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Abstract
Effects of divided attention (DA) during encoding on later memory performance are widely documented. However, the precise
nature of these effects on underlying memory representations and subsequent retrieval processes has not been thoroughly
investigated. Here, we examined whether DA at encoding would disrupt young adults’ ability to remember associations in
episodic memory at highly specific levels of representation (i.e., verbatim memory), or whether the effects of DA extend also
to gist memory for associations. Two groups of participants (one under full attention, one under DA) studied face–scene pairs.
The DA group simultaneously completed an auditory choice reaction-time task during encoding. Following either a short or long
delay, participants were tested on their ability to discriminate intact face–scene pairs from recombined pairs that were either
highly similar, less similar, or completely unrelated to originally studied pairs. The DA group performedmore poorly than the full
attention participants at correctly classifying most types of test pairs at both delays, and results from a multinomial-processing-
tree model demonstrated that participants who encoded associations under DA experienced deficits in both specific and gist
memory retrieval.We also compared the DA group to full attention older adults whowere tested with the same paradigm (Greene
& Naveh-Benjamin, Psychological Science, 31[3], 316–331, 2020). The DA group had lower estimates of gist retrieval than the
older adults but similar estimates of verbatim memory. These results suggest that DA at encoding disrupts episodic memories at
multiple levels of representation, in contrast to age-related effects, which are restricted only to the highest levels of specificity.
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Effects of divided attention (DA) with a secondary task at
encoding on memory performance have been documented
for numerous tasks of memory (e.g., Baddeley et al., 1984;
Castel & Craik, 2003; Craik et al., 2018; Craik et al., 1996;
Greene et al., in press; Kilb & Naveh-Benjamin, 2007;
Murdock, 1965; Naveh-Benjamin et al., 1998; Naveh-
Benjamin et al., 2003; Nieznański, 2013). However, there is
scarce research examining the effects of DA at encoding on
underlying memory representations. Does DA disrupt the
ability to remember episodes at specific levels of representa-
tion, or do the effects of DA extend to less detailed represen-
tations? Answering this question can shed insight into the
relationship between attention and memory at multiple levels

of specificity and into potential mechanisms accounting for
adult age-related deficits in memory for specific details of past
events (e.g., Castel, Farb, & Craik, 2007; Greene & Naveh-
Benjamin, 2020; Luo & Craik, 2009; Stark et al., 2013; Tun
et al., 1998), as depletion of attentional resources have been
proposed to mediate age-related memory declines (e.g., Craik
& Byrd, 1982).

Levels of specificity in episodic memory An episodic memory
is a representation of a past event, bounded in a specific time
and place (Jones, 1976; Tulving, 1983; Underwood, 1969).
Associations among components of an event lie at the core of
episodic memory (Tulving, 1983; Zimmer, 2006). Thus, suc-
cessful remembering of a past event requires encoding and
retrieving associations among event components, and failures
to do so may have profound implications, for example, in
eyewitness situations which require a witness to remember
who committed a specific action.

An episode may be remembered at a highly specific level
of representation (e.g., remembering specifically the location
in which a person was previously encountered) or at less
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specific levels of representation (e.g., remembering in general
that a person had been encountered outside, but not remem-
bering specifically where outside this encounter occurred;
Greene & Naveh-Benjamin, 2020). This view of episodic
memories as being accessible from different levels of speci-
ficity is in line with theories suggesting episodic and semantic
memories exist on a continuum and that access to more spe-
cific nodes on the continuum may be affected by factors that
disrupt memory, such as aging (Craik, 2002, 2006; Greene &
Naveh-Benjamin, 2020).

The idea that episodic memories can be remembered on a
continuum of specificity is somewhat unique from other pop-
ular conceptualizations of memory, such as fuzzy-trace theo-
ry, which posits that information in memory is simultaneously
processed in two parallel traces—a verbatim trace, which en-
codes surface-level contextual details of the episode, and a gist
trace, which encodes semantic details of the episode—and that
with time or interference, verbatim traces are susceptible to
decay, whereas gist traces remain stable (Brainerd & Reyna,
2015; Reyna & Brainerd, 1995). There are similarities be-
tween a continuum-of-specificity view and fuzzy-trace theory,
including that both predict that access to the most specific
information in memory is most susceptible to forgetting.
However, whereas fuzzy-trace theory conceptualizes gist
memory as a semantic representation of a past event, we are
primarily concerned with assessing the representation of
episodic content in memory, and whether such episodic rep-
resentations are highly specific or less detailed. Nevertheless,
we will use the terms specific and verbatim interchangeably,
to refer to a representation of an association in memory that
retains precise information about specifically which compo-
nents had been paired together during encoding, and we will
describe less detailed representations of associations (i.e., re-
membering the association at a more general level) as gist.

Effects of divided attention on different levels of specificity
To date, few studies have assessed whether DA affects the
ability to remember associations that lie at the core of episodic
memories across different levels of specificity. Dodson et al.
(1998), using a source monitoring task, suggested that DA,
manipulated at retrieval, impairs specific but not gist retrieval
of source information associated with spoken sentences.
However, effects of DA at retrieval are much less notable than
effects of DA at encoding (Craik et al., 2018; Craik et al.,
1996), where DA has been shown to produce marked deficits
in associative memory (Craik et al., 2010; Kilb & Naveh-
Benjamin, 2007; Naveh-Benjamin et al., 2003), but these
studies did not examine whether DA at encoding impacted
highly specific or gist representations of associations.

Some studies have investigated the effect of DA on false
memory production, using the Deese–Roediger–McDermott
(DRM) paradigm (Deese, 1959; Roediger & McDermott,
1995), in which participants study a list of items (e.g.,

“bed,” “dream,” “pillow”) that are closely related to an
unpresented lure (“sleep”). False recognition or recall of the
lure is expected to occur when individuals fail to retrieve
verbatim memory traces of list items and rely only on gist
memory traces (Brainerd et al., 1999; Brainerd et al., 2003;
Odegard & Lampinen, 2005; for a different interpretation
based on an activation-monitoring account, see Roediger &
McDermott, 1995). DA at encoding has been shown to in-
crease false recall but reduce false recognition of lures in the
DRM paradigm (Dewhurst et al., 2005; Dewhurst et al., 2007;
Knott & Dewhurst, 2007; Knott et al., 2018; Pérez-Mata et al.,
2002). Dewhurst et al. (2007) interpreted these findings in the
context of activation-monitoring theory (Roediger &
McDermott, 1995), arguing that DA at encoding decreases
subsequent false recognitions because the secondary tasks in-
hibit participants from generating semantic associates of target
words during study. In contrast, they argued that higher rates
of false recall in the DRM paradigm could be attributable to
changes in response biases.

