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Abstract

Temporal order memory is important in daily life and is adversely affected by healthy aging.
However, there is a lack of standardized neuropsychological tests designed to directly measure this
construct. We developed a new test to examine incidental temporal order memory for a self-
generated sequence of tasks one might complete in everyday life. Young and older adults
completed the test, which assessed immediate free recall, delayed free recall, and delayed cued
recall for the order of events in a sequence. Participants were given 10 cards, each listing a task
one might accomplish in a typical day. Participants were asked to self-generate a “to do” list by
placing the 10 cards in a sequence representing the order in which they would accomplish the
tasks, but were not informed of a subsequent memory test. Immediate recall was assessed by
asking participants to verbally list the tasks in the same order as the sequence that was generated.
Following a 20 min delay, delayed recall was assessed using the same procedure. Delayed cued
recall was assessed by giving participants the cards and asking them to place them in the correct
sequence. Standardized neuropsychological measures also were administered. Older adults were
significantly impaired relative to young adults on immediate recall, delayed free recall, and
delayed cued recall of the sequence, controlling for item memory. Correlation analyses with
standardized neuropsychological tests provide preliminary evidence for construct validity for our
test, which is portable and can be rapidly administered in clinical or laboratory settings.
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Temporal order memory involves the ability to remember the order in which events are
experienced across time. Memory for the order of items or events in a sequence is thought to
depend on frontal and temporal lobe function (Devito & Eichenbaum, 2011; Ekstrom,
Copara, Isham, Wang, & Yonelinas, 2011). Functional neuroimaging studies have recorded
activation in the frontal lobes (Cabeza, Anderson, Houle, Mangels, & Nyberg, 2000; Hayes,
Ryan, Schnyer, & Nadel, 2004; Knutson, Wood, & Grafman, 2004; Rowe & Passingham,
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2001) and temporal lobes (Ekstrom & Bookheimer, 2007; Lehn et al., 2009) while humans
perform tasks involving memory for sequences of stimuli. Deficits on temporal order
memory tasks also have been reported in humans with damage to the frontal (Daum &
Mayes, 2000; Milner, Petrides, & Smith, 1985; Shimamura, Janowsky, & Squire, 1990) or
temporal lobes (Downes, Mayes, MacDonald, & Hunkin, 2002; Hopkins, Kesner, &
Goldstein, 1995; Mayes et al., 2001; Spiers et al., 2001).

Age-related deficits in memory for the temporal order of items or events in a sequence also
have been well documented in healthy older adults (Blachstein, Greenstein, & Vakil, 2012;
Kessels, Hobbel, & Postma, 2007; Newman, Allen, & Kaszniak, 2001; Old & Naveh-
Benjamin, 2008; Roberts, Ly, Murray, & Yassa, 2014; Rotblatt et al., 2015; Sumida et al.,
2015; Tolentino, Pirogovsky, Luu, Toner, & Gilbert, 2012; Ulbrich, Churan, Fink, &
Wittmann, 2009). These deficits are presumed to stem from age-related changes in the
frontal and temporal lobes. Temporal order memory deficits in older adults have been
associated with age-related episodic memory impairment (Sumida et al., 2015) and also may
have important implications for daily functioning. For example, temporal order memory in
older adults, including those with mild cognitive impairment, was shown to be related to
various activities of daily living such as meal preparation and medication management
(Schmitter-Edgecombe, Woo, & Greeley, 2009). In addition, impaired temporal order
memory might be a selective behavioral marker of Alzheimer’s disease (Bellassen, 1gloi, de
Souza, Dubois, & Rondi-Reig, 2012). Similarly, temporal order memory deficits have been
reported in older adults diagnosed with mild cognitive impairment (Gillis, Quinn, Phillips, &
Hampstead, 2013), which has been described as a transitional stage between normal aging
and Alzheimer’s disease. Therefore, the development of tests to assess temporal order
memory in older adults might have important clinical implications and be useful for
detecting early changes in memory function that can be associated with neurodegenerative
disease.

