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Abstract

The International Shopping List Test (ISLT) is a measure of verbal learning and memory, developed specifically for use in people from

different cultural and linguistic backgrounds. In this report, we describe two studies that examined the ISLT’s ability to detect memory im-

pairment and memory decline in patients with mild Alzheimer’s disease (AD) from a range of cultural and linguistic backgrounds. In Study 1,

the performance of Australian-English-speaking adults with mild AD was compared with that of native Australian-English- and Korean-

speaking patients with mild AD. Compared with controls, patients with AD from both language groups showed large but equivalent impair-

ments in total recall, delayed recall, rate of learning, and primacy and retention-weighted recall (RWR) measures on the ISLT. In Study 2, the

rate of deterioration in verbal memory over 1 year was examined in groups of native Canadian-English, French, and Korean speakers with

mild AD using the total recall, delayed recall, and RWR measures. Rates of change on all three measures were equivalent across the language

groups, although the magnitude of deterioration was most pronounced for the total recall and RWR measures. Taken together, these results

suggest that the ISLT is valid and reliable for the assessment of verbal learning and memory impairment and decline in patients with mild AD

from diverse language groups.
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Introduction

The assessment of verbal episodic memory is central to the neuropsychology of Alzheimer’s disease (AD) and is conducted

most commonly using verbal list learning tests (Buschke et al., 2006; Mitrushina, Boone, Razani, & D’elia, 2005). In mild AD,

impairment on verbal list learning tests manifests as a reduced number of total words recalled, slower rates of learning across

trials, decreased ability to recall words after a delayed period of time, and reduced primacy with relatively normal recency

(Bayley et al., 2000; Greenway et al., 2006; Jungwirth et al., 2009). In addition, indices such as retention-weighted recall

(RWR), derived from the combination of primacy and total recall scores, also show large impairments in AD (Buschke

et al., 2006).

Given that AD presents in older people from all countries, it would be useful to have verbal list learning tests that can be

used in different cultural or language groups with equivalent validity and reliability. However, because verbal list learning tests

have been developed in Western Europe and North America, their application to cultures where English or other modern

European languages are not spoken has been limited (Ardila, 2005; Greenfield, 1997). One method that has been used to
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adapt standardized list learning tests to other cultures has been to directly translate the original English words into the language

of interest (Reynolds, 2000). For example, the memory test from the Consortium to Establish a Registry for Alzheimer’s

Disease (CERAD) battery has been translated from American English into Korean (Lee et al., 2002) and French (Demers

et al., 1994) through a process of translation and back-translation. However, this approach has been criticized because

certain languages may lack the original words or direct translation may not be possible (Dick, Dick-Muehlke, & Teng,

2006). For example, the English word “ranger” used on the RAVLT has no direct equivalent in Mandarin, with

(person in charge of forest) providing the closest translation. Obviously, this phrase is different to the original

single word “ranger,” which can refer to a range of occupations and is not strictly restricted to the protection of forests.

Furthermore, the familiarity and relevance of the term for a person in charge of a forest to Mandarin-speaking people may

be low. Therefore, despite translation, the two words are not equivalent. Cultural relevance can also affect memory for

English words. Recently, we found that memory performance in healthy English-speaking adults living in Australia was

almost 1 SD below that of a matched English-speaking sample from the USA when the stimuli on the verbal list learning

test consisted of nouns describing food items more common in the USA than in Australia (e.g., bagel, soda; Lim et al.,

2009). This finding persisted despite the USA food item stimuli being relatively well known to the Australian group.

However, this culture-based asymmetry was reversed completely when the verbal list learning test was modified so that

stimuli were food items more common in Australia than in the USA (Lim et al., 2009).

A second approach to adapting verbal list tests to other cultures has been to translate words but ensure that the translated and

original words match according to some lexical characteristics within each language. For example, list learning stimuli have

been matched on characteristics known to influence encoding, such as frequency, familiarity, imaginability, syllable number, or

length (Bock & Klinger, 1986; Glanzer, 1972; Paivio, 1968). This approach requires reliable information about the different

linguistic characteristics for the language of interest. However, for many languages, this information does not exist and even

when available, language use can change rapidly over time, often rendering it inaccurate (Ardila, 2007). Furthermore, in Asian

languages (e.g., Korean), where pictorial characters are used instead of an alphabet (e.g., the Roman alphabet), characteristics

such as syllable number or word length cannot be used to translate words. For example, the fruit “apple” in English contains

two syllables, five letters, and five pen-strokes, whereas “apple” in Korean ( ) consists of two syllables, two characters, and

nine pen-strokes. Even with the use of “pı̄n yı̄n,” the Romanization of Chinese characters to aid pronunciation (“apple” written

as “pı́ng gŭo”), there is the added complexity of the four separate tones in Mandarin that must be considered. Thus, matching by

word characteristics is limited in the extent to which it can be applied universally.