It is worth noting that not only was false recognition of
lures reduced in these studies, but correct recognition of old
items was reduced as well, and these reductions in veridical
and false recognitions were only evident when “old” re-
sponses were accompanied by recollective phenomenology
(Dewhurst et al., 2005; Dewhurst et al., 2007), but not by
feelings of familiarity (for more on the distinction between
recollection and familiarity, see Gardiner, 1988; Tulving,
1985). Thus, it is not clear whether the results from
Dewhurst and colleagues reflect deficiencies in verbatim or
gist memory, as both memory traces can support recollection
(Brainerd et al., 2014; Brainerd et al., 1999). Also, false rec-
ognition of a related lure in the DRM paradigm may reflect
that participants remember the semantic gist of the studied
material (e.g., “bed,” “dream,” and “pillow” are related to
“sleep”), but it does not necessarily indicate that participants
retrieve a fuzzier episodic representation for any studied item.

Using a conjoint recognition paradigm, Odegard and
Lampinen (2005) showed that effects of DA were restricted
to verbatim memory (specifically, recollection rejection of
related lures), and did not affect gist memory, which is in line
with evidence suggesting that the gist of an item is processed
before attention is deployed (Wallace et al., 2000; Wallace
et al., 1998) and see Draine and Greenwald (1998) for evi-
dence of semantic priming effects that occur before awareness
of a prime’s physical presence). Nevertheless, the study by
Odegard and Lampinen (2005) only examined verbatim and
gist memory for items. By measuring specific and gist mem-
ory for associations between components, we can more direct-
ly assess the effects of DA on different levels of specificity in
episodic memory.

Recently, Greene and Naveh-Benjamin (2020) developed a
paradigm, based on the simplified conjoint recognition para-
digm for item memory (Stahl & Klauer, 2008), for measuring
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whether associations in episodic memory can be accessed at
different levels of specificity. They presented participants with
face–scene pairs, such as an old man paired with a specific
park (e.g., Old Man–Park 1). At test, participants were tasked
with discriminating Intact pairs (Old Man–Park 1) from
Recombined pairs, which included highly similar foils (e.g.,
Old Man–Park 2), foils that were similar at a broader level of
representation (e.g., Old Man–Forest), and foils that were dis-
similar (e.g., Old Man–Kitchen). Participants judged whether
each test pair was “intact” (meaning identical to a studied
pair), “related” (meaning highly similar to a studied pair), or
“unrelated” (meaning not alike a studied pair). From the re-
sponse frequencies given to the different test probes, Greene
and Naveh-Benjamin (2020) estimated verbatim memory
(e.g., remembering specifically that the old man had been
paired with Park 1), episodic gist memory (e.g., remembering
that the old man had been paired with a park, but not whether
it had been Park 1 or Park 2), and even fuzzier memory (e.g.,
remembering encountering the old man outside, but not at a
category-specific level to distinguish whether the old man had
been paired with a park or a forest), with a multinomial-
processing-tree (MPT) model (Stahl & Klauer, 2008). The
main aim of the present study was to couple this paradigm
with a DA manipulation at encoding, to see whether the ef-
fects of DA on associative memory (e.g., Naveh-Benjamin
et al., 2003) are restricted to specific memory or extend to gist
memory as well.

In another recent study, Greene et al. (2020) asked partici-
pants tomake “old/new” judgments to face–scene pairs, includ-
ing Intact (old pairs) and three different types of Recombined
(new pairs), which varied in how similar they were to old pairs.
In their Experiment 2, Greene et al. (2020) found that young
adults who encoded associations under DAwere more prone to
incorrectly responding “old” to all types of Recombined pairs,
regardless of how similar those pairs were to old pairs. These
results suggest that DA may disrupt not only specific associa-
tive memory, but also gist-based associative memory.
However, Greene et al. (2020) were unable to separate the
contributions of specific and gist memory on their task, where-
as in the present study, using the original paradigm from
Greene and Naveh-Benjamin (2020), we can more definitively
measure the contributions of specific and gist memory using a
well-validated paradigm and associated measurement model.

Can depleted attentional resources account for older adults’
specificity deficits? Another aim of the present study was to
assess whether DA in young adults would produce compara-
ble memory deficits for associations at highly specific levels
that have been shown in older adults (Greene & Naveh-
Benjamin, 2020), thereby assessing whether a depletion of
attentional resources could be one mechanism accounting
for older adults’ deficits in specific associative episodic mem-
ory. Greene and Naveh-Benjamin (2020) found that older

adults’ differential deficits in associative memory, which have
been widely reported in the literature (Naveh-Benjamin, 2000;
Old & Naveh-Benjamin, 2008), may be restricted to specific,
verbatim levels, because older adults were as capable as youn-
ger adults at remembering gist and even fuzzier details for stud-
ied face–scene pairs. What underlying mechanisms may ac-
count for older adults’ deficits in specific associative episodic
memory? One appealing possibility is that older adults have
more severely limited attentional resources than younger adults,
and thus are less able to allocate attention to the encoding of
specific associations into memory. DA paradigms are one use-
ful method of testing this hypothesis, by simulating diminished
attentional resources at encoding in young adults, who do not
normally show as pronounced of a deficit in specific associative
memory (e.g., Greene & Naveh-Benjamin, 2020).

The depleted attentional resources hypothesis attributes
older adults’ cognitive deficits (e.g., in memory) to general
age-related deficits in attentional mechanisms (Craik &
Byrd, 1982). Some support for this hypothesis has come from
studies showing that DA in young adults produces compara-
ble performance to older adults (e.g., Castel & Craik, 2003).
However, other studies have found that DA produces a more
“general” deficit than that associated with aging. For example,
Naveh-Benjamin et al. (2003) found that DA at encoding in
young adults resulted in deficits in both item and associative
memory, whereas age-related deficits were largely restricted
specifically to associative memory (see also, Craik et al.,
2010; Kilb & Naveh-Benjamin, 2007). Therefore, it is not
clear whether a depleted attentional resources hypothesis can
adequately account for all age-related memory deficits. On the
one hand, if depleted attentional resources can explain older
adults’ memory deficits, then we should expect that simulat-
ing depleted attention in young adults, using a DA manipula-
tion at encoding, would produce comparable deficits in
specific associative memory but result in preserved gist mem-
ory for associations, much like aging (Greene & Naveh-
Benjamin, 2020). Alternatively, if depleting attention at
encoding results in a more general deficit in the quality of
memories, then we would expect that DA in young adults will
result in deficits in specific and gist memory for associations.

The present study

The primary aim of the present study was to assess whether
DA at encoding in young adults disrupts associative episodic
memory at specific and/or gist levels of representation, using a
recently developed paradigm from Greene and Naveh-
Benjamin (2020). The present study will therefore provide
important insight into how disruptive the effects of DA are
on episodic memory. That is, are these effects observable only
for highly specific associative information in memory, or do
the detrimental effects of DA extend to less detailed levels of
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representation (i.e., the gist of an episode)? According to
fuzzy-trace theory (Reyna & Brainerd, 1995), gist memory
traces are less susceptible to interference, so we may expect
that DA would not affect gist memory. However, fuzzy-trace
theory conceives of gist memory as representing the semantic
aspects of an episode (Brainerd & Reyna, 2015). Here, we are
focusing on episodic gist—that is, memory for an association
at a less detailed level of representation. While this may rely
on meaning-based aspects of an episode to some extent (e.g.,
“this old manwas paired with a park scene,”which reflects the
general meaning of the pairing as “old man–park,” even if the
specific instantiation of the park is not retrievable), it is still the
case that some episodic details must be remembered, as the
example above illustrates with respect to remembering that the
old man had been paired with some park scene, which requires
remembering some episodic details of the encoding context.
According to the hierarchical representation model (Craik,
2002), a “gist” representation in this sense still contains some
contextual information about the encoding context and would
therefore exist at a more specific level of representation than a
semantic gist representation. As such, it is conceivable that the
disruptive effects of DA may manifest with deficits in
memory for the gist of an association. Indeed, in a recent
study, Greene et al. (2020) suggested that DA at encoding
may have a more widespread effect on associative memory,
across various levels of specificity, including for the gist of an
association, though they were not able to measure this with
their paradigm.

