’s Trace 0.143 1.770 8.000 184.000 0.085 0.071 14.160 0.750 

 Wilks’ Lambda 0.862 1.760b 8.000 182.000 0.088 0.072 14.082 0.747 

 Hotelling’s Trace 0.156 1.750 8.000 180.000 0.090 0.072 14.001 0.744 

 Roy’s Largest Root 0.108 2.475c 4.000 92.000 0.050 0.097 9.901 0.686 

Note. N = 126. Pillai’s Trace F statistic was reported. 

 
MANOVA analysis output 

 
Table A6. MANOVA Analysis Output: Box’s test of equality of covariance matrices. 

Box’s test of equality of covariance matricesa 

Box’s M 41.912 

F 1.194 

df1 30 

df2 3966.255 

Sig. 0.215 

 
Table A7. MANOVA Analysis Output: Levene’s test of equality of error variances. 

Levene’s test of equality of error variancesa 

 
Levene 
Statistic 

df1 df2 Sig. 

NL_prop Based on Mean 9.300 12 103 0.000 

 Based on Median 3.490 12 103 0.000 

 Based on Median and with adjusted df 3.490 12 16.899 0.010 

 Based on trimmed mean 7.382 12 103 0.000 

NI_prop Based on Mean 1.444 12 103 0.158 

 Based on Median 0.757 12 103 0.693 

 Based on Median and with adjusted df 0.757 12 82.469 0.692 

 Based on trimmed mean 1.394 12 103 0.181 

NC_prop Based on Mean 1.849 12 103 0.050 

 Based on Median 1.447 12 103 0.157 

 Based on Median and with adjusted df 1.447 12 82.703 0.162 

 Based on trimmed mean 1.812 12 103 0.056 

mspan Based on Mean 1.854 12 103 0.049 

 Based on Median 1.035 12 103 0.424 

 Based on Median and with adjusted df 1.035 12 57.635 0.431 

 Based on trimmed mean 1.772 12 103 0.063 
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Table A8. Multivariate statistics SPSS output displaying main effects and interactions for the 3 × 3 × 2 MANOVA examining age, 
gender, and marital status across age-associated cognitive decline.  

Multivariate Testsa 

Effect  Value F 
Hypothesis 

df 
Error 

df 
Sig. 

Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerd 

Intercept Pillai’s Trace 0.896 215.914b 4.000 100.000 0.000 0.896 863.656 1.000 

 Wilks’ Lambda 0.104 215.914b 4.000 100.000 0.000 0.896 863.656 1.000 

 Hotelling’s Trace 8.637 215.914b 4.000 100.000 0.000 0.896 863.656 1.000 

 Roy’s Largest Root 8.637 215.914b 4.000 100.000 0.000 0.896 863.656 1.000 

trichage Pillai’s Trace 0.223 3.172 8.000 202.000 0.002 0.112 25.372 0.964 

 Wilks’ Lambda 0.786 3.196b 8.000 200.000 0.002 0.113 25.565 0.966 

 Hotelling’s Trace 0.260 3.219 8.000 198.000 0.002 0.115 25.750 0.967 

 Roy’s Largest Root 0.201 5.073c 4.000 101.000 0.001 0.167 20.293 0.958 

gender Pillai’s Trace 0.025 0.636b 4.000 100.000 0.638 0.025 2.545 0.202 

 Wilks’ Lambda 0.975 0.636b 4.000 100.000 0.638 0.025 2.545 0.202 

 Hotelling’s Trace 0.025 0.636b 4.000 100.000 0.638 0.025 2.545 0.202 

 Roy’s Largest Root 0.025 0.636b 4.000 100.000 0.638 0.025 2.545 0.202 

Married Pillai’s Trace 0.171 2.364 8.000 202.000 0.019 0.086 18.911 0.883 

 Wilks’ Lambda 0.830 2.437b 8.000 200.000 0.016 0.089 19.498 0.894 

 Hotelling’s Trace 0.203 2.509 8.000 198.000 0.013 0.092 20.071 0.904 

 Roy’s Largest Root 0.194 4.892c 4.000 101.000 0.001 0.162 19.569 0.951 

trichage * gender Pillai’s Trace 0.137 1.856 8.000 202.000 0.069 0.068 14.849 0.776 

