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Often an intended action must be postponed until the right 
opportunity to perform it, such as when you defer the inten-
tion to get groceries (that you formed in the morning after 
seeing your near-empty refrigerator) until you come home 
from work. Because the intention cannot be immediately 
executed, memory becomes a major factor determining 
whether or not the intention is successfully completed. 
Remembering to perform an intention is referred to as  
prospective memory (PM), and differs from retrospective 
memory primarily in respect to the degree of self-initiated 
retrieval (Craik, 1986). Specifically, PM requires a large 
degree of internal self-initiation (i.e., in PM tasks, typically 
no one explicitly reminds you to get groceries at the appro-
priate time), to remember to perform the intended action.

One critical question concerning PM is how people suc-
cessfully initiate retrieval of the intention at the appropri-
ate time or when the appropriate event occurs (e.g., when 
you must turn for the grocery store on the way home from 
work). Typically, PM is studied using a laboratory para-
digm in which participants are given a simple ongoing task 
(such as a lexical decision task (LDT)), but are addition-
ally asked to press a key in the presence of a particular 

target item (e.g., press the Q key if the stimulus contains 
the syllable tor). Participants continually make ongoing 
task decisions, and must remember to perform the PM 
response when the appropriate PM target (such as tortoise) 
appears. As detailed below, much of the research on PM 
has favoured a multiprocess view of how participants per-
form such a task, with people engaging at least two differ-
ent kinds of processes to successfully remember their 
intentions: monitoring and spontaneous retrieval (McDaniel 
& Einstein, 2000, 2007). Specifically, multiprocess theory 
claims that certain conditions require monitoring for suc-
cessful PM; participants must engage in target-searching 
behaviour, keep their intentions active in working mem-
ory, or both. In addition, spontaneous retrieval processes 
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can reliably deliver the intention to mind in the absence of 
monitoring, given that the critical PM information from 
the target item overlaps with the information required for 
the ongoing task (however, see Smith, 2003, for a view 
that suggests monitoring is the single process underlying 
successful PM). We develop this idea more fully after 
highlighting an alternative view.

More recently, an alternative account of how people 
successfully retrieve PM intentions has been proposed. 
Termed delay theory (Heathcote, Loft, & Remington, 
2015; Loft & Remington, 2013), this view suggests that 
participants intentionally delay responding to the ongo-
ing task to allow more time for PM-related information to 
accrue. In this view, when a PM task is added to an ongo-
ing task, information accrues simultaneously for both the 
ongoing task and the PM task, with a response supported 
when the accumulating information reaches a threshold 
that participants have set. If ongoing task information 
reaches that threshold more quickly than PM task infor-
mation, then the participant will respond to the ongoing 
task trial and move on to the next trial. Accordingly, 
delay theory assumes that in order to perform the PM 
task, participants systematically delay their responding to 
the ongoing task to allow PM-related information to 
accumulate. The level of PM performance then is deter-
mined by participants’ ability to adjust the degree of their 
delay (based on the demands of the ongoing task and the 
information accumulation dynamics of the PM task). If 
the delay is sufficient, then PM information will have the 
opportunity to accrue, and the target should be noticed; if 
the delay is not sufficient, then PM performance should 
be impaired.

Much of the evidence for delay theory comes from the 
mathematical modelling of accuracy and response times 
using accumulator models. Accumulator models are typi-
cally interpreted in terms of three major parameters: deci-
sion threshold (a), drift-rate (v), and non-decision time 
(t0). The decision threshold reflects the information crite-
rion one sets for making a decision. Higher values indicate 
that more information is required to make a response, and 
result in slower but more accurate responding. Drift-rate 
reflects the speed at which information accumulates, with 
higher drift-rate values indicating faster extraction of 
information. High drift-rates typically result in fast and 
accurate responding (Ratcliff & Rouder, 1998). Non-
decision time reflects the processes that both precede and 
succeed the decision (e.g., extraction of features and 
response execution). Greater values indicate more time 
devoted to non-decision processes. Notably, Heathcote 
et al. (2015) modelled the decision-making processes 
involved in an LDT both with a PM task and without, and 
found that the decision threshold parameter. That is, 
according to the model parameter was larger with a PM 
task, participants were slowing down their lexical deci-
sions (on trial blocks in which the PM task was present) 

because they had set a more stringent criterion for respond-
ing to the LDT.