Individuals from some cultures may also have lower levels of test-taking experience (Ardila, 2005). Consequently, assump-

tions about values, knowledge, and communication, which are implicit in verbal memory measures, are often not met when

these assessments are conducted in other cultures (Greenfield, 1997). This can consequently reduce the validity of performance

scores derived from those tests (Reynolds, 2000; Shiraev & Levy, 2007). For example, in North America and Western Europe,

testing in general is quite common, and the dominant mode of such testing involves asking the examinee for information that

the examiner does not necessarily lack (Greenfield, 1997). This type of information gathering may be unfamiliar to people from

cultures where questions are asked only to gather information that is lacking (Greenfield, 1997). Lower familiarity with test

taking has also been recognized to reduce test validity in subpopulations from developed countries, for example, in older

adults with low educational experience, people from rural or remote regions, people from low socioeconomic groups, or immi-

grants (Ardila, 2005; Greenfield, 1997; Nell, 2000; Youngjohn, Larrabee, & Crook, 1991). One solution to the issue of

decreased familiarity with test-taking has been to develop neuropsychological tests that approximate situations from everyday

life settings (e.g., Wilson, Cockburn, Baddeley, & Hiorns, 1989). For verbal list learning tests, one attempt at such approxi-

mation has been to include items commonly used in everyday situations in the list (e.g., the California Verbal Learning

Test, CVLT; Delis, Kramer, Kaplan, & Ober, 1987; and the Grocery List Selective Reminding Test; Youngjohn et al.,

1991). Importantly, although these tests contain items that are found commonly in Western societies, they do not necessarily

possess cultural appropriateness when adapted for use in other cultures or languages (e.g., items on the CVLT such as slacks

and chisel).

Recently, we developed a method for the cross-cultural adaptation of a verbal list learning test. This method is based on the

shopping list model, with the equivalence of stimulus words across languages or cultures controlled by restricting the selection

of word stimuli to items that are common in the shops, stores, or markets (hereafter termed stores) of specific geographic loca-

tions (Lim et al., 2009). The International Shopping List Test (ISLT) is a four-trial (three learning trials and one delayed recall

trial) verbal list learning test in which individuals are instructed to remember a list of 12 items that they need to obtain from

their local store. To ensure that items on the shopping list are relevant to the region of interest, a large pool of common shop-

ping list items (128 items) is translated into the language of interest by a certified translator from that same region. After trans-

lation, a web-based survey is conducted in which 30 or more people from the region of interest are asked to rate each shopping

list item according to the ease (i.e., “very difficult,” “difficult,” “easy,” or “very easy”) with which it can be obtained locally.
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Only items rated as “very easy” or “easy” to obtain are included as stimuli on the ISLT (Lim et al., 2009). This procedure

typically yields 96 words, which are organized into eight different ISLT lists of 12 words for each language (see Appendix

for Australian-English lists). In an earlier study conducted on healthy young adults from Mandarin, Malay, French, and

English language groups, who were matched on age, education, and gender, performance on the ISLT was equivalent on mea-

sures of total recall, primacy, recency, and rate of recall (Lim et al., 2009). Two recent studies evaluated the ability of the ISLT

to detect memory impairment in clinical groups. In the first study, the magnitude of impairment in English-speaking people

with schizophrenia was estimated to be equivalent by the Hopkins Verbal Learning Test (HVLT) and ISLT, and there was

a high correlation between performance on the two memory tests (Pietrzak et al., 2009). A second study observed large

and reliable impairment in performance on the ISLT in English-speaking adults with mild AD compared with matched controls

(Thompson et al., 2011). These studies provide a sound basis for evaluating the ability of the ISLT to detect AD-related

memory impairment in languages other than English.

Reynolds (2000) has recommended that evaluating a test’s ability to detect impairment in a criterion disorder in different

cultures can provide a good challenge of the cultural equivalence of the test. In this context, memory impairment in AD pro-

vides a good criterion, as the magnitude of such impairment is large and well described (Baddeley, 1992; Perry, Watson, &

Hodges, 2000). The disease can also be diagnosed clinically, and its severity staged with high reliability in diverse cultural

groups (e.g., Chow et al., 2002; Kalaria et al., 2008). Finally, the severity of AD-related memory impairment increases in mag-

nitude over time and the extent to which a test can detect changes in memory over time in different language groups provides

another opportunity for determining cultural equivalence.

Thus, the aim of Study 1 in the present report was to replicate and extend the findings of Thompson and colleagues (2011) by

comparing the nature and magnitude of impairment on the ISLT in Australian-English and Korean speakers with mild AD. We

hypothesized that relative to controls, both Australian and Korean patients with AD would show impaired performance on the

ISLT characterized by impaired total recall scores, impaired delayed recall scores, lower RWR scores, lowered primacy effect,

intact recency effect, and lower rate of learning. The first aim of Study 2 was to identify performance measures that would be

useful for characterizing AD-related memory decline over a period of 1 year. The second aim of Study 2 was to determine the

extent to which ISLT performance changed with disease progression in Canadian-English, Korean, and French speakers with

mild AD. We hypothesized that decline in performance on the ISLT over time would not be influenced by the culture or the

language of the AD group.

Study 1

Method

Participants. The control group consisted of 30 healthy Australian adults aged 60 or older who were recruited from an ongoing

study of healthy cognitive aging (Frederickson et al., 2010). They were recruited via an advertizing campaign through articles

in advocacy group newsletters, and a news release from the advocacy group reproduced in several local newspapers. All indi-

viduals had been undergoing serial cognitive assessment and were selected because any aspect of their cognitive function had

not changed over the previous 2 years and because they did not complain of any memory problems. All had been evaluated by a

board certified behavioural neurologist (D.D.) who determined that they had no evidence of cognitive, neurological, or psy-

chiatric symptoms and that they met the inclusion/exclusion criteria as detailed below. None had been tested with the ISLT.

Thirty patients with AD were recruited from AD clinics in major hospitals in Melbourne, Australia, and Seoul, Korea. All of

the Australian sample were Caucasian and all of the Korean sample Asian. Additionally, 93% of the Australian sample were

born in Australia (the two non-Australian born adults were born in Italy and had lived in Australia for 53 and 55 years), but all

indicated that English was their primary language. All Korean samples were born in Korea and were native Korean speakers.

