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Novel tests of semantic memory (SM)—for example, memory for news events (NE; news facts) or famous personalities—are

useful for estimating the severity of retrograde amnesia. Individuals with mild cognitive impairment exhibit relatively intact

SM/language on traditional neuropsychological tests but exhibit consistent impairment on novel tests of SM, suggesting

novel SM tests are dissimilar from traditional SM tests. To identify the relationship between NE memory and traditional

cognitive measures, older adults (N=51) completed a traditional neuropsychological battery and the Retrograde

Memory News Events Test (RM-NET; a new test that robustly measures NE memory across the adult life span with high

temporal resolution), and the relationship between performance on these tests was examined. Total RM-NET scores

were more closely aligned with episodic memory scores than SM scores. The strength of the association between NE

scores and episodic memory scores decreased as the age of NE memory increased. Tests of news events appear to reflect

performance on traditional tests of episodic memory rather than SM, especially when recent news events are tested.

[Supplemental material is available for this article.]

Traditional neuropsychological tests are used to diagnose or char-
acterize the nature of cognitive impairments in individuals, such
as those with Alzheimer’s disease, frontotemporal dementia,
mild cognitive impairment (MCI), Huntington’s disease, Korsakoff
syndrome, or epilepsy. These tests tap into abilities that reflect dif-
ferent domains of cognition, such as episodic memory (EM),
semantic memory (SM)/language, attention/processing speed,
and executive functions. Many of these patient groups also exhibit
impairment on novel tests of SM, such as news event memory or
memory for famous personalities (Sanders and Warrington 1971;
Kopelman 1989; Sadek et al. 2004; Milton et al. 2010; Irish et al.
2012; Smith 2014; Langlois et al. 2016).

Novel tests of SM, such as tests of notable news events or fa-
mous personalities, may detect impairment better than traditional
neuropsychological tests of SM (Venneri et al. 2016). For example,
individuals with MCI who do not typically exhibit impairment on
traditional semantic tests (e.g., tests of language, category and let-
ter fluency, and object naming) are consistently impaired on tests
of news eventmemory ormemory for famous personalities (Flicker
et al. 1987; Murphy et al. 2008; Leyhe et al. 2009a, 2010;
Seidenberg et al. 2009; Irish et al. 2010; Barbeau et al. 2012;
Thomann et al. 2012; Smith 2014). Although these novel semantic
tests reveal consistent impairment, it is unclear how performance
on these tests relates to performance on the wider array of neuro-

psychological tests used to identify cognitively impaired individu-
als in the clinic. Therefore, these novel measures merit broader
examination to identify which cognitive domains they reflect
and whether they reflect new information about SM not measured
by the traditional tests used clinically to identify cognitive
impairment.

One way to understand the relationship between novel SM
tests and traditional EM tests is to examine the brain structures
that support performance on the two types of tests. By definition,
news event memory is SM because it reflects memory for facts and
knowledge about the world. Accordingly, like other fact memory,
memory for news facts is impaired by damage to lateral temporal
cortices (Bayley et al. 2005; Gilboa et al. 2005; Bright et al. 2006).
Like other facts, news facts also typically lose information about
the context in which they were learned (i.e., the time and place
of the learning event). Therefore, according to the standard con-
cepts described by Tulving (1983), news facts do not represent me-
dial temporal lobe (MTL)-dependent EM because they do not
retain information about the context of the learning event.
Indeed, theories ofmemory consolidation agree that retrieval of re-
cent, but not remote, SM depends on structures in the MTL (Marr
1971; Squire and Alvarez 1995; Nadel et al. 2000; Moscovitch et al.
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2005). Thus, recent news event memory scores are additionally de-
pendent on the MTL, which could drive an association between
performance on news event tests and performance on other
MTL-dependent tests (e.g., traditional EM tests of new learning).

Although SM and EM have distinct definitions and phenom-
enology (Tulving 1983), more contemporary theories suggest that
EM and SMaremore likely part of a continuum rather than distinct
entities (Renoult et al. 2012, 2019; Irish and Vatansever 2020). In-
deed, the neural substrates of EM and SM retrieval are highly over-
lapping (Dede and Smith 2016; Renoult et al. 2019; Irish and
Vatansever 2020). Specifically, a common network is thought to
support memory retrieval (parahippocampal cortex, middle tem-
poral gyrus, ventral–lateral parietal cortex, and midline prefrontal
and parietal regions), but depending on the retrieval require-
ments/memory content, the network differs in the degree that it
involves regions more specific to EM (hippocampus) or more spe-
cific to SM (anterior temporal lobe and inferior frontal gyrus)
(Renoult et al. 2019). This work is in line with the earlier idea
that memory retrieval in everyday life involves dynamic interplay
between these two types of memory (Tulving 1983). Consistent
with these ideas, there is a continuum of SM that depends on the
characteristics of the memory itself. Traditional SM tests assess
memory for knowledge learned long ago (e.g., object knowledge
and language), and this type of information is re-encountered
frequently across the life span (common words, objects, and lan-
guage use). In contrast, the novel SM tests most sensitive to mild
brain injury reflect knowledge learned more recently and not re-
encountered frequently (e.g., news events from the recent past
that received limited news coverage). In this framework, novel
SM tests likely tap into a mixture of EM and SM that better
captures the memory retrieval network affected in mild cognitive
impairment.

The relationship between novel measures of SM and perfor-
mance on traditional neuropsychological tests has not been com-
prehensively examined. Across the five studies that have
examined these relationships, there was variability in which do-
mains were examined and the types of novel semantic tests used.
As a whole, there were few consistent findings. Leyhe et al.
(2010) used a 20-item test for news events from the previous 60
yr and found that mean performance across MCI and AD groups
was significantly correlated with performance on a global measure
of cognition (Mini-Mental State Examination [MMSE]) but was not
correlatedwith individual tests of attention/processing speedor ex-
ecutive function (other domains were not examined). Johnson and
Klingler (1976) used a 70-item test for news events from the previ-
ous 30 yr and found that performance for individuals with normal
cognition (ranging from young to older adults) was significantly
correlated with performance averaged across several standard tests
of verbal and nonverbal EM (other domains were not examined).
Seidenberg et al. (2009) used a test of famous personalities who
came to prominence in the recent past (10 items) or remote past
(10 items) and found that the number of semantic details reported
by individuals with normal cognition orMCIwas also significantly
correlated with traditional measures of verbal EM (other domains
were not tested). De Simone et al. (2020) also found significant cor-
relations withmeasures of EM and executive function for their six-
item recall and recognition test of news events spanning 45 yr.
However, when Langlois et al. (2016) examined individuals with
MCI or AD using a 40-item test for news events from the previous
45 yr, they did not detect a significant relationship with standard
measures of verbal EM. Instead, they found significant correlations
between news event memory and individual measures of SM (pyr-
amids and palm trees test and the information subscale from the
WAIS; other domains were not examined).

Only two of these studies examined these relationships as a
function of the age of memory (Seidenberg et al. 2009; Leyhe

et al. 2010). Measures of global cognition (Leyhe et al. 2010) and
verbal EM (Seidenberg et al. 2009) were significantly correlated
with novel measures of SM from both recent (1- to 10-yr-old)
and remote (40- to 55-yr-old) time periods.