Although theoretically distinct, to date there has been 
little empirical work that has explicitly considered both the 
multiprocess theory and the delay theory within the same 
experimental study. In this article, we report an experiment 
designed to inform interpretations of PM from both the 
multiprocess and delay views.

The focus of our experiment rests on an established dis-
tinction between PM tasks in which the PM cue is focal and 
those in which the PM cue is nonfocal (Einstein & 
McDaniel, 2005). Focal PM targets are those for which 
there is high overlap between the processes required for the 
ongoing task and the processes required to notice the PM 
target. For example, with an ongoing LDT, a focal target 
would be to press a key in the presence of a particular word 
(e.g., rake). In this case, the processing required for lexical 
decision (determining whether the stimulus is a word or 
not) directly serves the processes necessary to recognise if 
it is a particular word (i.e., the PM target). Nonfocal targets 
are those for which there is little overlap between the ongo-
ing task processes and the processing dimension relevant to 
the PM target. For example, in the presence of an ongoing 
LDT, a nonfocal PM task would be remembering to press a 
key in the presence of a particular colour (e.g., turquoise); 
this is nonfocal because determining whether a stimulus  
is a word does not require processing colour (see Einstein 
& McDaniel, 2005, for amplification of the distinction 
between nonfocal and focal PM targets).

Typically, two key behavioural patterns are observed 
for nonfocal relative to focal PM tasks. First, PM perfor-
mance is worse with nonfocal than focal cues (Mullet 
et al., 2013; Scullin, McDaniel, Shelton, & Lee, 2010; 
Uttl, 2011). Second, when participants perform the ongo-
ing task in the presence of a nonfocal PM task (termed an 
active block of trials), they are usually slower to respond to 
the ongoing task than when they perform the ongoing task 
alone (termed a control block of trials) (Einstein & 
McDaniel, 2010; Einstein et al., 2005; Jäger & Kliegel, 
2008; Smith, 2003; Smith & Bayen, 2004; Smith, Hunt, 
McVay, & McConnell, 2007). By contrast, this PM-related 
slowing (termed task interference; Marsh, Hicks, Cook, 
Hansen, & Pallos, 2003) is not always present with a focal 
task (e.g., see Einstein et al., 2005; Harrison, Mullet, 
Whiffen, Ousterhout, & Einstein, 2014; Mullet et al., 
2013; Scullin, McDaniel, Shelton, & Lee, 2010).

Multiprocess theorists have interpreted findings of 
high PM accuracy in the absence of task interference 
with focal cues as evidence for a spontaneous retrieval 
process (Einstein et al., 2005). That is, PM retrieval in 
the absence of task interference appears to implicate the 
existence of a reflexive, relatively automatic, process 
that is often conceptualised as the intention, “popping 
into mind” (Anderson, McDaniel, & Einstein, 2017; 
McDaniel & Einstein, 2000, 2007; Scullin, McDaniel, & 
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Einstein, 2010; Scullin, McDaniel, Shelton, & Lee, 
2010). The multiprocess view also embraces the claim 
outlined earlier that strategic monitoring is required for 
nonfocal PM, which underlies the task interference typi-
cally observed in nonfocal PM tasks. The multiprocess 
view suggests that focal PM typically produces superior 
performance to nonfocal PM because the monitoring 
processes required for nonfocal PM are resource-
demanding and difficult to sustain.

By contrast, the delay theory assumes a single process 
supporting prospective remembering: namely, that there 
are independent accumulation processes for the ongoing 
task and the PM task, and that they accumulate in parallel. 
If the PM-relevant information does not reach threshold 
before a response is executed, then it is unlikely the inten-
tion will be performed. In a typical nonfocal PM task, for 
example, PM information presumably accumulates at a 
slower rate than ongoing task information (Loft & 
Remington, 2013). The idea is that given enough time, par-
ticipants will recognise that the trial is a PM target (e.g., the 
“tor” in tortoise); but without slowing, however, they will 
miss the target. Accordingly, from the perspective of delay 
theory, people decide to slow down so as not to miss the 
PM target. Regarding focal tasks, by contrast, delay theory 
contends that PM accuracy is high in the face of reduced 
(and often absent) task interference because PM-related 
information accumulation is faster than ongoing task infor-
mation. That is, for focal tasks participants decide not to 
slow down their ongoing task responses (reduced or absent 
task interference), presumably because they are attuned to 
the relative information accumulation rates of the ongoing 
and PM tasks. As Loft and Remington (2013) state,

