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Abstract. Memory function generally deteriorates with age, and memory impairments are a common symptom of serious illness
such as dementia. Although screening tests are widely used throughout Medicine, they are not yet commonly used to detect
memory impairments. The objective of this study was to characterize an audience-based memory test suitable for administration
to a large number of individuals simultaneously. A continuous recognition test was developed to assess memory function in
audiences using a slide-show in which 50 images were presented, of which 25 were repeated. Audience members responded
by recording if an image was a repetition. The test was administered to a total of 1018 participants at 25 sites with an average
audience size of 41 individuals (range = 9–142). A total of 868 individuals aged 40–97 y completed the test appropriately and
provided their age, education level, and gender. Recognition memory as measured by discriminability (d ) showed a significant
decline with age (40–49 y old, d = 3.51; 90–99 y old, d = 1.95, p < 0.001) together with a greater than three-fold increase in
variability. Individuals with less than 13 y of education had lower scores than those with more education (d = 2.13 vs. 2.88,
respectively, p < 0.001). These results are consistent with the known effects of age and education on memory. There were no
significant effects of gender on test performance. Such memory tests represent a practical and novel approach to screen for the
signs of early dementia.
Keywords: Alzheimer’s disease, episodic memory, memory screening, object recognition, recognition memory, visual memory
Supplementary data available online: http://www.j-alz.com/issues/27/vol27-4.html#supplementarydata02

INTRODUCTION
Among the many causes of memory impairment,
dementia is one of the most common [1–4]. Epidemiological studies indicate that approximately 14% of
adults aged 71 and older exhibit signs of dementia
[5]. However, despite the broad understanding of the
association between memory disorders and dementia,
memory disorders often go undiagnosed [6–11].
Several factors interfere with the detection of memory impairment associated with dementia, including
a failure to screen, avoidance of the problem by
affected individuals, a lack of information available to
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healthcare providers about screening, and under use of
available testing methods. With changes in the delivery
of healthcare, physicians must work under strict time
constraints, leading many physicians to not routinely
screen their patients for memory problems related to
dementia [12].
One solution to the failure to detect memory impairments due to dementia is to implement large-scale
community memory screening programs. Numerous
instruments have been developed to screen for such
memory problems [13, 14], yet few have been used
in community screening programs. The few published
studies illustrate some of the difficulties in screening
for memory impairment in the community. For example, Lawrence et al. [15] used two cognitive screening
instruments, the Mini-Mental State Exam (MMSE)
and the Seven-Minute Screen (7MS) to screen 59
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participants in a community screening program. The
MMSE [16], though showing poor sensitivity and
specificity in dementia detection, has become a benchmark against which other dementia screening instruments are often compared. The MMSE is composed
of items measuring orientation, memory, attention,
language, and praxis. The 7MS is a brief neuropsychological test measuring temporal orientation, cued
recall, category fluency, and clock drawing. Screening
results [15] suggest that 29% of the 59 participants had
signs of impairment on the 7MS, yet 47% of these participants had relatively normal MMSE scores (>24),
illustrating that the 7MS and the MMSE have different sensitivities and specificities for the detection
of early dementia in a community setting. In a larger
study, the 7MS was used to screen 497 individuals [12].
Results support the conclusion that community screening programs can detect individuals who are previously
unknown to have cognitive problems. However, it was
concluded that the screening program was costly in
terms of volunteer staff time and resources. Furthermore, only a small number of previously undiagnosed
individuals were diagnosed with dementia indicating
that this form of screening may be inefficient. These
two community studies illustrate some of the difficulties of performing memory screening programs.
They are logistically difficult, some currently available
screening tests have poor sensitivity and specificity for
screening purposes, and are not specific to memory
assessment, and trained psychometricians are needed
to administer tests in a one-to-one interaction.
Another approach to screening for memory disorders is to use computerized neuropsychological tests.
Computerized tests have sought to overcome some of
the difficulties inherent in large-scale screening programs for dementia, including offering objectivity,
sensitivity and efficiency (for review see [17]). However, most programs still require an administrator who
is costly and may bias the analysis. For example, one
technician-administered office-based computer assessment has been shown to have good validity in assessing
cognitive function in early dementia [18–20], but
a trained clinician is still required to interact with
the subject and monitor the use of the computer.
The issue of administration by a trained professional
has been addressed with the use of self-administered
computerized screening tests [21]. Such tests have
shown good sensitivity in detecting memory problems.
Nonetheless, one such battery takes up to 45 minutes and necessitates comparatively complex computer
interaction which may preclude its use in cognitivelyimpaired individuals.