Currently, there is only one neuropsychological test, with known psychometric properties,
that was specifically developed to assess temporal order memory (Bauer, Leventon, & Varga,
2012; Bauer, Dikmen, Heaton, Mungas, Slotkin, & Beaumont, 2013). Originally devised for
use in children, Bauer and colleagues developed the Picture Sequence Memory Test (PSMT)
for the National Institutes of Health Toolbox. The PMST involves the presentation of a
series of four pictured activities in a fixed sequence on a computer screen, which are
simultaneously described verbally by the experimenter/clinician. After viewing the sequence
and hearing the description, the participant is asked to place the four pictures of the activities
in the correct sequence. Dikmen et al. (2014) published validation data for the PMST for
ages 20 to 85 and the data indicate good test-retest reliability and construct validity for the
test. The remaining aforementioned studies have been conducted using a variety of
experimental tests developed to assess temporal order memory in older adults and other
populations. These tests often require participants to remember the order in which stimuli
are presented on a two-dimensional grid or whether a word was presented on one list versus
a different list presented at different points in time. For example, Kessels et al. (2007)
developed a task that required young and older adults to remember a sequence of seven
pictures of everyday objects (e.g. a camera) presented one at a time in seven different
positions on a 5 x 5 grid on a computer screen. In a study by Parkin, Hunkin, & Walter
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(1995), young and older adults were required to remember two lists of declarative sentences
and then were asked whether each sentence was from List 1 or List 2. Roberts et al. (2014)
showed young and older adults a series of pictures of common objects on a computer screen.
Then participants were shown two pictures from the series and were asked to indicate which
one came earlier in the sequence. These laboratory-based tests have provided considerable
and highly valuable insight into the effects of aging on temporal order memory and the
neural substrates that might support this construct. However, few of these tests have been
developed to resemble daily living tasks that involve temporal order memory. Our goal was
develop new test of temporal order memory involving a “to-do” list, which is commonly
used in daily life. The majority of existing temporal order memory tests provide the
participant with explicit instructions to remember the order in which the stimuli are
presented and the sequences are generated for (not by) the participants. In daily life, an
individual rarely knows at encoding whether or not he/she will need to remember a specific
event or its relationship in time to other events. Furthermore, in daily life, individuals often
structure their own sequences of events, which is not reflected in current tests where the
sequences are typically generated for the participant. Therefore, we designed a new test to
examine age-related differences in incidental temporal order memory for a self-generated
sequence of tasks one might complete in everyday life. The test assesses immediate free
recall, delayed free recall, and delayed cued recall for the temporal order of events in a
sequence. We also assessed preliminary evidence for construct validity of our test in a
sample of healthy older adults. This test differs from existing tests because the sequences
were self generated, the participants were not specifically told to remember the stimuli, and
the test was designed to resemble everyday memory by using a “to-do” list.

The study participants (n=75) included 45 young adults between the ages of 18 and 25 (M=
19.71 years, SD = 1.73), and 30 healthy older adults ages 65 and older (M= 72.37 years, SD
= 6.23). Young adults were recruited from a pool of Introductory Psychology undergraduate
students enrolled at San Diego State University. Older adults were recruited from multiple
community centers in the area. The proportion of males and females was nearly identical in
the young adult (55.56% female) and older adult (56.67% female) groups. On average, older
adults completed significantly more years of education (M= 15.4, SD = 1.08) compared to
young adults (M=12.91, SD=2.31), A1,73) = 39.352, p<.001, d=1.20. In addition, older
adults (M= 63.23, SD = 3.39) had significantly higher raw scores than young adults (M=
62.13, SD = 3.32) on the Wide Range Achievement Test-4 (WRAT; Wilkinson & Robertson,
2006), A1, 68) = 5.18 p< .05, a measure of word reading ability and a proxy measure of
education level. Raw scores on the WRAT-4 were moderately correlated with years of
education (r= .42, p<.001). Participants who endorsed higher than moderate depression
were excluded from the study. This included young adults with a Beck Depression
Inventory-11 (BDI-11; Beck, Steer, Ball, & Ranieri, 1996) score higher than 19 and older
adults with a Geriatric Depression Scale-Short Form (GDS; Yesavage, Brind, Rose, & Lum,
1983) score higher than 10. The average BDI score for younger adults was 7.38 (SD = 4.05)
and the average GDS score for older adults was 1.82 (SD = 2.26). Additional exclusionary
criteria for older adults included scores lower than 130 on the Dementia Rating Scale-2, a
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test of global cognitive functioning (DRS-2; Jurica, Leitten, & Mattis, 2001). The average
DRS-2 score for older adults was 139.40 (SD = 3.70). After applying the exclusionary
criteria, the final sample included the aforementioned 75 participants.

