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Abstract

How does attending to a brief, behaviorally relevant stimulus a�ect episodic memory

encoding? In the attentional boost e�ect, increasing attention to a brief target in a

detection task boosts memory for items that are presented at the same time (relative to

distractor-paired items). Though the memory advantage for target-paired items is well

established, the e�ects of attending to targets on other aspects of episodic memory

encoding are unclear. This study examined the e�ects of target detection and goal-directed

attention on memory for task-irrelevant information from a single event, focusing on the

contributions of recollection and familiarity during recognition. In Experiment 1,

participants viewed a series of briefly presented faces as they performed a detection task on

unrelated squares, pressing the space bar only when the square was a target color (e.g.,

blue) rather than a distractor color (e.g., orange). Half the participants were told to

memorize the faces, and half were told to ignore them. Results indicated that both

recollection and familiarity were greater for target-paired faces than for distractor-paired

faces, regardless of whether the faces were intentionally encoded. Experiment 2 examined

whether these e�ects are present for single events, replicating the recollection benefit when

encoding time is su�cient. Attending to behaviorally relevant targets appears to facilitate

both intentional and incidental memory for the background item and the context in which

it occurred, boosting subsequent recollection as well as familiarity.

Keywords: dual-task interference; recollection; attention; episodic memory;

attentional boost e�ect
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The E�ects of Encoding Instruction and Opportunity on the Recollection of Behaviorally

Relevant Events

Attention can significantly influence the ability to successfully remember events.

Intentionally memorizing an image or word, for example, results in better memory for that

item than if the item had been incidentally encoded (Craik & Lockhart, 1972; Tulving &

Thompson, 1973). However, the e�ects of attention on encoding are not always as

expected. Though dividing attention across tasks or stimuli often impairs memory

(dual-task interference; e.g., Kinchla, 1992; Mulligan, 1998), increasing attention to a

target in a detection task facilitates memory for concurrently presented pictures and words

(referred to here as items). This finding, known as the attentional boost e�ect, suggests

that attending to a behaviorally relevant stimuli, such as a target in a detection task,

boosts memory for other, unrelated information presented at that time (Swallow & Jiang,

2010). The attentional boost e�ect has been widely replicated and occurs for a variety of

tasks and stimuli (see Swallow & Jiang, 2013 for review). However, the nature of the

attentional boost e�ect remains unclear. Some accounts suggest it reflects the prioritization

of behaviorally relevant moments, independent of goal-directed or spatial selection

(Swallow & Jiang, 2013). Other accounts suggest that it reflects an increase in item related

processes (Spataro, Mulligan, Bechi Gabrielli, & Rossi-Arnaud, 2017). The present study

focuses on whether the benefits of target detection extend to other information

encountered during the moment when a target appears, thereby boosting memory for the

target’s context regardless of its relevance for the encoding task. It therefore addresses

whether target detection during encoding increases quantitative estimates of how well a

person remembers an item’s context during retrieval, whether the e�ect of target detection

on subsequent memory relies on the intention to encode the background item, and whether

the e�ect of target detection on context occurs within a single event, or relies on multiple

item-context pairings. To address these questions this study used a well characterized

quantitative model to examine which aspects of episodic memory are boosted by target
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detection under both intentional and incidental encoding conditions.

Context Memory in the Attentional Boost E�ect

Event memory encompasses a studied item as well memory for the context in which

that item was encountered (Davachi, 2006). Context can include information about when

the item was encoded, the item’s location, the features and spatial configuration of the

environment in which the item was encoded, inter-item temporal and semantic

associations, and perceptual features of the item that are unrelated to its semantic

representation (see Yonelinas, Aly, Wang, & Koen, 2010 for review). One way to

distinguish between memory for an item and memory for its context has been captured by

the constructs of familiarity and recollection in recognition memory (Tulving & Murray,

1985). Familiarity reflects the feeling of having encountered an item previously.

Recollection, in contrast, reflects retrieved associations between the study item and aspects

of the original event during which the item was encountered.

Studies on the attentional boost e�ect have demonstrated that it enhances memory

for items that are paired with an unrelated target during encoding, relative to those

presented on their own or with a distractor (Swallow & Jiang, 2014). What is less clear,

however, is whether it also facilitates memory for the context in which those items

occurred. In studies examining the attentional boost e�ect on word memory, Mulligan,

Smith, and Spataro (2016) found that participants showed no memory advantage for the

sensory modality, font, color, or presentation order of words that appeared with a target

rather than a distractor during encoding. Spataro et al. (2017) found no target-related

advantage for a task sensitive to memory for the semantic relationships between encoded

words. However, target detection could facilitate other aspects of context memory. Two

studies indicated that target detection enhances relational memory for the target cue and a

concurrently presented scene (Swallow & Atir, 2018; Turker & Swallow, 2018). Other data

suggest that scene orientation memory, memory for the color of a square in a particular
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location, and scene location are enhanced in the attentional boost e�ect (Leclercq,

Le Dantec, & Seitz, 2014; Makovski, Swallow, & Jiang, 2011; Swallow & Jiang, 2010). Data

from experiments using the Remember-Know procedure are also consistent with the

suggestion that context memory is enhanced, though the e�ects were small (Leclercq et al.,

2014; Meng, Lin, & Lin, 2019, but see Mulligan et al., 2016). These data suggest that

target detection enhances at least some aspects of context memory as well as memory for

the item itself.

However, these studies also o�er an incomplete picture of context memory. The

Remember-Know procedure requires participants to accurately report their subjective

experience of whether they remember contextual details, and depends on terminology and

instruction (Geraci & McCabe, 2006; McCabe & Geraci, 2009). Tests of relational and

feature memory risk missing memory for contextual information that was not directly

tested (sometimes referred to as "noncriterial recollection"; Parks, 2007), or could reflect

familiarity when items are unitized (see Yonelinas et al., 2010). In fact, unitization is more

likely to occur when items are presented multiple times, as it becomes more di�cult to

di�erentiate context information for each individual presentation. (Diana, Yonelinas, &

Ranganath, 2008). Therefore, it is important to characterize the e�ects of target detection

on context memory using additional methods. Here, we used quantitative models to

estimate recollection and familiarity.

Clarifying the e�ects of target detection on context memory will provide critical

insight into how attending to behaviorally relevant stimuli influences encoding. Current

accounts of the attentional boost e�ect agree that it reflects processes that are engaged

during the initial encoding of an image or word into memory (Mulligan et al., 2016;

Swallow & Jiang, 2013). However, they di�er in their claims about whether this benefit is

confined to the item being encoded. Based on their recent data, Spataro, Mulligan, and

colleagues suggest that target detection facilitates the encoding of items and has little

e�ect on memory for context (Mulligan et al., 2016; Spataro et al., 2017). This suggests



TEMPORAL SELECTION AND CONTEXT MEMORY 6

that the attentional boost e�ect should be observed mainly in measures of familiarity,

which reflect item memory strength, rather than recollection, which reflects memory for

contextual details of the episode in which the item was encountered (Yonelinas et al.,

2010).1 However, other accounts suggest that the detection of a target triggers a

mechanism that broadly enhances encoding, while selection based on features, locations, or

goals is proposed to modulate encoding through other, already well characterized means

(e.g., Desimone & Duncan, 1995). Thus, target detection should have relatively broad

e�ects on encoding that could include task-irrelevant aspects of the target’s context

(Swallow & Jiang, 2013, 2014), boosting both recollection and familiarity for concurrently

presented items, regardless of their goal-relevance.