All patients with AD met diagnostic criteria for probable AD as defined by the National Institute of Neurologic and

Communicative Disorders and Stroke–AD and Related Disorders Association (NINCDS-ADRDA; McKhann et al., 1984)

and had an MRI brain scan supporting the clinical diagnosis of AD. Additional inclusion criteria were a score of 18–26 on

the Mini-Mental State Examination (MMSE), a Rosen-Modified Hachinski Ischemic score of ,4, and written informed

consent from the patient and the patient’s caregiver for the original test protocol. Patients were rated using the Clinical

Dementia Rating (CDR) scale to provide a sum of boxes score and all were taking cholinesterase inhibitors at the time of as-

sessment and had been doing so for 6 months or longer. Patients with AD had a CDR sum of boxes score of 1 or more and were

excluded if they had any one or more of the following: a neurological disease other than AD that might affect cognition; a

major psychiatric disorder, systemic illness, or symptoms that could affect the patient’s ability to complete the study; a

Geriatric Depression Scale score of ≥10; or if they have used anticonvulsant, antiparkinsonian, anticoagulant, narcotic, or im-

munosuppressive medications within 3 months prior to assessment. No participant in the study had been tested using the ISLT
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in the past. The Korean and Australian AD groups did not differ with respect to age, education, MMSE scores, or depression.

Data collected from participants complied with the regulations of institutional research and ethics committees. Demographic

and clinical characteristics of the control and AD groups are shown in Table 1.

Measures. Eight lists of the 12-word, 4-trial (three learning trials and one delayed recall trial) ISLT was adapted to ensure

cultural and linguistic relevance to the Australian-English and Korean groups using the methodology outlined by Lim and col-

leagues (2009) and described in the Introduction section. The eight versions of the Australian list are shown in the Appendix. In

each assessment, one of the eight lists was chosen at random by the computer software. For each list, the order in which items

were presented was randomized between participants by the computer software, with the order of the items remaining constant

across the three learning trials. Statistics showing the comparability of performance on the different Australian shopping lists,

derived from the sample of healthy older adults described in Thompson and colleagues (2011), are also provided in the

Appendix. During each assessment, the computer presented the words to the examiner one at a time at a rate of 1 word per

2 s. The participant was instructed to “try and remember as many items on the shopping list as possible.” The examiner

then read each item to the participant as they appeared on the screen. The computer screen was never visible to the participant.

Once all 12 words had been read to the participant, they were instructed to recall as many items from the list as possible with

the statement “tell me as many items on the shopping list as you can remember.” The list of 12 words is diplayed on the com-

puter screen and as the participant recalled each item, the examiner marked the item by clicking on the relevant checkbox. If

words were repeated, the checkbox was clicked again. Another checkbox was clicked if the participant said a word that was not

on the original list (i.e., an intrusion). When the participant indicated that no more items could be recalled, the trial was stopped

and the same process was repeated two more times. For the delayed recall trial, participants were asked to recall as many items

as possible from the initial list after a delay of 15 min.

Data analysis. For each participant, for each trial, total number of words recalled correctly was computed. For correctly

recalled words, the order in which they were recalled was also recorded and given an RWR score, where words recalled at

the start of the list are given higher values than those recalled at the end of the list (Buschke et al., 2006). A total RWR

score and total words recalled across learning trials were also recorded. A primacy score was computed for each subject by

summing the number of words recalled from the first four positions on the list recalled on each trial (maximum score ¼

12). A recency score was also computed by summing the number of words recalled from the last four positions on the list

recalled on each trial (maximum score ¼ 12). Serial position curves were also constructed for free recall data for both

healthy and AD participants (Fig. 1). Total recall, delayed recall, total RWR, primacy, and recency scores were compared

using a series of one-way between-groups (control and two AD groups) analysis of variance (ANOVA). Data for words recalled

and RWR at each trial were then submitted to separate 3 (group: controls, Australian AD, Korean AD) × 3 (trial: 1, 2, 3)

repeated-measures ANOVAs. The Pearson correlations were computed to examine bivariate associations between the total

recall, delayed recall, and total RWR measures.

Table 1. Participant characteristics

Measure Study 1 Study 2

Australian control group Australian AD group Korean AD group Canadian English French Korean

n 30 30 30 20 10 20

Race 30 Caucasian 30 Caucasian 30 Asian 20 Caucasian 9 Caucasian/1 African 20 Asian

n born in country of assessment 30 28 30 20 10 20

Age 68.2 (8.5) 69.3 (11.9) 71.3(10.2) 71.3 (6.5) 70.3 (6.9) 69.9 (7.2)

Gender (% men) 53.3 56.6 53.2 56.6 50 54

Years of education 12.1 (2.9) 11.7 (3.2) 10.9 (3.7) 11.6 (6.7) 10.8 (7.8) 12.7 (1.2)

MMSE 29.1 (.9) 22.3 (3.3) 22.1 (5.9) 20.4 (4.5) 21.5 (3.5) 21.6 (3.4)

CDR-SOB 0 4.9 (2.3) 4.2 (3.1) 4.1 (2.1) 4.5 (3.2) 4.8 (2.6)

Depression score (GDS) 1.5 (2.0) 1.7 (2.1) 2.1 (1.9) 1.3 (2.3) 1.5 (2.3) 1.9 (2.3)

Notes: AD ¼ Alzheimer’s disease; MMSE ¼Mini-Mental State Examination;

CDR-SOB ¼ Clinical Dementia Rating, Sum of Boxes;

GDS ¼ Geriatric Depression Scale.
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Results and Discussion

Figure 1 shows that the serial position curves were similar for the two AD groups compared with controls. The results of

one-way between-groups ANOVA comparing total recall, total RWR scores, delayed recall, total primacy, and total recency

between controls, and the Australian AD and Korean AD groups are summarized in Table 2. Post hoc comparisons indicated

the control group’s scores were significantly better than scores from the Australian and Korean AD groups on measures of total

recall, delayed recall, total RWR score, primacy, and recency. Figure 2 shows the magnitude of impairment of Australian and

Korean AD groups on each outcome measure of the ISLT relative to matched healthy Australian controls. Figure 2 also shows

that in the AD groups, the magnitude of impairment in recency was less than in primacy.