Participants completed the Temporal Order Memory for Everyday Events (TOMEE) test, a
new memory test assessing immediate and delayed free recall, recognition, and delayed cued
recall for the temporal order of events in a sequence. Participants were given 10 cards, each
listing a task one might accomplish in a typical day. The tasks included going to the ATM,
shopping for groceries, taking a picture, returning a phone call, reading a book, checking the
mailbox, taking out the trash, doing the laundry, browsing the internet, and visiting the post
office. These tasks were selected because they are very common to everyday life for both
young and older adults and the events do not have a clear temporal relationship or order to
them. Participants were asked to self-generate a “to do” list by placing the 10 cards in a
temporal sequence representing the order in which they would accomplish the tasks.
Participants were not informed of any subsequent memory tests during generation of the
sequence (encoding). A metal board was provided that had numbered positions from 1-10
(representing the order of the events) vertically down the left side of the board. The
participant could then place each event card (which had a magnetic backing) in the desired
numbered position in the sequence for ease of recording the participants’ self generated
sequence. Fifteen seconds were allotted for review of the event cards following completion
of the list. The board and cards were removed from view, followed by a 30 s stimulus-free
delay period. Next, immediate recall was assessed by asking participants to verbally list the
events in the same order as the sequence generated during encoding. The responses were
recorded by the examiner in a test booklet. Then a 20 min delay period was implemented
before assessing delayed recall. During the delay period, participants completed a brief
nonverbal neuropsychological test, the Trail Making Test from the Delis-Kaplan Executive
Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001), followed by a short break.
Following the delay, delayed free recall was assessed using the same procedure implemented
during immediate recall. Finally, delayed cued recall for the sequence was assessed
immediately after delayed free recall. The stack of 10 initial event cards was shuffled and
presented to the participant who was asked to place the cards in the order representing the
original sequence using the previously described metal board. The number of events recalled
on each index was scored using two methods: ordinal positioning and sequential clustering.
In ordinal positioning, one point was granted each time the event was in the same ordinal
position in the recalled sequence as it was on the participant’s original “to do” list (1 through
10). In sequential clustering, one point was granted for each event recalled that was
sequentially adjacent to another event, based on the participant’s original “to do” list. The
TOMEE also assesses recall of the events, independent of the sequence. The total number of
events recalled during immediate and delayed free recall, regardless of whether the event
was placed in the correct sequence, also was recorded. This index provides a measure of
item memory.

All participants also completed the following standardized neuropsychological tests: the
Hopkins Verbal Learning Test-Revised (HVLT-R; Brandt & Benedict, 2001); the D-KEFS
Trail Making Test (Delis et al., 2001); the D-KEFS phonemic fluency test (Delis et al.,
2001); the Benton Judgment of Line Orientation Test (Benton, Sivan, Hamsher, Verney, &
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Spreen, 1983); and the WRAT-4 (Wilkinson & Robertson, 2006). A test battery was
designed that could be relatively brief to administer in one test session along with the
TOMEE (considering fatigue effects in older adults), which would provide a measure in the
primary domains of memory, language, executive functioning, attention, and visuospatial
perception. The WRAT-4 was included as a proxy measure of education (given that the
college students in our young adult group have not yet achieved their peak education) and as
a measure of word reading to assess this ability in our older adults and its relationship to
performance on the TOMEE. The test battery required approximately 2-2.5 hours to
administer in one session at San Diego State University. The tests were administered in the
following order: TOMEE immediate recall, D-KEFS Trail Making Test, TOMEE delayed
recall, BDI-1I/GDS, HVLT-R immediate recall, Benton Judgment of Line Orientation Test,
HVLT-R delayed recall, WRAT-4, D-KEFS phonemic fluency test, and DRS-2 (older adults
only). All procedures were approved by the Institutional Review Board at San Diego State
University and all participants provided informed consent prior to participation in this study.

Temporal Order Memory of Everyday Events Test

Mixed model 2 x 3 Analysis of Variance (ANOVA) tests with age-group as a between group
variable (young adults, older adults) and TOMEE memory index (immediate free recall,
delayed free recall, delayed cued recall) as within group variables were used to assess
performance on the TOMEE using the two aforementioned scoring methods. Using the
ordinal position scoring method, the analyses revealed a significant main effects of age-
group F(1, 73) = 13.80, p <.001 and memory index F(2, 146) = 21.87, p < .001; however,
the interaction was not significant F(2, 146) = .15, p = .86. As shown in Figure 1, young
adults outperformed older adults on all three memory indices, which also is evidenced by the
significant main effect of age-group. A Newman-Keuls posthoc comparison test of the main
effect of memory index revealed that participants performed significantly better (p < .05) on
the delayed cued recall index compared to both the immediate and delayed free recall
indices, which did not differ significantly from one another.