This account of the attentional boost e�ect also emphasizes the importance of

examining whether the e�ects of target detection on encoding include task-irrelevant

information about a single event. In the standard version of this paradigm, the background

item is part of the context in which a particular target or distractor appears and it is often

presented multiple times. It may be remembered because it is part of the event or because

participants are directing attention to it. Under intentional encoding instructions,

participants should intentionally process the item in ways that are likely to facilitate later

memory (e.g., processing it in a way that distinguishes the item from other items; Hunt &

McDaniel, 1993). However, when participants are told to ignore the background item as

they perform the detection task, the item becomes a task-irrelevant feature of the context

in which a target or distractor appeared. If target detection facilitates context memory,

then we might also expect to find a benefit for incidentally encoded background items.

However, findings from previous studies have been mixed (e.g, Dewald, Sinnett, & Doumas,

2011, 2013; Swallow & Jiang, 2011, 2014; Walker, Ciraolo, Dewald, & Sinnett, 2017).

1 Following definitions of recollection and familiarity described in Diana, Yonelinas, & Ranganath, 2007 (p.
379) and others (e.g., Yonelinas et al., 2010), processing that does not include information about the
episodic context in which an item occurred should primarily influence familiarity, while processing that
does include contextual information should influence recollection. However, alternative conceptualizations
of recollection exist (see Brainerd, Gomes, & Nakamura, 2015).
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If the e�ects of target detection on context memory reflect the selection of

behaviorally relevant moments, then they may be present after a single presentation.

However, most studies on the attentional boost e�ect that demonstrate context memory

benefits involve multiple presentations of the background images. This raises the question

of whether the e�ects of target detection on context memory are a result of the consistent

pairing of each background item with a target or distractor cue across multiple

presentations. Because participants are sensitive to multiple presentations (Hasher &

Zacks, 1988; Thunell & Thorpe, 2019) they could become aware of the consistent pairing of

the item with the cue and use this as an aid performance in the target detection task.

Alternatively, it is possible that target detection has e�ects that are similar to increasing

the study duration of the items, which increases both recollection and familiarity (Hockley,

1992; Kelley & Wixted, 2001). Interestingly, increasing study duration diminishes the

magnitude of the attentional boost e�ect, suggesting that there may be some overlap in the

benefits resulting from target detection and those resulting from having a longer period of

time to encode items into memory (Mulligan & Spataro, 2015; Spataro et al., 2017). The

nature of those benefits, however, have yet to be defined.

Estimating Recollection and Familiarity with The Receiver Operating

Characteristic

In this study we estimated the contributions of recollection and familiarity to the

recognition of target-paired and distractor-paired items by computing receiver operating

characteristics (ROC’s) and applying the dual-process signal detection (DPSD) model

(Yonelinas, 1994). According to the DPSD model, recognition memory reflects the

combination of a continuous memory strength signal (item familiarity) and a separate,

threshold recollection signal that reflects memory for context. Recollection and familiarity

are derived by fitting the equations described in the DPSD model to ROC’s, which capture

how hit rates (i.e. the proportion of old items correctly identified as "old") and false alarm



TEMPORAL SELECTION AND CONTEXT MEMORY 8

rates (i.e. the proportion of new items incorrectly identified as "old") change as participants

relax their criterion for indicating that an item is old. Though more complex models exist

(e.g., Onyper, Zhang, & Howard, 2010), this study used the simpler DPSD model as it has

been validated and used in a variety of studies on the e�ects of attention on episodic

memory (Chan & McDermott, 2007; Diana, Reder, Arndt, & Park, 2006; Ghetti &

Angelini, 2008). Behavioral and neurophysiological evidence also indicate that recollection

and familiarity can capture di�erences in the activation of separate neural systems during

recognition (Kahn, Davachi, & Wagner, 2004; Rugg & Curran, 2007). Finally, the DPSD

model does not rely on participants’ interpretation of Remember-Know instructions or

their ability to accurately judge whether they recollected an item. It can also estimate

recollection even when participants fail to retrieve a particular feature of the encoding

context (as in noncriterial recollection, Yonelinas et al. 2010).

To summarize, two accounts of the e�ects of attending to targets on episodic memory

make competing predictions about whether the attentional boost e�ect will emerge in

recollection. According to an item-only account of the attentional boost e�ect, attending to

a target in this task enhances only item memory, increasing the feeling of having

encountered the item previously (i.e. familiarity). In contrast, a context account of the

attentional boost e�ect predicts that attending to a target in this task also enhances

memory for other, contextual aspects of the moment in which the target and item occurred

(i.e. recollection and familiarity). It further suggests that any e�ects of target detection on

recollection estimates should be present under incidental encoding conditions (Kishiyama

& Yonelinas, 2003) and when items are presented just one time.

Experiment 1

Estimating the contributions of recollection and familiarity to the attentional boost

e�ect under incidental and intentional encoding conditions could provide additional insight

into the e�ects of target detection on task-irrelevant information. Three outcomes are
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consistent with di�erent accounts of the attentional boost e�ect. First, relative to

intentional encoding, incidental encoding reduces familiarity more than recollection

(Chalfonte, 1996; Hirst & Volpe, 1984; Kishiyama & Yonelinas, 2003). If the e�ects of

target detection on encoding are broad and include context information, then it should

influence processing under both incidental and intentional encoding instructions, and

increase recollection estimates in both cases. However, a target-related boost to familiarity

may be reduced under incidental encoding (Kishiyama & Yonelinas, 2003). An alternative

possibility is that target detection simply allows participants to process the items in a

manner that is similar to encoding under full attention. Because single-task encoding is

associated with greater recollection and familiarity than dual-task encoding (Gardiner &

Parkin, 1990; Mangels, Picton, & Craik, 2001; Yonelinas, 2001), this possibility predicts

that any e�ects of target detection on recollection or familiarity should be reduced when

encoding is incidental rather than intentional. To test whether target detection influences

recollection and familiarity when the item is task irrelevant, we asked participants to

perform a target detection task on colored squares while images of faces were presented in

the background. Half of the participants were instructed to ignore the background faces,

while the other half were instructed to remember them. We then fit the DPSD model to

old/new confidence responses obtained from a recognition memory test, with hit rates

computed separately for target- and distractor-paired items.

Method

Participants. Participants were recruited from the Cornell University community

and received course credit. They had normal or corrected-to-normal vision. Normal color

vision was verified with the Hardy, Rand & Ritler pseudoisochromatic color blindness test

(Richmond Products, Albuquerque, NM, USA). Experimental procedures were reviewed

and approved by Cornell’s Institutional Review Board. All participants provided informed

consent and were debriefed about the purpose of the study upon completion.
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A target sample size of 64 was selected a priori using G*Power 3.1 (Faul, Erdfelder,

Lang, & Buchner, 2007) and estimates of e�ect sizes based on previous studies of temporal

selection in episodic memory encoding (Turker & Swallow, 2018). With – < .05, this

sample size resulted in a power (1 ≠ —) of .8 to detect an e�ect of d >= .25 in a paired

samples t-test. Data from 3 participants whose performance on the detection task did not

reach a priori inclusion criteria (target hit rate > .8 and false alarm rate < .1) were

excluded and replaced, resulting in a final sample of 64 participants (21 male, 43 female,

18-23 years old, age M = 19.27, SD = 1.2).