A repeated-measures ANOVA was then conducted for total recall and RWR. For total recall, repeated-measures ANOVA

indicated a significant interaction between group (controls, Australian AD group, and Korean AD group) and trial (three

Fig. 1. Serial position curve for Korean AD, Australian AD, and Australian controls on Trial 3 of the ISLT, Study 1.

Table 2. Group mean performance on ISLT outcome measures comparing Australian control, Australian AD, and Korean AD groups, Study 1; one-way

ANOVAs compared performance on total recall, delayed recall, total RWR, primacy, and recency only

Measure Australia (English) Korea

(Korean)

One-way

ANOVA (F)

Post hoc pairwise comparisons using Bonferroni

Controls

(N ¼ 30)

AD (N ¼ 30) AD

(N ¼ 30)

Controls versus

Australian AD

(Cohen’s d)

Controls versus

Korean AD

(Cohen’s d)

Australian AD

versus Korean AD

(Cohen’s d)

Recall

Trial 1 6.63 (1.61) 3.00 (1.55) 2.67 (1.37)

Trial 2 9.10 (1.52) 4.07 (1.68) 4.33 (1.58)

Trial 3 9.90 (1.58) 4.60 (1.59) 4.80 (1.90)

Total 25.63 (3.65) 11.67 (4.31) 11.80 (3.89) 133.96** 3.50** 3.96** 0.14

Delayed 8.67 (1.69) 1.90 (1.67) 1.50 (1.74) 166.56** 4.03** 4.14** 0.21

RWR score

Trial 1 45.03 (10.60) 17.50 (10.45) 13.87 (9.79)

Trial 2 61.93 (10.38) 23.80 (12.32) 23.97 (13.48)

Trial 3 65.53 (9.47) 28.97 (13.29) 27.47 (15.47)

Total 172.50 (23.42) 70.27 (31.56) 65.30 (32.48) 136.16** 3.68** 4.02** 0.21

Primacy

Total 9.60 (1.48) 3.77 (2.76) 3.30 (2.64) 68.36** 2.62** 3.06** 0.06

Recency

Total 8.53 (1.76) 4.87 (3.01) 5.77 (2.27) 20.30** 1.49** 1.56** 20.13

Notes: Degrees of freedom for all one-way ANOVAs are (2, 87). AD ¼ Alzheimer’s disease; ANOVA ¼ analysis of variance;

RWR ¼ retention-weightedrecall.

**p , .001.
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learning trials), Wilks’ L ¼ 0.80, F(4, 172) ¼ 5.11, p ¼ .001, Bonferroni adjusted post hoc pairwise comparisons indicated

that total recall in the controls was better than that in the Australian and Korean AD groups (both p’s , .001). Total recall

scores in the Australian and Korean AD groups did not differ, p ¼ 1.00. The interaction reflected that the magnitude of the

difference in total recall scores between the controls and the two AD groups increased across trials. This is illustrated by

the increasing effect sizes for recall scores across Trials 1, 2, and 3 and delayed recall trial in Fig. 2.

For RWR, repeated-measures ANOVA indicated a significant interaction between group and trial, Wilks’ L ¼ 0.80, F(4,

172) ¼ 5.17, p ¼ .001, and significant main effects for group, F(2, 87) ¼ 136.16, p , .001, and trials, Wilks’ L ¼ 0.37,

F(2, 86) ¼ 73.09, p , .001. The Bonferroni adjusted post hoc pairwise comparisons indicated that total RWR scores in con-

trols were better than that in the Australian and Korean AD groups (both p’s , .001). Total RWR scores in the Australian and

Korean AD groups did not differ, p ¼ 1.00. The interaction reflected that the magnitude of the difference in RWR between the

controls and the two AD groups increased as the number of trials increased (see increasing effect sizes for RWR across Trials 1,

2, and 3 on Fig. 2). Lastly, Pearson’s correlations indicated total recall scores correlated significantly with delayed recall (r ¼

.67, p , .001) and total RWR scores (r ¼ .85, p , .001); and that delayed recall scores correlated significantly with total RWR

scores (r ¼ .85, p , .001).

Taken together, results of Study 1 indicate that AD-related memory impairment in Australian and Korean adults with AD,

tested on their respective versions of the ISLT, was comparable on all of the outcome measures. We next evaluated the reli-

ability of the ISLT measures and the magnitude of change in performance over very short (i.e., 1 week) and long (i.e., 1 year)

intervals in Study 2.