We used the same paradigm as Experiment 2 of Greene and
Naveh-Benjamin (2020) to provide the cleanest comparison of
our results with the age-related effects that were observed in that
study, thereby allowing us to test whether DA results in the
same deficits in specific associative episodic memory that were
observed with older adults, or if such effects extend to gist
associative memory as well. An additional feature of this design
is that there were two different delays between the encoding and
retrieval phases of the experiment. Half of the blocks featured a
short (5 second) delay between the study and test phases, where-
as the other half included a long (5 minute) delay. Thus, we also
assessed whether DA effects on task performance and specific
and gist memory for associations depend on the delay between
the encoding and retrieval phases. Wemade no specific hypoth-
eses about whether DA effects on specific and/or gist memory
would interact with delay, so we consider any findings
concerning delay effects to be exploratory in nature.

Method

Participants

We recruited 107 participants from introductory psychology
classes, who were randomly assigned to the full attention (FA)

condition (n = 53) or the DA condition (n = 54) and partici-
pated in exchange for research credits. One participant in the
FA condition was dropped for giving only one type of re-
sponse to all test probes. Five participants in the DA condition
were dropped for failing to complete the secondary tone task.
This resulted in a final sample size of 52 participants in the FA
condition (age: M = 19.02 years, SD = 1.99) and 49 partici-
pants in the DA condition (age:M = 19.16 years, SD = 2.64).
Most participants in each group self-identified as female
(73.1% in the FA condition; 67.3% in the DA condition),
and both groups were matched on years of education (FA:
M = 12.56, SD = 0.99; DA: M = 12.66, SD = 0.98). We also
compared the two groups in the present study with the older
adult sample from Experiment 2 of Greene and Naveh-
Benjamin (2020). Forty older adults (age: M = 73.05 years,
SD = 3.99; 75% female) with no known cognitive impair-
ments participated under FA conditions that were identical
to the procedures described below, with the exception that,
whereas most of the participants in the present study complet-
ed the experiment online, all older adults in Experiment 2 of
Greene and Naveh-Benjamin (2020) participated in the
laboratory.

We based our sample sizes on those used in Experiment 2
of Greene and Naveh-Benjamin (2020), which included 40
young and 40 older adult participants and was found to be
well-powered by a Bayesian prior sensitivity analysis. Our
sample sizes were slightly larger because we switched to on-
line data collection about a third of the way through, due to the
COVID-19 pandemic. This resulted in slightly more partici-
pants in each condition. Seventeen participants in the FA con-
dition and 15 in the DA condition completed the study in the
laboratory, and the remainder participated online. We exam-
ined whether there were major performance differences on the
task between the laboratory and online samples and didn’t find
any (see Fig. S1 in the supplement).

Materials

We paired 84 faces from the FACES database (Ebner et al.,
2010) with 84 scenes from a categorized scene pool (Konkle
et al., 2010). The faces were all White faces with neutral
expressions, appearing on a gray background, and consisted
of an even number of young and older faces and of male and
female faces. Twelve face–scene pairs appeared per block,
across one practice and six experimental blocks. For the con-
current DA task, we used three tones varying in pitch—one
low, one medium, and one high pitch—which have been used
in previous DA paradigms (Naveh-Benjamin et al., 1998;
Naveh-Benjamin et al., 2003). Stimuli were presented using
E-Prime 2.0 software (Schneider et al., 2012) for participants
tested in the laboratory and via PsyToolkit (Stoet, 2010, 2017)
for participants tested online.
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Procedure

All procedures were approved by the University of Missouri
Institutional Review Board. Participants completed one prac-
tice and six experimental blocks, like the one depicted in Fig.
1. Each block began with a study phase, during which partic-
ipants studied 12 unique face–scene pairs, one at a time, for 4
seconds each. Although no two pairs were identical, each
block featured two scenes from the same category (e.g., two
parks, two malls), each paired with a different face (e.g., Old
Man–Park 1, Young Woman–Park 2). In addition, six of the
scenes in a block came from a broader category (e.g., six
nature scenes, such as two parks, two forests, two fields) and
the other six scenes came from a different broader category
(e.g., six indoor scenes, such as two dens, two kitchens, two
bedrooms). Participants were told to study the pairs for a later
memory test. Participants in the DA condition simultaneously
completed an auditory choice reaction time (CRT) task, in
which they attended to a series of tones and indicated whether
a given tone was low-, medium-, or high-pitched by pressing
the “v,” “b,” or “n” key, respectively. Tones were presented
every 2 seconds during the study phase. Participants were
instructed to respond as quickly and accurately as possible
to the tones while also studying the pairs for the forthcoming
memory test. Participants in the DA condition also completed
a baseline phase of the auditory CRT task before the first
block and after the last block of the experiment.

There was either a short or long delay between the study
and test phases of each block. There were three short and three
long delay blocks, which were randomly intermixed for each
participant. In the short delay blocks, after the last pair was
presented during the study phase, the word “Wait” appeared,
centered on screen for 5 seconds, and was followed by a test
prompt informing participants that the test phase was about to
begin in 3 seconds. In the long delay blocks, participants were
shown the name of cities, one at a time for 5 seconds each, and
were instructed to provide either the state or country in which
each city was located. The correct answer was then shown for
2 seconds. In total, this task spanned 5 minutes and was
followed with a prompt, for 3 seconds, informing participants
that the test phase was about to begin. Verbal materials were
used for the geography task to avoid the creation of similarity-
based interference on the visually presented materials (faces
and scenes) in the main memory task.