 Wilks’ Lambda 0.865 1.874b 8.000 200.000 0.066 0.070 14.994 0.780 

 Hotelling’s Trace 0.153 1.892 8.000 198.000 0.063 0.071 15.134 0.785 

 Roy’s Largest Root 0.133 3.346c 4.000 101.000 0.013 0.117 13.384 0.830 

trichage * Married Pillai’s Trace 0.272 1.882 16.000 412.000 0.020 0.068 30.114 0.956 

 Wilks’ Lambda 0.742 1.966 16.000 306.143 0.015 0.072 23.746 0.877 

 Hotelling’s Trace 0.329 2.028 16.000 394.000 0.011 0.076 32.447 0.970 

 Roy’s Largest Root 0.261 6.729c 4.000 103.000 0.000 0.207 26.918 0.991 

gender * Married Pillai’s Trace 0.035 0.450 8.000 202.000 0.889 0.018 3.604 0.208 

 Wilks’ Lambda 0.965 0.446b 8.000 200.000 0.892 0.018 3.570 0.206 

 Hotelling’s Trace 0.036 0.442 8.000 198.000 0.895 0.018 3.536 0.204 

 Roy’s Largest Root 0.022 0.564c 4.000 101.000 0.689 0.022 2.258 0.182 

trichage * gender * Married Pillai’s Trace 0.086 1.133 8.000 202.000 0.342 0.043 9.065 0.518 

 Wilks’ Lambda 0.915 1.135b 8.000 200.000 0.341 0.043 9.081 0.519 

 Hotelling’s Trace 0.092 1.137 8.000 198.000 0.340 0.044 9.094 0.520 

 Roy’s Largest Root 0.079 1.998c 4.000 101.000 0.101 0.073 7.992 0.581 

Note. N = 126. Pillai’s Trace F statistic was reported. 
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Table A9. Multivariate statistics SPSS output displaying between-subjects effects and interactions for the 3 × 3 × 2 MANOVA 
examining age, gender, and marital status across age-associated cognitive decline. 

Tests of Between-Subjects Effects. 

