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Abstract 

Objective: The prevalence of dementia and cognitive impairment is higher in Aboriginal 

Australians compared to the national population, increasing the need to understand cognitive 

impairment in this at-risk population. This paper reports normative data for a range of 

commonly used cognitive tests, in a population-based small normative sample of older 

Aboriginal Australians living in urban/regional New South Wales.  

Method: Participants included a representative random sample of community-dwelling older 

adults (60 years and older) with no cognitive impairment (n=31), mild cognitive impairment 

(MCI; n=38), or dementia diagnosis (n=35), all from the Koori Growing Old Well Study. 

Cognitive tests included the Addenbrooke’s Cognitive Examination Revised (ACE-R), Digit 

Span (Forward and Backward), Logical Memory, and the Oral Trail Making Test (A and B).  

Results: Descriptive statistics and percentile scores for each test were reported for the 

normative sample. Comparison of performance between the diagnostic groups showed 

significant differences between the groups on most cognitive tests. The control group 

consistently performed better than the dementia group; and better than the MCI group on all 

tests, except for simple attention and sequencing tasks (Digit Span Forward and Oral Trail 

Making A). The MCI group also scored better than the dementia group on all tests, except for 

the Logical Memory Recognition task.  

Conclusion: Results support the utility of these cognitive tests which are commonly used in 

clinical and research settings, and demonstrate that these tests can discriminate between 

diagnostic groups in Aboriginal Australians. The normative data provided will enhance 

cognitive assessment of individuals within this population.  

 

Keywords: Aboriginal Australians, dementia, Indigenous Australians, mild cognitive 

impairment, neuropsychological assessment, normative data 
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Cognitive test norms and comparison between healthy ageing, mild cognitive 

impairment, and dementia: A population-based study of older Aboriginal Australians 

Dementia is becoming an increasing concern in today’s society. In Australia alone, 

the number of people with dementia is expected to triple by the year 2050, reaching 

approximately 900,000 compared to 298,000 in 2011 (Australian Institute of Health and 

Welfare, 2012). The prevalence of dementia in Aboriginal and Torres Strait Islander 

Australians (respectfully referred hereon as Aboriginal) is higher than in non-Aboriginal 

Australians (Li et al., 2014; Smith et al., 2008; Zann, 1994). In urban and rural communities, 

recent evidence has shown that the age-standardised prevalence of dementia in older 

Aboriginal Australians is three times higher (at 21.0%) than all Australians aged 60 years or 

older (at 6.8%) (Australian Institute of Health and Welfare, 2012; Radford, Mack, Draper, 

Chalkley, Daylight, et al., 2015). Given that the number and proportion of older Aboriginal 

Australians is also increasing rapidly (ABS, 2014), it is vital that we understand cognitive 

impairment and dementia in this population.  

Many commonly used cognitive assessment tools are heavily influenced by Western 

cultures (Davidson, 1995), and hence the validity of these cognitive tests in Indigenous 

populations is unclear. In light of this, the Kimberley Indigenous Cognitive Assessment 

(KICA-Cog) (LoGiudice et al., 2006; Smith et al., 2009) was developed for remote 

Aboriginal populations and is increasingly used widely, with short-form (LoGiudice et al., 

2010) and urban adaptations (Radford, Mack, Draper, Chalkley, Delbaere, et al., 2015). This 

tool has greatly enhanced the cognitive assessment of older Aboriginal people, but the KICA-

Cog is insufficient as it may be less sensitive to early cognitive decline (Radford, Mack, 

Draper, Chalkley, Delbaere, et al., 2015); and, like the ubiquitous Mini-Mental State 

Examination (MMSE) (Folstein, Folstein, & McHugh, 1975), it lacks a robust assessment of 

executive functions.  

Selected cognitive tests that have been well validated in other populations might also 

be appropriate for the assessment of Aboriginal peoples, however there is a striking lack of 

normative data, particularly in urban and regional Aboriginal communities. Radford, Mack, 

Draper, Chalkley, Delbaere, et al. (2015) validated three cognitive screening tools in an 

urban/regional Aboriginal Australian sample (MMSE, modified KICA, and Rowland 

Universal Dementia Assessment Scale); however there is no data on more comprehensive 

assessments or those assessing specific cognitive domains. In addition, Aboriginal 

Australians have been under-represented in large-scale population studies of ageing and 

cognitive decline (Anstey et al., 2011). Given that normative data from the relevant 
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population are needed to interpret individual test results fairly and reliably (Dingwall & 

Cairney, 2010), it is important that appropriate norms are developed within Aboriginal 

populations. Such normative data will add to the clinical applicability and interpretation of 

specific cognitive tests in Aboriginal people (Dingwall, Lindeman, & Cairney, 2014). The 

availability of appropriate cognitive test norms in this population could facilitate the inclusion 

of older Aboriginal people in major dementia prevention and treatment trials that are more 

representative of the Australian population as a whole. 