Thus, when identifying relationships with neuropsychologi-
cal tests, there is variability in the types of novel SM tests used,
in the number of time periods examined, and in the number of
test items used to estimate retrograde memory. These relationships
have never been examined systematically with a novel SM test that
has high temporal resolution across the entire adult life span and
where performance for each time period is estimated by more
than a handful of questions. In addition, there has been no com-
prehensive analysis of these associations using robust estimates
of five standard cognitive domains. Typically, a single neuropsy-
chological test was used to estimate ability for a cognitive domain,
even though usingmore than one test per domain increases the re-
liability of assessing a cognitive domain (Anastasi and Urbina
1997; Palmer et al. 1998; Loewenstein et al. 2007).

We describe the creation of a novel SM test of notable news
facts (Retrograde Memory News Events Test [RM-NET]) that spans
the entire adult life span (70 yr, separated into 3- to 5-yr time peri-
ods) (see Table 1). We examined behavioral findings from the
RM-NET that reflect different elements of news event memory
(e.g., accuracy, confidence, and response times).We also examined
measures obtained from the RM-NET posttest that reflect inciden-
tal encoding during the RM-NET for events from the last 30 yr (see
Table 2), as well as subjective reports of the amount of semantic
knowledge available and the presence of concomitant autobio-
graphical memories associated with the news event. Because of
the relatively separate traditions of examining clinical populations
using news events tests or standard neuropsychological tests, we
asked how performance on the RM-NET relates to performance
on traditional neuropsychological tests. Based on prior findings,
we hypothesized that RM-NET memory accuracy would signifi-
cantly predict performance on measures of EM. Furthermore,
because news event memory is fact memory (i.e., a type of SM),
we also predicted that RM-NET memory accuracy would signifi-
cantly predict performance on measures of SM. Therefore, we test-
ed how performance on the RM-NET was related to performance
on standard neuropsychological tests in five cognitive domains:
EM, SM/language, executive function, attention/processing speed,

Table 1. Time periods of the Retrograde Memory News Events
Test (RM-NET)

Years before
testing From–to

Duration
(years)

Number of
items

1–3 2017–2015 3 20
4–6 2014–2012 3 20
7–9 2011–2009 3 20
10–12 2008–2006 3 20
13–15 2005–2003 3 20
16–20 2002–1998 5 20
21–25 1997–1993 5 20
26–30 1992–1988 5 20
31–35 1987–1983 5 10
36–40 1982–1978 5 8
41–45 1977–1973 5 8
46–50 1972–1968 5 10
51–55 1967–1963 5 8
56–60 1962–1958 5 9
61–65 1957–1953 5 10
66–70 1952–1948 5 8

Years before testing represents the approximate age of the memories queried.
Testing occurred between March 2018 and April 2020. News events from the
eight time periods spanning 1–30 yr before testing were queried in the RM-
NET posttest.

RM-NET
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and visuospatial function. Because there appears to be a continu-
um of memory retrieval spanning EM to SM, another goal was to
evaluate the relative effect sizes between RM-NET memory accura-
cy and these two domains. To obtain reliable estimates of ability for
each domain of cognition, four to seven measures were used to es-
timate each domain. Finally, due to the dependence of recent news
event memory and EM on the MTL, we hypothesized that the
strength of the relationship between RM-NET memory accuracy
and EM would decrease as memory age increased.

Results

Effects of covariates on variables of interest
The covariates are described in the Materials and Methods in
“Identifying Relevant Covariates for Primary Analyses.” Table 3
shows descriptive information for covariates and variables of inter-
est, and Supplemental Table S1 shows significance values when us-
ing covariates to predict variables of interest. The RM-NET interval
(the relative number of days that elapsed between when the first
participant was tested and when each subsequent participant was
tested) (see the Materials and Methods) significantly predicted
RM-NET total accuracy, total confidence, and total response times.
In addition, sex significantly predicted RM-NET total response
times. These covariates were included in analyses of RM-NET com-
ponents. Sex, education, total medical health burden, and total
mental health burden significantly predicted one or more of the
cognitive domain composite scores. None of the other covariates
significantly predicted any of the variables of interest. In order to
make the regressionmodels comparable, all these significant covar-
iates were included in the primary analyses.

Descriptive information about the RM-NET components

and the RM-NET posttest components
Descriptive information about the sample, cognitive domain com-
posite scores, and components of the RM-NET appear in Table 3.

Estimated marginal means and SEM (corrected for covariates) for
RM-NET accuracy, confidence, and response times appear in
Figure 1 for each time period. There were no significant changes
in these components across the 13 time periods (P-values > 0.13).
Analysis of RM-NET posttest components revealed no significant
changes in knowledge judgments (P=0.406) or the number of au-
tobiographical memories (P= 0.072) across the eight time periods.
For autobiographical memories, this trend indicated an increasing
number of autobiographical memories for older news events. Note
that because reports of autobiographical memories were so rare
(mean=0.28 trials/time period) and they were not obtained for
all time periods from the RM-NET, we did not investigate autobio-
graphical memories further. There was a significant linear decrease
in subsequent memory accuracy across the time periods (F(1,50) =
5.26, ηp

2 = 0.097, P=0.026).

Identifying relationships between total RM-NET memory

accuracy and performance on traditional

neuropsychological tests
We asked how performance on news events test relates to perfor-
mance on traditional neuropsychological tests. We answered this
using two approaches: (1) a theoretical approach and (2) a data-
driven approach. For the theoretical approach, individual neuro-
psychological tests were grouped according to the primary domain
of cognition they were thought to reflect (see the Materials and
Methods), creating five cognitive domain composite scores. We
carried out bivariate correlation analysis between RM-NET total ac-
curacy scores and the cognitive composite scores to obtain esti-
mates of effect size. The distributions of the RM-NET scores and
domain composite scores appear in Figure 2, A and B, respectively.
The largest effect sizes were observed for EM composite scores (r=
0.425, P=0.002) and attention/processing speed composite scores
(r=0.453, P=0.001). Smaller (and nonsignificant, P-values > 0.01)
effect sizes were observed for SM/language (r=0.311, P=0.026), ex-
ecutive function (r=0.309, P=0.027), and visuospatial function (r
=0.336, P=0.016).

Table 2. Example questions from the Retrograde Memory News Events Test (RM-NET)

Year News event question
Recognition memory
multiple-choice options

Surprise recognition
memory test

Surprise recognition memory test
multiple-choice options

2016 Which Asian country
impeached its first female
president?

(A) Indonesia
(B) South Korea
(C) India
(D) Nepal

Which topic were you
asked a question
about?

(1) The Asian country that impeached its
first female president

(2) The company tied to the impeachment of
the first female president of an Asian
country

(3) The reason an Asian country’s first female
president was impeached

2012 Why did skydiver Felix
Baumgartner make news?

(A) First to jump off Freedom
Tower

(B) Used flying suit in Alps
(C) Skydived from space
(D) Parachuted from Mt.

Everest

Which topic were you
asked a question
about?

(1) The age of skydiver Felix Baumgartner
when he made worldwide news

(2) The country that skydiver Felix
Baumgartner is from

(3) The reason that skydiver Felix
Baumgartner is known

1997 What is Heaven’s Gate? (A) Cult
(B) Computer game
(C) Restaurant
(D) Magazine

Which topic were you
asked a question
about?