To our knowledge audience-based memory assessment methods for screening large numbers of
individuals simultaneously have not been utilized as
cognitive screening tools. However, such tests could
be used to screen large numbers of people for memory problems in order to identify high-risk individuals
for further evaluation. Because memory impairment
associated with dementia is commonly undiagnosed, a
simple audience-based test designed to detect patients
with early dementia would be valuable. Any population
of older adults will contain individuals with diverse
memory impairments and a significant issue in designing an audience-based screening test is what kind of
memory problem should be screened. One answer
is to design a screening test sensitive to detecting
Alzheimer’s disease (AD) which is the most common
form of dementia, accounting for approximately two
thirds of all dementia cases [22]. The initial symptom
of AD is typically a prominent memory dysfunction in
which the core problem is difficulty in encoding new
information [23–27].
The process of memory encoding can be tested in
several different ways. However, recognition memory
tests are especially suitable for detecting encoding difficulties as they provide the target stimuli within the
test framework. Thus, poor performance on a test of
recognition memory provides evidence for an underlying encoding impairment, raising the possibility of
an emerging dementia process [28]. In contrast to individuals with early dementia, healthy adults can quickly
and accurately encode massive amounts of new information. For example, landmark studies from the 1960s,
1970s, and 1980s demonstrate that healthy individuals perform well above chance on tests of recognition
memory after viewing thousands of images for a few
seconds each [29–31].
Even though the presence of dementia has a profound influence on memory, it is well known that
demographic variables including age, education, and
gender also have a significant interaction with recognition memory [32, 33]. Indeed, numerous studies
show that recognition memory performance declines
with age even in healthy adults [34, 35]. The association between education, gender, and recognition
memory may be less robust. For example, Diesfeldt
[36] reported that among normal elderly subjects, neither gender nor education correlates significantly with
the Recognition Memory Test [37]. However, in standardization studies [37], age, gender, and education are
associated with recognition test performance.
The current study aimed to assess the suitability
of an audience-based memory test as a screening
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Table 1
Demographic characteristics of participants
Age group

40–49

50–59

60–69

70–79

80–89

n

29

68

135

239

359

38

Gender (% F)

76

82

76

65

66

63

Age (y)
Education (y)

90–99

M

(SD)

M

(SD)

M

(SD)

M

(SD)

M

(SD)

M

(SD)

44.8
16.9

3.1
2.0

55.3
15.9

2.8
2.3

65.8
16.4

2.9
2.3

75.8
15.9

2.9
2.7

84.4
16.1

2.7
2.5

92.1
15.6

1.6
2.6

test for early dementia. Although audience testing is
widely used in educational assessment, audience testing procedures are unusual in cognitive neuroscience
or clinical research. Accordingly, the primary aim of
the study was to demonstrate that an audience based
recognition memory test can be successfully administered to a large number of individuals from a relevant
population. A recognition format was chosen due to the
robust ability of healthy adults to perform this kind of
task, and because it is sensitive to the encoding deficits
found in early dementia. We chose a continuous recognition test (CRT) format in which participants were
asked to detect item repetitions. The study sought to
characterize the task and to evaluate task performance
according to age, education, and gender. CRT performance was expected to decrease with age, whereas
education and gender were not expected to influence
test performance.
METHODS
Participants
The CRT was administered to 1018 subjects between
July 2007 and June 2008 at 25 sites (community events,
senior citizen centers, retirement living communities,
etc., in the San Francisco Bay Area). Audience sizes
were: 9, 10, 11, 14, 15, 16, 20, 22, 24, 27, 28, 29,
33, 36, 37, 38, 48, 88, 127, and 142 individuals
(M = 41; SD = 34; Mdn = 29). Of these participants,
868 individuals provided all three demographic items
of age, education, and gender (age: M = 75.9 y old;
SD 11.4; range 40.0–97.6; education: M = 16.1 y; SD
2.52; range 6–21; gender: 68.7% female). We therefore
included data from these 868 participants in our analyses, 86.6% of whom reported being “white”. Limited
information was available regarding the 150 participants who were excluded from the analysis due to
incomplete data, however, mean age, education, and
gender were statistically similar to the group of 868