Source 
Dependent 

Variable 

Type III 
Sum of 
Squares 

df 
Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powere 

Corrected Model NL_prop 0.061a 15 0.004 2.675 0.002 0.280 40.126 0.988 

 NI_prop 0.743b 15 0.050 1.338 0.193 0.163 20.072 0.774 

 NC_prop 0.786c 15 0.052 1.685 0.065 0.197 25.274 0.882 

 mspan 30.293d 15 2.020 0.630 0.844 0.084 9.451 0.383 

Intercept NL_prop 0.016 1 0.016 10.188 0.002 0.090 10.188 0.885 

 NI_prop 12.692 1 12.692 343.068 0.000 0.769 343.068 1.000 

 NC_prop 6.519 1 6.519 209.759 0.000 0.671 209.759 1.000 

 mspan 1207.098 1 1207.098 376.619 0.000 0.785 376.619 1.000 

trichage NL_prop 0.026 2 0.013 8.592 0.000 0.143 17.185 0.964 

 NI_prop 0.174 2 0.087 2.355 0.100 0.044 4.709 0.467 

 NC_prop 0.151 2 0.075 2.427 0.093 0.045 4.854 0.479 

 mspan 0.498 2 0.249 0.078 0.925 0.002 0.155 0.062 

gender NL_prop 0.000 1 0.000 0.150 0.699 0.001 0.150 0.067 

 NI_prop 0.058 1 0.058 1.573 0.213 0.015 1.573 0.237 

 NC_prop 0.003 1 0.003 0.106 0.746 0.001 0.106 0.062 

 mspan 4.059 1 4.059 1.266 0.263 0.012 1.266 0.200 

Married NL_prop 0.014 2 0.007 4.560 0.013 0.081 9.120 0.764 

 NI_prop 0.236 2 0.118 3.186 0.045 0.058 6.371 0.598 

 NC_prop 0.131 2 0.065 2.101 0.127 0.039 4.203 0.423 

 mspan 2.095 2 1.047 0.327 0.722 0.006 0.654 0.101 

trichage * gender NL_prop 0.006 2 0.003 1.947 0.148 0.036 3.895 0.395 

 NI_prop 0.130 2 0.065 1.761 0.177 0.033 3.523 0.362 

 NC_prop 0.082 2 0.041 1.317 0.272 0.025 2.635 0.279 

 mspan 13.544 2 6.772 2.113 0.126 0.039 4.226 0.425 

trichage * Married NL_prop 0.023 4 0.006 3.783 0.007 0.128 15.130 0.878 

 NI_prop 0.427 4 0.107 2.888 0.026 0.101 11.552 0.764 

 NC_prop 0.207 4 0.052 1.666 0.164 0.061 6.663 0.496 

 mspan 5.625 4 1.406 0.439 0.780 0.017 1.755 0.149 

gender * Married NL_prop 0.000 2 0.000 0.104 0.901 0.002 0.209 0.066 

 NI_prop 0.072 2 0.036 0.979 0.379 0.019 1.958 0.216 

 NC_prop 0.024 2 0.012 0.391 0.677 0.008 0.782 0.112 

 mspan 2.527 2 1.264 0.394 0.675 0.008 0.789 0.112 

https://doi.org/10.4236/psych.2020.118082


K.-A. MacKinnon-Lee, M. Bahr 
 

 

DOI: 10.4236/psych.2020.118082 1272 Psychology 
 

Continued 

trichage * gender * Married NL_prop 0.005 2 0.002 10.563 0.214 0.029 3.126 0.325 

 NI_prop 0.011 2 0.005 0.144 0.866 0.003 0.287 0.072 

 NC_prop 0.098 2 0.049 1.580 0.211 0.030 3.160 0.328 

 mspan 7.124 2 3.562 1.111 0.333 0.021 2.223 0.241 

Error NL_prop 0.157 103 0.002      

 NI_prop 3.810 103 0.037      

 NC_prop 3.201 103 0.031      

 mspan 330.125 103 3.205      

Total NL_prop 0.234 119       

 NI_prop 56.172 119       

 NC_prop 30.813 119       

 mspan 4903.830 119       

Corrected Total NL_prop 0.218 118       

 NI_prop 4.553 118       

 NC_prop 3.987 118       

 mspan 360.417 118       

One-Way ANOVA analysis output for the interaction between marital status and age on new location. 
 

One-way ANOVA analysis output for the interaction between marital 
status and age on new location 
 
Table A10. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Married = Defacto 

Between-Subjects factorsa. 

  Value Label N 

trichotomous age 0.00 <27 13 

 1.00 27 - 62 4 

 2.00 62+  

a. Married = Defacto. 
 
Table A11. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Descriptive statisticsa 

Dependent Variable: NL_prop 

trichotomous age Mean Std. Deviation N 

<27 0.0288 0.07489 13 

27 - 62 0.0313 0.06250 4 

62+ 0.0000  1 

Total 0.0278 0.06854 18 

a. Married = Defacto. 
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Table A12. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Tests of Between-Subjects Effectsa 

Dependent Variable: NL_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.001b 2 0.000 0.079 0.924 0.010 0.158 0.060 

Intercept 0.003 1 0.003 0.517 0.483 0.033 0.517 0.103 

trichage 0.001 2 0.000 0.079 0.924 0.010 0.158 0.060 

Error 0.079 15 0.005      

Total 0.094 18       

Corrected Total 0.080 17       

aMarried = Defacto; bR Squared = 0.010 (Adjusted R Squared = −0.121); cComputed using alpha = 0.05. 
 
Table A13. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Married = Married 

Between-Subjects factorsa 

  Value Label N 

trichotomous age 0.00 <27 3 

 1.00 27 - 62 35 

 2.00 62+ 26 

a. Married = Married. 
 
Table A14. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Descriptive Statisticsa 

Dependent variable: NL_prop 

trichotomous age Mean Std. Deviation N 

<27 0.1250 0.12500 3 

27 - 62 0.0036 0.02113 35 

62+ 0.0000 0.00000 26 

Total 0.0078 0.03776 64 

a. Married = Married. 
 
Table A15. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Tests of between-subjects effectsa 

Dependent variable: NL_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.043b 2 0.022 28.520 0.000 0.483 57.041 1.000 

Intercept 0.041 1 0.041 54.247 0.000 0.471 54.247 1.000 
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trichage 0.043 2 0.022 28.520 0.000 0.483 57.041 1.000 

Error 0.046 61 0.001      

Total 0.094 64       

Corrected Total 0.090 63       

aMarried = Married; bR Squared = 0.483 (Adjusted R Squared = 0.466); cComputed using alpha = 0.05. 
 