(1) What Heaven’s Gate is
(2) The city that is associated with Heaven’s

Gate
(3) Who is associated with Heaven’s Gate

1988 Who was Ivan Boesky? (A) Nazi leader convicted of
war crimes

(B) Ballet dancer who
defected to the West

(C) Stock trader,
convicted of insider
trading

(D) Russian ambassador

Which topic were you
asked a question
about?

(1) What was Ivan Boesky’s job before he
became well known

(2) Why was Ivan Boesky famous
(3) The name of the U.S. commission Ivan

Boesky was associated with

Correct answers appear in bold.

RM-NET
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To account for the possible influence of covariates, multiple
regression was also used to obtain measures of effect size (B [un-
standardized beta coefficients ± SEM] and β [standardized beta coef-
ficients]). RM-NET accuracy scores were used to predict each of the
five cognitive composite scores (including significant covariates
from Supplemental Table S1). Results from these analyses are con-
cordant with the results from the correlational analysis (see Table
4; Fig. 3). These findings suggest that the RM-NETprimarily reflects
the EM and attention/processing speed domains of cognitionmea-
sured by traditional neuropsychological tests, and these findings
were robust to the inclusion of covariates.

Next, we used a data-driven approach to determine which in-
dividual neuropsychological tests were associatedwith RM-NET ac-
curacy scores. Because there were so many neuropsychological
tests, we opted for an exploratory factor analysis in lieu of bivariate
correlations. We carried out the factor analysis on all the tradition-
al neuropsychological test Z-scores and the RM-NET total accuracy
scores. This method empirically identified clusters of these tests
where performance varied together. The important finding was
which factors the RM-NET loaded on mostly strongly and which
individual tests were contained in these factors. We found that
eight factors accounted for a significant amount of variance among
the tests for a total of 73% cumulative variance explained. The
RM-NET loaded highest on the first (0.355), fourth (0.432), and
fifth (0.491) factors. The first factor explained 29.8% of variance
and was composed of the EM tests (except for visual reproduction
immediate recall) and the digit span sequencing test. This factor
primarily reflected verbal and nonverbal EM, as well as verbal
short-term memory and attention. The fourth factor explained
6.6% of variance and was composed of digit span forward and digit
span backward tests. This factor reflected verbal short-term and
working memory. The fifth factor explained 5.7% of variance
and was composed of the RM-NET, the Multilingual Aphasia

Exam token test, and the ClockDrawing command test. This factor
appeared to reflect long-established SM. Thus, the RM-NET was
most strongly related to individual neuropsychological tests that
reflected verbal and nonverbal EM, verbal short-term and working
memory, and long-established SM.

Identifying whether the relationship between

RM-NET memory accuracy and episodic memory

changes with memory age
The hypothesis that the relationship between RM-NETmemory ac-
curacy and EM changes as a function of memory age was tested by
carrying out regression usingmemory age to predict the effect sizes
between RM-NET memory accuracy for each time period and the
single EM composite score (shown in Fig. 4A). We found that
memory age significantly predicted effect sizes such that higher
memory age was associated with lower effect size (Table 5;
Fig. 4A). For the other domains of cognition, there were no signifi-
cant effects of memory age on effect sizes (Table 5; Fig. 4B–E).

Discussion

The RM-NETwas developed to robustly measure news event mem-
ory across the entire adult life span with high temporal resolution
(Fig. 1). We examined relationships between RM-NET memory ac-
curacy scores and robust measures of performance in five cognitive
domains as estimated by traditional neuropsychological tests.
Testingwas carried out in older adults without dementia to provide
ample variability in these measures (Fig. 2) and to obtain measures
of the strength of the associations (effect sizes). RM-NET accuracy
wasmost highly associatedwith composite scores derived from tra-
ditional measures of EM and attention/processing speed (Fig. 3).

Table 3. Descriptive statistics for participant characteristics and variables of interest

Number or percentage Mean SD Minimum–maximum

Participant characteristics
Number of participants 51
Age (years) 72.8 6.1 65–91
Education (years) 15.6 2.3 12–20
Sex (% male) 62.7%
Race/ethnicity (% white and non-Hispanic) 78.4%
Veteran (% veteran) 74.5%
Medical health burden 3.3 1.8 0–7
Mental health burden 1.5 1.3 0–4
Frequency following news 3.6 0.7 1–4
Number of news sources 4.6 1.7 1–7

Cognitive domain composite scores
Episodic memory (Z-score) 0.17 0.92 −1.51 to 1.99
Semantic memory/language (Z-score) 0.33 0.72 −1.33 to 1.84
Executive functions (Z-score) 0.08 0.64 −1.53 to 1.50
Attention/processing speed (Z-score) 0.10 0.53 −1.43 to 1.27
Visuospatial functions (Z-score) 0.19 0.36 −0.69 to 0.91

Retrograde Memory News Events Test (RM-NET)
Accuracy (% correct) 65.3 12.0 40.8–89.1
Confidence rating 2.8 0.5 1.1–3.6
Response time (seconds) 8.3 1.1 6.2–11.0
Subsequent memory accuracy (% correct) 80.5 13.9 44.8–96.3
Knowledge rating 2.8 1.4 1.1–7.0
Autobiographical memory (number) 2.2 2.7 0–12
RM-NET interval (days) 324 254 0–727

Medical and mental health burden reflects the total number of comorbidities. Frequency following news ranges from 1 (never) to 4 (frequently). Number of
news sources ranges from 0 to 7. Confidence rating scale was from 1 (pure guess) to 4 (definitely sure). The knowledge rating scale was from 1 (no information)
to 10 (a lot of information about the news event topic). Autobiographical memory reflects the number of news events (out of 160) that were accompanied by
autobiographical memories. The RM-NET interval reflects the relative number of days that elapsed between when the first participant was tested and when each
subsequent participant was tested.

RM-NET
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RM-NET accuracy was most highly associated with individual
neuropsychological tests that reflected verbal and nonverbal EM,
verbal short-term and working memory, attention, and
long-established SM/language. The strength of the relationship be-
tween RM-NET accuracy and EM de-
creased as a function of the age of the
news event memory (Fig. 4A). This pat-
tern was not observed for other domains
of cognition (Fig. 4B–E).

The RM-NET and episodic memory
RM-NET memory accuracy was strongly
associated with EM scores on the tradi-
tional neuropsychological tests. The find-
ing that EM scores were related to
measures from novel SM tests (e.g., news
events or famous names) is consistent
with three earlier studies. These studies
examined news event memory in young
to older adults (Johnson and Klingler
1976) or older individuals with normal
cognition, MCI, or AD (De Simone et al.
2020), or they examined memory for fa-
mous names in older adults with normal
cognition or MCI (Seidenberg et al.
2009). These studies did not include co-

variates for demographic characteristics when examining
these relationships; therefore, the associations could have been in-
fluenced by such factors (e.g., sex). Our findings demonstrate
that significant relationships with EM can be detected even
when the influence of demographic characteristics are taken into
account.