who were retained for the full analysis (independent
samples t-tests, all p’s > 0.05); (age: M = 78.0 y old;
SD 9.9; range 55.3–97.4, n = 72; education: M = 15.6
y; SD 2.72; range 6–20, n = 33; gender: 61.0% female,
n = 33). [The d scores available from the 150 participants with incomplete data (M = 2.50, SD = 1.03,
Mdn = 2.56, skewness = −1.03 were compared to those
of the 868 individuals who were retained (M = 2.82,
SD = 0.81, Mdn = 2.98, skewness = −1.69)]. An independent samples t-test showed that the d scores of
the group of participants who were excluded from the
analysis were significantly lower than the group who
were retained (t(938) = 3.18, p < 0.002) suggesting that
this group may have an increased frequency of agerelated memory impairment, possibly as a result of
dementia, which could have been related to their failure
to complete the test materials. As part of the statistical analyses (see Data Analysis), participants were
divided into six sub-groups according to age (Table 1).
Education level declined by 1.3 y from 16.9 to 15.6
from the youngest to the oldest age group, though
the variation did not reach statistical significance (F(5,
867) = 1.93, p > 0.05). All age groups contained more
females than males (see Table 1) and the groups varied
significantly in the proportion of males to females (χ2
(n = 868) = 12.9, p = 0.02).
Materials
The audience-based CRT was developed using
numerous complex visual stimuli. The images were
of discrete objects taken from five categories (4
tractors, 5 kitchen utensils, 4 hats, 5 barnyard items,
and 7 household decorative items; see Supplemental
Material for the actual pictures used and the order
of presentation, available online: http://www.j-alz.
com/issues/27/vol27-4.html#supplementarydata02).
Items were not systematically chosen but were
selected to have a range of difficulties. Visually
similar objects and difficult to name objects were used
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to avoid strict reliance on verbal cues, to provide a
challenge and to maintain the interest of the subjects.
Twenty-five color images of manmade items taken
with a digital camera were selected from a range of
pictures. From these 25 items, a 50-item test was constructed in the following way. The 25 items were
first arranged in a random sequence. Eleven items
were presented only once. Fourteen of the items
were repeated once (average inter-repetition-interval
between the first and second presentations was 7.93
items; range = 2 to 25 intervening items). Eleven of
these items were shown again for a third time. Multiple repetitions were integrated into the test design
to make recognition easier for subjects with impaired
memories by providing more repetitions, and allowing
for a comparison of recognition memory performance
between the second and third presentations (average
inter-repetition-interval between the second and third
presentations was 21.1 items; range = 10 to 36 items).
The 50 items were transferred to a PowerPoint presentation and numbered in sequence (1–50) with a
large numeral in the top left hand corner. Another series
of ten images was constructed and was used as a practice test before the full test was given (5 images, 3
repeated once, 2 repeated a second time). The need
for such a practice test had become obvious during
pilot work, which indicated that about 10% of audience members could not follow the verbal instructions
on the first try.
Each participant was provided with two sheets of
paper. One sheet of paper contained only an ID number and was used by the participant to retrieve their test
scores after the test administration without the need
to provide personally identifying information. On the
other sheet, demographic information was collected on
one side of the page (age, education, and race) and the
other side was used as an answer sheet for the recognition memory testing. The answer sheet had columns of
numbers corresponding to the 10 slides of the practicetest and the 50 slides of the full test. A single circle
was adjacent to each number on which the participant
could indicate their response by filling in the circle. The
sheet was organized so that it could be scanned for data
entry. To enable efficient scoring of large numbers of
answer sheets, a scoring template was made so it could
be placed over the answer sheet by the scorer and the
correct responses could be quickly identified.
Procedure
Testing at all sites adhered to a standard format,
which began with a 20-minute introductory talk about