Table A16. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Married = Single 

Between-subjects factorsa 

  Value Label N 

trichotomous age 0.00 <27 32 

 1.00 27 - 62 2 

 2.00 62+ 4 

aMarried = Single. 
 
Table A17. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Descriptive statisticsa 

Dependent Variable: NL_prop 

trichotomous age Mean Std. Deviation N 

<27 0.0117 0.03702 32 

27 - 62 0.0000 0.00000 2 

62+ 0.0000 0.00000 4 

Total 0.0099 0.03416 38 

aMarried = Single. 
 
Table A18. One-way ANOVA analysis output for the interaction between marital status and age on 
New Location. 

Tests of between-subjects effectsa 

Dependent variable: NL_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.001b 2 0.000 0.286 0.753 0.016 0.572 0.092 

Intercept 0.000 1 0.000 0.145 0.706 0.004 0.145 0.066 

trichage 0.001 2 0.000 0.286 0.753 0.016 0.572 0.092 

Error 0.042 35 0.001      

Total 0.047 38       

Corrected Total 0.043 37       

aMarried = Single; bR Squared = 0.016 (Adjusted R Squared = −0.040); cComputed using alpha = 0.05. 

 
One-Way ANOVA Analysis Output for the Interaction Between Marital 

Status and Age on New Image 
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Table A19. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Married = Defacto 

Between-subjects factorsa 

  Value Label N 

trichotomous age 0.00 <27 13 

 1.00 27 - 62 4 

 2.00 62+ 1 

aMarried = Defacto. 
 
Table A20. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Descriptive statisticsa 

Dependent variable: NI_prop 

trichotomous age Mean Std. Deviation N 

<27 0.7019 0.09599 13 

27 - 62 0.5938 0.21348 4 

62+ 0.5000  1 

Total 0.6667 0.13558 18 

a. Married = Defacto 
 
Table A21. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Tests of between-subjects effectsa 

Dependent variable: NI_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.065b 2 0.033 1.978 0.173 0.209 3.955 0.344 

Intercept 2.430 1 2.430 147.395 0.000 0.908 147.395 1.000 

trichage 0.065 2 0.033 1.978 0.173 0.209 3.955 0.344 

Error 0.247 15 0.016      

Total 8.313 18       

Corrected Total 0.313 17       

aMarried = Defacto; bR Squared = 0.209 (Adjusted R Squared = 0.103); cComputed using alpha = 0.05. 
 
Table A22. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Married = Married 

Between-subjects factorsa 

  Value Label N 

trichotomous age 0.00 <27 3 

 1.00 27 - 62 35 

 2.00 62+ 26 

a. Married = Married. 
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Table A23. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Descriptive statisticsa 

Dependent variable: NI_prop 

trichotomous age Mean Std. Deviation N 

<27 0.2917 0.14434 3 

27 - 62 0.6714 0.23500 35 

62+ 0.6587 0.19544 26 

Total 0.6484 0.22808 64 

a. Married = Married. 
 
Table A24. One-Way ANOVA Analysis Output for the Interaction Between Marital Status 
and Age on New Image. 

Tests of between-subjects effectsa 

Dependent variable: NI_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.403b 2 0.202 4.277 0.018 0.123 8.554 0.726 

Intercept 6.569 1 6.569 139.416 0.000 0.696 139.416 1.000 

trichage 0.403 2 0.202 4.277 0.018 0.123 8.554 0.726 

Error 2.874 61 0.047      

Total 30.188 64       

Corrected Total 3.277 63       

aMarried = Married; bR Squared = 0.123 (Adjusted R Squared = .094); cComputed using alpha = 0.05. 
 
Table A25. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Married = Single 

Between-subjects factorsa 

  Value Label N 

trichotomous age 0.00 <27 32 

 1.00 27 - 62 2 

 2.00 62+ 4 

aMarried = Single. 
 
Table A26. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Descriptive statisticsa 

Dependent variable: NI_prop 

trichotomous age Mean Std. Deviation N 

<27 0.6719 0.16421 32 
27 - 62 0.8125 0.08839 2 

62+ 0.5938 0.11968 4 

Total 0.6711 0.16029 38 

a. Married = Single. 
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Table A27. One-Way ANOVA Analysis Output for the Interaction Between Marital 
Status and Age on New Image. 