Therefore, the primary aim of this paper is to provide normative data on several 

cognitive tests, using a small but representative, population-based sample of cognitively 

intact older Aboriginal Australians from the Koori Growing Old Well Study (KGOWS) 

(Radford et al., 2014). As a secondary aim, this paper also characterises performance across 

the cognitive spectrum, by comparing healthy control participants to those with a diagnosis of 

mild cognitive impairment (MCI), or dementia. It was expected that control participants 

would perform better on all tests compared to those with MCI or dementia; and that those 

with MCI would perform better than individuals with dementia.  

 

Method 

Procedure 

Extended details of the KGOWS protocol and methods are published elsewhere 

(Radford, Mack, Draper, Chalkley, Daylight, et al., 2015; Radford et al., 2014). Briefly, a 

cross-sectional population-based study was undertaken with five Aboriginal communities 

across New South Wales, Australia (two metropolitan/urban and three regional sites). Each 

community had a local Aboriginal Community Controlled Health Organisation and/or a 

mainstream Aboriginal Health Manager, Elders Groups, Local Aboriginal Land Council, and 

other community organisations with which the research team had established working 

relationships in research and/or health service delivery (see Radford et al., 2014). Individuals 

who consented to take part in the study undertook a structured interview reviewing their life 

history, general health and well-being, and dementia screening (phase 1). Dementia screening 

tests included the MMSE (Folstein et al., 1975); the modified Kimberley Indigenous 

Cognitive Assessment (mKICA) (Radford & Mack, 2012); and the Rowland Universal 

Dementia Assessment Scale (RUDAS) (Storey, Rowland, Basic, Conforti, & Dickson, 2004). 

Participants who met predefined screening cut-offs (with high sensitivity) of ≤26 on the 

MMSE, ≤35 on the mKICA, and/or ≤25 on the RUDAS proceeded to the study phase 2, as 

did a 20% random sample of individuals who scored above all three screening cut-offs. Phase 
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2 assessment included a 90-minute medical and cognitive assessment; and a contact person 

(relative or friend) interview.  

The study was approved by the Aboriginal Health and Medical Research Council 

(AHMRC; 615/07), the University of New South Wales Human Research Ethics Committee 

(HREC 08003), and NSW Population & Health Services Research Ethics Committee (AU 

RED Ref: HREC/09/CIPHS/65; Cancer Institute NSW Ref: 2009/10/187).  

Participants 

Data collection was carried out in two phases (see Figure 1). All Aboriginal and 

Torres Strait Islander people aged 60 years and older, living in the five study catchment areas 

for at least 6 months, were eligible to participate; and 62% (n=336) of the total population 

consented to and completed the phase 1 interview (approximately 2 hours). Individuals who 

screened positive for possible cognitive impairment or dementia on at least one of the 

screening tools were asked to complete the phase 2 medical assessment (approximately 90 

minutes; n=171). Of the participants who screened negative at phase 1 interview (n=165), 

20% were randomly selected for phase 2 (n=33); with the majority consenting to the medical 

assessment (n=26). Only 20% were selected for the medical as it was important to validate 

the cognitive screening tools (the panel was blind to screening diagnosis), but it was not 

feasible to include all participants in the phase 2 assessments (Radford, Mack, Draper, 

Chalkley, Delbaere, et al., 2015). In total, 153 participants took part in the phase 2 medical 

assessment. See Radford, Mack, Draper, Chalkley, Daylight, et al. (2015) for a full 

description of inclusion/exclusion criteria and reasons for non-participation at each phase. 

Data were then reviewed by a clinical consensus panel (comprising three or more clinicians, 

with at least one geriatrician and one clinical neuropsychologist) for diagnosis of dementia, 

using internationally recommended criteria for “all-cause” dementia (McKhann et al., 2011) 

or MCI (Winblad et al., 2004). The medical and consensus process took into account general 

health and medical history, neurological examination, cognitive assessment, and an extensive 

interview with the contact person which asked about the general health, behaviour, everyday 

cognition, and activities of daily living of the participant. All participants were English-

speaking. Participants provided written informed consent or, when unable to provide written 

consent, gave verbal assent with written consent obtained from the appropriate 

relative/caregiver.  

We aimed to ensure that 20% of the total study population with no cognitive 

impairment were included in the normative sample. Therefore, an additional 20% of 

participants who initially had a cognitive screening score below phase 1 cut-offs, but were 
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not diagnosed with any form of cognitive impairment following phase 2 medical assessment 

and consensus panel review (i.e., false positive screening cases; n=10), were randomly 

selected and included in the analysis. Only 20% of these participants were included as these 

participants scored lower on the screening tests, and we did not want to unduly bias the 

control group by over-sampling from the group who screened positive at phase 1. The total 

normative sample of controls therefore consisted of participants that screened negative at 

phase 1 (n=21), and those who were deemed to be cognitively intact at the consensus panel 

review (n=10). That is, the normative sample comprises a 20% random sample of the total 

population, excluding those diagnosed with cognitive impairment or dementia.  
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[Insert Figure 1 here] 

Figure 1. Study flow diagram illustrating the phases of data collection. *Randomly selected 

(20% of overall sample of cognitively intact participants with initial positive cognitive 

screen); ꝉNo cognitive test data due to severe dementia; MCI = mild cognitive impairment; 

Other impairment = other cognitive impairment. 
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Measures 

Measures were selected by an expert panel consisting of clinical neuropsychologists 

(H.B. and K.R.), a neurologist (G.A.B.) and geriatrician (S.C.), and supported by the wider 

Aboriginal and non-Aboriginal research panel. Given the dearth of validated cognitive tests 

for Aboriginal people, clinical assessments were selected to cover a range of cognitive 

domains relevant to dementia diagnosis in older people. These assessments were also piloted 

with n=19 older Aboriginal people with and without cognitive impairment, including 

members of our local guidance group (community Elders) for their feedback on test 

appropriateness.  