AD and the signs of dementia. As part of the talk, all
participants were offered the memory test. Audiences
were told that participating in the memory test was
optional, and that individual test scores would be provided anonymously at the end of the presentation. A
statement outlining the subjects’ rights was provided to
all audience members on a written page and reviewed
on a slide. The Protocol was approved by Stanford
University Institutional Review Board. No identifying information was collected, and therefore written
consent was not required. The same 10-item practice
test and 50-item memory test were used at all sites.
Two individuals publicly acknowledged taking the test
before, but were not identified.
The CRT was presented by projecting test items
onto a screen using a laptop computer and projector.
No effort was made to assess visual acuity of audience members or to assure adequate visibility from all
parts of the room. However, the presenter ensured that
the slides were generally easily seen from all vantage
points of every room in which the test was administered. Participants were told that they would see a series
of 50 pictures one at a time for 5 s per image with no
inter-image interval. They were instructed to look at
each picture carefully and any time they thought an
image was repeated they should note the image number
shown in the top left hand corner and immediately mark
the circle corresponding to that number on their answer
sheet. No response was required if they thought an
image was not repeated (i.e., novel). The 10-item practice test was given first. The presenter then addressed
any questions relating to the test procedure, and then
the full 50-slide test was given (250 s). After the test,
the participants handed their papers to the rater to be
scored using the scoring template. A rater scored each
participant’s answer sheet and calculated the percentage of items correctly identified, and the percentage of
items incorrectly identified. These scores and the corresponding participant ID were noted on a pre-prepared
score sheet which was handed anonymously to the
participant. The score sheets were given to the participants. The score sheets were given to the correct
participant by matching the ID number on the score
sheet with the ID number on the sheet of paper retained
by the participant. The score sheet contained instructions on how to interpret the test scores. Specifically,
if scores indicated a high probability of memory problems, a notation was made on the sheet encouraging the
subject to visit their clinician for further evaluation. It
has been reported by Boustani et al. [38] that about
50% of individuals receiving positive screens accept
such a referral.
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Data analysis
Results from the CRT were analyzed using the correct and incorrect response information. All statistical
analyses were performed using IBM SPSS Statistics
software (version 18). The correct recognition rate (hit
rate) and the false positive rate were used to determine
the signal detection parameter, discriminability score
(d ) [39]1 . The d scores were calculated for each participant individually as: d = Z(hit rate) - Z(false alarm
rate) (note: a higher d indicates that the signal can be
more readily detected). The correct recognition scores
were calculated using only the first repetition of the
items (n = 14) since subsequent repetitions also represented learning trials and were not independent (the
same pattern of results was obtained when data from all
trials were analyzed). The false positive scores applied
to all 25 items. A standard correction was necessary
when calculating d values if the hit rate or the false
positive rate were 100% or 0%. Following MacMillan
and Creelman [40], we converted 0% to 1/(2 N)% and
100% to 1–1/(2 N)% where N = the number of items.
CRT scores were analyzed in two ways. First, a linear regression analysis was performed on individual d’
scores using Age, Gender, and Education as predictor
variables. Age and Education are continuous variables
and were centered by subtracting the mean of the variable (Age, M = 75.9 y; Education, M = 16.1 y) from
each participants’ score on that variable. Gender was
coded as −0.5 and +0.5. Two-way interaction terms
were constructed by multiplying the centered values
of the three pairs of predictor variables (Age, Education, and Gender) and entering them into the regression
model. The regression analysis of d’ scores revealed
statistically significant effects of Age and Education
(see below). In order to examine the effects of Age
and Education on d’ more closely, participants were
divided into groups based on Age and Education. Six
age-groups were defined (see Table 1) and five educational groups were defined corresponding to major
divisions of attainment in the U.S. educational system
[i.e., ≤12 y (high school), 13–15 y (some college), 16
y (college completion), 17–19 y (masters degree), and
20–21 y (advanced degree)]. The effect of Age and
Education on d scores were investigated using a twoway analysis of variance (ANOVA). Significant effects
were examined using the Dunnett’s T3 posthoc test
(IBM SPSS Statistics software). This test is designed
1 Preliminary analyses indicated that the correlations between Age
and test performance was best accounted for using d (r2 = −0.371,
p < 0.001) rather than hit rate (r2 = −0.240, p < 0.001) or false alarm
rate (r2 = −0.254, p < 0.001).

