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Abstract
Memory Island and the Novel-Image Novel-Location are recently developed measures of spatial
learning and recognition-memory modeled after the Morris water maze and the novel object-
recognition tests. The goal of this study was to characterize how sex, age, and handedness
contribute to Memory Island and Novel-Image Novel-Location performance. Volunteers (N=287,
ages 6 to 67) from a local science museum completed four Memory Island trials containing a
visible target and four trials containing a hidden target. A pronounced sex difference favoring
males was noted in all measures of hidden trial performance. The total latency during the hidden
trials among older-adults was longer than younger-adults or adolescents. Faster and more efficient
performance by males was also identified during the visible trials, particularly among children.
Adolescents and younger-adults outperformed children and older ages. Sinistrals had a lower
cumulative distance to the target. Novel-Image Novel-Location behavior was examined in a
separate sample (N=128, ages 6 to 86). Females had higher Novel-Image and Novel-Location
scores than males. Novel-Image performance was independent of age while sinistrals had elevated
Novel-Image scores relative to dextrals. Together, these findings identify how sex, age, and
handedness uniquely contribute to performance on these tasks.
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1. Introduction
Animal models have been integral in determining the anatomy, biochemistry, and molecular
substrates of learning and memory [1,2]. The degree of experimental control over the
animal’s environment and experiences throughout their lifespan cannot even begin to be
approximated in human investigations. However, one fundamental challenge is the
development of human neurocognitive tasks that are firmly connected to the substantial
preclinical knowledge base which has been established by behavioral neuroscientists
conducting preclinical investigations with rats and mice. This report examines performance
across the lifespan on two human neurobehavioral measures developed in the laboratory [3–
6], Memory Island (Experiment I) and the Novel-Image, Novel-Location test (Experiment
II).

1.1. Memory Island (MI)
Several research groups have recently developed and validated virtual water mazes [3,4,7–
10]. These computerized assessments are based on the Morris water maze to varying
degrees. A male advantage in spatial-learning has been identified as well as reduced
performance during senescence in rodents [2]. The Morris water maze has substantially
advanced our understanding of the neural substrates of spatial learning and memory in
rodents [1,11] and, although the many discoveries with this test are crucial, their elaboration
to humans was hampered by the absence of a paradigm that extends upon the foundation
these rodent studies have provided.

Computerized water mazes are practical to conduct and may provide an ecologically valid
index of spatial learning and memory, which complements other more traditional
neurobehavioral measures (e.g. Spatial Span). Faster and more efficient performance by
college-aged males on virtual water mazes is a robust phenomenon that has been identified
by different research teams [3,7,10,12–14]. Some evidence of a male advantage has also
been noted in pre-pubescent children [6,15]. However, sex differences in the elderly have
been relatively modest [5]. In terms of age differences, Driscoll and colleagues found a
decrease in the elderly (age 60+) relative to younger adults (20–39) in both spatial learning
and memory [16]. As the virtual environments used across laboratories are quite different in
terms of their dependent measures, number and sequence of trials, and how they account for
group differences in sensory and motor capacities, the primary objective of the first
experiment was to determine when sex differences emerge using a moderately large sample
completing a single instrument. As ten-year olds had superior spatial memory on MI
compared to younger ages [4], a secondary objective was to use a wider range of ages (6 to
67) and to determine performance on this task across the lifespan. Finally, this community
based sample allowed to ascertain whether right and left-handers differ in their virtual maze
performance. Although no prior research has addressed this issue, learning disordered
populations have a disproportionate number of left-handers (sinistrals) [17]. Therefore we
anticipated a right-handed advantage in MI performance.

1.2. Novel-Image Novel-Location (NINL)
Habituation to familiar stimuli and a heightened response to unfamiliar ones is a
fundamental phenomenon across species. The one trial object-recognition test [18] utilizes
habituation to further understand the neurobiology of learning and memory [2]. Rodents will
show preferential exploration of an unfamiliar object relative to a previously encountered
one. Similarly, human infants will readily spend more time looking at an unfamiliar picture
relative to a previously observed one [19]. This measure has also been expanded to include a
location component in which a familiar object is moved to a novel place. The novel location
element is much more challenging than the novel object one and has different
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neuroanatomical substrates [2]. NINL has broad similarities to the novel-object novel-
location measure of exploratory behavior in rodents [2,18], the delayed non-matching to
sample test used with non-human primates [20], and the Fagan Test used with human infants
[19]. In the original non-computerized version of the NINL test, participants viewed twelve
panels that each contained three pictures arranged in one of four locations on a page. After
being instructed to learn the identity and placement of these thirty-six pictures, participants
viewed another twelve panels in which one of the three images was either moved to a novel
location (the Novel-Location or NL condition) or one image was replaced with an unfamiliar
one (the Novel-Image or NI condition). The NINL total score showed a moderate correlation
(r = 0.52) among adults (ages 20–44) with a standardized facial recognition test [3].