Tests of between-subjects effectsa 

Dependent variable: NI_prop 

Source 
Type III Sum 

of Squares 
df 

Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Powerc 

Corrected Model 0.064b 2 0.032 1.262 0.296 0.067 2.524 0.256 

Intercept 5.528 1 5.528 218.190 0.000 0.862 218.190 1.000 

trichage 0.064 2 0.032 1.262 0.296 0.067 2.524 0.256 

Error 0.887 35 0.025      

Total 18.063 38       

Corrected Total 0.951 37       

aMarried = Single; bR Squared = 0.067 (Adjusted R Squared = 0.014); cComputed using alpha = 0.05. 

 
Mixed ANOVA Analysis Output 

 
Table A28. Mixed ANOVA Analysis Output: Mauchly’s test of sphericity. 

Mauchly’s test of sphericitya 

Measure: acc 

Within 
Subjects 

Effect 

Mauchly’s 
W 

Approx. 
Chi-Square 

df Sig. 
Epsilonb 

Greenhouse-Geisser Huynh-Feldt Lower-bound 

type 1.000 0.000 0  1.000 1.000 1.000 

 
Table A29. Mixed ANOVA Analysis Output: Multivariate statistics SPSS output display-
ing main effects and interactions for the z scores of the total NINL_BR and DST on Age. 

Multivariate statistics spss output displaying main effects and interactions for the z scores 
of the total NINL_BR and DST on Age 

Multivariate Testsa 

Effect  Value F Hypothesis df Error df Sig. 

type Pillai’s Trace 0.000 0.004b 1.000 122.000 0.952 

 Wilks’ Lambda 1.000 0.004b 1.000 122.000 0.952 

 Hotelling’s Trace 0.000 0.004b 1.000 122.000 0.952 

 Roy’s Largest Root 0.000 0.004b 1.000 122.000 0.952 

type * trichage Pillai’s Trace 0.002 0.131b 2.000 122.000 0.878 

 Wilks’ Lambda 0.998 0.131b 2.000 122.000 0.878 

 Hotelling’s Trace 0.002 0.131b 2.000 122.000 0.878 

 Roy’s Largest Root 0.002 0.131b 2.000 122.000 0.878 

Note. N = 126. Pillai’s Trace F statistic was reported. 
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Table A30. Post hoc tests for trichotomous age. 

acc 

Tukey Ba,b,c 

 Subset 

trichotomous age N 1 

27 - 62 43 −0.0738819 

62+ 34 0.0258344 

<27 48 0.0484725 

Means for groups in homogeneous subsets are displayed. Based on observed means. The error term is Mean 
Square (Error) = .492. aUses Harmonic Mean Sample Size = 40.816. bThe group sizes are unequal. The 
harmonic mean of the group sizes is used. Type I error levels are not guaranteed. cAlpha = 0.05. 

Appendix B. Explanatory Statement 

Early Detection of Cognitive Decline: An investigation of the Novel-Image 
Novel-Location Task-Bond Revised (NINL-BR) as a potential early detection 
measure. 

Project Number: RO15061 
Student Researcher: Katerine-Ann MacKinnon-Lee, 

<katerine-ann.mackinnon-lee@student.bond.edu.au> 
Supervisor: Dr Mark Bahr, mbahr@bond.edu.au 
Explanatory Statement and Participant Informed Consent Form 
This research project is concerned with understanding more about the nature 

and impact of age-related cognitive decline. Specifically, whether the NINL-RB 
can be utilised as an online early detection measure of cognitive decline. The 
success of this research is vitally dependent upon the assistance of volunteers like 
yourself who can contribute to the emerging research in the field of early detec-
tion of cognitive decline. 

Participation in this research involves completing some biographical informa-
tion, completing the computer-administered NINL-RB that will include the 
presentation of everyday images and the digit span task which will include the 
presentation of randomised number sequences, the DASS-21, The Personal 
Wellbeing Index-Adult, and The Resilience in Midlife Scale. 

The study will take about 30 minutes to complete and any data that you pro-
vide is anonymous. This data will be stored at the Bond University on the Gold 
Coast for five years. You are free to withdraw from the experiment at any time 
without prejudice. If you have any queries regarding the project or would like to 
be informed of the overall research findings please contact Dr. Mark Bahr on the 
following email: mbahr@bond.edu.au. 