Study 2

Method

Participants. Three groups of patients (30 Canadian-English speakers, 30 Korean speakers [from Study 1] and 10 French

speakers) with mild AD were recruited and assessed on alternate forms of the ISLT on two occassions 7 days apart. All parti-

cipants were recruited from major metropolitan health centers in Vancouver (Canada), Seoul (Korea), and Paris (France). The

exclusion/inclusion criteria for Study 2 were the same as those applied in Study 1. None of the Canadian-English- or

French-speaking participants had been tested with the ISLT previously. Demographic and clinical characteristics of each

group is shown in Table 1. The AD groups did not differ significantly on age, education, MMSE score, or depression.

From this group, 20 Korean-, 20 Canadian-English-, and 10 French-speaking patients with AD agreed to reassessment 12

months after the second baseline. The MMSE score in the 50 AD participants who completed both assessments declined

from 22.3 (SD ¼ 5.8) at baseline to 19.8 (SD ¼ 6.3) at 12 months, t(49) ¼ 3.15, p , .001, d ¼ 0.38. All of the Canadian

and Korean patients with AD had been born in their country of residence. All of the Canadian speakers were Caucasian

and all of the Korean speakers were Asian. Of the French sample, all were native French speakers and 90% had been born

Fig. 2. Performance of Australian and Korean AD patients on each outcome measure of the ISLT relative to healthy Australian controls, Study 1. Error bars

indicate 95% confidence intervals.
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in France. One French participant had been born in Africa but had lived in France for 58 years. All data collected from parti-

cipants complied with the regulations of institutional research and ethics committees.

Measures. The procedure outlined in Lim and colleagues (2009) was used to adapt items on the ISLT to ensure cultural and

linguistic validity in Canadian-, Korean-, and French-speaking populations. These words were added to the ISLT software, and

the standard instructions were translated to the appropriate language. Native speakers of each respective language administered

the appropriate wordlist to respective participants. Participants were tested twice at baseline (with a week-long interval between

each baseline test) and once at a 12-month follow-up.

Data analysis. Average measure intraclass correlation coefficients (ICCs) were computed for each ISLT performance measure

between the two baseline assessments in the total group and for the Canadian and Korean groups. Test–retest reliability was

not computed for the French group because it was too small to provide sufficient power for statistical analysis. The magnitude

and statistical significance of any change in performance from the first to the second baseline assessments was also computed

using a series of paired-samples t-tests. Means and standard deviations of the change scores are shown under “practice effects”

in Table 3. The standard error of measurement for these change scores are also shown in Table 3. To determine whether annual

change in ISLT performance was equivalent between language groups, performance measures with the highest test–retest re-

liability were used in order to minimize the Type 1 error rate and to optimize sensitivity to change. Thus, the total number of

words recalled, total RWR score, and delayed recall score at the second baseline and 12-month assessments were submitted to

separate between-subjects analyses of covariance (ANCOVAs), with participants’ country of origin entered as a fixed factor,

and participants’ baseline score entered as a covariate. The magnitude of change over time was then determined by first com-

bining the data from the three different language groups and subjecting the measures of total recall, total RWR, and delayed

recall to a series of paired samples t-tests. One-year change scores were then computed for the different language groups.

Results and Discussion

ICCs indicated that the test–retest reliability of the ISLT performance measures in Canadian-English and Korean patients

with mild AD were generally similar across the two different cultural contexts, and when data from French, Canadian, and

Korean participants were combined, measures of total recall, delayed recall, and total RWR scores provided the highest

Table 3. Summary of average measure ICCs on each ISLT outcome measure in Canadian, French, and Korean AD groups at baseline; change in mean (SD)

number of words recalled and standard error (SE) of this change in the second baseline assessment in relation to the first baseline assessment in Canadian,

Korean, and French AD groups (practice effects)

Measure Canadian ICC

AD (N ¼ 30)

Korean ICC

AD (N ¼ 30)

Canadian-Korean-French

ICC AD (N ¼ 70)

Canadian-Korean-French practice

effects (N ¼ 70)

M (SD) SE change

Recall

Trial 1 0.46 0.39 0.48* 0.01 (1.56) 0.19

Trial 2 0.70** 0.59* 0.63** 0.37 (1.33)* 0.16

Trial 3 0.58* 0.74** 0.66** 0.46 (1.49)* 0.18

Total 0.76** 0.72** 0.78** 0.86 (3.05)* 0.36

Delayed 0.65** 0.89** 0.66** 0.27 (1.18) 0.14

RWR score

Trial 1 0.55* 0.42 0.49* 20.16 (12.74) 1.52

Trial 2 0.72** 0.56* 0.60** 3.19 (11.58)* 1.38

Trial 3 0.42 0.68** 0.54** 2.49 (14.02) 1.68

Total 0.76** 0.65** 0.67** 5.51 (27.29) 3.26

Primacy

Total 0.66** 0.40 0.54** 0.33 (2.73) 0.33

Recency

Total 0.69** 0.10 0.44* 0.37 (2.64) 0.32

Notes: ICC ¼ intraclass correlation coefficient; AD ¼ Alzheimer’s disease;

RWR ¼ retention-weighted recall; SE ¼ standard error of the change score.

*p , .05.

**p , .001.
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test–retest reliability (Table 3). These three outcome measures were therefore used to compare rates of change in memory

between the different cultural groups.

Table 4 summarizes the means of the total number of words recalled, total RWR score, and delayed recall score at each

assessment period. For total recall scores, ANCOVAs revealed that with baseline variability controlled statistically, there

was no significant difference in performance at the 12-month assessment between the three language groups, F (2, 46) ¼

0.068, p ¼ .93, partial n2 ¼ 0.003. For delayed recall scores, a second ANCOVA indicated that with the baseline variability

controlled statistically, there was no significant difference in performance at the 12-month assessment between the three lan-

guage groups, F (2, 46) ¼ 0.66, p ¼ .52, partial n2 ¼ 0.028. For RWR scores, a third ANCOVA indicated that with the baseline

variability controlled statistically, there was no significant difference in performance at the 12-month assessment between the

three language groups, F (2, 46) ¼ 0.13, p ¼ .88, partial n2 ¼ 0.006.