The objective of Experiment II was to examine NINL behavior across the lifespan and to
further characterize the potential contributions of age, sex, and handedness to performance
on this test. In addition, NINL test performance was compared with behavior on the Spatial
Span Backward (SSB), a classic measure of visuospatial working memory [21,22]. The SSB
was selected based on the known age profile [23]. It was also determined whether the
internal consistency [24] and split-half reliability of the NINL instrument was acceptable.

2. Experiment I: Material and Methods
2.1. Subjects

Subjects were recruited at Oregon Museum of Science Industry (OMSI) (N=287, ages 6 to
67). Participants were first asked their age and hand preference to write/use the joystick and
then the task was explained. Exclusion criteria included those younger than 6 years of age,
children without proper parental approval, with conditions effecting eye sight and those
without sufficient time to complete the task. All methods and materials were approved by
Oregon Health and Science University Institutional Review Board.

2.2. Memory Island (MI)
The virtual testing environment of MI simulates an island, 347 × 287 m, comprised of four
quadrants, each containing a different target object (sculpture, seagull, seal, or fountain).
Participants were instructed to navigate using a joystick to a target location visibly marked
with a flag adjacent to the target (visible trials 1–4). A Microsoft Sidewinder joystick was
used which is equally comfortable for right and left-handed participants. After completing
the visible target training with a flag adjacent to each target (Fig. 1 shows a panoramic view
of the island; for screen shots of the targets see [3,4,6]), the subject navigated to a hidden
target (i.e., no flag located beside the target item, but otherwise indistinguishable from the
visible target trials) on trials 5–8. The target items (one/trial) were located in the same
locations for all participants. Their instructions were as follows:

You will cruise on a virtual island. In each trial, you will start in the same position,
but you may be looking in a different direction. Your mission is to find a
mysterious object hidden somewhere on the island. To do that you need to look
closely at what’s on the island. Try to make a map in your head of the island and
where the mysterious objects are located on the island. If you cannot find the
mysterious object within two minutes, an arrow will help guide you to it. Once you
have found it, you must stand next to it and wait for the game to end.

The starting location was always the center of the island (X, Y coordinate 0, 0, also see Fig.
1). The target locations were as follows: sculpture −276.1, −295.7; seal +285, −328; seagull
−224.0, +303.0, and fountain +327.0, +229.1. Visual distractions were limited by having
participants complete testing in a private indoor tent. Participants also wore headphones
which played the audio associated with MI (nature sounds) which further limited any
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distractions. Notably, preliminary testing identified a ceiling effect when a probe trial was
completed immediately after the last hidden trial. As even a short retention (e.g. 15 to 30
minute) interval was not feasible due to time constraints with this community sample of
volunteers, this trial was not completed. Additional details regarding this program are
available elsewhere [3,4,6].

2.3. Statistical Analysis
All analyses were conducted using SPSS, version 16.0 (SPSS Inc., Chicago, IL). In each
trial, movement was recorded in time-stamped coordinate files, which were used to calculate
latency until the first movement (sec), latency to reach the target (sec), distance traveled
(virtual units), and velocity (virtual units/second). Cumulative distance to the target, a
running total of distance to the target obtained twice per second, was also recorded. If
Mauchly’s sphericity test was significant on repeated measures ANOVAs, then results of the
Greenhouse-Geisser were reported with the corresponding reduction in the degrees of
freedom. Mixed (Trial x Sex) ANOVAs were conducted separately for the visible and
hidden trials separately. Analysis of covariance was completed to determine if group
differences on latency and cumulative distance to the target during the hidden trials were
retained when accounting for the variance attributable to speed. Given that the group sizes,
particularly for comparisons of right versus left-handers, were unequal, Levene’s test
assessed whether the homogeneity of variance assumption was violated. The sample was
subdivided into four age groups (children, 6–11; adolescents, 12–17; younger-adults, 18–39;
and older-adults, 40–67) to further explore sex differences. Pearson correlations were
completed among MI measures. For all figures, data is presented as mean ±SEM.