Fig. 1. The relationship between discriminability (d ) and age on the
audience-based continuous recognition test of memory. Each data
point represents the recognition score of an individual participant
expressed as a discriminability index d . One individual whose score
was unusually poor (d = −2.64) was removed from the plot. The
solid line represents the mean d score and the dashed line represents
a score 2 SD below the mean.

for comparing groups of unequal variance, it is conservative, and it automatically corrects for multiple
comparisons. An alpha level of 0.05 was used for all
statistical tests.
RESULTS
Multiple linear regression analysis revealed a significant effect of Age (β = −0.026, SE = 0.029, p < 0.001)
such that greater age was associated with lower d’
scores (Fig. 1). A significant effect of Education
was also found (β = 0.045, SE = 0.011, p < 0.001),
such that greater education was associated with
higher d scores. No significant effect was found
for Gender (β = −0.008, SE = 0.058, p = 0.89) and no
significant interactions were found (Age × Gender,
β = −0.001, SE = 0.005, p = 0.92; Age × Education,
β = 0.002, SE = 0.001, p = 0.07; Education × Gender,
β = 0.042, SE = 0.023, p = 0.06).
The effects of Age and Education were further investigated using a 2-way ANOVA which again showed
significant main effects of Age (F(5, 811) = 12.97,
p < 0.001) and Education (F(4,811) = 5.46, p < 0.001)
on d scores. The interaction between Age and Education did not reach statistical significance, F (19,
867) = 1.56, p = 0.06. However, this interaction was
explored further (see below).
ANOVA results indicated that the CRT was more
difficult for older adults than younger adults. Test dis-
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A

B

Fig. 2. A) The relationship between discriminability performance
(d ) and age in 868 individuals on the continuous recognition test
of memory. Numbers inside the bars indicate the group n. The bars
show the mean discriminability score for each age group and brackets
show SEM. B) The same data is shown with brackets showing one
standard deviation on either side of the mean.

criminability gradually but significantly declined with
increasing age (Fig. 2A). (Similar results were found
when the effect of Age on d scores was analyzed
using a nonparametric Kruskal-Wallis test, which
showed a significant decline in d with increasing age,
p < 0.001). Of note, the standard deviation of d generally increased with increasing age (Fig. 2B), indicating
more variability in the population with increasing age,
a common observation. Also, the post-hoc subsets consistently showed declines of performance with age.
Note that the post-hoc Dunnett’s T3 tests generally
revealed similar performance across adjacent groups
of participants aged 40–59 y, 50–69 y, and 70–89 y,
but the group aged 90–99 y was significantly worse
than all other groups.
Although the six age groups did not differ significantly in number of years of education (see Participant
section), it was noted that the oldest group also had
numerically the lowest average level of education. In
order to verify that the effect of age on CRT performance was not confounded by educational level, a
secondary analysis was performed in which participants with low levels of education (i.e., <12 y of

Fig. 3. The relationship between discriminability index (d ) and
education in 868 individuals on the continuous recognition test of
memory. Numbers inside the bars indicate the group n. The bars
show the mean discriminability score for each group and brackets
show SEM.

education, n = 82) were excluded. Results were the
same as when all participants were included, F(5,
785) = 26.20, p < 0.001. These results strongly indicated that test discriminability declined significantly
with increasing age, and were not confounded by education.
The effect of education on CRT performance is
shown in Fig. 3. Test performance was lower for those
with education levels of 12 y or less relative to those
with more education. However, performance reached a
plateau after 12 y of education above which no significant improvement in performance was seen. Post-hoc
tests showed that the test scores of the group with
≤12 y of education were significantly below all other
groups (i.e., 13–21 y of education), and that the scores
of the groups with more than 12 y of education did
not differ significantly from one another. A one-way
ANOVA confirmed that the mean age did not vary
significantly across the five education groups, F(4,
867) = 2.15, p > 0.05. However, the lowest educational
group (≤12 y) was also numerically the oldest (79.5
y vs. group mean of 76.4 y for those with over 12
y of education), suggesting that levels of education
varied systematically with age, and the poorer performance of the lower education group may have actually
been due to an age effect. In order to demonstrate
that the effects of education on test score were associated with low levels of education rather than age, the
analysis was repeated using only individuals having
more than 12 y of education (i.e., excluding those with
≤12 y of education, n = 82). When individuals with
low education were excluded, ANOVA showed no significant effects of education on test performance F(3,
785) = 1.65, p > 0.05. A subsequent analysis was also
conducted in which the oldest participants (i.e., ≥90
y old, n = 38) were removed before the performance