We also observed that the effect size of the association be-
tween EM and RM-NET memory accuracy decreased as memory
age increased (Fig. 4A), a pattern that was not observed for other
domains of cognition (Fig. 4B–E). Because EM and recent news
event memories depend on the integrity of the MTL (Kapur and
Brooks 1999; Manns et al. 2003; Bayley et al. 2006), our findings
likely reflect shared dependence on these brain structures, as well
as more overlap between the more extended neural systems that
support both EM and SM retrieval (Dede and Smith 2016;
Renoult et al. 2019; Irish and Vatansever 2020). With regard to
the idea that memory retrieval represents a continuum between
EM (which contains highly detailed information related to the
context of the learning event) and SM (whichhas lost this informa-
tion), our findings support the idea that recent news event memo-
ries and remote news event memories lie on different parts of this
continuum.

These ideasmay also explainwhy Seidenberg et al. (2009) also
found significant correlations between a measure of EM (delayed
free recall of aword list) and a novelmeasure of peoplewhobecame
famous in the recent past (1–10 yr ago). Unlike the current find-
ings, they also found a significant correlation between EM and fa-
mous personalities from the remote past (40–55 yr ago), and their
effect sizes were similar for recent and remote memory (Pearson
correlation coefficient values = 0.40). This difference between the
findings of these studies may pertain to the different response re-
quirements associated with the novel SM tests. The RM-NET data
reported here reflect forced-choice recognition memory for news
events where each test item was scored as either correct or incor-
rect. In contrast, Seidenberg et al.’s (2009) test allowed four oppor-
tunities to report semantic information about the famous
personalities (i.e., reason they are well known, known works/ac-
complishments, names of other people associated with the indi-
vidual, and history and background of the individual), resulting
in a score from 0 to 12 for each name the participant previously
identified as being famous. Recollection of this additional informa-
tion for Seidenberg et al.’s (2009) test may be more reliant on EM,
regardless of the age of the memory.

A B

Figure 2. Descriptive measures (N=51) for RM-NET accuracy scores (A) and cognitive domain com-
posite scores (B). Violin plots illustrate medians (horizontal lines) and distributions (outer curved lines).
Below the median is the first quartile (25th percentile, bottom white rectangle) and above the median is
the third quartile (75th percentile, top white rectangle). Cognitive domain composite scores reflect
mean Z-scores for four to seven tests relative to published norms.

Figure 1. Mean accuracy scores (top), confidence judgments (middle),
and response times (bottom) for the RM-NET for news events that occurred
between 1 and 55 yr prior to testing (memory age) for 51 older adults.
Performance did not change across time periods according to linear or
power functions (P-values > 0.17). Means and SEMs were adjusted for
the effects of covariates.

RM-NET
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The RM-NET and semantic memory/language
Although RM-NET accuracy scores were most highly related to EM
and attention/processing speed, there was a trend for them to be
related to SM (P=0.058) (Table 4). In addition, factor analysis re-
vealed that the RM-NETwas groupedwith a test of oral comprehen-
sion/language test (token test). Although the other test it was
grouped with, the Clock Drawing command test, is considered to
primarily reflect visuospatial functions, performance on this test
also appears to be influenced by long-established semantic knowl-
edge regarding the appearance of a clock (Rouleau et al. 1996;
Leyhe et al. 2009b). Thus, these two neuropsychological tests likely
reflect a correspondence between the RM-NET and tests sensitive to
impairments in basic language comprehension and recall of
long-established semantic knowledge.

Given that novel SM tests are more sensitive to mild impair-
ment than traditional semantic tests (Seidenberg et al. 2013;
Orlovsky et al. 2018), it is important to consider why this is the
case and why it may not be surprising that RM-NET accuracy was
only weakly (and nonsignificantly) associated with the SM com-
posite scores. As described earlier, traditional SM tests typically as-
sess memories that are very long established and re-experienced
(relearned) frequently, whereas novel SM tests do not. These qual-
ities of novel SM tests are the same ones that are associated with
making information particularly vulnerable to disruption.
Because novel SM tests differ from traditional SM tests in these
two characteristics, it may explain why novel tests are sensitive
to mild brain injury/disease (e.g., MCI) and why performance on
the RM-NET is not highly associated with performance on these
traditional tests.

It is also relevant that traditional and novel SM tests also lie on
different parts of the SM continuum, with traditional SM tests sol-
idly at the SM pole and reflecting highly conceptual entities, word
knowledge, and language use, while novel semantic tests do not. In
this way, the RM-NET shares characteristics with other types of SM
that depart from the traditional concept of SM. For example,
Petrican et al. (2010) found empirical evidence for the idea that as
news event memories age, the memory traces lose the additional
contextual information about how they were learned, which is
thought to reflect EM. Moreover, personal SMs (e.g., knowledge
about your primary school) that are accompanied by spatiotempo-
ral and perceptual details (Renoult et al. 2012; Grilli and Verfaellie
2014;Grilli andVerfaellie 2016), aswell as estimates of recollection-
like knowledge about famous people (Waidergoren et al. 2012), can
make these types of SM more similar to EM and make them
MTL-dependent.

The RM-NET and attention/processing speed
RM-NETmemory accuracy was also strongly associated with atten-
tion/processing speed scores (Fig. 3), and the strength of this asso-
ciation did not change with memory age (Fig. 4). This finding
suggests that there were similar demands on attention/processing

abilities for recent versus remote memories. Factor analysis also re-
vealed that the RM-NET was highly associated with individual at-
tention/processing speed tests that reflected verbal short-term
and working memory and attention. Therefore, even though the
RM-NET was timed (individuals had only ∼13 sec to read and an-
swer the question), which could have inflated relationships with
processing speed measures, the strong relationship with atten-
tion/processing speed appears to be driven by measures of atten-
tion, not processing speed. This idea is in line with findings from
another study that found no significant relationship between per-
formance on an untimed news eventmemory test and a traditional
measure of processing speed (Leyhe et al. 2010).

Limitations
This study had several limitations. First, because most of the data
were acquired in the context of a functional neuroimaging study
(which will be reported separately), the RM-NET was administered
in a timed format and participants could not see their fingers when
making responses. This procedure may have inflated the associa-
tion between RM-NET accuracy and performance on cognitive do-
mains (e.g., attention/processing speed, executive functions, or
visuospatial function). Alternatively, these components could be
retained if an assessment of these additional cognitive domains
was desired. Second, it took ∼2 yr to acquire these data and forget-
ting occurred across this interval (i.e., a significant effect of the date
of testing on total RM-NET accuracy). To adapt to this challenge,
we included the date of testing as a covariate in the analyses.
Finally, the RM-NET takes 1 h to administer, precluding its wide-
spread clinical utility. It would be fruitful to develop a shortened
version of the test, fine-tuned to detect clinically useful outcomes
(e.g., distinguishing between normal cognition and MCI).

Summary
We describe the RM-NET, which is a comprehensive measure of
memory for news facts acquired across the entire adult life span.
The test can be given in two formats: recognition memory and
free recall. Recognition memory scores from the RM-NET were

Figure 3. Relative effect sizes of the association between RM-NET accu-
racy scores and cognitive domain composite scores. RM-NET accuracy
scores significantly predicted episodic memory and attention/processing
speed composite scores. The Y-axis reflects the unstandardized beta coef-
ficients (±SEM) from the regression equations (including covariates). (*) P<
0.05, corrected for multiple comparisons.