Addenbrooke’s Cognitive Examination Revised (ACE-R). 

The Addenbrooke’s Cognitive Examination Revised (ACE-R) is a cognitive screening 

tool commonly used to assess MCI and dementia (Mioshi, Dawson, Mitchell, Arnold, & 

Hodges, 2006). It has been shown to be a sensitive and diagnostically accurate tool (Larner & 

Mitchell, 2014), with a cut-off of 82 showing high sensitivity and specificity for dementia 

diagnosis (Mioshi et al., 2006). The ACE-R has also been translated for use across different 

languages and cultures (see Habib & Scott, 2017). Participants are assessed on tasks relating 

to attention/orientation (18 points), memory (26 points), fluency (14 points), language (26 

points), and visuospatial abilities (16 points), which form 5 sub-scales; the overall test is 

scored out of 100.  

Digit Span. 

Participants were administered the Digit Span task from the WAIS-III (Wechsler, 

1997a). Digit Span Forward involved participants repeating strings of digits in the order that 

they were originally spoken. Digit Span Backward required participants to repeat the digits in 

reverse order. For both versions, the task was made more difficult by progressively increasing 

the number of digits in the sequence. The task was discontinued after incorrect responses for 

two trials of the same length. For both Forward and Backward conditions, outcomes included 

the longest string of digits correctly recalled (range of possible scores: 2-9 and 2-8 for 

Forward and Backward, respectively), and the total number of correct responses (range of 

possible scores: 0-16 and 0-14 for Forward and Backward, respectively).  

Logical Memory. 

A Logical Memory task was included, based on a modified version of Story A from 

the Wechsler Memory Scale-III (WMS-III) (Wechsler, 1997b), where some items were 

substituted to suit an Australian audience (Ivison, 1977). Early in the assessment section, 

participants were read a short story and asked to try and remember it. After hearing the story, 
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participants were asked to repeat as much of the story as they could remember (Immediate 

Recall). Approximately 30 minutes later, they were asked to recall the story again, as closely 

as possible to the original recount (Delayed Recall). Participant responses at both time points 

were recorded verbatim by the administrator. Both of the recall tasks were scored out of 25. 

Following Delayed Recall, participants were asked a series of yes/no questions (15 total) 

about the story, to assess recognition memory (Recognition).  

An overall Percent Recall score was computed by combining the raw scores for the 

Immediate and Delayed Recall, according to the formula: (Delayed Recall/Immediate 

Recall)*100. If the Immediate Recall score was 0, those participants scored 0 for the Percent 

Recall score. A maximum score of 100 was given if more details of the story were recalled on 

Delayed compared to Immediate Recall, in general accordance with WMS-III guidelines. A 

total score for the Recognition task was also calculated.  

Oral Trail Making Tests. 

Oral versions of the Trail Making Tests (A and B) were administered (Ricker & 

Axelrod, 1994). For Oral Trail Making A, participants were asked to count aloud from 1 to 

25 as quickly as possible. For Oral Trail Making B, participants were asked to switch 

between numbers and letters, in ascending order (i.e., 1-A-2-B-3-C). For both versions, 

participants were timed using a stopwatch until they reached the number 25 (Oral Trail 

Making A), or the number 13 (Oral Trail Making B). If participants made an error, they were 

directed to go back to the last correct response and recommence the sequence. Total time in 

seconds was recorded for both versions. Oral Trail Making B was discontinued at 99 seconds, 

in line with the protocol for the Sydney Older Persons Study (Broe et al., 2007), to minimise 

the risk of participant distress.  

Statistical Analysis 

Data were analysed using IBM SPSS v24 (IBM Corp., Armonk, NY). A subset of 

participants who originally screened negative were subsequently diagnosed with MCI at the 

consensus interview (n=4 were included in the MCI group; n=1 was diagnosed with “other 

cognitive impairment”). Participants with demographic data but no neuropsychological test 

data (n=6, all diagnosed with severe dementia), and all individuals diagnosed with “other 

cognitive impairment” (n=5), were excluded. Data from control participants who originally 

screened positive but were not randomised to the current sample (n=38) were also excluded 

to avoid bias associated with including a larger percentage of lower-scoring individuals.  

Adjusted ACE-R total and sub-scores were calculated for participants with missing or 

incomplete items (n=4, all diagnosed with dementia). Reasons for incomplete data included: 
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dysphagia (n=2); illiteracy (n=1); and illiteracy and vision problems (n=1). Adjusted ACE-R 

sub-scores were calculated according to the following formula: (score/maximum score 

possible for completed items)*total for that sub-scale; the sum of these adjusted sub-scores 

formed the total ACE-R score. This method prevented exclusion of these participants from 

analyses, and retained the value of the original scores.  