3. Results
3.1. Sex Differences in Memory Island Performance

The sample (N=287) consisted of a similar number of males (N=151, 52.6%) and females
(N=136, 47.4%). During the visible trials (participants find four different targets in four
trials), males traveled significantly faster on second, third, and fourth trials (Fig. 2A). The
cumulative distance to the target was 16.5% longer for females (Total for Males = 13.8
(±0.6) × 104 virtual units, Females= 16.1 (± 0.7), t(285) = 2.55, P < 0.025; Cohen’s d =
0.30). The same general pattern was also identified in the hidden trials with females
traveling slower on the first, second, and third trials (Fig. 2A) and having an 18.7% longer
cumulative distance to the target (Males=17.5(±0.7), Females=21.1 (±0.8), t(285) = 3.26, P
≤ 0.001; d = 0.39). Notably, the sex difference in cumulative distance to the target during
the hidden trials was also retained with the average visible speed included as a covariate
(F(1,284) = 8.26, P < 0.005).

Table 1 shows the results of the Trial x Sex ANOVA for the entire sample. Importantly, as a
sex difference in age was observed (Males = 17.9 ±1.0, Females = 21.7±1.3, t(264.2) = 2.34,
P < .025), further analyses were conducted with the sample stratified into four groups,
children (ages 6–11, N = 85, 57.6% male), adolescents (ages 12–17, N=107, 59.8% male),
younger-adults (age 18–39, N = 59, 39.0% male), and older-adults (age 40–67, N = 36,
41.7% male). Note that this division in age groups is admittedly arbitrary and other
categories could be made, but for this data-set, these demarcations offer the advantage of an
equivalent sex ratio within groupings for the minors (<18) as well as adults (≥18). On the
visible trials, no sex differences were present in younger-adults on MI performance. In
contrast, sex differences were noted in the latency to reach the targets and speed among
children. On the hidden trials, a very different pattern was evident with younger-adults
showing clear evidence for sex differences on the primary measures of interest, cumulative
distance to the target and latency (Fig. 2B), as well as speed. Sex differences were also
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present among adolescents, but were less pronounced for children. However, the
performance of male and female older-adults was indistinguishable.

3.2. Handedness Differences in Memory Island Performance
Left-handedness (sinistrality) was relatively common in this sample (37/287 or 12.9%). The
percentage of sinistrals who were also female (45.9%) did not differ from right-handers
(dextrals) (47.6%). The average age of sinistrals (20.4±2.6) was also equivalent to that of
dextrals (19.6±0.8). The total latency to reach the visible targets was over a half-minute
sooner for sinistrals than for dextrals (d = 0.51; Fig. 2C). Similarly, the total cumulative
distance to the target was significantly shorter for sinistrals (d = 0.40). In the hidden trials, a
non-significant left-handed advantage was noted for latency (P = 0.08). The cumulative
distance to the target was also smaller for sinistrals (d = 0.38; Fig. 2D). However,
handedness had no effect on the speed during the visible or hidden trials.

3.3. Age Differences in Memory Island Performance
A general pattern of extreme (young or old) age groups performing less well than those in
the middle was noted. Older-adults and children showed less efficient performance (slower
speeds, longer latencies, higher cumulative distances to the target) relative to adolescents
and young-adults on the visible trials (Table 2).

The total latency during the hidden trials did not differ between children and older adults. In
contrast, children took significantly longer than either adolescents or younger-adults. Older
adults also had a longer latency relative to either adolescents or younger-adults (Fig. 2B).
These age differences in latency during the hidden trials were retained with average visible
speed included as a covariate. An identical pattern of age differences was also identified for
cumulative distance to the target.

As there are substantial changes in performance across the eight MI trials, also indicated by
the significant trial (i.e. learning) effects in Table 1, further examination for age differences
was completed using the first visible and first hidden trials. A step-like increase in speed
during childhood was identified with 10 year-olds traveling faster than all younger ages.
Early-adults (ages 18–29) also traveled quicker than people in the fifties and sixties, forties,
or thirties (P < .005, Fig. 3A). On the hidden trial, early-adults also traveled faster than the
very young or very old, but the age-related progression and regression was much more
gradual (Fig. 3B). No age differences were noted in latency to reach the target (Fig. 3C).
However, start latency did show several age differences with early-adults having a shorter
latency than very young children (age 6–7) or people in their thirties, forties, or fifties. The
start latency of fifteen-year olds (1.5±0.2 sec) was approximately half of early-adults
(2.9±0.6). The latency to reach the first hidden target was quicker among early-adults than
children (≤11) or older-adults (50+). Start latency was shorter in early-adults compared to
very young children, but longer relative to eleven, thirteen, fourteen, or fifteen year-olds
(Fig. 3D). The cumulative distance to the target during the visible trial showed no age
differences (Fig. 3E). In contrast, early-adults had a lower cumulative distance to the target
relative to children or older-adults (Fig. 3F).