Table 4. Multiple regression results using cognitive domain
composite scores to predict mean RM-NET accuracy scores

Cognitive domain B SE B β T-value P-value

Episodic memory 3.04 0.91 0.40 3.33 0.002
Semantic memory/language 1.55 0.80 0.26 1.94 0.058
Executive functions 1.41 0.71 0.27 2.00 0.052
Attention/processing speed 2.19 0.59 0.50 3.74 0.001
Visuospatial functions 0.98 0.44 0.33 2.23 0.031

P-values of <0.01 were considered statistically significant after correcting for
multiple comparisons. Unstandardized beta coefficients (B) and SE B are
shown in Figure 3.
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measured and primarily reflected traditional neuropsychological
tests of EM, with news facts from the recent past more strongly as-
sociated with EM than facts from the remote past. A measure of in-
cidental encoding of the RM-NET items also provides a measure of
anterograde EM. In addition to EM, verbal working memory and
short-term memory, as well as attention and long-established
SM, also likely contribute to success on news events tests.
Although the RM-NET was only weakly related to SM composite

scores, and scores shared variance with one measure of oral com-
prehension/language, news event memory appears to reflect a
type of SM not effectively measured by the traditional SM tests
commonly used to detect cognitive impairment in the clinic (flu-
ency and confrontational naming). This is likely due to the test’s
reliance on memory of news facts that have had less opportunity
for relearning and that vary in the age of the memories queried.
Novel SM tests, such as the RM-NET, continue to provide promise
and opportunity for detecting mild impairments in cognition
when traditional SM tests cannot. In addition, computerized ad-
ministration and scoring of the RM-NET can occur without a
trained administrator, increasing the ease and efficiency of identi-
fying individuals with mild cognitive impairment.

Materials and Methods

Participants
Participants were recruited using flyers at the Veterans Affairs San
Diego Healthcare System’s (VASDHS) La Jolla and Mission Valley
locations or other VA clinics in San Diego County, during a visit
at the Neuropsychology Unit at VASDHS, and from the
Alzheimer’s Disease Research Center (ADRC) at University of
California at SanDiego. All participants providedwritten informed
consent and were recruited and enrolled without regard to ethnic-
ity or race.

Individuals were excluded if theymet any of the following ex-
clusion factors: diagnosis of dementia; <65 yr old; impaired activi-
ties of daily living; impaired score on MMSE; impaired reading
ability; uncontrolled high blood pressure; not fluent in English;
had not lived in the United States for most of adulthood; ineligible
for MRI; left-handed (because functional neuroimaging was ob-
tained for these participants); traumatic brain injury or head injury
with loss of consciousness >30 min; strokes or transient ischemic
attacks; chronic disorders of the lung or heart; seizures or other
neurological conditions such as Parkinson’s disease or dementia;
type I diabetes or uncontrolled type II diabetes; general anesthesia
in the previous 4mo; chemotherapy or full-body radiation for can-
cer treatment; diagnosed with schizophrenia, bipolar disorder, or
psychotic disorders; untreated major depression or exhibiting
moderate to severe depression symptoms; or currently enrolled
in an alcohol/drug treatment program. Exclusion criteria were
identified via telephone interview prior to enrollment, except for
depression symptoms, activities of daily living, MMSE, reading
ability, and blood pressure, which were measured at the first visit.
Participants were included in the study regardless of whether they
exhibited impairment on the standard neuropsychological tests
used to estimate ability in the five cognitive domains that were ex-
amined (see “Traditional Neuropsychological Assessment,” be-
low). Therefore, these participants likely included individuals
with normal cognition or mild cognitive impairment.

Criteria used for exclusion

Participantswere considered to have impaired activities of daily liv-
ing if they obtained a scaled score of ≤40 (low functioning) on the
“health and safety” or “managing money” subscales of the
Independent Living Scales Test (Loeb 1996) or if they obtained a
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Figure 4. Effect sizes for the association between RM-NET accuracy
scores for each time period and a single episodic memory domain com-
posite score. Y-axis as in Figure 3. Memory age indicates the age of the
news event memory relative to the testing date. Memory age significantly
predicted episodic memory effect sizes (A; higher memory age was associ-
ated with lower effect size) but did not predict effect sizes for the other
cognitive domains (B–E).

Table 5. Multiple regression results where the age of the news event memory predicted the effect size between RM-NET accuracy scores
and cognitive domain composite scores

Cognitive domain B SE B T-value P-value Permutation P-value

Episodic memory −0.0057 0.001 −4.23 0.002 0.003
Semantic memory/language −0.0008 0.001 −0.70 0.502 0.494
Executive functions 0.0017 0.002 0.89 0.392 0.393
Attention/processing speed −0.0002 0.002 −0.14 0.895 0.886
Visuospatial functions −0.0034 0.002 −1.63 0.135 0.143

P-values of <0.01 were considered statistically significant after correcting for multiple comparisons.

RM-NET

www.learnmem.org 373 Learning & Memory

 Cold Spring Harbor Laboratory Press on February 13, 2024 - Published by learnmem.cshlp.orgDownloaded from 

http://learnmem.cshlp.org/
http://www.cshlpress.com


score of ≤8 on the 15-item Functional Assessment Questionnaire
(Pfeffer et al. 1982). They were considered impaired on the
MMSE if they received a score <25 (Folstein et al. 1975). Reading
ability was considered to be impaired if their sum of correct re-
sponses was less than two standard deviations below norms on
the Wide Range Achievement Test (WRAT4) Blue Word Reading
Test. They were considered to havemoderate depressive symptoms
if they obtained a score of ≥7 on the 15-item Geriatric Depression
Scale (Sheikh and Yesavage 1986). Normal blood pressure was de-
termined by using the age- and sex-adjusted values from the
American Heart Association (Whelton et al. 2018). Blood pressure
readings were obtained in visit 1 or visit 2 or reported by the partic-
ipant (i.e., from a measurement obtained from another source,
such as a recent doctor’s visit). Finally, participants were excluded
after the first visit if they could not successfully complete a news
events practice test that simulated how the test was administered
in visit 3. Unsuccessful performance on the practice test was evi-
dent if participants were unable to respond to 19 recognitionmem-
ory news event questions within the 12.8-sec time window after
two attempts at the practice test (see “Procedure,” visit 3).

No individuals were excluded for exhibiting impaired activi-
ties of daily living, impaired MMSE score, or impaired reading abil-
ity after the first or second visit. Sixteen individuals were deemed
ineligible after the first or second visit due to moderate or severe
depression symptoms (n=3), uncontrolled high blood pressure (n
=2), or inability to complete the news events practice test (n=1),
or because they developed a condition found in our exclusion cri-
teria prior to completing RM-NET (n =1) or because they withdrew
from the study prior to completing RM-NET (n=5). Because part of
the testing occurred in the MRI scanner (see “Procedure,” below),
we also excluded participants due to brain abnormality (e.g., brain
tumor) detected on structural MRI (n=2) or MRI claustrophobia or
incompatibility (n=2). The remaining 51 participants (19 women)
completed the study.