Demographic comparisons were carried out between control participants included in 

the final sample for these analyses (n=31) and the remaining KGOWS participants who were 

not diagnosed with cognitive impairment (n=217), to ensure the 20% sub-sample was 

representative. Both groups were compared on urban/regional breakdown and sex (chi square 

test), age and education (Mann-Whitney U tests). Non-parametric tests were used as age was 

positively skewed and both age and education had outliers in the larger sample not selected 

for this normative study.  

Comparisons were also performed to determine whether the diagnostic groups 

differed on age or years of education. Three independent samples t-tests were run to 

investigate differences between each of the diagnostic groups on age. Due to the presence of 

outliers in the education variable (for the MCI and dementia groups), three Mann-Whitney U 

comparisons were run to determine whether there were statistical differences in education 

between the diagnostic groups. False Discovery Rate (FDR) correction (Benjamini & 

Hochberg, 1995) was applied across these tests to control for multiple comparisons.  

Correlation analyses were also performed to determine whether age or education was 

associated with cognitive test scores within each group. Pearson correlations were performed 

for correlations between age and either ACE-R Memory, Digit Span Forward and Percent 

Recall. Due to skew or outliers for the other cognitive variables, Spearman correlations were 

performed for the remaining correlations with age and education. FDR correction was applied 

across all correlations within each group.  

Descriptive statistics included means, standard deviations (SD), medians, interquartile 

ranges (IQR), and range of scores for all test variables. Percentile scores were calculated for 

the control group on each test variable, overall and stratified by education (low education = 0-

9 years; high education = 10+ years).  

Parametric statistics (three independent samples t-tests) were used to compare the 

three groups (control vs dementia, control vs MCI, and dementia vs MCI) on the ACE-R 

Memory, Digit Span Forward and Logical Memory Percent Recall variables. Non-parametric 

statistics (Mann-Whitney U) were used to compare the three groups on variables that were 

skewed or had outliers (all variables except ACE-R Memory, Digit Span Forward and 
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Logical Memory Percent Recall). Again, FDR correction was applied across tests to account 

for multiple comparisons.  

A Receiver Operating Characteristic (ROC) Curve analysis was run to determine 

sensitivity, specificity, and the optimal ACE-R score cut-off for dementia. To determine this, 

ACE-R scores from the control group and dementia group (excluding those with MCI) were 

included in the analysis. Youden’s J statistic was calculated based on the formula: Sensitivity 

+ Specificity – 1. The ACE-R score with the largest Youden’s J was identified as the optimal 

cut-off for dementia.  

 

Results 

Participants 

A total of 104 participants were included in the analyses, classified as controls (n=31), 

MCI diagnosis (n=38), or dementia diagnosis (n=35). The majority of participants with 

dementia were diagnosed with Alzheimer’s disease (n=16; 45.7%), followed by mixed 

dementia (n=9; 25.7%), vascular dementia (n=7; 20.0%) and dementia due to head injury 

(n=3; 8.6%). Of the total sample, 41 lived in urban areas and 63 in regional areas. All 

participants identified as Aboriginal with the exception of three participants who identified as 

both Aboriginal and Torres Strait Islander. All participants spoke English, and only two 

participants identified that English was not their first language. Control group participants 

were representative and did not differ from other cognitively intact KGOWS participants 

(n=217) on urban/regional breakdown (χ2 (1) = .002, p=.961), sex (χ2 (1) = 1.398, p=.237), 

age (Mann-Whitney U = 3244.00, p=.748), or education (Mann-Whitney U = 3169.50, 

p=.600). Demographic characteristics and the cognitive screening scores for the current study 

are shown in Table 1. Means, SDs, ranges, medians and interquartile ranges for each test 

variable are presented by cognitive status, in Table 2.  

Within the final sample, significant age differences were found between the control 

and dementia groups, t(58.02) = -3.38, p=.001, which remained significant after FDR 

correction. The age difference between the control and MCI groups, t(64.74) = -2.21, p=.031, 

was not significant after FDR correction (adjusted p-value=.093). There was no age 

difference between the MCI and dementia groups, t(71) = 1.19, p=.237. There were no 

differences on education for any of the groups: control and MCI (Mann-Whitney U = 475.00, 

p=.165), control and dementia (Mann-Whitney U = 417.50, p=.105), or MCI and dementia 

(Mann-Whitney U = 649.00, p=.859).  
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Correlations between either age or education, and the cognitive test variables for each 

diagnostic group separately, revealed no significant associations (all p>.05) after FDR 

correction for multiple comparisons (see Supplementary Material for results). Given there 

were no associations between age or education and test performance, and an age difference 

between the control and dementia groups was the only difference found, these variables were 

not included as covariates in subsequent between-group analyses.  

Percentile scores for each test variable are reported for the control group in Table 3. 