Using the sequential clustering scoring method, the analyses revealed a significant main
effects of age-group F(1, 73) = 13.41, p <.001 and memory index F (2, 146) = 26.69, p <.
001; however, the interaction was not significant F(2, 146) = .57, p = .57. As shown in
Figure 2, young adults outperformed older adults on all three memory indices, which also is
evidenced by the significant main effect of age-group. A Newman-Keuls posthoc
comparison test of the main effect of memory index revealed that participants performed
significantly better (p <.05) on the delayed cued recall index compared to both the
immediate and delayed free recall indices, which did not differ significantly from one
another. Since both scoring methods yielded highly similar results, the ordinal position
scoring method was used in subsequent analyses.

The TOMEE also assesses recall of events, independent of sequence. The number of events
recalled during immediate and delayed free recall was analyzed to provide a measure of item
memory for the events. A 2 x 2 mixed model ANOVA with age-group as a between group
variable (young adults, older adults) and TOMEE memory index (immediate free recall,
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delayed free recall) as within group variables revealed a significant main effects of age-
group F(1, 73) =9.07, p < .01 and memory index F(1, 73) = 4.78, p < .05; however, the
interaction was not significant F(1, 73) = .58, p = .45. The results show that young adults
recalled significantly more events, independent of sequence, than older adults during
immediate free recall (young adults M= 8.84, SD=1.02; older adults M/ =8.26, SD=1.34)
and delayed free recall (young adults M= 8.67, SD = 1.31; older adults M= 8.03, SD=
1.50).

Although item memory was qualitatively similar between young and older adults (difference
was less than one point), analyses revealed that the difference reached statistical
significance. Thus, to account for item memory when assessing recall of events in the
sequence, the total number of events recalled in the correct sequence (i.e., temporal order
memory, based on the ordinal position scoring method) was divided by the total number of
events recalled irrespective of sequence (i.e., item memory). ANOVA tests revealed that the
ratio scores were significantly larger for young adults (M= 0.73, SD=0.22) compared to
older adults (M= 0.65, SD = 0.25) for immediate free recall, A1,73) =4.18, p< .05, d=
0.34. Similarly, the ratio scores were significantly larger for young adults (M= 0.75, SD=
0.22) compared to older adults (M= 0.63, SD = 0.23) for delayed free recall, A1,73) = 6.00,
p<.05, d=0.53.

Standardized Neuropsychological Measures

One-way ANOVA tests were conducted to assess age group differences on all five
standardized neuropsychological tests. The data from young and older adults, along with the
results of the statistical analyses and associated Cohen’s d effect size estimates are reported
in Table 1. Young adults significantly outperformed older adults on measures of memory,
executive functioning, attention, motor speed, and visuospatial perception. No significant
age differences were found on fluency measures of language and older adults outperformed
young adults on word reading. To facilitate comparisons with standardized
neuropsychological tests, data from young and older adults on the immediate free recall,
delayed free recall, and delayed cued recall memory indices from the TOMEE were
analyzed using one-way ANOVA tests and associated Cohen’s d effect size estimates were
calculated. A Bonferroni correction was applied to control for multiple comparisons and the
alpha level was set at .017. The data and results also are shown in Table 1.

Correlations between the Temporal Order Memory and Standardized Measures

As shown in Table 2, Pearson rpartial correlation analyses (controlling for age) were used to
examine the relationship between the TOMEE indices using the ordinal position scoring
method and standardized neuropsychological tests in older adults. These analyses were
conducted to assess preliminary evidence for construct validity of our test in a sample of
healthy older adults. All three TOMEE indices were significantly correlated with measures
of verbal memory. However, the indices were not correlated with measures of phonemic
fluency, attention, executive functioning, visuospatial perception, or word reading. In
addition, DRS-2 scores in older adults did not correlate with TOMEE indices of immediate
free recall (r=.03, p=.87), delayed free recall (r= .14, p= .45), or delayed cued recall (r=.
35, p=.06). GDS scores in older adults also did not correlate with TOMEE indices of
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immediate free recall (r=.13, p=.50), delayed free recall (r=-.07, p=.71), or delayed
cued recall (r=-.02, p=.99). Similarly, BDI-II scores in young adults did not correlate with
TOMEE indices of immediate free recall (r=-.12, p=.43), delayed free recall (r=-.16, p
=.30) or delayed cued-recall (r=-.05, p=.74).