% Correct (± SEM)

across the five educational groups were compared.
ANOVA showed the performance varied significantly
across the five education groups, F(4, 829) = 10.87,
p < 0.001, and post-hoc tests showed that the test scores
of the group with ≤12 y of education were significantly
below all other groups. Finally, an analysis was conducted in which participants ≥80 y old, (n = 377) were
removed before the performance across the five educational groups were compared. ANOVA again showed
the performance varied significantly across the five
education groups, F(4, 466) = 6.52, p < 0.001. Post-hoc
tests showed that the group with ≤12 y of education
had a significantly lower score that the group with
16 y of education (which had numerically the highest mean score of all groups). Taken together, these
results suggest that test discriminability was significantly worse for participants with low education, and
was not confounded by age.
Due to the repeat-detection format of the CRT,
participants were required to hold items in memory
across a variable delay. The inter-repetition-interval
ranged from 2 to 25 images. This delay could disrupt recognition performance in two ways. First, as the
number of intervening items increased, the time delay
between the first and subsequent presentations of the
same item could reduce recognition. Second, as other
test items were presented during the delay, interference could build up. To explore these effects, a linear
regression analysis was performed between the number
of intervening items and percent correct. No significant relationship was found between the number of
intervening items and CRT performance, β = −0.023,
SE = 0.015, p > 0.05, (Fig. 4). The inter-repetitioninterval had little overall effect on recognition and
average performance was maintained at a high level
across repeated items (average % correct = 89%).

Fig. 4. The relationship between the number of intervening items
(between initial and first repeat presentations) and percent correct on
those items across 868 individuals on the continuous recognition test
of memory. The brackets show SEM. Note that each item was shown
for 5 seconds, so the correspondence with the temporal interval can
be calculated.

891

Percent Correct
(± SEM)

J.W. Ashford et al. / Measuring Memory in Large Group Settings

Fig. 5. The relationship between percent correct and item repetition
in 868 individuals on the continuous recognition test of memory.
Eleven items were shown three times during the test. Recognition
performance increased between the second and third presentation
(average number of intervening items = 21.1, range; 10–36 items).
A paired t-test demonstrated that the difference was significant
(p < 0.005).

Another issue related to a repeat-detection format
is that when test items are repeated multiple times,
each subsequent presentation serves as a retrieval cue
to reactivate and strengthen the memory representation
of the information stored during earlier presentations
[41]. In the current test, eleven items were shown
three times, and CRT performance did increase across
repeated presentations as shown in Fig. 5. A paired ttest compared the mean percent correct between the
first and second repetitions and showed that this difference (91.6% vs. 95.5% correct) was statistically
significant, t(867) = −10.30, p < 0.005.
DISCUSSION
The results from this study of community-dwelling
participants showed that memory can be measured
using a continuous recognition format in a large group
setting. The decreased performance with age in this
study is consistent with the well-known pattern of
age-related memory decline [35, 42–44]. The results
encourage the development of this test format as a
memory screen capable of testing large numbers of
individuals.
The CRT may be a useful screening tool for the
detection of memory problems related to a variety of
disorders. The type of memory measured by the CRT
is referred to as declarative memory, which is information that can be consciously recalled, such as facts
and events [45]. Among the many causes of declarative
memory failure, dementia due to AD is by far the most
common [22]. If the CRT is to be useful in community screening programs, it should be sensitive to the
memory failures that occur as a result of AD dementia.