Materials

Traditional neuropsychological assessment

TheMini-Mental State Examination (MMSE) was administered as a
general measure of cognition.We also completed a comprehensive
neuropsychological assessment using 26 measures to assess cogni-
tive ability in five domains (four to seven tests/domain): EM, SM/
language, executive functions, attention/processing speed, and vi-
suospatial functions. The measures for each domain were as
follows:

Episodic memory. Verbal memory: CVLT-II: trials 1–5 total recall,
recognition (d′), and long-delay free recall; and WMS-IV (or –R):
logical memory immediate recall (sum of stories A and B) and
logical memory delayed recall (sum of stories A and B).
Nonverbal memory: WMS-IV visual reproduction: immediate
recall (sum of items 1–5) and delayed recall (sum of items 1–5).

Semantic memory/language. DKEFS verbal fluency: letter (sum of correct
responses) and category (sum of correct responses), Multilingual
Naming Test (sum of correct responses with or without semantic
cue), and Multilingual Aphasia Exam token test (sum of correct
responses).

Executive functions. WAIS-IV digit span: backward (sum of correct
items); DKEFS verbal fluency switching (total switching
accuracy), trail making: condition 4 (Total Time); and Wisconsin
card sorting-64 (number of categories completed and number of
perseverative errors).

Attention/processing speed. DKEFS trail making: condition 2 (total time);
WAIS-IV digit span sequencing (sum of correct items): digit span
forward (sum of correct items) and digit vigilance test (total time
and number of errors).

Visuospatial functions. Clock Drawing: command and copy; MMSE
overlapping pentagons item; WASI-II block design (sum of
correct items); and WMS-IV visual reproduction copy (sum of
items 1–5).

Retrograde memory news events test (RM-NET)

A 231-item testwas constructed to create a reliablemeasure of news
eventmemory for the entire adult life span. The procedures used to
carry out pilot testing during the creation of the test were approved
by the Institutional ReviewBoards at theUniversity of California at
San Diego or the Veterans Affairs San Diego Healthcare System.
Construction of the test occurred in four phases.

Phase 1: identification of time periods and refinement of test items available from prior
tests. Data collection with the RM-NETwas to begin in 2018, so that
year was identified as the starting point of the test. Three-year
time periods were created for the most recent 15 yr (2017–2003)
to obtain high temporal resolution of memories as they
transition from being hippocampus-dependent to hippocampus-
independent (Kapur and Brooks 1999; Manns et al. 2003; Bayley
et al. 2006). Five-year time periods were created for the more
remote years (see Table 1) going back to 1948, so that memory
would be queried from 2017 until the time participants were ∼15
yr old (anticipated age range of participants = 65–90 yr of age). In
addition, we included 20 items per time period for the most
recent 30 yr (to allow for FMRI analysis [to be reported in a
separate publication]) and eight to 10 items for more remote
time periods to obtain reliable estimates of older memories. Next,
we identified suitable test items (recall and recognition
questions) from the 314 items available from previous studies
(Smith et al. 2010; Smith 2014). Specifically, there were 314
items covering events that occurred between 1931 and 2005. To
identify the most suitable items to retain for detecting subtle
impairment in SM, items associated with enduring events (news
facts that are repeatedly encountered across the lifetime; e.g.,
what happened to the World Trade Center in New York City)
were eliminated. Enduring events can be identified objectively
when individuals who did and who did not live through the
event obtain similar accuracy scores. Pilot testing of young adults
(N=24, aged 18–24 yr) via Amazon’s Mechanical Turk was
carried out in 2017 to obtain accuracy scores for questions from
1948 to 1997, when these individuals were <15 yr of age. Test
items were eliminated if the young adults exhibited recall
accuracy similar to that of the older adults (N=21, aged 65–89
yr) (from Smith 2014). The remaining items were thought to
represent transient events, associated with a single or limited
encoding period, resulting in a reliable estimate of memory age.

Phase 2: creation of test items for events that occurred between 2006 and 2017. The
investigators followed the same rules for selecting topics of interest
as were used to select topics for previous versions of the test (Squire
1974; Manns et al. 2003; Smith and Squire 2009; Smith et al. 2010;
Smith 2014). Test items were created for events that were likely to
receive transient media coverage (transient events; e.g., South
Korea impeaching their first female president) and attempting to
exclude topics that were likely to become enduring events.
Similar to how events were selected for these previous news
events tests, the events were identified from year-end summaries
of notable events and reflect different genres of events (e.g.,
entertainment, sports, politics, crime, and human interest).
Unlike previous studies, we obtained this information by
searching the Internet and reviewing reputable news sources
(e.g., “2015 year in review”) instead of reviewing published
periodicals. We attempted to select events in the same way for
each year and so that events from year to year would be expected
to have experienced the same extent of initial exposure. Events
of regional interest were avoided so that the test would have
more widespread utility. Recall and recognition memory versions
of the test were constructed by creating seven to eight questions
associated with events from each year. For the recognition test,
foils were first fashioned by creating plausible incorrect answers.
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Pilot testing (N=10 adults) was carried out to identify poorly
worded questions and to generate more plausible foils for the
recognition test (i.e., by using their incorrect answers from the
recall portion of the test as alternative choices in the recognition
test). See Table 2 for examples of new test items.

Phase 3: matching test difficulty with previous news event tests. The test difficulty
was assessed and adjusted so that RM-NET accuracy scoresmatched
accuracy scores from successful news event memory publications
(Cohen and Squire 1981; Kopelman 1989; Manns et al. 2003). To
achieve this, pilot testing of the available 165 questions for
events that occurred between 2017 and 1988 (N=24 older adults,
aged 65–76 yr) was carried out via Mechanical Turk. The mean
accuracy for each 5-yr time period was compared with the
accuracy for the same 5-yr time period from the previous
publications (i.e., accuracy from events that occurred 1–5 yr prior
to testing). Questions were eliminated from each time period
until the mean accuracy matched the mean accuracy from
previous tests. Specifically, if the accuracy was higher than
previous tests, questions with high accuracy were eliminated,
and if the accuracy was lower than previous tests, questions with
low accuracy were eliminated. Five questions were eliminated in
this phase, leaving 160 questions for the events from2017 to 1988.

Phase 4: creation of a surprise recognition memory posttest for the RM-NET to measure
anterograde episodic memory. To assess incidental encoding ability during
the news event test, we created a follow-up test that measured
subsequent memory for the specific topics of the news event
questions (Smith and Squire 2009). For the 160 questions for
news events that occurred 1–30 yr before testing (2017–1988), we
created a three-alternative, forced-choice recognition memory
test that queried the specific topic asked about earlier. Foil
options were created so that memory of the general news event
topic would not be sufficient to guide memory judgments.
Instead, participants had to remember the details of what the
question had asked about for each event (see Table 2 for
examples). Based on pilot testing (N=24 older participants
obtained via Mechanical Turk), accuracy on this test was 90%
correct after a 20-min delay. By administering the 160-item
posttest, one can obtain a robust measure of EM in addition to
the robust measure of SM provided by the RM-NET itself.