This study has been approved by the Bond University Human Research Ethics 
Committee (BUHREC) in accordance with the National Health and Medical 
Research Council’s guidelines. If you would like to discuss your participation in 
the study, or be informed of the aggregate research findings, please contact the 
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research on the above contact details. If you have any complaints concerning the 
manner in which the research is conducted, please do not hesitate to contact 
BUHREC quoting the above project number. BUHREC can be contacted on: 

Bond University Human Research Ethics Committee C/O Office of Research 
Services 

Bond University, Gold Coast, 4229 
Tel: +61 7 5595 4194 Fax: +61 7 5595 1120 
Email: buhrec@bond.edu.au 
By clicking proceed, you consent to participating in the above stated research 

project. You can express your consent to continue by selecting the yes response 
below. You may withdraw your consent to participate now by selecting No be-
low or you may withdraw your consent to participate at any time without con-
sequence by leaving the online form. 

Thank you for your participation. 
Socio-demographic questionnaire 
Q1. What is your age in years? 
Q2. What is your gender? 
Male Female 
Q3. Please indicate if you are in a relationship. 
Married 
De facto/Engaged Divorced – without partner Divorced – new partner Sepa-

rated 
Widowed Single 
Q4. Are you taking any medications that might impact on your thinking or 

ability to operate machinery? 
Yes 
Please list the medications you are currently taking:             
No 
Not Sure 
The Lubben Social Networks Scale – 6 
FAMILY: Considering the people to whom you are related by birth, marriage, 

adoption, etc. 
1) How many relatives do you see or hear from at least once a month? 

none one two three or four five thru eight nine or more 
2) How many relatives do you feel at ease with that you can talk about private 

matters? 
none one two three or four five thru eight nine or more 

3) How many relatives do you feel close to such that you could call on them 
for help? 

none one two three or four five thru eight nine or more  
FRIENDSHIPS: Considering all of your friends including those who live in 

your neighbourhood. 
4) How many of your friends do you see or hear from at least once a month? 

none one two three or four five thru eight nine or more 
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5) How many friends do you feel at ease with that you can talk about private 
matters? 

none one two three or four five thru eight nine or more 
6) How many friends do you feel close to such that you could call on them for 

help? 
none one two three or four five thru eight nine or more  

To score responses and interpret the results: 
The LSNS-6 total score is an equally weighted sum of these six items. Each 

LSNS-6 question is scored from 0 to 5 and the total score ranges from 0 to 30. 
The answers are scored: none = 0, one = 1, two = 2, three or four = 3, five thru 

eight = 4, nine or more = 5. A score of 12 and lower delineates “at-risk” for so-
cial isolation. 

Source: Lubben, Blozik, Gillmann, Iliffe, Von Kruse, Beck and Stuck (2006), 
Gerontologist, 2006, 46, 503-513. 

Lubben, J., Blozik, E., Gillmann, G., Iliffe, S., von Renteln Kruse, Beck, J. C., & 
Stuck, A. E. (2006). Performance of an abbreviated version of the Lubben Social 
Network Scale among three European community-dwelling older adult popula-
tions. The Gerontologist, 46, 503-513. doi:10.1093/geront/46.4.503 

Novel Item Novel Location Task-Bond Revised (NINL_BR) 
Example panels of everyday items from the Novel Image Novel Location task 

(Rizk-Jackson et al., 2006). On the left are panels from the Learning Phase. 
On the right are the corresponding panels from the Test Phase, containing a 

novel location (A), novel image (B), or no change (C).  
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The Depression, Anxiety, and Stress Scale (DASS 21) 
Please read each statement and circle a number 0, 1, 2 or 3 which indicates 

how much the statement applied to you over the past week. There are no right or 
wrong answers. Do not spend too much time on any statement. 