Given the skewed distributions for some variables, percentile scores are likely more useful 

for clinical purposes. Scores have also been stratified by education. Overall, comparing 

individual scores with tests norms matched for education level is preferable. For instance, 

there is a discrepancy of 6 points on the ACE-R total score at the 50th percentile (low 

education = 87 and high education = 93). If normative scores for the total sample were used, 

a test score of 87 would be considered closer to the 25th percentile; whilst a score of 93 would 

be considered in the 75th percentile. Whilst this example is more extreme than that seen for 

most other tests, and occasionally the percentile scores for the low education group are better 

than the high education group (although no correlations with education were seen for any 

test), this nevertheless highlights the importance of considering scores within the context of 

educational level, and not just for the normative sample as a whole.  
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Table 1. Demographic and screening data according to each diagnostic group. 

 Sex Age Education MMSE mKICA RUDAS 

 Male Mean 

(SD) 

Range Mean 

(SD) 

Range Mean 

(SD) 

Range Mean 

(SD) 

Range Mean 

(SD) 

Range 

Control 

(n=31) 

15 (48%) 64.90 

(4.26) 

60-74 9.71 

(2.43) 

6-15 28.74 

(1.00) 

27-30 37.84 

(1.16) 

34-39 26.58 

(2.54) 

20-30 

MCI 

(n=38) 

13 (34%) 67.74 

(6.36) 

60-80 8.76 

(2.93) 

4-15 26.29a 

(2.49) 

19-30 37.11a 

(1.54) 

32-39 23.93a 

(3.14) 

15-30 

Dementia 

(n=35) 

22 (63%) 69.57 

(6.78) 

60-88 8.40 

(3.31) 

0-15 21.31b 

(5.57)  

7-29 32.77c 

(3.97) 

20-38 20.84c 

(4.88) 

8-28 

an=37 for cognitive screening (n=1 not screened due to speech difficulties resulting from stroke); bn=32 (n=3 not screened due to cognitive 

impairment); cn=30 (n=4 not screened due to cognitive impairment and n=1 not screened due to cognitive and motor impairment).  

Note: MMSE, mKICA, and RUDAS scores were prorated for participants with sensory/physical impairment or poor literacy for a subset of items 

(for an overview of the total KGOWS sample, see Radford, Mack, Draper, Chalkley, Delbaere, et al., 2015).  
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Table 2. Descriptive statistics for major study variables according to diagnostic group.  

  Control (n=31)  MCI (n=38)  Dementia (n=35) 

 Mean  

(SD) 

Range Median 

(IQR) 

Mean  

(SD) 

Range Median 

(IQR) 

Mean  

(SD) 

Range Median 

(IQR) 

ACE-R          

Attention/Orientation 17.71 (.78) 14 – 18 18 (0) 17.03 (1.12) a 14 – 18 17 (1) 12.85 (4.31) c 2 – 18 13.5 (5) 

Memory 22.32 (2.50) 19 – 26 22 (4) 17.41 (3.48) a 11 – 25 17 (5) 10.71 (5.78) c 0 – 20 11 (10) 

Fluency 10.23 (2.55) 5 – 14 10 (4) 8.05 (2.35) a 3 – 14 8 (3) 4.21 (3.92) c 0 – 11 3 (8) 

Language 24.13 (1.78) 18 – 26 24 (3) 22.68 (2.57) a 14 – 26 23 (4) 17.65 (5.82) c 3 – 25 20 (8) 

Visuospatial 15.06 (0.96) 13 – 16 15 (2) 13.86 (1.72) a 9 – 16 14 (2) 10.38 (4.77) c 0 – 16 11 (5) 

ACE-R total 89.45 (5.38) 76 – 98 89 (7) 79.03 (5.84) a 67 – 93 78 (8) 55.79 (20.80) c 13 – 84 55 (30) 

Digit Span Forward          

Longest span 6.16 (1.46) 4 – 9 6 (2) 5.81 (1.33) a 4 – 8 6 (2) 4.94 (1.05) d 3 – 8 5 (1) 

Total correct 9.26 (2.49) 5 – 15 9 (4) 8.70 (2.07) a 6 – 13 8 (3) 7.06 (1.92) d 4 – 12 7 (3) 

Digit Span Backward          

Longest span 4.13 (0.92) 3 – 6 4 (2) 3.22 (0.75) a 2 – 5 3 (1) 2.77 (1.09) e 0 – 5 3 (1) 

Total correct 5.61 (1.60) 3 – 9 5 (3) 3.84 (1.19) a 2 – 6 4 (2) 3.03 (1.73) d 0 – 6 3 (2) 

Logical Memory          

Immediate Recall total 12.26 (3.73) 4 – 19 12 (5) 7.87 (3.93) 0 – 16 7.5 (4) 4.13 (3.37) e 0 – 12 4 (5) 

Delayed Recall total 9.26 (3.66) 2 – 18 9 (4) 4.89 (3.48) 0 – 13 5 (5) 1.97 (2.75) e 0 – 10 0 (3) 

Percent Recall 74.45 (17.43) 42.86 – 100 75 (30.36) 53.95 (30.63) 0 – 100 58.57 (46.98) 28.82 (37.24) e 0 – 100 0 (60) 

Recognition total 11.61 (2.01) 6 – 15 12 (3) 9.87 (2.53) 4 – 14 10 (4) 8.94 (1.93) e 5 – 14 9 (2) 

Oral Trail Making A          

Total time 9.26 (2.56) 4 – 16 9 (3) 9.72 (2.48) b 6 – 14 9.5 (5) 16.09 (16.34) d 6 – 99 12 (7) 

Oral Trail Making B          

Total time 46.68 (22.32) 22 – 99 40 (26) 79.70 (22.76) a 34 – 99 90 (40) 89.04 (17.68) f 45 – 99 99 (19) 
an=37; bn=36; cn=34; dn=32; en=31; fn=27. SD = standard deviation; IQR = interquartile range. 
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Table 3. Control group percentile scores for main test variables, stratified by education.  