3.4. Correlations among Memory Island Measures
There was a strong positive correlation between total latency and cumulative distance to the
target in the visible (r(285) = +0.79, P ≤ .0005) and hidden (r(285) = +0.95, P ≤ 0.0005)
trials. Faster speeds were associated with lower start latencies on the visible (r(285)= −0.59,
P ≤ 0.0005) and hidden (r(285)=−0.50, P ≤ 0.0005) trials. Similarly, individuals that
traveled faster on the visible trials performed likewise on the hidden trials (r(285) = +0.61, P
≤ 0.0005). Start latencies on the visible trials were moderately associated with start latencies
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on the hidden trials (r(285) = 0.42, P ≤ 0.0005). However, the latency to reach the visible
targets was only weakly correlated with the latencies to find the hidden targets (r(285)=
+0.22, P ≤ 0.0005) and cumulative distance to the target during the visible trials was only
modestly associated with that measure on the hidden trials (r(285) = +0.25, P ≤ 0.0005).

4. Discussion
There are three key findings of this study with MI. First, there were pronounced sex
differences across MI measures. A male advantage for speed during the target visible trials
has been documented previously among the elderly, as well as in adults and children [3,5,6].
In addition to verifying these velocity differences, this investigation also determined that
males had shorter latencies and cumulative distances to the target. These sex differences
were retained even when accounting for speed differences in the visible trials. Interestingly,
if sex hormones were the single factor mediating sexually dimorphic functional differences,
one might anticipate the most pronounced differences would be found in younger-adults
with less clear differences in pre-pubescent or older-adult groups. This general pattern was
identified in the hidden trials with significant differences in latency as well as cumulative
distance to the target in younger-adults and adolescents and no significant differences on
these measures in children or older-adults. However, in the visible trials, male children had
shorter latencies than female children while no significant sex difference was obtained
among any of the older ages. This data might indicate that although the changes in
androgens and estrogens during puberty could contribute to the magnitude of sex
differences, other factors including genetics, the in utero organizational effects of sex
hormones, or task difficulty, could also influence whether sex differences are observed.
Notably, inferior performance by female rodents has also generally been documented in
spatial learning with the Morris Water Maze [2].

Second, contrary to our expectations, left-handers displayed better MI performance.
Sinistrals had a shorter visible latency and lower cumulative distances to the target during
the visible and hidden trials, relative to right-handers. A contribution of handedness to
virtual water maze performance is, to our knowledge, a novel outcome. However, it should
be emphasized that prior research has not been sufficiently powered to detect such a
difference based on handedness. Mental rotation, a task that is moderately correlated with
the ability to find a hidden water maze target [25] does not appreciably differ based on
handedness [26]. A neurobiological origin for the present findings is not immediately
apparent as even the well known handedness difference in language production is actually
rather modest with the vast majority of both right and left-handers having language
lateralized to their left-hemispheres [27,28]. A disproportionate number (43.9%) of children
that met the criteria for Developmental Coordination Disorder were either left-handed or
ambidextrous [29] which extends upon an earlier report that learning disorders were over
nine-fold more common in left-handers [17] although see [30]. Regardless of whether the
left-handers in this community based sample had other subtle neuropsychological
conditions, based on the biased proportioning of neuropsychological conditions within the
left-handed population, these would be expected to lower, not enhance, their spatial
function. Notably, a genetic basis of handedness has long-been suspected based on twin and
pedigree studies [31]. Although specific genes mediating sinistrality have yet to be
conclusively identified, some incremental progress has been made [32,33]. Additional
behavioral genetic research is currently ongoing to extend upon this intriguing outcome.

Thirdly, age, independent of sex, influenced overall MI performance across both the visible
and hidden trials. A pronounced impairment was identified among older-adults relative to
either younger-adults or adolescents. This was identified for trial latency and cumulative
distance to the target, the primary measures of MI performance, as well as start latency. Start
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latency is the duration between when the trial begins and the subject first moves from the
center of the virtual world. Although some brief (500–1,000 ms) hesitancy at trial onset
might reflect a combination of simple reaction time and orientating, particularly during the
latter trials, longer start latencies (>2 sec/trial) may be indicative of other processes like
attention. Children also showed slower speeds and longer cumulative distances and latencies
on the hidden trials relative to adolescents or younger-adults. Importantly, there was an
absence of age differences between relatively young children and older-adults. Across the
ages studied, there was a clear “U shaped” (curvilinear), or an inverted U depending on the
measure, relationship between age and MI performance. The finding of a decline in spatial
function during late-adulthood is concordant with rodent investigations [2].