News habits questionnaire

It may be important to know the extent to which participants fol-
low the news when interpreting performance on the RM-NET
(Johnson and Klingler 1976; Howes and Katz 1988; Kapur et al.
1999). Accordingly, participants were asked how often they follow
the news to obtain ameasure of general exposure frequency (never
= 1 point, rarely = 2 points, somewhat often=3 points, and fre-
quently = 4 points). Next, participants were asked to rank seven
news sources in sequential order by how often they used them to
follow the news (1 =most used, 7 = least used, and 0 =never
used). These news sources were television, word of mouth, radio,
periodicals, news websites (e.g., BBC.com and CNN.com), news re-
pository websites (e.g., Buzzfeed news and Yahoo news), and/or so-
cial media (e.g., Facebook and Twitter). The total number of news
sources was computed by adding up the number of sources that
were selected, irrespective of their ranked order.

Procedure
All procedures were approved by the Institutional Review Board at
the Veterans Affairs San Diego Healthcare System. The experiment
took place across four visits. Participants were first assessed with a
comprehensive neuropsychological battery (visits 1 and 2). If neu-
ropsychological testing had been completed elsewhere within 12
mo of administration of the RM-NET (visits 3 and 4), these data
were used, reducing the number of tests administered in visit
2. A medical history questionnaire was also completed in visit
2. The recognition memory portion of the RM-NET was adminis-
tered betweenMarch 2018 andApril 2020. Test items that occurred

between 2017 and 1988 were administered inside the MRI scanner
(visit 3), while test items that occurred between 1987 and 1948
were administered outside the MRI scanner (visit 4) using similar
methods.

Prior to completing the RM-NET, participants were given the
opportunity to become familiar with the task by completing a
16-item practice version of the RM-NET and odd/even judgment
test (see below). Participants completed five blocks of the task,
where each block consisted of recognitionmemory judgments fol-
lowed by confidence judgments for 32 news event questions (four
items fromeach of the eight time periods covering 2017–1988) (see
Table 1) using an MRI-compatible four-button response box
(Current Designs). The order of the news event questions was
counterbalanced across participants. Because data were collected
during an FMRI experiment, limited time was allowed for respons-
es. Each news event question was presented for 12.8 sec, during
which time participants made a four-choice recognition memory
judgment (the question remained on the screen for the full dura-
tion regardless of the participant’s response). Because participants
could not see their hands during the test, they used a finger-button
map (presented next to the news event question) to indicate
whether their response was A (index finger), B (middle finger), C
(ringfinger), orD (pinkyfinger). After the 12.8 sec had elapsed, par-
ticipants then had 3.2 sec to provide a four-choice rating to indi-
cate their confidence that they had selected the correct answer to
the news event question (4=definitely sure [index finger], 3 =prob-
ably sure [middle finger], 2 = somewhat sure [ring finger], or 1 =
pure guess [pinky finger]).

In between news event questions, participants were presented
odd/even judgment trials. For these trials, a single-digit number
(between 1 and 8) was presented and participants had 3.2 sec to
make their even (index finger) or odd (pinky finger) judgment. A
variable number of odd/even judgment trials occurred after each
news event trial (zero to seven odd/even trials). The odd/even judg-
ments facilitated analysis of brain activity, which will be reported
separately. For all questions, participants were allowed to change
their responses so long as the reselection was made within the
time allotted and their last responsewas taken as their final answer.

About 20 min after completing the first 160 test items, partic-
ipants began the 160-item posttest to obtain additional informa-
tion about each news event (i.e., news events from 2017 to
1988). Participants were asked questions about each news event.
First, they were asked to identify the specific topic they had been
asked about earlier (see Table 2). This surprise recognitionmemory
test reflects incidental subsequent memory for the RM-NET con-
tent (EM). Next, they were shown the news event question and
asked to indicate on a 10-point scale the depth of their knowledge
about the news event (1 =none and 10= a lot). They were instruct-
ed to make this judgment regardless of whether they believed they
knew the answer to the news event question. This component pro-
vides a measure of the quality of the news event memory to facili-
tate neuroimaging analysis. Finally, participants indicatedwhether
or not they had a specific autobiographical memory associated
with the news event using the definition of an EM from the
Autobiographical Memory Interview (i.e., a score of three on this
measure) (Kopelman et al. 1989); for example, if they could report
specific details about the time and place when they learned about
the event and not whether they simply remembered hearing it on
the radio or seeing it on television. This component provides infor-
mation about whether episodic memories accompany the seman-
tic, news event memories. Note that very few such events were
reported by participants (see Table 3), limiting discussion of find-
ings for this variable. Eprime software (Psychology Software
Tools, Inc.) was used to administer the test. Responses were made
using a computer keyboard and unlimited time was given.
Participants typically took between 60 and 120 min to complete
the posttest.

At the final visit (visit 4, 29.4 d±38.5 d after visit 3), partici-
pants completed the remaining items from the RM-NET, seated
at a table using a laptop computer. The test was comprised of up
to 71 questions about news events from 1987 to 1948 (see Table
1). News events that occurred when participants were <15 yr of
age were not administered. The test was administered using the
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same methods that were used for visit 3 (inside the MRI scanner),
except that an external keyboard was used to make the responses.
To make the testing experience more similar to the experience in
the MRI scanner, participants were not allowed to view their
hand to make the memory judgments. Instead, the external key-
board was placed out of view.

Data analysis
There were two primary objectives. First, we examined the rela-
tionship between performance on the RM-NET and performance
on traditional neuropsychological tests. Second, we examined
whether the strength of the relationship between the RM-NET
and EM (i.e., the effect size) decreased as memory age increased.
Variables of interest were created prior to carrying out group-level
parametric statistics. Descriptive statistics and exploratory graph-
ing were used to assess natural data distributions, normality, and
homogeneity. Means and standard deviations are reported, unless
explicitly noted otherwise. Analyses were carried out using SPSS
version 27.

Variables of interest

RM-NET components

For each of the 16 time periods, mean news event memory accura-
cy, confidence, and response times were computed (2017–1948, 1–
70 yr before testing) (see Table 1). News event memory accuracy re-
flected the percentage of correctly answered news event questions
relative to the total number of questions in the time period. The
same method was used for confidence and response time
components. For trials where participants failed to provide a re-
sponse for a news event question within the allotted time (12.8
sec), the trial was counted as incorrect, no confidence measure
was assigned, and a response time of 12.8 sec was assigned. Next,
we computed total accuracy, confidence, and response time scores
across the entire adult life span by averaging the mean scores from
each time period that was available for each participant (2017–
2015, 2014–2012, and so on until reaching the last time period
where the participant was 15 yr of age). In this way, each time pe-
riod received equal weighting regardless of how many questions
were available for the time period. For the three most remote
time periods (see Table 1), data were only available from the oldest
participants (<65% of the sample); therefore, these time periods
were excluded from subsequent analyses as a function of time
period.

For news events that occurred between 2017 and 1988 (1–30
yr before testing), additional information was available from the
posttest: subsequent memory accuracy, amount of knowledge re-
ported, and presence of autobiographical memories. For these
components, mean scores were computed for each time period in
the same way as described above, except that there were only eight
time periods represented instead of 13. Total mean scores were also
computed for these variables by averaging the mean scores across
the time periods.