 Low education (0 – 9 years) 

(n=18) 

High education (10+ years) 

(n=13) 

Total (n=31) 

Percentiles 10 25 50 75 10 25 50 75 10 25 50 75 

ACE-R             

Attention/Orientation 17.00 17.00 18.00 18.00 15.60 18.00 18.00 18.00 17.00 18.00 18.00 18.00 

Memory 19.00 20.00 21.00 24.00 19.00 20.50 24.00 25.50 19.00 20.00 22.00 24.00 

Fluency 5.00 6.75 10.00 11.25 9.00 10.00 12.00 13.00 6.00 9.00 10.00 13.00 

Language 21.60 22.75 24.00 24.25 22.40 25.00 26.00 26.00 22.00 23.00 24.00 26.00 

Visuospatial 13.00 14.00 15.00 16.00 14.00 15.00 16.00 16.00 14.00 14.00 15.00 16.00 

ACE-R total 79.60 84.75 87.00 89.25 85.60 89.50 93.00 97.00 83.20 86.00 89.00 93.00 

Digit Span Forward             

Longest span 4.00 5.00 5.50 7.25 4.40 5.00 7.00 7.00 4.20 5.00 6.00 7.00 

Total correct 5.90 7.00 8.50 10.50 6.40 7.00 10.00 11.50 6.20 7.00 9.00 11.00 

Digit Span Backward             

Longest span 3.00 4.00 4.00 5.00 3.00 3.00 4.00 4.00 3.00 3.00 4.00 5.00 

Total correct 4.00 4.75 6.00 8.00 3.00 4.00 5.00 6.00 4.00 4.00 5.00 7.00 

Logical Memory             

Immediate Recall total 5.80 8.75 10.50 14.00 7.80 12.00 14.00 16.00 7.20 10.00 12.00 15.00 

Delayed Recall total 3.80 5.75 8.50 10.25 5.40 7.00 10.00 13.50 5.00 7.00 9.00 11.00 

Percent Recall 50.00 57.14 74.47 93.18 46.89 56.10 75.00 85.42 50.59 57.14 75.00 87.50 

Recognition total 8.70 10.00 11.50 13.00 8.40 11.50 12.00 13.00 9.00 11.00 12.00 13.00 

Oral Trail Making A             

Total time 13.30 12.25 9.50 7.75 11.60 9.50 9.00 7.50 13.00 11.00 9.00 8.00 

Oral Trail Making B             

Total time 83.70 59.50 46.00 35.50 95.40 47.50 31.00 26.00 88.40 55.00 40.00 29.00 
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Sensitivity to Cognitive Impairment 

To determine whether cognitive performance on each test differed between diagnostic 

groups, each of the groups were compared on test variables. Results are presented in Table 4. 

Differences between groups were generally found across the tests, where the control group 

performed better than both MCI and dementia groups, and the MCI group performed better 

than the dementia group. All statistically significant results (p<.05) remained significant after 

FDR correction. There were just three instances where the comparisons were non-significant: 

the control and MCI groups did not differ on Digit Span Forward total correct or Oral Trail 

Making A total time (i.e., simple attention span/sequencing tasks); and the dementia and MCI 

groups did not differ on Logical Memory Recognition scores (both performed similarly 

poorly relative to the control group).  

ROC curve analysis showed that the ACE-R was able to discriminate the control and 

dementia groups (area under the curve = .986). An ACE-R score of ≤82.5 was identified as 

the optimal cut-off for dementia (sensitivity = .941, specificity = .935), based on Youden’s J 

statistic = .877.  
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Table 4. Results from parametric (t-tests) and non-parametric (Mann-Whitney U) analyses 

comparing diagnostic groups on performance for test variables of interest.  

 Control vs Dementia Control vs MCI MCI vs Dementia 

 t / U p t / U p t / U p 

ACE-R       

Attention/Orientation 78.50 <.001 333.50 .001 192.50 <.001 

Memoryꝉ 10.68 <.001 6.58 <.001 -5.86 <.001 

Fluency 119.50 <.001 297.50 .001 292.00 <.001 

Language 109.50 <.001 363.50 .009 261.50 <.001 

Visuospatial 165.50 <.001 335.00 .003 332.00 .001 

ACE-R total 15.00 <.001 108.00 <.001 176.50 <.001 

Digit Span Forward       

Total correctꝉ 3.91 <.001 1.01 .318 -3.40 .001 

Digit Span Backward       

Total correct 142.50 <.001 228.00 <.001 423.50 .038 

Logical Memory       

Percent Recallꝉ 6.18 <.001 3.489 .001 -3.02 .004 

Recognition total 158.50 <.001 350.00 .004 451.00 .093 

Oral Trail Making A       

Total time 265.50 .001 498.50 .450 317.00 .001 

Oral Trail Making B       

Total time 74.50 <.001 180.00 <.001 360.00 .041 

ꝉt-statistics reported; all others Mann-Whitney U. All statistically significant values (p<.05) 

remained significant after FDR correction for multiple comparisons.  
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Discussion 