A more detailed evaluation of age differences was made by examining MI behavior on the
first visible and first hidden trials. These trials both involve searching for the same target
item, but differ based on the presence or absence of a large flag to facilitate navigation. As
noted earlier, ten-year olds had better memory on the probe trial relative to ages seven or
eight [4]. This report identified a stage-like progression in visible speed with ten-year olds
moving faster than eight or even nine year-olds. In contrast, the profile of age related
progression was more gradual during the hidden trial. In addition, a comparison with early
adults (ages 18–29), revealed reductions in speed on the visible and hidden trials for
individuals beginning in their thirties. Early-adults reached the target during the hidden trials
quicker and took a more direct route than individuals in their fifties. There were no
appreciable age differences on either the cumulative distance to the target or latency during
the visible trials, which suggests that the visible trials are sufficiently challenging so that this
instrument can be employed across a wide range of developmental periods. This pattern of
MI results is generally congruent with, and also extends upon, prior investigations of how
age contributes to a progression in spatial learning and memory performance in childhood
and a decline that begins early in adulthood [16,34,35].

Structural and functional neuroimaging studies have begun to provide a framework for
understanding individual differences in spatial navigation. Macguire and colleagues
discovered that taxi-cab drivers had increased gray matter volumes of their posterior
hippocampus [36]. A subsequent report determined that the ability to successfully navigate
through a virtual town was uncorrelated with hippocampal volumes [37]. However, strong
correlations were observed between hippocampal fractional anisotropy, an index of
microstructural integrity, and the ability to find targets in a virtual city among adults [38].
The hemodynamic activity in younger-adults was greater in the posterior hippocampus and
parahippocampal gyrus than in older-adults during spatial navigation. The reverse pattern
was also identified with older-adults having greater activity in the anterior cingulate [39].
The neural networks mediating navigation are quite similar in the sexes [40], but men have
been shown to engage the hippocampus more than women while women rely more on
frontal and parietal regions [41]. In contrast, the neural underpinnings of handedness
differences in spatial navigation abilities must await further study using a more detailed
index of hand preferences than was employed in the present endeavor.

Although MI was designed as a human model of the rodent Morris water maze in terms of
the underlying logic of the trial structure and dependent measures, we recognize that this
objective, but relatively brief, test may provide a useful measure for other purposes (e.g.
further exploring structures important for topographical learning like the hippocampus,
parahippocampal gyrus, parietal cortex, and cerebellum in lesion studies). The use of
different strategies (e.g. head toward a prominent local landmark and then turn left or the
formation of a spatial map using distal landmarks) may result in a combination of both
egocentric and allocentric navigation. The availability of more than one technique to
efficiently solve MI may emulate “real-world” navigation more closely than that offered by
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other virtual mazes that encourage only an allocentric approach. However, it should also be
emphasized that MI as well as other virtual mazes, for example, the radial arm maze used by
Astur and colleagues [25], are unlike more naturalistic navigation in several non-trivial
ways. The exclusive reliance on a visual modality offers clear conceptual benefits, but the
absence of vestibular [43] and proprioceptive feedback is unlike real-world way-finding.
Further study is needed to determine whether head direction and place cells [42] respond
similarly in virtual and non-virtual environments.

5. Experiment II: Material and Methods
5.1. Subjects

Participants consisted of patrons of the Oregon Museum of Science Industry. The findings
of Experiment I prompted inclusion of a wider age-range (6–86 year-old) and more detailed
information regarding handedness (described below). The sample (N=128, 52.4% male,
12.5% Sinistrals) included Children (6–11, N=40), Adolescents (12–19, N=20), Early-
Adults (20–49, N=39) and Late-Adults (50–86, N=29). Study participants received verbal
and visual instructions prior to each test. Handedness was determined using an interview
modeled after the content of the Edinburgh Handedness Inventory [44]. Participants were
asked which hand they used to complete several activities (e.g. writing, drawing, throwing,
using spoon). Many younger children did not have experience with “strike a match” and this
item was omitted for younger children. A Laterality Index was calculated by adding up the
number of checks with each hand and using the equation [(R−L)/(R+L)]*100.