892

J.W. Ashford et al. / Measuring Memory in Large Group Settings

Although no data were collected in the current study
regarding the ability of the CRT to detect dementia,
the most common symptom of early AD is usually a
severe difficulty in encoding new declarative memory
[13, 46, 47]. A recognition format such as that used by
the CRT may be especially suitable for the detection
of encoding impairments such as occur in AD because
the target stimuli are given as part of the test materials
which makes the test less dependent on retrieval processes than are other commonly used testing formats
such as free- and cued-recall [28]. An impairment in
recognition memory is therefore strong evidence for
an impairment in encoding [48].
It should be acknowledged however that the present
study did not assess the relative contributions of encoding and retrieval to memory performance. It should also
be acknowledged that the test was given under relatively uncontrolled conditions, and test performance
may have been affected by a variety of factors including all visual impairment at any level and heightened
levels of stress due to taking a test. In addition, there
is a possibility of hearing impairment interfering with
performance, e.g., poor understanding of test instructions, especially in the older subjects and especially in
men, in whom hearing impairment can be more common than in women [49]. Other possible test confounds
include the integrity of attentional processes, as well as
numerous psychiatric and neurological conditions such
as aphasia, anomia, stroke, trauma, alcoholism, and
depression. Future studies could include rating scales
for how well the participant could perceive the images
and understand test instructions. For recommendation
of this test for clinical purposes, studies will first need
to be done on well-characterized populations to test the
reliability and validity of the CRT to detect memory
impairments. In order to ascertain how many of those
who do poorly at the task will go on to develop dementia, a longitudinal study design would be particularly
informative.
Average performance on the CRT decreased
markedly with increasing age. This pattern of results
is consistent with the well-established effects of age
on declarative memory which is known to decrease
in accuracy and increase in reaction time during the
retrieval of previously encoded information including word lists, faces, and complex scenes [35, 50–52]
(For review see [53]). The CRT also showed a substantial increase in standard deviation with increasing
age (SD, Fig. 2B). This pattern of variability with age
stands in contrast to other measures of memory which
show approximately equal variability across all ages
at least in the healthy samples used to establish norms