*FIGURE 1 HERE*

Study Materials. Participants sat unconstrained in normally lit interior room,

approximately 57 cm away from a ViewSonic E70fB 17" CRT monitor (1024◊768 pixels, 75

Hz refresh rate) controlled by a Dell PC and responded on a keyboard. All experiments

were programmed in MATLAB (Mathworks, LLC) using Psychtoolbox 3 (Brainard, 1997;

Pelli, 1997)

A total of 120 faces images (256 pixel height) were randomly selected from the

Bainbridge 10k US Adult Faces Database (Bainbridge, Isola, & Oliva, 2013). Faces were

divided into 20 faces for use during the practice task, 50 old faces that were presented

during the target detection and recognition tasks, and 50 new faces that were presented

only during the recognition task. For each participant, old faces were randomly assigned to

appear with targets or distractors. Because previous work suggests that item-level

variations among the background images such as attractiveness, gender, desirability, and

emotional valence do not influence the attentional boost e�ect (Rossi-Arnaud, Spataro,

Costanzi, Saraulli, & Cestari, 2018; Swallow & Atir, 2018) face attributes were not

controlled. Randomization of the faces across target and distractor conditions resulted in

each face appearing with each square type at least 22 times (M = 32, SD = 3.8, across 64

participants). Face masks were created by dividing the image into 256 equally sized squares
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and shu�ing their locations. Squares for the detection task (colored squares) were drawn in

PsychToolbox 3, and were either blue (RGB [0 0 255]) or orange (RGB [255 127 0]) in color.

Procedure. The experiment was performed in two parts. Participants first

completed the encoding and detection task (Figure 1). Each trial (1000 ms long, 0 ms

inter-trial interval) consisted of a face located at the center of the screen (7.5¶ ◊ 5.5¶ in

size; 500 ms duration), a blue or orange square that appeared at the center of the face

(1.4¶ ◊ 1.4¶ in size; 100 ms duration; face-square onset asynchrony 0 ms), and a mask that

immediately replaced the face at the center of the screen (7.5¶ ◊ 5.5¶ in size; face-mask

inter-stimulus interval 0 ms; 500 ms mask duration). All participants pressed the space bar

as quickly as possible whenever the square was in a predefined target color

(counterbalanced across participants) but not when it was in the other, distractor color.

For each participant, half of the faces were randomly assigned to always appear with a

target colored square, and the other half to appear with a distractor colored square

(encoding condition). Each face-square type pair was presented 8 times, resulting in 400

trials evenly divided among target and distractor squares. All button presses and response

times were recorded.

To examine the interaction of goal-directed attention to the faces and the selection of

behaviorally relevant events, encoding instructions were manipulated across participants.

Half of the participants (N=32) were instructed to memorize all of the faces for a later

memory test (intentional encoding). The other half of the participants (N=32) were told

that their only task was to respond to the target colored squares as quickly as possible, and

to ignore the faces because they could interfere with the detection task (incidental

encoding).

During the second part of the experiment participants performed an old/new

recognition task on the faces. On each trial a single face was presented in the center of the

screen, and participants pressed the "b" key to indicate they believed the face was old or

the "n" key to indicate they believed it was new. Participants then numerically rated their
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confidence in their response on a scale from 1-7 (1 = unsure; 7 = very sure). Participants

were given 10 s to make a response. All 50 old faces (25 target-paired and 25

distractor-paired) and all 50 new faces were presented during the recognition test, for a

total of 100 trials. All button presses and response times were recorded.

Model-Based ROC Analysis. For each participant we computed separate ROC

curves for target-paired and distractor-paired faces. Criterion levels were defined by

combining an old/new response with each of the seven confidence ratings (resulting in 14

criterion levels). Each ROC curve was fit to the DPSD model (Yonelinas, 1994), which

estimates the hit rate for the kth criterion using the following equation:

P (”yes” Æ k | old) = Ro + 1 ≠ Ro ◊ �(Ck, ≠dÕ/2, 1)

Where Ck is the response criterion, Ro is the probability that an item is recollected

and dÕ is the distance between the old and new item distributions in standard deviation

units. The DPSD model estimates false alarm rates using the following equation:

P (”yes” Æ k | new) = �(Ck, dÕ/2, 1)

To avoid overfitting ROC’s, dÕ was constrained with a lower boundary of 0 and an

upper boundary of 3, and Ro was constrained between 0 and 1 (Koen, Barrett, Harlow, &

Yonelinas, 2017). MATLAB’s GlobalSearch function was used in conjunction with custom

scripts to identify model parameters that minimized the Root-Mean Squared Deviation

(RMSD) between the observed and modeled data.

Statistical Analysis. To test the e�ects of square type and instruction condition

on recognition strength and accuracy, we constructed linear mixed e�ects models in R

using the lmer function within the lme4 package (Bates, Mächler, Bolker, & Walker, 2015).

In cases where the dependent variable was binomial, we constructed a generalized linear

mixed e�ects model using the glmer function. All models included random intercepts for

subjects and items and were further characterized using the emmeans package in R
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(Russell, 2018). Including random intercepts for each subject and image allowed us to

account for uncontrolled di�erences among the faces and address the item as a fixed-e�ect

fallacy (Hayes, 1973). Each linear mixed e�ects model was also created in R using the

stan_glm function within the rstanarm package (Goodrich, Gabry, Ali, & Brilleman,

2018). These models provided Bayesian parameter estimates and credible intervals, which

we report in the Supplemental Materials section. All Bayesian model estimates are

consistent with the frequentist statistical results reported here. Because a minimum of 60

responses are necessary to obtain adequately-powered DPSD fits to ROC’s (Yonelinas,

2002), there were not enough trials to perform an item-level analysis on recollection and

familiarity estimates. To test the e�ects of square type and instruction condition on these

estimates, we conducted a repeated-measures Analysis of Variance (ANOVA) with subject

as a random e�ect and nested within-subject factors using R’s aov function.

Results

Detection Task Performance. Hit (button presses within 1s of a target square)

rates, hit response times, and false alarm (button press within 1s of a distractor square)

rates in the detection task are reported in Table 1. Hit rates, hit RT, and false alarm rates

were all similar across encoding conditions, largest t(62) = .31, p = .76, d = 0.24, for hit

rates. The lack of an e�ect of instruction on detection task performance likely reflects

ceiling e�ects.

*TABLE 1 HERE*

Recognition Task Performance. To examine the e�ects of the detection task

and instructions on subsequent face memory accuracy, recognition hit rates and false alarm

rates were calculated (Table 2). Because false alarm rates were marginally greater for the

incidental group than the intentional group, t(62) = 1.8, p = .07, d = 0.45, they were

subtracted from the recognition hit rates to account for numerically di�erent response

biases across instruction conditions. The same false alarm rate was used for the square
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type conditions within each group. This result is reported as Adjusted Hit Rate in Table 2

to facilitate comparisons to prior work (e.g., Mulligan, Spataro, and Picklesimer 2014;

Swallow and Jiang 2014). In order to to examine recognition accuracy at the level of both

item and subject, we created a generalized linear mixed-e�ects model with recognition

accuracy as a binomial dependent variable, and with encoding instruction, item type

(old/new), and their interaction as fixed e�ects. The model revealed a significant main

e�ect of encoding instruction on recognition accuracy, F = 5.8, p = .02, — = .50, 95% CI =

.18 - .72. An interaction of item type and instruction condition indicated that the

reduction in recognition accuracy under incidental encoding was driven by an increased

false alarm rate, F = 7.8, p = .005, — = .34, 95% CI = .10 - .58.