5.2. Novel-Image Novel-Location (NINL)
The NINL test, version 0.2, was a modification and extension of the original measure
described earlier [3,5]. The differences relative to the original version were: 1) more detailed
instructions and a practice trial so that the test could be more readily completed by children;
2) use of images imported into a Microsoft Power Point slide show to precisely regulate the
display time; 3) an increase in the number of images from forty to eighty; 4) use of high
resolution pictures from the International Affective Picture System [45]; and 5) only scoring
the NI and NL items but not the eight unchanged items. In keeping with how the rodent
object recognition test is typically completed [2,18,46], only neutral images (e.g. household
objects, clothes, plants) were selected (see Table 3 for further details). These images can be
obtained for research purposes by contacting [45]. Each of the 48 slides (24 Learn and 24
Test) consisted of 4 quadrants containing 3 images and one empty space. Each slide was
shown for eight-seconds during the learn phase. After viewing the learn slides, testing from
Set A commenced (twelve slides: four NI, four NL, and four unchanged slides). A
computerized version of the SSB (described below) was then conducted [22] and
subsequently the remainder of the NINL test was completed (Set B: also four NI, four NL,
and four unchanged slides). The quadrant of the changed images and locations were
randomized across the four areas. NINL scoring consisted of 0–3 points earned per item. No
points were awarded if the participant was unable to identify if a change had occurred, one
point was awarded for correctly identifying that a change had taken place, two points were
awarded for also identifying the correct ‘type’ of change (NI or NL), and three points were
awarded for correctly identifying the ‘type’ of change and the quadrant with the change
(maximum = 24 points for NI or NL). As a secondary analysis, the percentage of the 16
items with a one-point score was determined.

5.3. Spatial Span Backward (SSB)
Visual-spatial working memory was assessed using a computerized version of the Corsi’s
block tapping task [21,22], programmed in E-Prime 1.1 (Psychology Software Tools,
Pittsburgh, PA). Briefly, an array of ten grey squares on a black background was presented
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on the computer screen (Supplementary Figure 1). Each trial consisted of a smiley face
appearing in one of the squares at a rate of one square per second. Participants used a mouse
to click on the squares in the opposite order in which the smiley face appeared, with two
trials at each level of difficulty (ascending from two to eight location sequences). The
software required that participants successfully completed a practice item prior to beginning
the test. The SSB test terminated when both trials within a difficulty level were incorrect.
The dependent measure was the number of trials completed correctly.

5.4. Statistical Analysis
In order to determine if the developmental profile (progression during childhood and
regression during senescence) was equivalent on each test, two complementary analyses
were completed. First, the standardized (Z) scores for each test were compared across four
age groups (Children, 6 to 11; Adolescents, 12–19; Early-adults, 20–49; and Late-adults,
50–86). Second, a nonlinear quadratic function using Prism version 4.0 (Graphpad Inc., La
Jolla, CA) was used for the regression analysis between age and test performance. Pearson
correlations were performed to assess reliability in NI and NL performance in sets A and B
(Table 3). Cronbach’s alpha was calculated as an index of the internal consistency [24] of
the NI and NL test items. Finally, participants were divided into two handedness groups to
assess the potential effect of handedness on NINL test performance (Dextrals: Laterality
Index > 0 and Sinistrals: Laterality Index ≤ 0).

6. Results
There were no age differences based on sex (Males = 28.6 ± 2.6, Females = 31.5 ±2.9) or
handedness (Dextrals = 30.4 ± 2.1, Sinistrals = 28.7 ± 5.1). The number of males and
females did not differ based on handedness (ratio of Males:Females for Dextrals 55:55;
Sinistrals 11:5; χ2(1) = 1.97, P = 0.16).

Overall performance on the SSB test was 7.3 ± 0.3 (Minimum = 0, Maximum = 13, Median
= 8) and on the NINL test was 31.0 ± 0.9 (Minimum = 2, Maximum = 47, Median = 32).
The internal consistency of the complete sixteen-item NINL test was 0.811. Similarly, NI
(Cronbach’s alpha = 0.773) and NL (alpha = 0.716) scale values were reasonable. There was
a moderate correlation between items in Sets A and B (r(126) = 0.72, P < 0.005).
Performance scores of Set B (14.9 ± 0.5), which was completed after Set A and the SSB test,
were slightly, but significantly, lower than those of Set A (16.2 ± 0.5, t(127) = 3.62, P <
0.0005, d = 0.32). The scores were higher on NI (17.6±0.5) than NL (13.5 ±0.5, t(127) =
7.62, P < 0.0005, d = 0.67).

An ANOVA revealed an effect of Age on the SSB test (F(3,122) = 8.54, P < 0.0005).
Adolescents and Early-Adults had significantly higher scores than either children or late-
adults. However, the effect of age was not significant for NI (F(3,124) = 1.22, P = 0.30) or
NL (F(3,124) = 1.94, P = 0.13, Figure 4A) performance. Similarly, non-linear regression
was applied to determine the relationship between age and test performance. A polynomial
or inverted U function accounted for a significant proportion of the variance for SSB test
performance (F(2,123) = 10.36, P < 0.0005, R2 = 0.144, SSB = −0.511+ 0.56*Age −
0.0008487*Age2, Figure 4B). A polynomial function was statistically significant for the NL
test (F(2,125) = 4.64, P < 0.05, R2 = 0.069, NL = −0.446 + 0.4372* −0.0006273*Age2,
Figure 4C), but not the NI test (F(2,125) = 0.59, P = 0.56, Figure 4D).