Given that there was no difference in performance between different language AD groups at the 12-month assessment, the

magnitude of change from baseline to 12 months was evaluated by comparing performance between these two assessments in

the entire AD group (n ¼ 50). Paired samples t-tests indicated statistically significant declines from the baseline to the

12-month assessment for the total recall scores, t(49) ¼ 4.04, p , .001, d ¼ 0.62, delayed recall score, t(49) ¼ 3.65, p ,

.001, d ¼ 0.52, and total RWR, t(49) ¼ 4.74, p , .001, d ¼ 0.67. Despite the absence of an effect of language on the rate

of change, group means and standard deviations were computed for the individual language groups, as well as for the

entire AD group to illustrate the nature of change in performance (Table 4).

General Discussion

Results from these two studies suggest that the ISLT can reliably detect AD-related verbal learning and memory impairment

in people from different cultures. In Study 1, English-speaking adults from Australia with mild AD and Korean-speaking adults

from Korea with mild AD demonstrated equivalent levels of impaired performance on the ISLT. Consequently, data from the

Korean AD group could be compared meaningfully with that for the Australian controls (Fig. 2). The comparison with a stand-

ard reference group demonstrated that English-speaking and Korean-speaking adults with mild AD were impaired on all ISLT

performance measures. The nature of this impairment was equivalent to that observed previously in AD for other verbal list

learning tests with patients recalling fewer words than controls on each trial; forgetting more words than controls after a brief

delay; showing lower primacy than recency effects; and consequently obtaining lower RWR scores than controls (e.g.,

HVLT-R, Brandt & Benedict, 2001; Buschke et al., 2006; CVLT, Delis et al., 1987; Jungwirth et al., 2009; RAVLT, Rey,

1964; Thompson et al., 2011). The magnitudes of impairment in verbal learning and memory performance observed was,

by convention, very large (e.g., control standardized scores ≥3, Fig. 2). Furthermore, when words recalled were expressed

as a serial position curve (Fig. 1), both Korean-speaking and English-speaking AD groups showed similar performance

with fewer words recalled than healthy controls at the start (i.e., primacy) and middle of the list relative to the end of the

list (i.e., recency). Direct comparison of primacy and recency effects showed that both were lower in the AD groups than

in controls. This serial position effect has been observed in previous studies of AD patients and has been inferred to occur

as a result of the challenge for AD patients to retain newly learned information (e.g., Bayley et al., 2000; Buschke et al., 2006).

Study 2 evaluated the ability of the ISLT to detect change in AD-related memory impairment in different cultural groups

over both a short (i.e., 1 week) and long (i.e., 12 months) interval. Analysis of performance over 1 week showed the test–retest

reliability of the summary ISLT outcome measures (i.e., total trials, total RWR, delayed recall) to have good reliability (e.g.,

r . �.70). These estimates of reliability are consistent with those reported for other verbal list learning tests in AD (e.g.,

HVLT-R, Brandt & Benedict, 2001; CVLT, Delis et al., 1987; CVLT-II, Delis, Kramer, Kaplan, & Ober, 2000). More import-

antly, estimates of reliability were comparable for the Canadian-English and Korean AD groups. Improvement in performance

Table 4. Group mean performance on main ISLT outcome measures for Canadian-English, Korean, and French AD groups on baseline and 12-month follow-

up, Study 2

Canadian-English AD

(N ¼ 20)

Korean AD (N ¼ 20) French AD (N ¼ 10) Total AD (N ¼ 50)

Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Total Recall 10.85 (4.78) 8.50 (4.73) 10.50 (4.36) 8.60 (5.25) 10.20 (3.19) 8.23 (4.49) 11.01 (3.52) 8.86 (4.48)

Delayed Recall 1.10 (1.48) 0.40 (0.99) 1.70 (1.95) 1.00 (1.56) 1.10 (1.20) 0.45 (0.50) 1.17 (1.52) 0.74 (1.33)

RWR score 65.50 (33.48) 44.15 (31.83) 60.45 (33.87) 44.95 (36.79) 58.70 (20.97) 40.74 (23.13) 62.36 (27.90) 43.96 (29.64)

Notes: AD ¼ Alzheimer’s disease; RWR ¼ retention-weighted recall.
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over the short term (i.e., a practice effect) was observed only for the recall measures on Trials 2 and 3 and for the total recall

measure and Trial 2 RWR. That said, in each instance, the magnitude of the practice effect observed was very small (i.e., ,1

word) and for the short retest interval, this estimate is probably close to maximal.

Performance measures from the ISLT that showed the highest test–retest reliability (i.e., total recall, total RWR, and

delayed recall scores) were used to compare the rate of change in verbal learning and memory performance over 1 year in

the different AD cultural groups. Although these summary measures were correlated, none was close to 1, which suggests

that these scores do reflect different aspects of verbal learning and memory. Each of these measures also possesses a good

theoretical basis for use in assessing AD-related verbal learning and memory performance (Huntley & Howard, 2009).