*TABLE 2 HERE*

To determine the influence of square type on recognition accuracy of old items, we ran

another generalized mixed-e�ects model with square type and encoding instruction as fixed

e�ects. The model revealed a main e�ect of square type, F = 156, p < .001, — = 1.1, 95%

CI = .76 - 1.4, but no interaction of square type and instruction condition,

F = 1.6, p = .21, — = .34, 95% CI = .10 - .59. Old items paired with targets rather than

distractors were therefore better remembered in both conditions.

Item- and subject-level analyses were conducted on strength estimates derived from

confidence ratings obtained during recognition. A linear mixed-e�ects model included

strength ratings from individual recognition trials as the dependent variable, and square

type and encoding instruction as fixed e�ects. The results showed a significant main e�ect

of square type, F = 310, p < .001, — = 5.0, 95% CI = 4.5 - 5.5. However no main e�ect of

instruction condition was observed, F = .35, p = .29, — = .68, 95% CI = .19 - 1.2. Finally,

an interaction between encoding instruction and square type was observed,

F = 20.8, p < .001, — = .87, CI = .50 ≠ 1.3, indicating that the target-related strength

advantage was larger under intentional encoding than incidental encoding.

*FIGURE 2 HERE*
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DPSD Estimates. The DPSD model fits to the observed ROC’s are plotted in

Figure 2. The DPSD equation produced excellent fits to both target and distractor-paired

ROC curves (Table 3)2. RMSD did not significantly di�er across square type,

F (1, 62) = 2.08, p = .15, or encoding instructions, F (1, 62) = 0.52, p = .47, ÷2 = .01, square

type x instruction interaction, F (1, 62) = 0.87, p = .35, ÷2 = .02.

Repeated measures ANOVAs were performed on the Ro and dÕ parameter estimates to

test the e�ects of square type and instructions on recollection and familiarity. If attending

to behaviorally relevant targets boosts memory for an item’s context, then recollection

estimates should be greater for target-paired faces than for distractor-paired faces. This

was indeed the case, main e�ect of square type, F (1, 62) = 15.3, p < .001, ÷2 = .20. In

contrast, encoding instructions did not a�ect recollection estimates, main e�ect of

instruction, F (1, 62) = 0.001, p = .98, ÷2 < .001, square type x instruction interaction,

F (1, 62) = 0.04, p = .85, ÷2 < .001. This indicates that the e�ect of target detection on

recollection estimates did not depend on the intention to encode the images.

As with recollection, familiarity estimates were greater for target-paired than

distractor-paired faces, main e�ect of square type, F (1, 62) = 54.5, p < .001, ÷2 = .47.

However, unlike recollection, instructions to memorize rather than ignore the faces

increased familiarity estimates during recognition, main e�ect of instructions,

F (1, 62) = 7.0, p = .01, ÷2 = .10. There was no interaction between square type and

instructions, F (1, 62) < 0.001, p = .999, ÷2 < .001.

These results are consistent with our strength analysis, and are evident in the

qualitative properties of the observed ROC’s (Figure 2). The Y-intercepts of respective

target and distractor-paired ROC’s are roughly the same across encoding instruction

2 The distractor-paired ROC for one participant in the intentional instruction condition produced a poor
fit with the DPSD equation (RMSD = .69). The inclusion of this participant’s data did not influence the
significance of any results reported in the main text, except in the case of the RMSD. RMSD was lower for
target-paired faces than for distractor-paired faces, t(62) = 2.053, p = .044, d = ≠0.311 when this individual
was excluded. This is consistent with previous work demonstrating that the DPSD model provides better
fits to ROC’s that include high confidence, high accuracy responses (Wixted, 2007).
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conditions, while the intentional encoding ROC has a higher degree of curvelinearity across

the negative diagonal axis than that of the incidental encoding condition, indicating

greater contribution of familiarity to recognition (Onyper et al., 2010). An alternative

model of recognition memory, the Unequal Variance Signal Detection model (UVSD; Egan,

1958; Wixted, 2007), proposes that recognition memory is a function of a single, continuous

strength-based decision process. According to the UVSD model, asymmetries in ROC

curves reflect unequal variance in the strength distributions of old and new items, rather

than a threshold like recollection process (Egan, 1958; Wixted, 2007). Greater variance in

the strength of old items (relative to new items) could reflect variability in successful

encoding (Wixted, 2007), attention to the items (DeCarlo, 2002), or intrinsic di�erences in

the memorability items (Pratte, Rouder, & Morey, 2010). If target detection adds memory

strength to concurrently presented items, then the UVSD estimates of old item strength

(dÕ) and old item variability (‡old) should be greater for target-paired items than for

distractor-paired items. UVSD fits to the ROC curves in Figure 2 did produce significantly

larger dÕ estimates for the target-paired items (M = 1.80, SD = .73) than the

distractor-paired items (M = 1.13, SD = .67; t(62) = 5.38, p < .001, d = 1.06). However,

although ‡old estimates were greater for target-paired items (M = 1.49, SD = .58) than

distractor-paired items (M = 1.35, SD = .43), they did not significantly di�er,

t(62) = 1.59, p = .11. This is consistent with prior findings that UVSD ‡old estimates does

not always capture di�erences in strength variability due to encoding manipulations (Koen

& Yonelinas, 2010, 2013; but see Starns, Rotello, & Ratcli�, 2012). Starns et al. (2012)

suggest that di�erences in ‡old will only be observed when there are large di�erences in

memory performance, so it is possible that our manipulation was too weak to produce a

significant e�ect in this parameter.

In summary, Experiment 1 demonstrated that estimates of both recollection and

familiarity are facilitated by target detection, regardless of whether the images were

intentionally encoded. This finding implies that the goal-relevance of the background items
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does not influence the ability to form a contextually rich representation of the scene.

However, as with many previous studies of the attentional boost e�ect, images were

presented multiple times. This leaves open the possibility that subjects are forming

item-cue associations over multiple presentations in order to facilitate target detection. To

determine whether target-related recollection advantages are a result of task-specific

learning, additional studies varying the number and duration of presentations are needed.

Experiment 2a

Our finding that target detection increases estimates of subsequent recollection and

familiarity under both intentional and incidental encoding conditions contrasts with some

existing studies on the attentional boost e�ect while a�rming the findings of others. An

important parameter that varies among these studies is the number of times the items were

presented - once in studies showing no context memory advantage (e.g., Mulligan et al.,

2016; Spataro et al., 2017), and multiple times or for longer durations in studies showing a

context memory advantage (e.g., Leclercq et al., 2014; Meng et al., 2019; Swallow & Atir,

2018; Turker & Swallow, 2018; Experiment 1). This raises two possibilities. One is that the

memory benefit could reflect the predictive relationship between the item and the presence

(or absence) of a target. However, breaking the predictive relationship between items and

detection task stimuli does not eliminate the attentional boost e�ect (e.g., Lin, Pype,

Murray, & Boynton, 2010; Makovski et al., 2011) and items that predict that a target will

appear in 100 ms are remembered about as well as items that predict distractor onset

(Swallow & Jiang, 2011). Another possibility is that the target-related recollection

advantage depends on having adequate opportunity to form a contextual representation of

the event through repeated or prolonged presentations. Additional studies that vary the

number and duration of presentations will help address both of these concerns. In

Experiments 2a and 2b, we manipulated the amount of exposure participants had to each

item-cue pair by varying the number or duration of presentations. Because encoding
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instructions did not influence recollection estimates in Experiment 1, all participants were

instructed to remember the images to counter the potential for floor e�ects in recognition

memory when the items are presented once.