The rating scale is as follows: 
1) Did not apply to me at all 
2) Applied to me to some degree, or some of the time 
3) Applied to me to a considerable degree, or a good part of time 
4) Applied to me very much, or most of the time 
5) I found it hard to wind down 
6) I was aware of dryness of my mouth 
7) I couldn’t seem to experience any positive feeling at all 
8) I experienced breathing difficulty (e.g., excessively rapid breathing, breath-

lessness in the absence of physical exertion) 
9) I found it difficult to work up the initiative to do things 
10) I tended to over-react to situations 
11) I experienced trembling (e.g., in the hands) 
12) I felt that I was using a lot of nervous energy 
13) I was worried about situations in which I might panic and make a fool of 

myself 
14) I felt that I had nothing to look forward to 
15) I found myself getting agitated 
16) I found it difficult to relax 
17) I felt down-hearted and blue 
18) I was intolerant of anything that kept me from getting on with what I was 

doing 
19) I felt I was close to panic 
20) I was unable to become enthusiastic about anything 
21) I felt I wasn’t worth much as a person 
22) I felt that I was rather touchy 
23) I was aware of the action of my heart in the absence of physical exertion 

(eg, sense of heart rate increase, heart missing a beat) 
24) I felt scared without any good reason 
25) I felt that life was meaningless 
Depression subscale: Items 3, 5, 10, 13, 16, 17, and 21. 
Anxiety subscale: Items 2, 4, 7, 9, 15, and 20. 
Stress subscale: Items 1, 6, 8, 11, 12, 14, and 18. 
Subscale scores are obtained by aggregating all items on the subscale and mul-

tiplying by two. 
The Personal Wellbeing Index-Adult, Fifth Edition (PWI-A) 
The following questions ask how satisfied you feel, on a scale from zero to 10. 

Zero means you feel no satisfaction at all and 10 means you feel completely sat-
isfied. 
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1) How satisfied are you with your standard of living? 
2) How satisfied are you with your health? 
3) How satisfied are you with what you are achieving in life? 
4) How satisfied are you with your personal relationships? 
5) How satisfied are you with how safe you feel? 
6) How satisfied are you with feeling part of your community? 
7) How satisfied are you with your future security? 
Total PWI-A score is obtained by summing all items. 
The Resilience in Midlife Scale (RIM Scale) 
Please read each statement and indicate the extent to which you agree or dis-

agree:  
0) Strongly Disagree 
1) Somewhat Disagree 
2) Neither Disagree nor Agree 
3) Somewhat Agree 
4) Strongly Agree 
6) Deal with whatever comes my way 
7) Achieve my goals 
8) My life has meaning 
9) Overcome financial difficulties 
10) Friends I can confide in 
11) Easily discouraged by failure 
12) View change as a challenge 
13) Can find a solution to a problem 
14) In control of my own life 
15) Do not cope well with stress 
16) Have someone to help me if needed 
17) Inability to deal with death 
18) Give up when things look hopeless 
19) Accept changes to body due to age 
20) Can get through difficult times 
21) Rely on family in tough times 
22) Not equipped to handle changed work conditions 
23) Belief in myself gets me through 
24) Do not follow through with plans 
25) I have little influence over what happens tome 
26) Cope positively with illness 
27) Love challenges and follow them through 
28) Difficulty with loved ones leaving home 
29) Control how I respond to events in my life 
30) Spiritual beliefs give me hope during loss  
Items 6, 10, 12, 13, 17, 19, 20, and 23 are reverse scored. Total RIM Scale score 

is obtained by aggregating all items. 
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Appendix C 

Observed reliability statistics for the DASS 21, PWI-A, the RIM scale, and the 
LSNS-6. 
 
Table C1. Reliability coefficient statistics of the DASS 21. 

Cronbach’s Alpha Number of Items 
0.917 21 

Note. N = 126. DASS 21 = The depression, anxiety, and stress scale (Lovibond & Lovibond, 1995). 
 
Table C2. Reliability coefficient statistics of the PWI-A.  

Cronbach’s Alpha N of Items 
0.927 7 

Note. N = 126. PWI-A = The personal wellbeing index – adult (The international wellbeing group, 2013). 
 
Table C3. Reliability coefficient statistics of the RIM scale.  

Cronbach’s Alpha N of Items 

0.763 25 

Note. N = 126. RIM Scale = The resilience in midlife scale (Ryan & Caltabiano, 2009). 
 
Table C4. Reliability coefficient statistics of the LSNS-6. 

Cronbach’s Alpha N of Items 

0.864 6 

Note. N = 126. LSNS-6 = The lubben social network scale-6 (Lubben & Gironda, 2003). 
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