This study provides some of the first normative data for older Aboriginal Australians 

on a selection of common neuropsychological tests. Anecdotally, these tests were found to be 

generally acceptable with participants; and were sensitive to performance decrements for 

individuals with dementia or MCI, supporting their validity in this population. The normative 

data presented also allow for interpretation of test scores in the context of educational level, 

which may increase the fairness and/or sensitivity of clinical interpretations based on these 

data. Publishing these norms is not only integral to the interpretation of cognitive test scores 

in a research setting, but it also has important clinical applications (Dingwall et al., 2014; 

O'Connor, 1990). Given these tests are readily available and easy to administer, having norms 

specific to this population will assist with objective assessment of cognitive decline and 

monitoring of cognitive function over time.  

In line with expectations, the control group performed better than both the MCI and 

dementia groups on the ACE-R (total and sub-scales), and the MCI group demonstrated 

better performance than those diagnosed with dementia. The optimal cut-off for dementia 

diagnosis was identified as an ACE-R score of ≤82.5. These findings are in accordance with 

research from the UK reporting better performance across the ACE-R total and sub-scores 

(excluding Attention and Visuospatial) in controls; and better performance in MCI compared 

to dementia; with a cut-off of 82 indicative of dementia (Mioshi et al., 2006). Substantial 

differences for all sub-scores in the current study, including Attention and Visuospatial, could 

be due to slightly poorer performance (linked to lower education) than participants in Mioshi 

et al. (2006). However, when stratified by education, ACE-R performance for those with 

higher levels of education in the current normative sample of Aboriginal Australians is 

consistent with that of the control group from Cambridge, UK (Mioshi et al., 2006). The 

current ACE-R results also generally align with those reported in a non-Aboriginal sample 

from Sydney, Australia (Terpening, Cordato, Hepner, Lucas, & Lindley, 2011). Control 

group results reported in the current study for ACE-R total and sub-scores were equivalent to 

or slightly higher (within 1 point) than those reported by Terpening et al. (2011). However, 

unlike these previous memory clinic studies (Mioshi et al., 2006; Terpening et al., 2011), the 

current normative data are derived from a representative sample of a population-based cohort 

of older people, further strengthening the reliability of our results.  

Digit span performance was better in the control than the MCI or dementia groups, 

and better in MCI than dementia, with one exception: there was no significant difference 

between the control and MCI groups on Digit Span Forward. Task difficulty can explain this 
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result, as Digit Span Forward relies less on higher order executive functions than does Digit 

Span Backward. This is supported by Griffith et al. (2006), who reported no Digit Span 

differences between control and MCI groups; although no distinction was made between the 

Forward and Backward subtests. Other research has shown that Digit Span performance 

(Forward and Backward) differs between control and MCI groups (Kessels, Molleman, & 

Oosterman, 2011; Kessels, Overbeek, & Bouman, 2015), control and dementia groups 

(including Alzheimer’s disease and Lewy body dementia) (Calderon et al., 2001; Kessels et 

al., 2015), and MCI and dementia groups (Kessels et al., 2015). On the other hand, null 

results have been found between all groups (Kramer et al., 2006), and the MCI and dementia 

groups specifically (Kessels et al., 2011). Despite these inconsistencies, the current findings 

extend previous work by demonstrating performance differences in an Aboriginal Australian 

sample.  

Consistent with the Digit Span results, control participants performed best on Oral 

Trail Making, with the poorest performance in those with dementia; however, there was no 

significant difference on Oral Trail Making A between the control and MCI groups. The Oral 

Trail Making Test results for the control group are slightly poorer than data for 59 to 79 year 

olds presented by Mrazik, Millis, and Drane (2010), particularly for Oral Trail Making B; but 

differences in average education levels could contribute to this discrepancy. Differences on 

Oral Trail Making A and B for control and dementia groups have been found in a previous 

Australian study (Kowalczyk, McDonald, Cranney, & McMahon, 2001). These findings also 

replicate a study demonstrating control, MCI, and dementia group performance differences 

with the exception of the control and MCI comparison, on Oral Trail Making A (Bastug, 

Ozel-Kizil, Altintas, Kirici, & Altunoz, 2013). It should be noted that Trail Making A, 

particularly in the oral format, is less of a test of executive functioning, and is rather a control 

task for Trails B that assesses the speed of reciting an overlearned sequence, which appears 

not to be impaired in MCI.  