Method

The method for Experiment 2a was identical to that of the Experiment 1 except for

several key changes. First, the number of presentations, rather than being fixed at 8, was

varied across participants. Participants viewed the images either 1, 2, or 8 times.

Additionally, the number of Old Faces and New Faces was increased from 50 to 80 to

produce adequate power across conditions. As in the Intentional Encoding condition in

Experiment 1, participants were instructed to remember all background images presented

during the encoding and detection task. To attain our target sample size of 32 participants

per group, we recruited a total of 104 participants (31 male, 73 female, 18-22 years old, age

M = 19.2, SD =1.1) for the study. Of these participants, 35 viewed the images 1 time, 37

viewed the images 2 times, and the remaining 32 viewed the images 8 times. Presentation

duration of the faces and squares were identical to those in Experiment 1 (500ms face

duration, 100ms square duration). The duration of the mask was shortened to 250ms to

mitigate the increase in the length of the experiment and meet time constraints. Previous

work suggests this di�erence in encoding time does not produce appreciable di�erences in

the attentional boost e�ect in hit rates (Mulligan & Spataro, 2015).

Results

Detection Task Performance. Hit rates, hit response times, and false alarm

rates are reported in Table 1 and were all similar across presentation conditions, largest

F = 1.6, p = .21, d = 0.03, for false alarm rates.

Recognition Task Performance. Table 3 shows the adjusted hit rates in the

recognition task for each experimental condition. As with Experiment 1, adjusted hit rates
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were larger for target-paired items than for distractor-paired items across each presentation

condition (1, 2, and 8).

A generalized linear mixed-e�ects model with recognition accuracy as a binomial

dependent variable, and with number of presentations, item type (old/new), and their

interaction as fixed e�ects revealed a main e�ect of number of presentations,

F = 30, p < .001, — = .68, 95% CI = .53 - .82. An interaction of item type and number of

presentations indicated that an increased false alarm rate was the primary reason for

reduced accuracy with fewer presentations, F = 9.7, p < .001, — = .27, 95% CI = .15 - .40.

With new items removed and square type added as a fixed e�ect, the model revealed a main

e�ect of square type, F = 151, p < .001, — = .60, 95% CI = .51 - .70, and an interaction of

square type and number of presentations, F = 14, p < .001, — = .43, 95% CI = .26 - .60.

These findings indicate that adjusted hit rates were greater for images paired with targets

than distractors, and this di�erence increased with the number of presentations.

A linear mixed-e�ects model with strength ratings from individual recognition trials

as the dependent variable, and with square type, encoding instruction and their interaction

as fixed e�ects demonstrated a significant main e�ect of square type,

F = 221, p < .001, — = 1.3,, 95% CI = 1.1 - 1.5, as well as a main e�ect of number of

presentations, F = 5.8, p = .003, — = .47, 95% CI = -.11 - 1.0, and an interaction between

presentation duration and square type, F = 21, p = .34, — = .95, 95% CI = .65 - 1.3.

*TABLE 3 HERE*

DPSD Estimates. To determine the e�ects of square type and number of

presentations on recollection and familiarity, we fit the DPSD model to ROC curves

derived from recognition responses and confidence ratings. Estimates of Recollection and

familiarity for Experiment 2 are provided in Figure 3. The DPSD model provided excellent

fits to the data (Mean RMSD = .04). RMSDs for each experimental condition are provided

in the Supplemental Materials, and did not di�er across square type or number of

presentations.
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A repeated measures ANOVA with recollection estimates as the dependent variable

revealed main e�ects of square type, F (1, 132) = 23, p < .001, ÷2 = .14, replicating our

findings from Experiment 1. It also revealed a main e�ect of number of presentations

F (2, 132) = 15.2, p < .001, ÷2 = .19. Importantly, an interaction between square type and

number of presentations was observed F (2, 132) = 6.5, p = .002, ÷2 = .07, with the e�ect of

target detection on recollection estimates increasing with number of presentations.

Similarly, in our familiarity estimates we observed a main e�ect of square type,

F (1, 132) = 46, p < .001, ÷2 = .24, main e�ect of number of presentations,

F (2, 132) = 30, p < .001, ÷2 = .31, and square type x number of presentations interaction,

F (2, 132) = 8.6, p < .001, ÷2 = .09. These findings suggest that both target detection and

increasing the number of presentations increase estimates of both recollection and

familiarity. As indicated by the DPSD estimates (Figure 3), there was no target-related

recollection advantage for images that were only presented once, while the target-related

familiarity advantage is observed in all presentation conditions.

These results indicate that increasing the number of presentations resulted in

increased target-related advantages in recognition strength and accuracy measures, as well

as in recollection and familiarity estimates. Importantly, although a familiarity boost was

observed, we did not observe a target-related recollection advantage with one presentation,

t(132) = .98, p = .33. However, it is still possible that one brief presentation does not

provide an adequate opportunity to form a contextual representation of the scene,

particularly because recollection estimates were at floor (Malmberg & Shi�rin, 2005).

Addressing whether the target-related recollection advantage relies on learned item-cue

associations across repeated presentations or simply providing adequate exposure to the

background image requires additional experimentation with images presented once for

varying durations.

*FIGURE 3 HERE*
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Experiment 2b

To test whether the e�ects of target detection on recollection and familiarity increase

with more encoding time, we conducted an experiment in which the presentation duration

was varied within participants. This will address the question of whether the target-related

context memory advantage occurs as a result of multiple pairings or depends on having an

adequate opportunity to form a contextual representation of the scene. If the advantage

depends on having adequate encoding opportunity, then we can expect to see a

target-related recollection advantage with a single presentation at long durations, but not

at short durations.

Method

The method for Experiment 2b was identical to that of the Experiment 2a, but the

number of presentations was fixed at 1 and the presentation duration was varied within

participants. Participants encoded 80 images in 2 blocks. For one of the blocks, the

presentation duration was identical to that of Experiment 1 (500/500 condition; 100ms

square duration, 500 ms image duration, 500ms mask duration). Because recollection

estimates were at floor in Experiment 2a, we increased the mask duration to the value used

in Experiment 1 (500 ms). In the other block, the face and mask presentation duration

were both doubled to 1000ms (1000/1000 condition). The order of long- and short-

duration blocks was counterbalanced between participants, and old faces were randomly

assigned to square type and duration conditions for each participant. Because this

experiment had four within-subject conditions (as opposed to 2 in Experiments 1 and 2a),

the number of hit responses used to compute each subject’s ROC curve was half of those in

Experiment 2a. To account for this power deficit, we increased the target sample size by

50%. We recruited a sample of 45 participants (10 male, 35 female, 18-24 years old, age M

= 20.4, SD = 1.6) to take part in the study.
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Model-Based ROC Analysis

As with Experiments 1 and 2a, we computed ROC-curves from the recognition

responses and confidence ratings provided. However, in addition to computing separate

ROC curves from Target- and Distractor-paired images, for each participant we also

computed separate ROC curves for each duration condition (500/500 and 1000/1000),

resulting in four separate ROC curves calculated using the same false alarm rate.

Results

Detection Task Performance. Hit rates, hit response times, and false alarm

rates are reported in Table 1. Hit rates were high in both conditions, but were significantly

better in the 1000/1000 duration condition, t(44) = 4.9, p < .001, d = .73, reflecting near

perfect detection in that condition for almost all participants. This increase in accuracy

came with a trade-o� in speed, as response times were also longer in the 1000/1000

condition than in the 500/500 condition, t(44) = 6.6, p < .001, d = .98. Distractor false

alarm rates did not di�er between duration conditions, t(44) = .86, p = .39, d = .13.