During the test phase of each block, participants were
shown 12 pairs at random, one at a time, and evenly distrib-
uted into Intact, Related, and Unrelated probes. Intact test
pairs featured a face–scene pair that had previously been pre-
sented during the study phase. For example, the Intact probe in
Fig. 1 shows the young man paired with the same lobby scene
from the study phase. Related test pairs were recombined
face–scene pairs in which the face from one pair was
recombined with a similar scene from a different pair. For

example, the old woman in the Related probe in Fig. 1 was
originally paired with a similar, but different, garden scene.
There were two types of Unrelated pairs, which we termed
Unrelated-Within and Unrelated-Opposite pairs, and both
types of Unrelated pairs were also recombined face–scene
pairs. Unrelated-Within pairs featured a scene switch from
within the same broader category (e.g., the old man paired
with an indoor dining room, when he had been paired with an
indoor kitchen at study), whereas Unrelated-Opposite pairs
featured a scene switch from the other broader category
(e.g., the young woman paired with an indoor kitchen, when
she had been pairedwith an outdoor garden at study). For each
test pair, participants were instructed to indicate whether the
pair was “intact,” “related,” or “unrelated” by selecting one of
these labeled responses on the keyboard (for participants com-
pleting the task in the laboratory) or on the computer screen
(for participants completing the task online). Participants were
told to respond “intact” to any pair they thought was exactly
the same as a pair from the study phase; to respond “related” to
any pair that was highly similar, involving a scene switch
within the same specific category (e.g., participants were giv-
en an example showing an old man appearing first with one
airport and then with another airport and were told that this
was a Related pair); and to respond “unrelated” to any pair that
was not the same as or similar at a category-specific level to
originally-studied pairs. Thus, even for Unrelated-Within
pairs, the correct response was “unrelated,” but higher rates
of erroneous “intact” or “related” responses could be possible
if participants retrieved only fuzzier representations of original
pairs (e.g., remembering that the old man had been paired with
an indoor scene, but not remembering whether it was a kitchen
or a dining room).

Analysis

All analyses were implemented in a Bayesian statistical frame-
work. Data and analysis scripts are publicly available (https://
osf.io/cdx9z/). We analyzed performance differences between
FA and DA young adult groups on the task at both short and
long delays using hierarchical Bayesian logistic regression
analyses, a more powerful technique than standard analyses
(e.g., ANOVA applied to aggregated data), due to its ability to
account for trial-level responses, nested within participants,
and to model these responses with a more suitable distribu-
tional form (e.g., a binomial distribution to reflect the possi-
bility of a correct or incorrect response on each trial) than the
normal distribution assumed by ANOVA (e.g., Dixon, 2008).
To better understand the effects of DA on specific/verbatim
and gist memory, which are not observable by nature, requires
a more sophisticated modeling technique, so accordingly, we
also employedMPT modeling to estimate the contributions of
these cognitive processes to task performance. Below, we de-
scribe these analyses in more detail.

63Mem Cogn (2022) 50:59–76

https://osf.io/cdx9z/
https://osf.io/cdx9z/


Hierarchical Bayesian logistic regression analyses

We tested for Attention (coded as −1 = FA, 1 = DA), Delay
(−1 = short, 1 = long), and Attention ×Delay differences in the
number of correct responses given to each probe with a series
of hierarchical Bayesian logistic regression models imple-
mented in the brms package for R (Bürkner, 2017; R Core
Team, 2020). In each model, the response on trial i for subject
j was recorded as 1 if the correct response was given (i.e.,
responding “intact” to Intact probes, “related” to Related
probes, and “unrelated” to both types of Unrelated probes)
and 0 if an incorrect response was given. For the two types
of Unrelated probes, we also tested whether there were differ-
ences in accuracy between Unrelated-Within and Unrelated-
Opposite probes by adding an effect-coded Probe (−1 =
Unrelated-Opposite, 1 = Unrelated-Within) variable, plus its
interactions with Attention and Delay. In addition to the anal-
yses reported in the main text, we also tested for Sampling Site
(−1 = Online, 1 = Laboratory) differences in accuracy.
Analyses including Sampling Site are reported in the supple-
ment and demonstrate no credible evidence for effects of
Sampling Site (see Fig. S1).

Next, we analyzed error responses to each probe. For Intact
probes, we coded for whether participants gavemore “related”
(coded as 1) than “unrelated” (coded as 0) responses. For
Related probes, we coded for whether participants gave more
“intact” (coded as 1) than “unrelated” (coded as 0) responses.

Finally, for both types of Unrelated probes, we coded for
whether participants gave more “intact” (coded as 1) than
“related” (coded as 0) responses. All error response models
included effects of Attention and Delay, plus their interaction.

In logistic regression, the predicted probability of a correct
response, bπ, is modeled through the function logit(bπ ) = log(bπ
/ (1-bπ )). Following the approach to parameter interpretation
advocated by Kruschke (2011, 2018), we specified a region of
practical equivalence (ROPE) around 0. As a slope of 0 cor-
responds to a change in bπ = 0.50 (i.e., equal probability be-
tween the two levels of a factor), we considered a negligible
change to be 0.50 ± 0.03 (see Kruschke, 2018).1 This corre-
sponds to a ROPE on the log-odds scale of [−0.06, 0.06]. If the
95% highest density interval (HDI) of the estimate excludes
the ROPE, we conclude there is evidence for an effect. If the
95% HDI is entirely contained within the ROPE, we conclude
there is evidence for a null effect. Finally, if the 95% HDI
partially overlaps with the ROPE, but partially excludes it,
we remain agnostic.2

All models included a random intercept and a random slope
for Delay for each participant. We specified Cauchy (0, 2.5)
priors on the population-level (i.e., “fixed” effects) slopes,

1 This decision rule is based on the assumption that some values are not
meaningfully different from zero. This is a more conversative decision rule
than one based simply on whether an estimate differs from zero.
2 Remaining agnostic is similar to a nonsignificant p value (i.e., p > .05).

Intact Probe Related Probe 

Unrelated-

Opposite Probe 

Test Phase 

Unrelated-

Within Probe 

Study Phase 

(4s each, 

0.5s ISI) 

Delay 

(5s or 300s) 

Fig. 1 Example of the procedure for one block. Participants studied 12
unique face–scene pairs for 4 seconds each (study phase; only 6 shown in
Figure). Participants in the divided attention group simultaneously com-
pleted an auditory choice reaction-time task (see text for details). Then
there was a delay of 5 seconds or 5 minutes, followed by the test phase,

which featured Intact, Related, Unrelated-Within, and Unrelated-
Opposite probes. Participants indicated whether each pair was “intact,”
“related,” or “unrelated.” Faces depicted in figure are approved for dis-
play for purposes of illustrating research methodology
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based on recommendations in the literature (Gelman et al.,
2008). We retained the program’s default half-t priors on the
standard deviations of the random effects and used an LKJ(1)
prior, which assumes a uniform prior on the random effects
correlation matrix (Lewandowski et al., 2009).

MPT (multinomial-processing-tree) analyses

Next, we used the MPT model from the simplified conjoint
recognition paradigm (Stahl & Klauer, 2008), which was
adapted to an associative recognition paradigm by Greene
and Naveh-Benjamin (2020) and is depicted in Fig. 2. MPTs
attempt to explain how participants arrive at their responses to
given memory probe by way of latent cognitive processes (for
reviews, see Batchelder & Riefer, 1999; Erdfelder et al.,
2009).