For Logical Memory, best performance was observed in the control group and poorest 

performance in the dementia group; although there was no difference between the MCI and 

dementia groups on the Recognition task. Given memory is typically impaired in both MCI 

and dementia (Dubois & Albert, 2004; Perneczky et al., 2006), this could explain the lack of 

difference on recognition memory. There is support for better performance in controls than 

those with MCI (Griffith et al., 2006; Grundman et al., 2004; Rabin et al., 2009; Ribeiro, de 

Mendonca, & Guerreiro, 2006) or dementia (Calderon et al., 2001; Kowalczyk et al., 2001) 

on Logical Memory (particularly the delayed recall task). Baseline performance differences 
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have even been found longitudinally between individuals who later converted to Alzheimer’s 

disease versus those who did not (Elias et al., 2000; Rabin et al., 2009). These findings 

support the utility of the Logical Memory task in assessing cognitive decline in older 

Aboriginal Australians. Using stories might enhance the acceptability of memory assessments 

in this population, and there could be opportunities to develop culturally specific adaptations 

of the Logical Memory test, for more widespread use across Aboriginal Australians. 

However, given the long administration time (including 30 minute delayed recall), this type 

of test is less readily administered in primary care settings and is more appropriate as part of 

neuropsychological assessment in specialist clinics or research settings.  

Strengths and Limitations 

This paper provides the first normative data for older Aboriginal Australians on a 

range of commonly used cognitive assessments. This is important given that the Aboriginal 

Australian population is ageing (ABS, 2014), and dementia and cognitive decline are more 

prevalent in this population (Radford, Mack, Draper, Chalkley, Daylight, et al., 2015; Smith 

et al., 2008). Hence, there is an increased need for reliable, validated assessments to monitor 

cognitive decline. A strength of this study is the generalisability to many Aboriginal 

Australians, the majority of whom live in urban and regional areas (ABS, 2016). Compared 

with the broader community-based KGOWS cohort, the current sub-sample was consistent in 

terms of urban/regional breakdown, sex, age, and education. Although dementia is 

unrecognised as a medical condition for some Aboriginal people (Arkles et al., 2010), and 

despite the assessments used in the current study being considered more ‘mainstream’, these 

assessment tools are still relevant for Aboriginal people (particularly in an urban/regional 

context) who also have strong ties to their Aboriginal culture. Another strength is the 

reporting of norms for the Oral Trail Making Tests, for which robust normative data is not yet 

available for any population (Kaemmerer & Riordan, 2016). Given that older people may 

have visual and motor impairments which can affect performance on the written version of 

Oral Trail Making, it is important to consider the utility of alternative measures that are less 

impacted by physical capabilities.  

Conversely, a limitation of the study is that the Oral Trail Making test may not be 

equivalent to the conventional written version of the task, although they likely both reflect 

set-shifting abilities (Mrazik et al., 2010). However, this method of administration was 

chosen over the written version due to the importance of administering tests in ways that are 

more likely to be culturally safe (Dingwall et al., 2014). Another limitation is the relatively 

small sample size, as normative data are ideally derived from large samples. These results 
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may also not be generalizable to remote Aboriginal communities or Aboriginal people who 

do not speak English fluently. However, this sample was randomly selected from, and highly 

representative of, a larger cohort of older Aboriginal Australians from urban and regional 

communities, successfully recruited using culturally appropriate population-based methods 

(Radford, Mack, Draper, Chalkley, Daylight, et al., 2015); and reflects urban and regional 

Aboriginal communities more broadly. Moreover, the current normative sample only 

included individuals who were confirmed to be cognitively intact following comprehensive 

assessment and clinical consensus review. It should also be considered that clinical diagnosis 

was not completely independent of cognitive testing, and the neuropsychological tests 

examined in this study formed part of the holistic clinical consensus review. However, given 

the lack of normative data for Aboriginal Australians, cognitive test performance only 

partially informed the diagnosis, in a largely qualitative way; this is evident in the variation of 

performance within the groups, as well as the overlap in performance across the groups for all 

of the tests.  

No associations were found between age or education and any of the cognitive tests. 

This could be due to the relatively constrained age range within the control group (aged 60 to 

74 years). Inclusion of cognitively intact older people aged over 75 may have elucidated age-

effects; however, in this community-based cohort, the majority were aged 70 years or 

younger (71%), and the oldest participants were more likely to be diagnosed with dementia or 

MCI compared to younger participants. In terms of education, there was a small number of 

participants with higher levels of education in this sample, and only 5 cases in the control 

group of education > 12 years; this may have reduced associations with cognitive 

performance.  

Further research to enhance the cultural relevance, reliability and availability of 

validated cognitive assessment tools for Aboriginal Australians is crucial (as it is in 

Indigenous populations globally). This may include development of novel culturally specific 

neuropsychological tests. However, high quality normative studies with certain existing tools 

(as appropriate) are also important for increased culturally fair interpretation of test scores 

and cross-cultural inclusion in major research studies on the prevention and treatment of 

cognitive decline and dementia.  

Conclusion 

This study provides the first normative data for older Aboriginal Australians on a 

range of conventional cognitive tests, and has demonstrated the consistency of performance 

differences between cognitively intact older people and those with MCI and dementia when 
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compared to previous literature in non-Aboriginal samples. Having appropriate norms for 

comparison with individual scores is imperative for interpreting cognitive test performance, 

and this paper provides data from a representative sample of older Aboriginal people. These 

normative data can be used in future clinical and research work, and may assist with 

culturally-relevant assessment of older Aboriginal Australians.  
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