Recognition Task Performance. Table 4 shows the adjusted hit rates in the

recognition task for each experimental condition. As with Experiments 1 and 2a, adjusted

hit rates were larger for target-paired items than for distractor-paired items across each

duration condition. Because the manipulation of presentation duration occurred within

participants, false alarm rates could not di�er between conditions and new items were

therefore not included in the analysis. A linear mixed-e�ects model revealed a main e�ect

of square type, F = 15, p < .001, — = .27, 95% CI = .13 - .41, but no main e�ect of

duration condition, F = 1.0, p = .31, — = .001, 95% CI = ≠.14 - .14, or interaction between

duration condition and square type, F = .96, p = .33, — = .10, 95% CI = ≠.10 - .29. The

attentional boost e�ect was therefore similar in magnitude with short and long durations.

A linear mixed-e�ects model with strength ratings from individual recognition trials

as the dependent variable, and with square type, duration condition, and their interaction
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as fixed e�ects revealed a significant main e�ect of square type on strength ratings,

F = 17, p < .001, — = .58, 95% CI = .30 - .85, though no main e�ect of presentation

duration was observed, F = .93, p = .34, — = .001, 95% CI = ≠.27 - .27. Additionally, no

interaction of presentation duration and square type was observed,

F = .91, p = .34, — = .19, 95% CI = ≠.20 - .58.

*TABLE 4 HERE*

DPSD Estimates. To determine the e�ects of square type and presentation

duration on recollection and familiarity, we fit the DPSD model to ROC curves derived

from recognition responses and confidence ratings. Estimates of Recollection and

familiarity for Experiment 2 are provided in Figure 3. The DPSD model provided excellent

fits to the data (Mean RMSD = .04). RMSDs for each experimental condition are provided

in the Supplemental Materials, and did not di�er across square type or duration conditions.

A repeated measures ANOVA with recollection estimates as the dependent variable

revealed a significant main e�ect of square type on estimates of recollection,

F (1, 44) = 5.9, p = .02, ÷2 = .13. A small overall increase in recollection estimates with

increases in duration was not significant, main e�ect of duration,

F (2, 44) = .37, p = .54, ÷2 = .01. Nor was the interaction between square type and duration

significant, F (2, 44) = 1.7, p = .20, ÷2 = .037. The ANOVA therefore provides evidence that

recollection estimates are greater for faces paired with a target. However, paired t-tests

indicated that this e�ect was driven by the 1000/1000 condition: while there was no

significant target-related recollection advantage in the 500/500 condition,

t(44) = 0.55, p = .58, d = .08, the target-related recollection advantage was significant for

faces in the 1000/1000 condition, t(44) = 3.8, p < .001, d = .57. As for familiarity

estimates, we observed a marginal main e�ect of square type,

F (1, 44) = 3.2, p = .08, ÷2 = .068, but no main e�ect of presentation duration,

F (1, 44) = .12, p = .73, ÷2 = .052, or interaction e�ects, square type x duration interaction,

F (1, 44) = .044, p = .84, ÷2 = .001. The results therefore suggest that target detection and
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presentation duration did not significantly influence familiarity estimates, while target

detection only increased recollection estimates at longer durations.

In Experiment 2b we found a target-related increase in recollection estimates when

items were presented just one time. Though the interaction was not significant, simple

e�ects tests indicated that this e�ect was present at longer presentation durations but not

at shorter durations. This finding supports the idea that the attentional boost e�ect can

reflect context memory for a single event.

General Discussion

This study examined the e�ects of attending to behaviorally relevant stimuli on

memory for concurrently presented items and their context. It used quantitative models of

recollection and familiarity during recognition to estimate the e�ect of target detection

during encoding on memory for an item and its context. The data replicated four

important findings: (1) recognition accuracy was greater for target-paired items than

distractor-paired items (the attentional boost e�ect); (2) the attentional boost e�ect

occurred for incidentally encoded items; (3) familiarity, but not recollection, was reduced

when the items were encoded incidentally rather than intentionally (Kishiyama &

Yonelinas, 2003); and (4) the attentional boost e�ect is present even when background

items are presented just one time. Most importantly, the memory advantage for

target-paired items was reflected in estimates of both recollection and familiarity. These

e�ects were observed under both incidental and intentional encoding instructions. The

magnitude of these e�ects increased with the number of times each item was presented,

and they were also observed with a single presentation of each item when the presentation

duration was extended. The data supported the view that the attentional boost e�ect

includes memory for an item as well as its context, regardless of the intention to remember

it or the number of times the item is presented, as long as there is su�cient encoding time.

The data from our study help arbitrate between item-only and context accounts by
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providing estimates of the contributions of recollection, which reflects aspects of context

memory, and familiarity, which reflects item memory strength (Diana et al., 2007;

Yonelinas et al., 2010), to the attentional boost e�ect. The current study provides evidence

that recollection, as well as familiarity, contributes more to the recognition of target-paired

items than distractor-paired items. Because recollection does not require the retrieval of all

aspects of the study event, it is possible for recollection to occur when source memory for a

specific feature (or set of features) is poor (as in ’noncriterial recollection’, Yonelinas et al.,

2010). Our data also suggest that the e�ects of target detection on context memory are

present even with encoding conditions that are likely to discourage the use of a unitization

strategy (asking participants to ignore the items, presenting items only once; Diana et al.,

2008). The bulk of the evidence therefore supports the claim that attending to behaviorally

relevant stimuli boosts memory for at least some elements of an item’s context as well as

the item.

Context memory can include multiple aspects of the situation in which an item was

encoded, suggesting that the conflicting data on context memory and the attentional boost

e�ect could be reconciled in two ways. First, some elements of the context in which an

item was encoded may provide a more sensitive measure of context memory if they are

better remembered or easier to retrieve from memory than other contextual elements (e.g.,

location vs. color; Chen & Wyble, 2015; Uncapher, Otten, & Rugg, 2006). Second, it may

be possible that target detection has di�erent e�ects on the encoding of di�erent context

elements, yet still increase recollection. For example, the generation e�ect (e.g., better

memory for words that were generated in response to a cue word, such as when one

produces the antonym to ’good’; Slamecka & Graf, 1978) increases recollection estimates

(Clark, 1995), but has opposite e�ects on memory for cue word’s color (which is impaired)

and location (which is sometimes enhanced; Mulligan, 2004, 2011).

This experiment o�ers additional insight into the mechanism that produces the

attentional boost e�ect by examining the interaction of attention to briefly presented
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targets and goal-directed attention to the background items. Incidental encoding resulted

in a reduction of the estimates of familiarity, but not recollection, replicating Kishiyama

and Yonelinas (2003). This finding also contradicts the suggestion that the attentional

boost e�ect results from greater distinctiveness processing of target-paired items, as

recollection of distinctive items is reduced when they are incidentally, rather than

intentionally encoded (Kishiyama & Yonelinas, 2003; see also Smith & Mulligan, 2018).