The MPT model from the simplified conjoint recognition
paradigm (Stahl & Klauer, 2008) has been empirically vali-
dated as a measurement tool for estimating the contributions
of specific (i.e., verbatim) and gist memory in recognition
tasks. The model has parameters corresponding to verbatim
memory (parameters Vi and Vr) and gist memory (parameters
Gi andGr). In gist retrieval states, participants guess whether a
probe is “intact” or “related” with probabilities a or 1 − a,
respectively. Participants may sometimes give an “intact” or
“related” response to a probe even when they do not access
gist memory, and this is modeled via parameter b, with sub-
sequent guessing processes modeled by parameter ab (guess-
ing “intact” in this cognitive state) or 1 − ab (guessing “relat-
ed” in this cognitive state). The model presented here includes
the additional retrieval of a less detailed, or fuzzier, represen-
tation, when participants are presented with Unrelated-Within
probes. This retrieval state is modeled with parameter F, and it
assumes a guessing process identical to the guessing processes
that are modeled to occur in gist retrieval states.

As with any model, the MPT model presented in Fig. 2 is a
simplification of reality, but it has been shown to provide good
approximations of the processes of interest (i.e., verbatim,
gist, and fuzzy retrieval) in previous research (Greene &
Naveh-Benjamin, 2020; Stahl & Klauer, 2008). One simplifi-
cation of the model is that correct “unrelated” responses to
Unrelated-Within and Unrelated-Opposite probes are as-
sumed to arise only through parameter b (specifically, path-
way 1 − b), which is a guessing parameter. While parameter b
does measure guessing (i.e., a tendency to respond “intact” or
“related” even when there is no specific or gist information),
this does not necessarily mean that all correct “unrelated”
responses arise from guesses. In fact, a more appropriate
way to think of parameter b is that it indexes the probability
that participants decide to guess “intact” or “related,” but that
when participants proceed down the complementary pathway
(1 − b), they have decided not to guess “intact” or “related.”
Consequently, some proportion of correct responses to

Unrelated probes may occur through guessing “unrelated,”
but some proportion likely occurs through knowledge that
the probe is Unrelated. Thus, parameter b indexes the proba-
bility that a participant will decide “this could be an Intact or
Related probe, even though I do not remember this face being
paired with this or a similar scene.”

The model has eight parameters corresponding to eight
degrees of freedom and is thus saturated. Nevertheless, the
model has been shown to be a useful measurement tool for
estimating the contributions of specific and gist memory
(Stahl & Klauer, 2008). While model fit is typically evaluated
through χ2 goodness-of-fit tests in a frequentist framework, in
a Bayesian framework, model fit is evaluated by simulating
data from the posterior distribution of the model parameters
and comparing the posterior-predicted values to the observed
frequencies, using posterior predictive p (PPP) values (Meng,
1994). Model fit was evaluated based on the T1 and T2 statis-
tics proposed by Klauer (2010), measuring the correspon-
dence between the posterior-predicted and observed means
and covariances, respectively, and was considered satisfactory
if PPP >.05. PPP values for the T1 statistic were 0.56 for the
DA group and 0.29 for the FA group, and for the T2 statistic,
PPP values were 0.38 and 0.45 for the DA and FA groups,
respectively, indicating satisfactory model fit. Parameters of
the MPT model were estimated under a hierarchical Bayesian
latent-trait model using the TreeBUGS package for R (Heck
et al., 2018; R Core Team, 2020; for more information on
latent-trait models, see Klauer, 2010). Further details about
sampling routines are discussed in the supplement. In
Table S1 of the supplement, we show that parameters of the
MPT model were comparable between the short and long
delays, in both the FA and DA groups, so, in the main text,
we report results collapsed across delay.

Results

Logistic regression results

Accuracy results

The proportion of responses given to each probe by partici-
pants in the FA and DA conditions in each delay is depicted in
Fig. 3. Difference scores obtained by subtracting the posterior
distribution, on the accuracy scale, of the DA from the FA
groups in each delay are depicted in Fig. 4. As depicted in
Fig. 4, most of the 95% HDIs of the difference scores were
positive, indicating that accuracy was higher in the FA than
DA group. Supporting this, the results of the hierarchical
Bayesian logistic regression analyses provided credible evi-
dence for an effect of Attention on response accuracy to each
probe, except for Intact probes, for which the 95% HDI par-
tially overlapped with the ROPE, such that we remained
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agnostic, even though the slope was in the direction of an
effect (see Analyses section). The population-level (i.e., “fixed
effects”) slopes of Attention on the logit-scale were: for Intact
probes, βAttention = −0.20, 95% HDI [−0.38, −0.04]; for
Related probes, βAttention = −0.26, 95% HDI [−0.39, −0.12];
for Unrelated-Within probes, βAttention = −0.38, 95% HDI

[−0.61, −0.12]; and for Unrelated-Opposite probes, βAttention
= −0.44, 95% HDI [−0.71, −0.18].

As depicted in Fig. 4, the differences in response accuracy
between the FA and DA groups were similar in each delay.
For all probes, the 95% HDI for the slope of the Attention ×
Delay interaction partially overlapped with the ROPE, such
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that we remained agnostic as to whether the Attention differ-
ences in response accuracy reported above depended on
whether tests occurred after a short or long delay. The
population-level slopes for the Attention × Delay interaction
were: for Intact probes, βAttention×Delay = −0.04, 95% HDI
[−0.13, 0.05]; for Related probes, βAttention×Delay = −0.09,
95% HDI [−0.18, −0.01], which is in the direction of a more
pronounced effect of DA on these probes following a longer
delay; for Unrelated-Within probes, βAttention×Delay = 0.11,
95% HDI [−0.02, 0.24]; and for Unrelated-Opposite probes,
βAttention×Delay = 0.06, 95% HDI [−0.09, 0.20].

There was, however, credible evidence for an effect of
Delay on response accuracy to Intact probes, βDelay = −0.27,
95% HDI [−0.36, −0.17]. As shown in Fig. 3, participants in
both the FA and DA groups were more accurate at classifying
these probes in the short than long delay blocks. For all other
probes, we remained agnostic about effects of Delay, as the
95% HDI partially overlapped with the ROPE. Estimated

�Fig. 2 Expanded version of the multinomial processing tree model from
the simplified conjoint recognition paradigm (Stahl &Klauer, 2008), here
including separate trees for different types of Unrelated probes, from
Greene and Naveh-Benjamin (2020). Boxes on the left represent memory
probes, which are connected to participants’ responses (boxes on the
right) by way of different cognitive processes (the branches in the middle,
where the ovals describe to what each parameter corresponds). The two V
parameters correspond to the probability that participants retrieve the
verbatim representation of an association given either an Intact probe
(Vi) or a Related probe (Vr). The two G parameters correspond to the
conditional probabilities that participants retrieve the gist of an associa-
tion for Intact probes (Gi) or Related probes (Gr), given that they have not
retrieved more specific representations. Parameter F corresponds to the
probability that participants retrieve a fuzzier representation given an
Unrelated-Within probe. If participants retrieve the gist or a fuzzier rep-
resentation, they then guess whether the probe is “intact” (with probabil-
ity a) or “related” (with probability 1 − a). If a probe elicits no verbatim or
gist information for a participant, then the participant can still guess that
the probe is “intact” or “related”with probability b, followed by guessing
“intact” (probability ab) or “related” (probability 1 − ab). Otherwise, par-
ticipants respond “unrelated” with probability 1 − b

Fig. 3 Proportion of “intact,” “related,” and “unrelated” responses to
Intact probes (a), Related probes (b), Unrelated-Within probes (c), and
Unrelated-Opposite probes (d) for the full and divided attention groups in
the short and long delays. Lines at the top of the vertical bars denote group

means. Shaded box around the means denote ±1 standard error. White
box around the standard error represents the 95% confidence interval.
Jittered points denote individual participants’ data
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slopes for Delay were: for Related probes, βDelay = −0.10,
95% HDI [−0.19, −0.02]; for Unrelated-Within probes,
βDelay = 0.03, 95% HDI [−0.11, 0.15]; and for Unrelated-
Opposite probes, βDelay = −0.11, 95% HDI [−0.26, 0.04].