Results of Study 2 also showed that performance over time on the ISLT measures was not affected by the language of the

AD groups (Canadian-English, French, and Korean). Furthermore, consistent with previous studies that examined change

over time on similar tasks of verbal list learning (e.g., HVLT, CVLT; Salmon & Bondi, 2009; Stavitsky et al., 2006), a sig-

nificant decline in a moderate magnitude (e.g., �0.5 SD) was observed to have occurred over a 12-month interval for the

total recall, total RWR, and delayed recall scores.

Taken together, results of the two studies reported here indicate that the ISLT is reliable and can detect AD-related memory

impairment comparably in people from different cultural groups. We believe that this equivalence in sensitivity to AD-related

verbal learning and memory impairment in different cultures is related to the design of the ISLT, which overcomes many of the

limitations associated with translating stimuli from verbal list learning tests into languages and cultures other than English. In

particular, concerns regarding the equivalence and relevance of such instruments between cultures are raised, when the direct

translation of stimulus words is attempted (e.g., Sziklas & Jones-Gotman, 2008) or when word matching strategies are used to

establish equivalence between two linguistically different verbal memory tests (e.g., Agranovich & Puente, 2007). Results of

the current study, as well as past studies (Lim et al., 2009; Thompson et al., 2011), demonstrate that the use of the shopping list

metaphor and the selection of words describing foodstuffs that are common in the intended cultural group helps to ensure that

the stimuli used are known in the target culture and possess equivalent imaginability and word frequency.

Consistent with past research, ISLT performance measures of total recall, delayed recall, and total RWR demonstrated the

largest magnitude to memory impairment (standard scores .3; Buschke et al., 2006; Gaines, Shapiro, Alt, & Benedict, 2006;

Jungwirth et al., 2009; Thompson et al., 2011). The RWR score was suggested by Buschke and colleagues (2006) as a way to

improve the sensitivity of the verbal memory test to AD-related memory impairment by combining the indices of total recall

and primacy, both of which are impaired in AD. The RWR was computed for a single trial 10-word learning task and was

observed to have sensitivity to AD-related memory impairment greater than that observed for the total recall score. In our pre-

vious study, we also found that the single trial RWR was more sensitive to AD-related memory impairment than free recall but

only for the first trial of the ISLT (Thompson et al., 2011). However, in the current study, the total RWR score produced esti-

mates of test–retest reliability, as well as effect sizes of differences in memory performance between mild AD and controls,

and magnitude of deterioration in performance over 12 months that were equivalent to the total recall score. Despite the

improved characteristics of the total RWR relative to a single trial RWR, for no comparisons was the total RWR score superior

to the total recall score. This equivalence of the RWR and total recall is also consistent with the results of a recent study which

reported that the sensitivity of the total RWR score was not better than that of the total recall score in discriminating between

adults with AD and healthy controls on the verbal list learning test from the Neuropsychological Assessment Battery

(Howieson et al., 2011). Interestingly, this equivalence of sensitivity extended to include the correspondence analysis

measure developed by Shankle and colleagues (2005), where a statistical program maximizes the correlation between

groups and recall by taking into account both words recalled and not recalled, and the short-term memory penalty. These

data suggest that the measures used conventionally to characterize performance on verbal list learning tests have optimal dis-

criminative ability and that the combinations of scores or statistical manipulation of outcome measures suggested to date do not

further improve the sensitivity of verbal list learning to assessing AD-related memory impairment.

In addition to developing stimulus sets that are appropriate for the language of interest in cross-cultural studies, it is also

important to consider the extent to which the people being assessed are familiar with testing and assessment more generally

(Ardila, 2005; Reynolds, 2000). We have argued that the shopping list format of the ISLT is more suitable for groups where

formal memory assessment is not common, because the format is consistent with a common activity of daily living (Lim et al.,

2009). Given that all of the participants in this study were recruited from clinical sites and had undergone formal neuropsycho-

logical and clinical assessment irrespective of the culture in which they lived, the value of the shopping list format for making

valid cross-cultural assessments of verbal memory in individuals who have limited test taking experience remains to be eval-

uated. One way to address this may be to administer the ISLT to individuals in an environmental setting where Western

European conventions of test taking are not common, such as a rural area or a non-Western country, and then compare

their performance to individuals familiar with the test taking procedures. In this circumstance, it is expected that individuals

who have low test-taking experience would not perform poorly on the ISLT, as the shopping list format should be familiar to
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most individuals. Results of Study 2 show that performance on the ISLT outcome measures remained stable, despite a retest

conducted at a relatively short retest interval (1 week). While practice effects were observed, they were generally very small

(,1 word). Thus, in cultures where people may have difficulty performing the ISLT, it may be possible to familiarize exam-

inees with the ISLT through repeated assessments. It would be useful, however, to first investigate the stability of the ISLT

performance measures over shorter (e.g., hours) retest intervals.

There were several limitations associated with the current study. First, the sample studied here consisted only of a small

group of adults with AD. Thus, these findings require replication in larger groups of persons with AD, as well as other

disease groups with known reductions in verbal learning and memory. Second, in the current study, we chose to use an

Australian normative group as a single reference sample. However, before the ISLT can be used clinically or in research

studies investigating populations who speak languages other than Australian English, culturally appropriate normative

ranges are necessary. Furthermore, equivalence in performance between healthy older adults from the different cultural and

linguistic groups needs to be shown before we can conclude that the ISLT has equivalent sensitivity to AD-related memory

impairment in different cultural groups. Third, the use of the shopping list format also means that the resultant stimulus

sets belong to a single semantic category. Most other verbal list learning tests deliberately include words that belong to

three or four semantic categories (e.g., HVLT-R, CVLT-II) or choose words that are semantically unrelated (e.g., RAVLT).