Discussion

In the present study, older adults performed worse than young adults on immediate free
recall, delayed free recall, and delayed cued recall for the temporal order of everyday events
as assessed by our new test. Moderate to large Cohen’s d'effect sizes associated with age
group differences were observed, suggesting that our new test may provide a sensitive
measure of temporal order memory impairment in older adults. Given that aging has been
shown to adversely affect verbal memory (e.g. Kramer, Yaffe, Lengenfelder, & Delis, 2003),
we conducted subsequent analyses to account for item memory for the events, while
assessing recall of the events in the sequence. We found that the age-related differences in
temporal order memory remained significant when item memory was accounted for in the
analyses. Therefore, these findings provide evidence that poorer performance in older adults
relative to young adults on the free recall indices on our test reflects impairment in the
ability to remember the temporal sequence of the events rather than solely impaired item
memory for the events.

Overall, the present findings are consistent with previous studies reporting that temporal
order memory is impaired in older adults compared to young adults (Kessels et al., 2007;
Tolentino et al., 2012). However, this is one of the first studies to show age-related
impairment on a test involving incidental encoding for a self-generated sequence that
resembles temporal order memory as it is relied upon in daily life. Several tests have been
designed to assess temporal order memory in both healthy and impaired individuals (Daum
& Mayes, 2000; Dikmen et al., 2014; Hayes et al., 2004; Hopkins et al., 1995; Kessels et al.,
2007; Knutson et al., 2004; Lehn et al., 2009; Parkin et al., 1995). Although studies using
these measures have offered insight into sequential memory, the measures were not designed
to be representative of everyday experiences and only one to our knowledge has validation
data across the lifespan and has evidence for test-retest reliability and construct validity. Our
utilization of a “to do” list in our test may be representative of the process by which
individuals recall information that is necessary for completing daily activities in a particular
sequence and therefore provides novel insight into temporal order memory function as it is
pertains to daily life. Additionally, our test assesses multiple indices of temporal order
memory and can dissociate deficits in temporal order memory from deficits in item memory
for the events irrespective of their temporal sequence.

We also examined the relationship between performance on our test and the aforementioned
standardized tests to provide preliminary evidence for construct validity in older adults. One
type of construct validity, convergent validity, is established when scores on a test are
correlated with variables that are theoretically related to the construct of interest. In contrast,
discriminant validity is supported when scores on the measure demonstrate no relationships
with variables that are theoretically distinct from the construct of interest (Groth-Marnat,
2009). Performance on our test was significantly correlated with performance on other
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measures of memory, providing preliminary evidence for convergent validity of our test.
Immediate and delayed recall indices on our test were significantly correlated with
immediate and delayed recall indices on the HVLT-R, a well validated, standardized
measure of verbal memory thought to be sensitive to temporal lobe function. However,
performance on our test was not found to be correlated with performance on tests assessing
cognitive constructs not theoretically related to the construct of memory, including language,
attention, visuospatial perception and word reading. These findings provide preliminary
evidence for divergent validity of our test. These findings also illustrate that any age-related
deficits on our test were not solely due to impairments in language or general attention in
older adults. A trend level association (p=.07) was found between performance on the
delayed cued recall index of our test and Trial 4 of the D-KEFS Trail Making Test, which
assesses set-shifting aspects of executive function thought to be dependent on frontal lobe
function. Given the relationship between temporal order memory and frontal lobe function,
this association might be of interest in the context of a large sample. Our findings offer
preliminary evidence for construct validity and possible insight into the neural correlates of
test performance; however, future studies involving larger samples clearly are needed.