There were sex and handedness group differences in performance on the NINL but not SSB
test. Females had higher scores than males on the NI test (d = 0.68) and NL (d = 0.41).
Sinistrals had higher NI scores than Dextrals (Table 4, d = 0.47). The percentage of the
sixteen NINL items with a score of one point, i.e. correct identification of a change, but
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incorrect recognition of the type of change that occurred, was 13.8 ± 0.9% for all
respondents. This response type showed indications of a sex difference (Males = 15.2 ±
1.3%, Females = 11.9 ± 1.1%, t(122.7) = 1.94, P = 0.054), but this measure did not differ
appreciably based on age or handedness. The correlation between performance on the NI
and NL tests was moderate (r(126) = 0.46, P < 0.0005). Performance on the SSB test also
showed a modest, but significant, association with performance on the NL test (r(124) =
0.26, P < 0.005) and NI (r(124) = 0.20, P < 0.05).

7. Discussion
The primary goal of Experiment II was to determine the contributions of age, sex, and,
based on Experiment I, handedness to performance on the NINL test. The presence of sex
differences on both the NI and NL indices is broadly congruent with a prior report showing
better performance on the NL measure by elderly females than males [5]. In contrast, sex
differences were not detected in an earlier investigation with adult study participants [3].
The different outcomes in the current study with those in the earlier report [3] might be due
to differences in the NINL test methodology, such as differences in the number of images
and in the sample size. As a female advantage in verbal processing abilities can result in
higher performance on memory tests that are not explicitly verbal [47], females could be
employing a verbal strategy for both NI and NL items.

Although there was clear evidence for the anticipated age effects [23,48] for SSB, with
higher scores in adolescents and early-adults than children and late adults, performance on
the NINL test was largely independent of age in this study. The nonlinear regression
analysis for the NL measure was statistically significant although the proportion of variance
accounted for by age was modest (7%). While many participants anecdotally recounted that
the NINL test was quite difficult, examination of the distribution of scores did not indicate
either ceiling or floor effects. Importantly, three-month-old infants can exhibit a clear
novelty preference for unfamiliar faces on the Fagan Test of Infant Intelligence when they
are presented after a very brief retention interval [19]. One-month old rhesus monkeys are
also quite capable on the visual paired comparison test [49]. Similarly, even weanling rats
are capable of novel-object recognition, but only at relatively brief periods (≤1 hour)
between the stimulus and test sessions [50]. Together, these findings indicate that the NINL
test, like analogous tests in rodents and non-human primates, can be employed with a wide
range of ages and are generally concordant with prior findings [19,49,50]. For practical
reasons with this community-based sample, the total test duration was typically less than
twenty minutes and long intervals between the Learn and Test sets were not feasible. Future
studies with longer NINL retention intervals might reveal larger contributions of age,
particularly during the primary school and senescent periods. The interval has also been
shown to be a key variable in characterizing sex differences with a female advantage for the
novel-object condition, but a male advantage for the novel-location condition in rats at
longer (3 hour) intervals [51].

Sinistrals had higher NI scores than dextrals. An advantage for left-handers was also noted
earlier in performance on a spatial navigation test (Experiment I). Similarly, left-handed
females, but not males, solved the Tower of Hanoi in fewer moves than right-handers [52].
The Tower of Hanoi, like the NINL, has a working memory component. The
neurobiological substrates which could mediate performance differences based on
handedness, and selectively on NI, but not NL, are not immediately obvious. Examination of
the thickness of the corpus collosum or the asymmetry in size of the left versus right planum
temporale as a function of the laterality quotients has identified an exceedingly subtle
pattern of results [53,54]. As also noted previously, the frequently cited group differences in
language laterality by handedness an oversimplification as the majority of both dextrals and
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sinistrals have their word generation capacity localized to the left-hemisphere [27–28].
Genetic factors might play a role here. For example, individuals with at least one
apolipoprotein E (apoE) ε2 allele were approximately fivefold more likely than apoE ε4
carriers to be left-handed [32]. Increased efforts are warranted for further investigation
examining both handedness and APOE genotype to better understand causes for the
individual differences in NINL performance.

Two other findings are also noteworthy. The correlation between SSB, a classic test of
visual spatial working memory, and NINL, was rather modest. This could be because SSB,
but not NINL, includes a fine-motor component. Alternatively, NINL may be more
dependent on semantic memory than SSB. Second, a generally accepted guideline for
internal consistency is that Cronbach’s α should be between 0.7 and 0.9 [24]. This outcome
was achieved for the NINL test in its entirety and each scale also performed satisfactorily,
while the consistency of other visual recognition tests is considerably lower [19]. Overall,
visual-spatial recognition memory was influenced by sex while visual-spatial memory
without recognition was age-dependent.