Error Responses

The proportion of error responses to each probe are also
shown in Fig. 3. Regression coefficients from the logistic re-
gression analyses examining differences in error responses are
given in Table 1. The Intercept corresponds to the grandmean.
All effects of Attention, Delay, and the interaction of
Attention x Delay overlapped with the ROPE, such that we
remained agnostic as to whether there were any differences in
error response tendency between different levels of these fac-
tors. For Intact probes, we assessed whether participants were
more inclined to respond “related” rather than “unrelated,”
and the intercept suggests a somewhat greater tendency to
do so, with an odds ratio (OR) of 1.19, 95% HDI [1.03,
1.38] in favor of responding “related” rather than “unrelated.”
For Related probes, we analyzed whether participants were
more inclined to respond “intact” rather than “unrelated,”
but the 95% HDI of the intercept was partially positive and
partially negative, providing an inconclusiveOR of 1.11, 95%

HDI [0.95, 1.27] in favor of responding “intact” rather than
“unrelated.” For both types of Unrelated probes, we analyzed
whether participants were more likely to mistakenly endorse
these probes as “intact” rather than “related,” but there was
actually credible evidence that participants weremore likely to
respond “related” (see Table 1), with ORs in favor of
responding “related” rather than “intact” of 2.20, 95% HDI
[1.65, 2.92], for the Unrelated-Within probes and 2.32, 95%
HDI [1.75, 3.16], for the Unrelated-Opposite probes.

Interim summary

To summarize, the DA group performed worse than the FA
group for all probes with the exception of Intact probes,
though the evidence was marginally in favor of an effect of
Attention on these probes, as well. Attention differences in
response accuracy did not meaningfully depend on Delay,
and the only credible evidence for a Delay effect was for
response accuracy to Intact probes, which was lower in the
long- than short-delay blocks in both attention groups. An
analysis of errors revealed that participants in both the FA
and DA groups were somewhat more likely to mistakenly call
an Intact probe “related” rather than “unrelated,” and to call
Unrelated-Within and Unrelated-Opposite probes “related”

Fig. 4 Violin plots of posterior density, transformed to the accuracy scale,
depicting the difference in response accuracy for each probe in each delay
between the full and divided attention groups. Points corresponds to the

posterior mean; solid black lines correspond to the 95% highest density
interval. UnrWith = Unrelated-Within probes; UnrOpp = Unrelated-
Opposite probes
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rather than “intact.” However, for Related probes, the evi-
dence was inconclusive as to whether participants were more
prone to mistakenly calling these probes “intact” rather than
“unrelated.”

MPT results

Parameter estimates collapsed across delay conditions, for the
FA and DA groups are reported in Table 2.

Figure 5 shows the posterior distributions of each parame-
ter, transformed to the probability scale. Parameters whose
distributions mostly overlap with each other do not meaning-
fully differ between groups. It appears that parameters Vi (ver-
batim retrieval for Intact probes) and Gr (gist retrieval for
Related probes) were smaller in the DA than FA groups, while
all three guessing parameters appeared to be mostly larger in
the DA groups. To confirm these visual trends, we computed
difference scores by subtracting the posterior distributions of

each parameter of the DA group from the FA group.
Difference scores are depicted in Fig. 6. Parameters whose
95% Bayesian credible interval (CI) of the difference score
excludes 0 credibly differ between the DA and FA groups
(Smith & Batchelder, 2010). There were group differences
in parameter Vi, ΔVi = 0.26, 95% CI [0.02, 0.56], indicating
that the DA group had lower estimates of verbatim retrieval
for Intact probes. The DA group also had lower estimates of
gist retrieval for Related probes, ΔGr = 0.25, 95% CI [0.08,
0.40]. For guessing parameters, there was clear evidence for a
group difference in parameter b, Δb = −0.17, 95% CI [−0.26,
−0.07], indicating that the DA group had a higher tendency to
guess “intact” or “related” when no verbatim or gist informa-
tion was present or retrieved. The difference scores for param-
eters a, Δa = −0.23, 95% CI [−0.49, 0.05], and ab, Δ ab =
−0.12, 95% CI [−0.23, 0.00], overlapped with and straddled
0, respectively. Therefore, we cannot definitively rule out the
possibility that there was no difference in these guessing pa-
rameters between the FA and DA groups, but most of the 95%
CI for the difference scores for these parameters was negative,
suggesting the DA group had a greater tendency to guess
“intact.” All other parameters did not credibly differ between
groups.

Full and divided attention young adults versus older adults

We compared theMPT parameter estimates of the DA and FA
young adult groups in the present study to those obtained from
the older adults, who completed the study phase under FA, in
Experiment 2 of Greene and Naveh-Benjamin (2020). We
computed difference scores by subtracting the posterior sam-
ples of the older adults from the DA group and the FA group,
separately (see Fig. 7). Whereas older adults were deficient in
verbatim memory retrieval for Intact probes relative to FA
young adults, in line with the results of Greene and Naveh-
Benjamin (2020), estimates of verbatim retrieval were not
different between the older adults and the young adults under
DA from the present study. However, older adults had higher
estimates of gist retrieval given Related probes (parameterGr)
than the DA young adults, ΔGr = −0.16, 95% CI [−0.30,

Table 1 Population-level (fixed effects) intercepts and slopes [95% highest density intervals] for error response models

Probe Intercept Attention Delay Attention x Delay

Intact β = 0.17 [0.03, 0.32] β = −0.04 [−0.13, 0.12] β = 0.01 [−0.13, 0.14] β = −0.05 [−0.19, 0.09]
Related β = 0.10 [−0.05, 0.24] β = −0.02 [−0.16, 0.12] β = 0.04 [−0.08, 0.16] β = −0.07 [−0.18, 0.05]
Unrelated-Within β = −0.78 [−1.07, −0.50] β = 0.24 [0.00, 0.52] β = 0.04 [−0.18, 0.28] β = 0.05 [−0.16, 0.27]
Unrelated-Opposite β = −0.84 [−1.15, −0.56] β = 0.10 [−0.17, 0.37] β = −0.03 [−0.27, 0.21] β = 0.10 [−0.15, 0.33]

Note. Intercept corresponds to the grand mean. For Intact probes, we coded for whether participants gave more “related” than “unrelated” responses. For
Related probes, we coded for whether participants gave more “intact” than “unrelated” responses. For both types of Unrelated probes, we coded for
whether participants gave more “intact” than “related” responses. Bolded values correspond to credible evidence in favor of one response over the other
as these values exclude the region-of-practical equivalence