Scores on a measure of global cognitive functioning (DRS-2) in older adults did not
correlate with performance on any indices from our test, indicating that age-related deficits
on our test were not likely due to global cognitive impairment in the older adults. Similarly,
scores on standardized measures of depression did not correlate with performance on our
test in young or older adults. All participants were screened for depression and none of the
participants endorsed more than moderate depressive symptoms (based on BDI-Il and GDS
scores). In addition, older adults completed significantly more years of education than young
adults and scored significantly higher on the WRAT-4, which is a proxy measure for
education level and a measure of word reading. Therefore, worse performance on our test in
older adults relative to young adults was not due to lower education levels or impaired word
reading. In addition, the young and older adult groups did not differ in sex, which is another
important demographic variable. Taken together, these data provide evidence that
demographic variables, mood, and global cognitive functioning were assessed and controlled
for in the present study.

In the present study, older adults performed worse than young adults on standardized
measures of memory, attention, executive functioning, and visuospatial perception. These
findings are consistent with well-documented evidence of age-related declines in these
domains (Bartrés-Faz et al., 2001). However, older adults were comparable to young adults
on a standardized measure of phonemic fluency and even outperformed young adults on a
measure of word reading, which is consistent with prior studies indicating that language
functioning is generally well preserved in healthy older adults (Van Gorp, Satz, Kiersch, &
Henry, 1986).

Moreover, the effect sizes for age-related differences on the immediate recall and delayed
free recall indices from our test were 44% and 50% larger, respectively, than the effect sizes
for age-related differences on the HVLT-R. This finding provides preliminary evidence that
our test may have incremental value above and beyond standardized tests of verbal memory
in assessing age-related memory impairment. For example, Blachstein et al. (2012)

Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Seewald et al.

Page 9

examined the sensitivity of direct and indirect measures of temporal order memory to the
effects of aging using a Hebrew version of the Rey Auditory Verbal Learning Test (AVLT)
and found that a more direct measure of temporal order memory (explicit reordering of
words into original order of presentation) was more vulnerable to the effects of aging
relative to an indirect measure (spontaneous order in which list is recalled). In addition, the
direct measure was more significantly correlated than the indirect measure with other verbal
memory measures derived from the Rey AVLT. Coupled with the findings from Blachstein et
al. (2012), the present findings provide evidence that temporal order memory tests might be
useful in the assessment of age-related memory impairment.

The present study is not without limitations. The relatively small sample size lessens the
generalizability of the findings. However, age-related differences on the TOMEE were
statistically significant and associated with moderate to large effect sizes, providing evidence
that the findings are robust in the context of a relatively small sample. Additionally, non-
significant correlations should be interpreted with caution given the relatively small sample
size. Another limitation was the use of a relatively small battery of neuropsychological tests,
which limits our ability to thoroughly assess the psychometric properties of our test. Future
studies involving larger samples are clearly needed to extend the current findings. Finally,
everyday experiences occur across much longer periods of time compared to the present test,
which does limit the generalizability of the present findings to everyday temporal order
memory.

In conclusion, we developed a new test to assess memory for an incidentally encoded, self-
generated sequence of events and found significant age-related impairments on the test,
which were associated with moderate to large effect sizes. We also found preliminary
evidence for construct validity of the test in older adults. Age-related temporal order
memory deficits have been well documented using experimental laboratory tests (Blachstein
etal., 2012; Dikmen et al., 2014; Kessels et al., 2007; Newman et al., 2001; Old & Naveh-
Benjamin, 2008; Roberts et al., 2014; Rotblatt et al., 2015; Sumida et al., 2015; Tolentino et
al., 2012; Ulbrich et al., 2009) and may be related to various activities of daily living
(Schmitter-Edgecombe et al., 2009); however, there is only one standardized test of temporal
order memory currently available. Although future studies are clearly needed, the present
study represents the first to our knowledge to develop a test of temporal order memory that
relates to everyday life with evidence for construct validity in older adults. Given recent
findings that impaired temporal order memory might be a selective behavioral marker of
Alzheimer’s disease (Bellassen et al., 2012) and evidence this deficit may be detectable in
older adults diagnosed with mild cognitive impairment who are at risk for AD (Gillis et al.,
2013), temporal order memory tests might have important clinical implications. Our test is a
highly portable, rapidly administered measure that can be used in research and clinical
settings.
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Mean (+SE) number of events placed in the correct ordinal position by young and older
adults on the TOMEE for Immediate Free Recall, Delayed Free Recall, and Delayed Cued-

Recall indices.
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Temporal Order Memory: Sequential Clustering
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Figure 2.
Mean (+SE) number of events placed in correct sequential clusters by young and older

adults on the TOMEE for Immediate Free Recall, Delayed Free Recall, and Delayed Cued-
Recall indices.
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