The finding that the attentional boost e�ect is present even for items that are incidentally

encoded replicates some earlier reports (Dewald et al., 2013; Swallow & Jiang, 2014), but

not others (Dewald et al., 2011; Swallow & Jiang, 2011), and challenges accounts that

suggest that task-irrelevant information should be inhibited at these moments (Choi, Seitz,

& Watanabe, 2009; Leclercq et al., 2014; Leclercq & Seitz, 2012; Walker et al., 2017). It

may be possible that detecting a target simply mitigates the e�ects of dividing attention

during encoding, since items paired with targets are remembered as well as those that are

encoded under full attention (Spataro, Mulligan, & Rossi-Arnaud, 2013; Swallow & Jiang,

2010). However, the recollection advantage during incidental encoding suggests that target

detection does more than simply allow participants to more fully attend to items they are

attempting to memorize. Therefore, the data support the claim that the critical factor for

producing the memory advantage for target-paired items is detecting the presence of a

stimulus that requires an overt or covert response, not the intention to remember the item

(Swallow & Jiang, 2014).

Results from Experiments 2a and 2b replicate a rich literature showing a memory

advantage with increasing number of item presentations, with comparable benefits to

recollection and familiarity (see Yonelinas, 2002 for review). Our results extend these

findings to show that target-related advantages for recollection and familiarity increase with

the number of presentations. Additionally, although the attentional boost e�ect has been

previously observed with just one presentation (Makovski et al., 2011; Meng et al., 2019;

Mulligan et al., 2016), this study systematically examined whether the context memory
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advantage for target-paired items relies on item-cue associations learned over multiple

presentations. In Experiment 2a we found that with one brief presentation (750 ms per

trial), there is a target-related advantage for familiarity but not recollection. In Experiment

2b extending the trial to 2000 ms resulted in a recollection advantage. The results suggest

that a target related context memory advantage is observed when participants are given

su�cient opportunity to form a contextually rich representation of the scene.

The observation that the attentional boost e�ect for recollection estimates increases

with longer durations appears to contradict earlier reports that the advantage in hit rates

decreases with longer study durations (Mulligan & Spataro, 2015). These and other data

(Malmberg & Nelson, 2003; Spataro et al., 2017) formed the basis of an ‘early phase

encoding’ account of the attentional boost e�ect, which suggested that the benefits of

target detection to encoding occur before more controlled, elaborative processes take place.

The data presented in Experiments 2a and 2b suggest that the e�ects of target detection,

however, may be more complex. In conjunction with Mulligan et al. (2014), Experiment 2b

suggests one initial interpretation: that the enhancement to recollection of target-paired

items reflects elaborative or late stage processes, and that better recognition memory at

shorter durations may primarily reflect an early phase enhancement to familiarity

(observed in Experiments 1 and 2a). While this may provide a straightforward account of

the duration data, it is not easily reconciled with the e�ect of the number of presentations

on both recollection and familiarity, or the incidental memory advantages, when the e�ects

of e�ortful, controlled encoding should be reduced (Russo & Mammarella, 2002; Russo,

Parkin, Taylor, & Wilks, 1998). Instead, the data are consistent with the suggestion that

context representations can take longer than 2 seconds to form and may do so incidentally,

but that a limited amount of information about context is stored with each item

presentation (Malmberg & Shi�rin, 2005; see also Hirshman, Fisher, Henthorn, Arndt, &

Passannante, 2002; Malmberg & Nelson, 2003 for related findings with the word frequency

e�ect). When items are presented multiple times, however, context representations are
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accumulated and context memory should increase. If this is the case, then our findings

suggest that target detection could enhance the formation of context memories by speeding

up the formation of context representations or by increasing the amount of context

information that is acquired during a single presentation (see also Kuhl & Wagner, 2010;

Xue et al., 2010).

Future Research

Because recollection refers to the experience of recalling extra information about the

moment during which an item was encountered, it necessarily includes a variety of

information, including which other items were present (as in relational memory), where the

item was located, which items were encountered earlier, or later, other studied items that

were semantically or perceptually related to the study item. It is possible that the

attentional boost e�ect enhances memory for some aspects of an item’s context (e.g.,

relational memory, Swallow and Atir 2018; Turker and Swallow 2018), but not others (e.g.,

inter-item associations, Mulligan et al. 2016; Spataro et al. 2017). Focused studies

exploring many of these features are necessary for clarifying which aspects of context

memory are enhanced.

Additional studies are needed to examine other di�erences in the tasks that show a

boost to context memory, and those that do not, such as the nature of the materials that

were encoded. The use of di�erent types of materials, words or images, across studies may

have promoted di�erent encoding strategies (Bernstein, Beig, Siegenthaler, & Grady, 2002;

Grady, McIntosh, Rajah, & Craik, 1998; Walker et al., 2017). Though our data show that

target detection enhances context memory for faces when given su�cient time, it is not

clear whether the e�ects of encoding instructions, item repetition, and duration are the

same with other types of materials. Future research should characterize how recollection

and familiarity for words change with longer, or spaced, presentations and when the words

are incidentally encoded.
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Conclusions

The attentional boost e�ect reflects enhanced memory for items and at least some

aspects of their context. This memory advantage occurs even when items are incidentally

encoded, suggesting that the e�ects do not depend on goal-directed attention to the items.

Additionally, these e�ects are present when items are only presented once, given su�cient

encoding time. These results could reflect a selection mechanism that enhances the

encoding of multiple aspects of events in which behaviorally relevant stimuli, such as

targets in a detection task, appear. Such a mechanism could produce immediate benefits to

planning and goal-directed activity in everyday contexts and has implications for

understanding how multiple cognitive systems interact to produce adaptive behaviors in

complex, dynamic environments.
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Exp 1 Exp 2a Exp 2b
Intentional Incidental 1 pres 2 pres 8 pres 500/500ms 1000/1000ms

Target HR .95(.04) .96(.04) .95(.05) .95(.05) .94(.04) .96(.05) 1.00(.01)
Target RT (ms) 334(27) 332(25) 348(26) 340(28) 344(20) 345(28) 383(48)
Distractor FAR .03(.03) .04(.04) .03(.03) .04(.03) .04(.02) .03(.04) .02(.04)

Table 1. Mean and standard deviation of the hit rate (Target HR), hit response time, in
milliseconds (Target RT), and false alarm rate (distractor FAR) during the detection task
under intentional and incidental instructions.
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Intentional Encoding Incidental Encoding
Measure Target Distractor Target Distractor

HR .72(.13) .52(.15) .68(.19) .52(.16)
FAR .15(.09) .15(.09) .21(.16) .21(.16)

Adj. HR .57(.15) .37(.17) .47(.20) .30(.16)
Strength 10.4(1.3) 8.3(1.4) 9.7(2.0) 8.1(1.6)

Table 2 Experiment 1 mean and standard deviation of the hit rate (HR), false alarm rate
(FAR), adjusted hit rate (Adj. HR), and item strength derived from confidence ratings for
each square type and encoding instruction condition.
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1 presentaton 2 presentatons 8 presentatons
Measure Target Distractor Target Distractor Target Distractor

HR .47(15) .38(.13) .52(.18) .42(.16) .65(.21) .45(.20)
FAR .32(.13) .32(.13) .25(.13) .25(.13) .17(.09) .17(.09)

Adj. HR .15(.12) .07(.11) .26(.13) .17(.12) .48(.23) .29(.20)
Strength 7.7(1.1) 6.9(1.0) 8.1(1.8) 7.1(1.7) 9.6(2.3) 7.6(2.0)

Table 3. Experiment 2a mean and standard deviation of the hit rate (HR), false alarm
rate (FAR), adjusted hit rate (Adj. HR), and item strength derived from confidence ratings
for each square type with 1, 2, and 8 encoding presentations.