Cognition domain composite scores

Performance on individual tests from the neuropsychological test
battery were converted into Z-scores based on published norms.
Composite scores (Z-scores) were computed for each participant
and domain by averaging the individual Z-scores for the tests in
that domain, resulting in five composite scores representing the
five cognitive domains assessed. Normative data for all but three
tests were developed by the University of California at San Diego
Alzheimer’s Disease Research Center normal cohort or elsewhere
(e.g., National Alzheimer’s Coordinating Center Uniform Data
Set; Mayo older American normative studies [Heaton et al. 2004;
Steinberg et al. 2005]). For three measures, norms were not avail-
able and performance was rated as impaired or unimpaired accord-
ing to published methods. For both Clock Drawing command and
Clock Drawing copy, Z-scores were based on the mean and SD re-
ported in Rouleau et al. (1996). The drawing for overlapping penta-

gons was taken from the MMSE and scored on eight criteria
(Jefferson et al. 2002), where a score of three or more errors was
considered impaired. For WMS-IV visual reproduction copy and
Wisconsin card sorting number of categories completed, scoring
was based on the normed percentile ranking, and a score less
than the 16th percentile was considered impaired. In order to in-
clude these five tests in the cognitive domain composite scores, im-
paired scores on these measures were converted to a Z-score of
−1.1. This value was selected because performance of more than
one standard deviation below norms has been used as a cutoff to
identify mild cognitive impairment (Jak et al. 2009; Bondi et al.
2014). Unimpaired scores on these three measures were converted
to a Z-score of 0. For the Wisconsin card sorting task, the lower
Z-score from its two measures was used for the executive function
composite score.

Identifying relevant covariates for primary analyses
Participant characteristics, such as age, education, andnews habits,
can sometimes affect performance on news events tests
(Warrington and Sanders 1971; Johnson and Klingler 1976;
Kapur et al. 1999). Therefore, prior to carrying out the primary
analyses, we used stepwise, multiple regression to identify covari-
ates that significantly predicted dependent variables of interest
(i.e., RM-NET components and cognitive domain composite
scores) (see Table 3). Covariates that were significant predictors (P
<0.05) for any variables of interest were included as covariates in
the primary analyses. Estimated marginal means and SDs are re-
ported and reflect scores adjusted for covariates.

The participant characteristics evaluated included traditional
demographic characteristics (age, gender, education, and race/eth-
nicity),medical health andmental health comorbidity burden (see
“Comorbidities,” below), and news habits (sum of frequency of
news exposure and number of news sources). Finally, because all
participants were administered the same RM-NET items during
the 2-yr data collection interval, each participant had a unique
duration between the date of testing and the years in which the
news events occurred. To take this test interval into consideration
and to control for possible effects of forgetting over that interval,
we created a covariate (RM-NET interval) for each participant.
The RM-NET interval reflected the number of days that elapsed be-
tween when each participant was tested relative to when the first
participant was tested (i.e., the relative dates of visit 3).

Comorbidities

Due to the small sample size and wide variety of comorbidities
and medications reported by participants, composite measures
of comorbidity burden were created following the method devel-
oped by Charlson et al. (1987). The measures were modified so
they would reflect the disorders queried in the self-reported med-
ical history questionnaire but without assigning weightings based
on disease severity. Composite scores for total medical health
burden and total mental health burden were computed separately
for each participant. Each composite score reflected the sum of
the reported comorbidities. For comorbidities that comprised
multiple subconditions (listed in parentheses below), the comor-
bidity was counted if at least one of the subconditions was
reported.

The total mental health burden composite reflected five co-
morbidities (scale 0–5): posttraumatic stress disorder (PTSD), sub-
stance abuse (substance abuse, history of alcohol/drug treatment,
or history of nicotine abuse), mood disorders (depression, taking
antidepressant medication, anxiety, or taking antianxiety medica-
tion), sleep disorders (sleep apnea or sleep disorder), and mental
health treatment (history of mental health treatment).

The total medical health burden composite score reflected 10
comorbidities (scale 0–10): cancer, hypertension (hypertension or
taking antihypertensive medication), vascular (blood clots, high
cholesterol, or other vascular disorder), cardiac (heart disease), im-
mune system (autoimmune disease or taking corticosteroids), renal
(kidney disorder or adrenal gland disorder), hepatic (liver disorder),
respiratory (emphysema or asthma), endocrine–metabolic (type II
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diabetes, taking diabetes medication, or thyroid gland disorder),
pain/fatigue (chronic fatigue, fibromyalgia, or pain), and neurolog-
ical disorders (concussion, headaches, or other neurological
disorders).

Primary analyses

Identifying relationships between RM-NET memory accuracy and

performance on traditional neuropsychological tests

We sought to answer the question of how performance on news
events tests relates to performance on traditional neuropsycholog-
ical tests. We hypothesized that performance on the RM-NET
would significantly predict performance on tests of EM and SM/
language. To test these hypotheses, we used two approaches: (1)
a theoretical approach and (2) a data-driven approach. For the the-
oretical approach, bivariate Pearson correlations were computed
between RM-NET memory accuracy scores and each cognitive
domain composite score. To correct for the possible influence of
covariates, we also carried out hierarchical, multiple regression
analyses using RM-NET memory accuracy to predict mean perfor-
mance in each domain of cognition (composite Z-scores for EM,
SM/language, executive functions, attention/processing speed,
and visuospatial functions). Relevant covariates were entered
into the model followed by RM-NET memory accuracy. Each cog-
nitive domain composite score served as the dependent variable.
Although our goal was to report relative effect sizes (correlation co-
efficients or beta coefficients), probability values are also reported,
correcting for multiple comparisons across each of the five do-
mains (P<0.05/5 =P<0.01).

We also carried out a data-driven approach because it is possi-
ble that strong relationships between individual neuropsychologi-
cal tests and the RM-NET could be concealed when averaging
across individual tests to create the cognitive domain composite
scores. Due to the large number of tests, bivariate correlational
analysis was not used. Instead, we carried out an exploratory factor
analysis that included all standard neuropsychological test
Z-scores as well as RM-NET accuracy scores. The principal compo-
nentmethodwas used for extraction of factors, and factors with ei-
genvalues >1 were retained. The goal was to identify which factors
the RM-NET loaded on most strongly according to rotated factor
loadings.

Identifying whether relationships between RM-NET memory accuracy

and episodic memory change with memory age

We tested the hypothesis that the effect size between news event
memory and EM changed with the age of the news event memory
(memory age). First, for each of the 12 time periods, a regression
model (same as described above) was used to obtain the effect sizes
(unstandardized beta coefficients) when using the RM-NET time
period accuracy score to predict the EM composite score. Next,
multiple regression was used to test whether the age of the news
event memory predicted these 12 effect sizes. The age of the
news eventmemory variablewas created by taking the first number
from each time period (1- to 3-yr time period=1, 4- to 6-yr time pe-
riod=4, 7- to 9-yr time period=7, and so on), resulting in a variable
with 12 values. We then tested for a linear relationship between
this variable and the 12 unstandardized beta coefficients. The ro-
bustness of this analysis was tested by permuting the RM-NET ac-
curacy scores across participants 1000 times and then repeating
the regression analysis described above. The number of times
that total variance accounted for (R2) of the permuted data exceed-
ed theR2 of the nonpermuted datawas counted and taken to reflect
the probability of observing changes in the effect sizes that could
have occurred by chance. The analysis of time periods was limited
to news events from the last 50 yr (12 time periods). For compari-
son, we also carried out this analysis for the other domains of
cognition.
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