Table 2 Population-level parameter estimates [95% credible intervals]
of the MPT model

Parameter Full Attention Divided Attention

Vi 0.55 [0.38, 0.65] 0.29 [0.02, 0.48]

Vr 0.09 [0.00, 0.31] 0.13 [0.01, 0.25]

Gi 0.53 [0.43, 0.65] 0.48 [0.29, 0.67]

Gr 0.67 [0.53, 0.75] 0.42 [0.31, 0.54]

F 0.05 [0.01, 0.12] 0.06 [0.01, 0.14]

a 0.40 [0.30, 0.63] 0.64 [0.42, 0.85]

ab 0.18 [0.10, 0.27] 0.30 [0.22, 0.37]

b 0.22 [0.16, 0.28] 0.39 [0.32, 0.45]

Note. Vi = probability of verbatim retrieval given an Intact probe; Vr =
probability of verbatim retrieval given a Related probe; Gi = probability
of gist retrieval given an Intact probe; Gr = probability of gist retrieval
given a Related probe; F = probability of fuzzier retrieval given an
Unrelated-Within probe; a = probability of guessing “intact” when gist
is retrieved; ab = probability of guessing “intact” when no verbatim or
gist information is retrieved; b = probability of guessing “intact/related”
when there is no verbatim or gist information
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−0.02]. Finally, the only guessing parameter that definitively
differed between the older adults and the DA young adults
was parameter b, Δb = 0.11, 95% CI [0.01, 0.21], indicating
that the DA young adults had a greater tendency to respond
“intact/related” in states in which verbatim or gist information
was not retrieved.

Interim summary

To summarize the MPT results, DA at encoding resulted in
lower estimates of verbatim retrieval for Intact probes and gist
retrieval for Related probes, compared with FA at encoding.
Comparing these results with those of older adults from
Experiment 2 of Greene and Naveh-Benjamin (2020) also
revealed that the DA young adults had lower estimates of gist
retrieval for Related probes than did older adults.

Secondary task performance

Finally, we examined performance on the auditory CRT task.
For each participant in the DA group, we computed their av-
erage accuracy and reaction time (RT) on the task, at both the
baseline periods and during the study phases. We used
Bayesian paired-samples t tests, implemented using the
BayesFactor package for R (Morey & Rouder, 2015; R Core
Team, 2020). The resulting Bayes factor (BF10) provides the
strength of evidence in favor of the alternative hypothesis
(corresponding to a difference between the baseline and study
phases) to the null hypothesis. Accuracy was high and did not
meaningfully differ between the baseline (M = 0.91) and
Study (M = 0.89) phases of the experiment, BF10 = 0.75, but
as usually shown in DA experiments (e.g., Craik et al., 1996),
participants were faster to respond during the baseline (M =

Fig. 5 Posterior distributions of the inverse-probit transformed group-level parameters on the probability scale. Parameter descriptions are given in Fig.
2. Parameters 1–5 (Vi, Vr, Gi, Gr, and F) are memory parameters. Parameters 6–8 (a, ab, and b) are guessing parameters
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779.45ms) than the Study (M = 910.79ms) phases, BF10 =
8.58 x 1010.

Discussion

We examined whether DA at encoding would disrupt specific
and gist memory for associations in episodic memory. Young
adults who encoded face–scene pairs under DA performed more
poorly than young adults who encoded those pairs under FA on
all types of test probes in an associative recognition task
assessing memory for both highly specific and gist representa-
tions. DA effects were observed following both short and long
delays between the study and test phases of our experiment,
showing that the effects of DA may emerge early on and endure
across a delay of up to 5 minutes. In addition, fits of an MPT
model revealed that DA young adults had lower estimates of
verbatim and gist memory than FA young adults, being less
likely to remember the specific association when shown an
Intact probe or to retrieve the gist of an association when shown
a Related probe. These results provide perhaps the most concrete
evidence to date that the effects of DA at encoding extend to
multiple levels of specificity for episodic memories.

Reexamining the effects of divided attention at
different levels of specificity

Numerous studies have demonstrated that DA at encoding
results in deficits in memory performance (e.g., Baddeley

et al., 1984; Castel & Craik, 2003; Craik et al., 2018; Craik
et al., 1996; Kilb & Naveh-Benjamin, 2007; Murdock, 1965;
Naveh-Benjamin et al., 1998; Naveh-Benjamin et al., 2003;
Nieznański, 2013). Some research on the effects of DA on
false memory production, using DRM procedures (Deese,
1959; Roediger & McDermott, 1995), has found that DA
results in increased false recall but decreased false recognition
of unpresented lures (Dewhurst et al., 2005; Dewhurst et al.,
2007; Knott & Dewhurst, 2007; Knott et al., 2018; Pérez-
Mata et al., 2002). These findings have been taken to suggest
that DA at encoding prevents participants from generating
semantic associates of target words during study. However,
these studies have consistently observed reduced rates of
“old” responses to both old items and lures, and these reduc-
tions in “old” responses only occurred for judgments accom-
panied by recollection of the encoding context (Dewhurst
et al., 2005; Dewhurst et al., 2007). According to fuzzy-trace
theory, recollection can be obtained from either verbatim or

Fig. 6 Forest plot of difference scores for each parameter obtained by
subtracting the posterior samples of the DA group from the FA group.
Points correspond to the Bayesian posterior mean and lines denote the
95% Bayesian credible interval. Dashed line at 0.0 corresponds to no
difference. Parameters whose difference scores overlap with zero do not
meaningfully differ between groups. Parameter descriptions given in Fig.
2

Fig. 7 a Forest plot of difference scores for each parameter obtained by
subtracting the posterior samples of the older adults in Experiment 2 of
Greene and Naveh-Benjamin (2020) from the divided attention (DA)
young adults in the present experiment. b Difference scores subtracting
older adults in Experiment 2 of Greene and Naveh-Benjamin (2020) from
full attention (FA) young adults in the present experiment. Points corre-
spond to the Bayesian posterior mean and lines denote the 95% Bayesian
credible interval. Dashed line at 0.0 corresponds to no difference.
Parameters whose difference scores overlap with 0 do not meaningfully
differ between groups. Parameter descriptions given in Fig. 2
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gist retrieval (Brainerd et al., 2014; Brainerd et al., 1999), so it
is unclear from these earlier studies whether DA disrupted
verbatim or gist memory. In another study, Odegard and
Lampinen (2005) measured item memory using a conjoint
recognition procedure (Brainerd et al., 1999) and found that
DA at encoding impaired verbatim memory (specifically, rec-
ollection rejection of related lures) but not gist memory.

Our results go beyond these earlier studies by prob-
ing the effects of DA on specific and gist memory for
associations, which lie at the core of episodic memory
(e.g., Tulving, 1983). Results from the present study
shed important insight into the effects of DA at multiple
levels of specificity by showing that DA at encoding
impairs participants’ ability to later remember not just
highly specific details but also gist details. We found
that participants who encoded face–scene pairs under
DA were less capable of remembering specific, verbatim
information about these pairs when re-presented the
same pairs (as Intact pairs) during the test phases and
were also less capable of remembering gist information
about these pairs when presented with highly similar
foils (Related pairs) at retrieval. This finding is compat-
ible with the encoding-specificity hypothesis (Tulving &
Thompson, 1973), as DA effects were most noticeable
on memory representations that are most easily accessed
by a given probe (verbatim representations for Intact
probes, and gist representations for Related probes).