TEMPORAL SELECTION AND CONTEXT MEMORY 42

500/500ms 1000/1000ms
Measure Target Distractor Target Distractor

HR .50(.14) .46(.16) .53(.18) .46(.16)
FAR .30(.11) .30(.11) .30(.11) .30(.11)

Adj. HR .21(.15) .16(.14) .24(.18) .16(.17)
Strength 8.0(1.3) 7.6(1.6) 8.3(1.6) 7.6(1.6)

Table 4. Experiment 2b mean and standard deviation of the hit rate (HR), false alarm
rate (FAR), adjusted hit rate (Adj. HR), and item strength derived from confidence ratings
for each square type and duration.
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Distractor Target

100 ms 100 ms400 ms 500 ms 400 ms 500 ms

Figure 1. Items presented during the encoding period. Participants were instructed to
press the space bar on a keyboard when they saw a square in the target color (either blue
or orange), and to withhold responses for distractor squares (either blue or orange
depending on target color). Half the participants were instructed to remember the faces
presented in the background, and the other half were instructed to ignore the background
faces and focus on the target search task.
3From Bainbridge et al. (2013). Attributions from left to right (creator; filename; URL; license type; modification): (1)
682px-Model-Dominika-Pstrosova.jpg; http://commons.wikimedia.org/wiki/File:Model-Dominika-Pstrosova.jpg; Kike San Martin; December 18
2009; (2) 73px-Dustin-Lance-Black-at-Bryant-Park.jpg; http://en.wikipedia.org/wiki/File:Dustin-Lance-Black-at-Bryant-Park.JPG; Geoking66;
June 20 2009
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Figure 2. Observed (solid) and DPSD-predicted (dashed) ROC’s for target-paired old faces
(black) and distractor-paired old faces (gray), under intentional (left) and incidental (right)
encoding instructions. Error bars and ellipses are 1 standard error of the mean.
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Figure 3. DPSD recollection and familiarity estimates for Experiment 2a and 2b.
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Intentional Encoding Incidental Encoding
Measure Target Distractor Target Distractor

Ro .27(.24) .16(.15) .26(.23) .17(.15)
dÕ 1.35(.56) .92(.48) 1.03(.60) .65(.44)

RMSD .036(.018) .061(.117) .038(.015) .044(.059)

Table 1b Experiment 1 Mean and standard deviation of DPSD parameter estimates, Ro

and dÕ, model fits, and item strength derived from confidence ratings and old/new responses
for target-paired and distractor paired faces under intentional and incidental encoding
instructions.
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1 presentaton 2 presentatons 8 presentatons
Measure Target Distractor Target Distractor Target Distractor

Ro .03(.04) .03(.05) .12(.10) .06(.08) .25(.22) .14(.14)
dÕ .37(.26) .18(.21) .56(.31) .37(.25) 1.16(.67) .67(.47)

RMSD .04(.02) .04(.02) .04(.02) .04(.01) .03(.02) .03(.02)

Table 2b. Experiment 2a mean and standard deviation of DPSD parameter estimates, Ro

and dÕ, model fits, and strength ratings derived from confidence ratings and old/new
responses for target-paired and distractor paired faces for 1, 2, and 8 encoding
presentations.
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500/500ms 1000/1000ms
Measure Target Distractor Target Distractor

Ro .11(.11) .10(.11) .14(.15) .09(.15)
dÕ .43(.42) .34(.39) .44(.36) .37(.36)

RMSD .06(.04) .06(.04) .05(.03) .06(.03)

Table 3b Experiment 2b mean and standard deviation of DPSD parameter estimates, Ro

and dÕ, model fits, and item strength derived from confidence ratings and old/new responses
for target-paired and distractor paired faces for 500 and 1000ms encoding duration.
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A. Parameter R̂ n mean sd 2.5% 50% 97.5%
Old/New 1.0 2204 -1.1 0.2 -1.4 -1.1 -0.8
Instruction 1.0 3189 0.4 0.1 0.2 0.5 0.7
Old/New:Instruction 1.0 4000 -0.3 0.1 -0.6 -0.3 -0.1

B. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 1264 0.1 0.1 -0.2 0.1 0.4
Square Type 1.0 4000 0.8 0.1 0.6 0.8 1.0
Square Type:Instruction 1.0 4000 0.2 0.2 -0.1 0.2 0.5

C. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 2257 1.5 0.1 1.2 1.5 1.8
Square Type 1.0 2212 -1.1 0.2 -1.4 -1.1 -0.8
Instruction 1.0 3082 0.5 0.1 0.2 0.5 0.7
Square Type:Instruction 1.0 4000 -0.3 0.1 -0.6 -0.3 -0.1

Table 4b. Experiment 1 Bayesian estimates and credible intervals. A) Generalized linear
mixed-e�ects model of accuracy with new items included. B) Generalized linear
mixed-e�ects model of accuracy with new items removed. C) Linear mixed e�ects model of
item strength.
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A. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 1656 1.3 0.1 1.1 1.3 1.4
Old/New 1.0 1365 -1.4 0.1 -1.6 -1.4 -1.2
N. Presentations 1.0 2465 0.7 0.1 0.5 0.7 0.8
Old/New:N. Presentations 1.0 4000 -0.3 0.1 -0.4 -0.3 -0.1

B. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 894 -0.4 0.1 -0.6 -0.4 -0.2
Square Type 1.0 4000 0.6 0.1 0.5 0.6 0.7
Square Type: N. Presentations 1.0 4000 0.4 0.1 0.3 0.4 0.6

C. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 894 -0.4 0.1 -0.6 -0.4 -0.2
Square Type 1.0 4000 0.6 0.1 0.5 0.6 0.7
N. Presentations 1.0 1011 0.2 0.1 -0.1 0.2 0.5
Square Type:N. Presentations 1.0 4000 0.4 0.1 0.3 0.4 0.6

Table 5b. Experiment 2a Bayesian estimates and credible intervals. A) Generalized linear
mixed-e�ects model of accuracy with new items included. B) Generalized linear
mixed-e�ects model of accuracy with new items removed. C) Linear mixed e�ects model of
item strength.
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A. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 2400 0.8 0.1 0.6 0.8 1.1
Square Type 1.0 2420 1.0 0.2 0.7 1.0 1.3
Duration 1.0 3384 0.2 0.1 -0.1 0.2 0.4
Square Type:Duration 1.0 4000 0.1 0.2 -0.2 0.1 0.5

B. Parameter R̂ n mean sd 2.5% 50% 97.5%
(Intercept) 1.0 954 5.7 0.3 5.1 5.6 6.2
Square Type 1.0 1839 1.9 0.3 1.3 1.9 2.4
Duration 1.0 3153 0.4 0.3 -0.2 0.4 0.9
Square Type:Duration 1.0 4000 -0.4 0.4 -1.1 -0.4 0.4

Table 6b. Experiment 2b Bayesian estimates and credible intervals. A) Generalized linear
mixed-e�ects model of accuracy with new items removed. B) Linear mixed e�ects model of
item strength.
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Figure 1. Experiment 2a: Observed (solid) and DPSD-predicted (dashed) ROC’s for
target-paired old faces (blue) and distractor-paired old faces (red), with 1, 2, and 8
encoding presentations. Error ellipses are 1 standard error of the mean.
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Figure 2. Experiment 2b: Observed (solid) and DPSD-predicted (dashed) ROC’s for
target-paired old faces (blue) and distractor-paired old faces (red), under 500/500ms (left)
and 1000/1000ms (right) encoding duration. Error ellipses are 1 standard error of the
mean.