for standardized tests [53, 54]. The increase in variability with age in our results is consistent with the
increased frequency of dementia with increasing age
[55]. Further, there is an increased frequency of factors that may introduce noise into the measurement
of memory with increasing age, such as greater difficulty in hearing, seeing or attending to relevant stimuli
[56]. These factors were not measured or controlled
for in the current study. Alternatively, the decreased
variability in younger individuals could be related to
a ceiling effect, which could be explored further in
future studies by using more difficult sets of stimuli.
However, the general pattern of memory deterioration
with age in our sample is consistent with the Gompertz Law, which states that the rate of system failures
increases exponentially with age [57]. In this case, the
failures of mechanisms subserving CRT performance
were increasingly impaired with age. It should be noted
that the Gompertz Law becomes increasingly inaccurate over 95 y of age, and this interaction warrants
further research. For clinical application, further studies will be needed to establish the sources of variation
in memory function across age in carefully characterized populations of healthy adults so that norms can be
defined for individuals of specific ages.
It is noteworthy that recognition improved for the
images that were repeated (Fig. 5). This finding is
consistent with the notion that each repetition of an
image acted as a new learning trial [41] during which
the images were re-encoded. This observation suggests
that participants were actively engaged in the task and
were attending to the images. This observation can be
related to an fMRI finding of decreased neural response
to repetition of identical stimuli (repetition suppression) associated with an increase in effectiveness of
connectivity between distinct cortical systems corresponding to associative learning [58], which would
presumably be related to processing selectively disrupted by AD. This feature of the test, increase of
learning across repeated images, may reduce floor
effects thereby allowing a broader assessment of memory function in highly impaired individuals. However,
the observation does not address the issue of what
strategies participants may have used to perform the
task. Recognition memory is widely viewed as consisting of two components; an episodic component which
supports the ability to remember the episode in which
an item was encountered and a familiarity component
that supports the ability to know that an item was presented, but without providing contextual details of the
episode itself [59, 60]. There is evidence that some
older adults show a decrease in recollection together
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with an increase in familiarity [61, 62]. It would be
interesting to address issues of episodic memory function and familiarity in future studies.
When considering a test for clinical screening purposes (e.g., for dementia related to AD, or other
pathology affecting memory), one issue to consider
is what constitutes poor performance. One approach
is to define poor performance as a score 2 SDs below
the mean. This approach has drawbacks. For example,
a younger individual (e.g., between 40–50 y) with a
performance level 2 SDs below the mean for this age
group may be considered to be of clinical concern. The
problem is that the same low score obtained by older
individuals may lie within 2 SDs of the mean of the
older age group, and thus would not be “abnormal”.
To avoid this problem, norms are usually generated for
specific age groups and have no absolute cut-off score
across all ages.
When developing a screen for memory problems, it
is also necessary to consider cost-effectiveness, including consideration of the disease targeted for screening.
The decision about whether to screen an individual and
the critical level for clinical concern depend on an analysis of many factors. The factors to consider for such an
analysis include: incidence of disease; the benefit of a
true-positive screen; the cost of a false-positive screen;
the incidence of the target problems in the population;
and the cost of the test. Although no formal cost analysis was performed in the current study, the cost of the
test was estimated at approximately $10 per individual ($400 to manage and present at a venue, for a mean
audience size of 40 participants the cost is $10 per individual, range 9 to 142 provides a cost range of $3 to
$45 per individual), which appears to compare favorably with the potential cost of administering the test
in a face-to-face interaction with a professional clinician (unlikely to be less than $45 per individual). An
important factor in screening memory in older adults is
the likelihood of disease and specifically the exponential increase of dementia incidence with age [55]. The
value of using a particular level of test performance
as a positive screen for an individual is approximated
by a cost-worthiness analysis [14]. This approach is
more difficult than a simple cut-off value for screening as described above, but is more cost effective for
addressing clinical needs.
A test such as the CRT could be useful in longitudinal studies in which memory performance is monitored
over time to detect progressive memory disorders. An
important observation in this regard is that the CRT
is well tolerated so that individuals may be willing
to take the test on repeated occasions. Although no
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formal data were collected on this aspect of the test,
audiences were asked by the experimenter at the end
of each testing session whether they enjoyed the test
and would be prepared to take the test again in the
future. This question was usually answered by a unanimous show of hands, suggesting that the test format is
acceptable to audiences and suitable for repeated testing. Of course, changes over time should be assessed
with respect to age-cohorts since normal performance
levels and changes over time do vary according to age
[44]. The observation that the test was well-tolerated
suggests that test anxiety was relatively low, at least
after the test began. This is somewhat surprising for
a test in which poor performance may indicate serious medical problems. However, casual observation
suggested that test anxiety was reduced by administration of the practice test. Future versions of the test
may include the use of audience voting technology
which would allow responses to be monitored by the
test administrators. This would allow for the identification of individuals who performed poorly on the
test who could be approached individually and offered
specific advice. Stress may also be reduced in participants obtaining a low test score by showing a slide at
the end of the test session explaining the many ways,
other than dementia, in which a low test score could
be achieved. Future versions of the test could assess
the stress of taking the test by including stress rating
scales before and after taking the test.
The CRT was not affected by education level beyond
high-school, probably because the memory processes
targeted by this test require relatively simple objectrecognition, similar to what laboratory animals can
be trained to do [31, 63, 64]. Accordingly, education appears to have a minimal effect on performance.
However, participants with a high-school education or
less performed significantly less well. This pattern of
results is consistent with standardization studies which
report an association between education and recognition memory test performance [e.g., 37]. However,
there needs to be further study of individuals with low
education on this test. In conclusion, while screening
tests are widely used throughout Medicine, they are not
yet commonly used to detect memory problems that
accompany serious illness such as dementia [38]. The
lack of memory screening is based in part on the lack
of easily administered and validated screening tools
[6, 13]. The methodology of the CRT presented here
could be developed to serve this important need. The
CRT has many features that make it potentially suitable as a memory screen; it can be administered to a
large number of individuals simultaneously in an audi-
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ence setting, it is brief and easy to administer, and it
is well tolerated by elderly audiences. These preliminary results suggest that the test can detect memory
problems, and the pattern of results is consistent with
what is known about the effects of aging and education on memory. However, further studies are needed
to establish the reliability, validity, and utility of this
test in well-defined clinical populations. These results
suggest that development of this type of testing is warranted.
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