Dodson et al. (1998) investigated the effects of DA at
retrieval on specific- and partial-source memory and found
that participants who completed the retrieval phase under
DA were deficient at remembering specifically which voice
spoke a given word (e.g., “was it this female or that fe-
male?”) but had preserved partial-source memory (i.e., re-
membering whether a word had been spoken by a male or
female voice), which suggests that DA at retrieval may
affect specific, but not gist-based information of complex
episodic memories. However, DA at encoding has been
shown to produce more pronounced effects on memory
than DA at retrieval does (Craik et al., 1996), including
for item and context information (Greene et al., in press;
Nieznański, 2013). Our findings that DA at encoding im-
paired both specific and gist associative memory provide
further support that the effects of DA at encoding are more
pronounced than those of DA at retrieval.

Our findings are also compatible with recent research on
individual differences in verbatim and gist memory and inhi-
bition by Nieznański and Obidziński (2019), who showed that
working memory capacity was positively associated with both
verbatim and gist memory. DA at encoding should result in
reduced capacity to encode information, as participants must
allocate their limited working memory resources to process
the face–scene pairs while simultaneously attending to audi-
torily presented stimuli.

Potential underlying mechanisms

What encoding mechanisms may have been disrupted to lead
to these specific and gist memory deficits? One possibility is
that DA at encoding results in less elaborative processing of
associations, resulting in a shallower episodic representation.
However, this interpretation is incompatible with studies
showing that DA at encoding impaired both item and associa-
tive memory performance to the same degree under intention-
al and incidental learning instructions (Naveh-Benjamin &
Brubaker, 2019; Naveh-Benjamin et al., 2014). That is, if
DA disrupted elaborative processing (such as effortful strate-
gy use), then effects of DA should be more pronounced when
DA and FA groups of participants are given intentional, ex-
plicit instructions to encode the material, rather than incidental
instructions in which participants are not made aware of a
forthcoming memory test. However, Naveh-Benjamin and
Brubaker (2019) found that, although incidental learning re-
sulted in lower recognition performance than intentional
learning and that DA disrupted memory performance more
than FA, the DA effect was no larger in the intentional than
incidental conditions.

An alternative possibility is that DA disrupts the initial
registration of the stimuli, and in particular the association
between two stimuli (such as a between a face and a scene
in our paradigm), as this phase of encoding has been shown to
be especially vulnerable to interference from a concurrent task
(Naveh-Benjamin et al., 2007). Interestingly, Odegard and
Lampinen (2005) found no effects of DA on gist memory
for items, which could reflect that the gist of an item forms
even before attention is fully deployed to registering that item
(e.g., Wallace et al., 2000; Wallace et al., 1998). In contrast,
we found that DA did disrupt gist memory for associations.
Thus, it could be that forming the gist of an association (such
as that between a face and a scene) does require more initial
registration-based attentional resources than those needed for
encoding the gist of an item, and as such would not be regis-
tered as well under DA, also causing the interruption of the
verbatim information.

Reexamining the depleted attentional resources
hypothesis of cognitive aging

Another motivation for the present study was to test whether
depleted attentional resources could be one mechanism ac-
counting for older adults’ deficits in specific associative mem-
ory (Greene & Naveh-Benjamin, 2020). There is a long his-
tory of research comparing performance of young adults un-
der DA with older adults, including on studies of item and
associative recognition (Castel & Craik, 2003; Craik et al.,
2010; Kilb & Naveh-Benjamin, 2007; Naveh-Benjamin
et al., 2003), and this research has resulted in a somewhat
mixed set of findings. Whereas Castel and Craik (2003) found
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that DA in young adults impaired associative memory perfor-
mance, but not item recognition, resulting in a similar associa-
tive deficit observed in older adults (Naveh-Benjamin, 2000),
others have found that DA produces a more “general” deficit,
affecting item and associative information (e.g., Naveh-
Benjamin et al., 2003). Our findings are more in line with this
latter set of studies, as we found that DA in young adults
resulted in impairments in verbatim and gist memory, whereas
aging was associated only with deficits in verbatim memory
(Greene & Naveh-Benjamin, 2020).

Nevertheless, the present set of findings cannot definitively
rule out a depleted attentional resources hypothesis of age-
related cognitive decline. Indeed, the young adults under DA
had similar estimates of verbatim retrieval as older adults. It is
plausible that older adults may have diminished attentional
resources that lead to their deficits in associative episodic
memory at the highest levels of specificity. However, older
adults may have enough preserved attentional resources that
enable them to encode enough sufficient information about
associations to later remember the gist of these associations.
This idea is compatible with research suggesting that older
adults rely on a gist-based processing strategy during
encoding (Tun et al., 1998; for a recent review, see Devitt &
Schacter, 2016).

Limitations

The present study is not without its limitations. First, due to
the COVID-19 pandemic, we switched to online data collec-
tion about a third of the way through our participant recruit-
ment. Thus, participants were not all tested in the same, stan-
dardized environment. Nevertheless, there was no credible
evidence for differences in response accuracy between the
lab-based and online samples (see Fig. S1 in the supplement).

Second, the discrete-state assumption underlying MPT
models has been the subject of some controversy
(Batchelder & Alexander, 2013; Bröder & Schütz, 2009;
Dube & Rotello, 2012; Klauer & Kellen, 2011a, 2011b;
Pazzaglia et al., 2013; Province & Rouder, 2012).
Particularly in studies of item recognition, analyses based on
receiver operating characteristic (ROC) curves tend to favor
models based on signal detection theory more than MPT
models (Dube & Rotello, 2012; Pazzaglia et al., 2013), al-
though this is not always the case (Klauer & Kellen, 2011a).
However, for associative memory, discrete-state models often
capture the ROC form better (Rotello, 2017; Yonelinas,
1997). Nevertheless, the specific modeling approaches
employed can affect the interpretation and conclusions that
can be drawn (e.g., Pazzaglia et al., 2013).

Third, we focused on memory for face–scene pairs to make
our task ecologically valid by attempting to simulate remem-
bering where someone was encountered (see Gruppuso et al.,

2007). However, similarities exist at both a conceptual level
(e.g., two park scenes are both nature scenes) and at a percep-
tual level (e.g., two park scenes look physically similar), and
as such, it is unclear whether DA effects on the episodic gist of
an association (e.g., remembering whether an old man had
been paired with a park) result from deficits in memory for
the perceptual or conceptual representation of the association,
or both.

Conclusions

In conclusion, results from the present study show that divided
attention at encoding impairs specific and gist memory for
associations that lie at the core of episodic memory. These
findings suggest that the effects of divided attention are more
general than those of aging, which is associated with deficits
in verbatim, but not gist-based, memory for associations.
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