8. Conclusions
The present findings have identified a neurobehavioral profile that illustrates the importance
of sex, development, and handedness factors. Although age and sex differences are
frequently taken into account by neuropsychological instruments [55], the present findings,
if replicated, suggest that handedness may need to be considered when developing
standardized scores for MI and NINL or other similar tests. These results also indicate that
the MI and NINL tests, as well as other translational paradigms, will continue to aid in
bridging the gap between our understanding of changes in brain function and spatial
cognition during aging in human and in non-human animals [19,56,57]. Finally, the MI and
NINL tests provide new measures which, in conjunction with more traditional
neuropsychological tests, will continue to be useful for furthering our understanding of
sexually dimorphic differences in neurocognitive performance.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Memory Island panoramic view from the starting location. Note that all the flags are
depicted here for comparative purposes, but in the actual test only one flag/target is present
in a visible trial.
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Fig. 2.
Performance on Memory Island varies by sex, age, and handedness. A) Speed (virtual units/
sec) on the visible (1–4) and hidden (5–8) trials, *p < .05 versus males. B) Sex and age
differences in total latency to complete the hidden trials, #p = .07, *p < .05 or **p < .01
versus males; ap ≤ .0005 versus adolescents (age 12–17) or younger-adults (age 18–39). C)
Latency by handedness, ***p ≤ .0005 versus right-handers. D) Cumulative distance to the
target by handedness, *p < .05 versus right-handers.
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Fig. 3.
Developmental differences in Memory Island performance on the first visible and hidden
trials. The N/age=10–37, ep < .05 versus 18–29 year olds, tp < .05 versus 10 year olds.

Piper et al. Page 17

Physiol Behav. Author manuscript; available in PMC 2012 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Standardized scores on the Spatial Span Backward and the Novel-Image Novel-Location
tests (A). Scatterplots of performance by age in the Spatial Span (B), Novel-Location (C),
and Novel-Image (D) tests. ap < .05 versus Ages 12–19 or 20–49.
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Table 2

Age differences in Memory Island performance (N = 287).

Performance Measures Children Adolescents Younger-Adults Older-Adults

(6–11 yrs) (12–17 yrs) (18–39 yrs) (40–67 yrs)

Visible

Start Latency (sec) 11.1 (±1.1) 11.1 (±0.9) 15.2 (±2.0) 16.0 (±2.2)c,a

Speed (virtual units/sec) 8.1 (±0.1)aa 8.4 (±0.9) 8.2 (±0.1) 7.6 (±0.2)aa,y

Total Trial Latency (sec) 236.1 (±9.5)a 206.8 (±7.1) 217.1 (±9.8) 267.7 (±20.8)aa,y

Cumulative Distance to the Target (virtual units) 15.5 (±0.8) 13.8 (±0.7) 14.0 (±0.9) 18.1 (±1.7)a,y

Hidden

Start Latency (sec) 10.5 (±1.2) 8.3 (±0.7) 13.2 (±1.6)aa 11.5 (±2.0)

Speed (virtual units/sec) 8.1 (±0.1)aaa,yy 8.6 (±0.1) 8.5 (±0.1) 8.1 (±0.2)aa,y

Total Trial Latency (sec) 433.4 (±19.1)aaa,yyy 296.2 (±9.8)s 309.3 (±16.4)s 476.1 (±34.7)aaa,y

Cumulative Distance to the Target (virtual units) 23.0 (±1.0)aaa,yyy 15.6 (±0.7)s 16.4 (±1.1)s 25.5 (±1.9)aaa,y

c
p < .05 versus children;

a
p < .05,

aa
p < .01, or

aaa
p ≤ .0005 versus adolescents;

y
p < .05,

yy
p < .01, or

yyy
p ≤ .0005 versus younger-adults;

s
p ≤ .0005 versus children or older-adults with mean speed during the visible trials included as a covariate.
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Table 4

Role of sex and handedness on performance on the Novel-Image, Novel-Location and Spatial Span Backward
tests.

Sex Handedness

Male Female Dextral Sinsistral

Novel Image 15.7 (0.8) 19.4 (0.6)a 17.3 (0.6) 19.6(0.9)b

Novel Location 12.4 (0.7) 14.8 (0.7)b 13.5 (0.6) 13.0 (1.0)

Spatial Span Backward 7.4 (0.2) 7.2 (0.4) 7.3 (0.3) 6.9 (0.7)

a
p < .0005 versus males;

b
p < .05 versus dextrals or males
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