Nevertheless, results of the current study and from previous studies suggest that individuals with mild AD show very large

impairments on the ISLT despite all of the stimuli being derived from a single semantic category. For example, with the ad-

vantage of a very large control group, Thompson and colleagues (2011)) showed that many of the ISLT performance measures

possessed sensitivity of 95% (at 90% specificity) to detecting verbal memory impairment in mild AD. Furthermore, the nature

and magnitude of differences between the performance of controls and people with mild AD observed for the ISLT were con-

sistent with those observed for verbal list learning tests that employ either three or four semantic categories (Salmon & Bondi,

2009; Stavitsky et al., 2006). While the utility of the use of semantic categories to understand verbal memory impairment in

mild AD is not the subject of this study, our results and the observation that no verbal list learning test is clearly more sensitive

to AD-related impairment than the other suggest that semantic categories may not be important to the assessment of verbal

episodic memory in mild AD. This is being an area for further examination.

It is well established that culturally appropriate and valid tests are important in the assessment of cognitive functions

(Ardila, 2005; Greenfield, 1997; Reynolds, 2000). Tests developed in North America or Western Europe cannot be easily trans-

lated for use in other cultures, specifically due to issues surrounding relevance of stimuli used and test-taking experience of

individuals in other cultures. Differences in test performance that result from the use of such tests in comparing performance

of individuals from other cultures may be mediated by several factors and may pose limitations in conclusions drawn for use in

diagnosis and intervention. The ISLT provides a paradigm that attempts to address these limitations and may serve as a useful

tool in the neuropsychological assessment of verbal learning and memory performance in specific clinical populations.
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Appendix

Table A1 shows the eight lists of the Australian version of the ISLT used in the current study and in Thompson and col-

leagues (2011). Table A2 gives the group mean performance on each outcome measure from the ISLT in the subgroups of

the Thompson and colleagues (2011) sample who completed the different ISLT lists detailed in Table A1.
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Table A1. Eight versions of the Australian ISLT used in the Australian sample in the current study and in Thompson and

colleagues (2011)

List 1 List 2 List 3 List 4 List 5 List 6 List 7 List 8

Tea Coffee Beer Water Juice Wine Cordial Lemonade

Potatoes Tomatoes Onions Carrots Peas Beans Pumpkin Cauliflower

Apples Oranges Bananas Lemons Grapes Pears Apricots Strawberries

Chocolate Lollies Liquorice Popcorn Chips Mints Nuts Sultanas

Pastie Pizza Hamburger Chips Soup Dim sim Noodles Pie

Eggs Cheese Yoghurt Custard Milk Ice cream Butter Cream

Cake Bread Donuts Croissants Crumpets Rolls Pavlova Biscuits

Mayonnaise Vegemite Jam Margarine Honey Marmalade Gravy Chutney

Spaghetti Lasagne Porridge Rice Ravioli Cereal Macaroni Flour

Pickles Ketchup Mustard Parmesan Parsley Sauce Syrup Vinegar

Sugar Salt Pepper Vanilla Chilli Garlic Oregano Ginger

Steak Turkey Sausage Cabana Chicken Salami Bacon Ham

Table A2. Group mean (SD) performance on each list of the Australian ISLT computed here from the normative group

described in Thompson and colleagues (2011)

Measure List 1

(n ¼ 19)

List 2

(n ¼ 18)

List 3

(n ¼ 19)

List 4

(n ¼ 21)

List 5

(n ¼ 21)

List 6

(n ¼ 19)

List 7

(n ¼ 20)

List 8

(n ¼ 19)

M SD M SD M SD M SD M SD M SD M SD M SD

Trial 1 6.8 1.6 6.5 1.8 6.9 1.7 6.2 2.1 6.4 1.9 6.0 1.6 6.9 1.3 6.2 1.8

Trial 2 9.4 1.1 9.1 1.3 9.2 1.3 9.5 1.7 9.4 1.6 9.2 1.5 9.8 1.3 9.5 1.7

Trial 3 10.4 1.6 10.7 1.4 10.7 1.3 10.7 1.6 10.3 1.1 10.7 1.6 10.1 1.2 10.9 1.3

Total Recall 26.6 3.9 26.3 3.2 9.5 2.6 26.4 3.7 26.1 4.1 25.9 3.8 26.8 3.9 26.6 3.6

Delayed Recall 9.1 2.3 9.2 2.1 26.6 4.1 9.0 2.2 9.7 2.4 9.5 2.0 9.6 2.5 10.9 1.3

RWR 1 49.7 12.8 47.5 12.1 50.4 11.9 45.3 12.3 46.8 11.9 43.9 13.1 50.4 12.9 45.3 12.4

RWR 2 70.2 15.1 68.0 14.1 67.2 16.2 70.9 14.2 70.2 14.7 68.7 15.9 73.2 15.4 70.9 15.1

RWR 3 79.2 17.1 81.5 17.9 81.5 16.7 81.5 17.8 78.4 18.3 81.5 16.8 76.9 17.1 83.0 18.4

Total RWR 199.1 21.6 197.0 23.6 199.1 25.8 197.7 23.1 195.4 27.1 194.0 26.8 200.5 29.5 199.3 28.1

Primacy 8.3 1.1 9.6 1.5 9.1 1.8 9.0 1.1 8.6 1.9 9.8 1.6 8.1 1.8 8.2 1.3

Recency 8.1 1.8 8.2 1.5 9.2 1.6 8.1 1.7 9.1 2.1 9.3 1.1 8.3 1.6 8.3 1.1
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