The simplest interpretation of these data [that focal PM 
requires less delay than nonfocal PM] is that the speed at 
which evidence accrues for focal PM task response selection 
(relative to ongoing task response selection) is faster than the 
speed at which evidence accrues for nonfocal PM task 
response selection. (p. 1444; brackets added)

To date, one behavioural study designed to inform delay 
theory has been reported (Loft & Remington, 2013), using 
experiments that focused on performance in focal and non-
focal PM. Participants were forced to withhold their 
responding to the ongoing activity over varying delays 
(0-1,600 ms) in the context of either a focal or a nonfocal 
PM task. Consistent with delay theory, when the required 
delay increased, PM performance increased substantially. 
Also, as anticipated by delay theory, the advantage of focal 
PM relative to nonfocal PM (in terms of PM accuracy) sig-
nificantly interacted with the length of the imposed delay, 
such that at the longest delays nonfocal PM was as good as 
focal PM performance. Across three experiments, focal PM 
accuracy was high, and approached ceiling after delays of 
400 ms or more. Nonfocal PM, by contrast, was quite low 

when there was no delay (with a proportion correct of 
approximately .6) but achieved comparable performance to 
focal PM after 600 ms in Experiments 1 and 2 and 1,600 ms 
in Experiment 3.

Importantly, however, these findings are open to alterna-
tive interpretations. Notably, during the imposed delay par-
ticipants could be engaging in monitoring after covertly 
making their ongoing task decision, and the delay could have 
encouraged monitoring. With sufficiently long imposed 
delays, monitoring could be appropriately engaged to sup-
port high levels of nonfocal PM. In short, it is unclear 
whether the delay gave participants enough time to accumu-
late PM-relevant information or whether it gave them a con-
venient time to monitor for the nonfocal PM target item.

The experimental approach

In the present experiment, we adopted a different approach 
to encourage participants to differentially delay their ongo-
ing task responding. Rather than force an experimenter-
imposed delay, we sought to create conditions that either 
would or would not encourage a delay naturally, with the 
expectation that PM accuracy should increase as delays 
become longer. Specifically, we first verified in a manipu-
lation-check experiment reported below that colour infor-
mation was quicker to accumulate than lexical information. 
We then created two critical conditions, one focal and the 
other nonfocal, which should be similar to each other in 
terms of the PM information accumulation rate, but differ-
ent in terms of their ongoing task accumulation. In the 
nonfocal faster condition, participants performed a lexical 
decision ongoing task with an embedded colour PM task 
(to press the Q key to a string of letters presented in tur-
quoise). In the focal condition, participants performed a 
warmth judgement ongoing task (determining whether or 
not a string of letters is presented in a warm or cool colour) 
with the same colour PM task.

Our theoretical reasoning was as follows (see Figure 1). 
In these two conditions, the nonfocal faster and focal PM 
tasks were identical; accordingly, from the delay theory per-
spective the PM information should accumulate at very 
similar (if not identical) rates for both the conditions. The 
difference between the two conditions, and one that is criti-
cal from the delay theory, is that the nonfocal faster condi-
tion incorporated an ongoing task (lexical decision) that 
should take significantly longer to adequately accumulate 
information than does the task in the focal condition (warmth 
judgement). That is, as confirmed in our preliminary study 
(reported below) the nonfocal faster condition required 
slower ongoing task response times (i.e., a longer delay) 
than required for the focal condition. Thus, we created 
experimental conditions for which the information accumu-
lation rate for the PM task was more favourable for a nonfo-
cal condition than for a focal condition. Accordingly, on the 
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delay theory view, as presented here, one might expect that 
the nonfocal faster condition should evidence PM accuracy 
as good or better than that observed in the focal condition.

Alternatively, the multiprocess theory predicts that the 
focal PM task will produce significantly higher PM accu-
racy than the nonfocal faster PM task. This is because, 
according to multiprocess theory, the critical factor influ-
encing PM accuracy is the overlap between ongoing task 
processing and PM task processing. Therefore, the nonfo-
cal faster condition is no different from any other nonfocal 
PM task; extracting semantic information to make lexical 
decisions does not direct attention towards colour informa-
tion (i.e., PM information), so monitoring is necessary in 
order to notice the PM target. In the focal condition, by 
contrast, ongoing task warmth judgements (based on col-
our) facilitate the noticing of colour PM targets. Monitoring 
is therefore unnecessary, and focal PM performance should 
be higher than nonfocal PM performance.

As a check that our procedures, methods, and partici-
pants supported the typical findings reported for nonfocal 
and focal PM tasks, we included another nonfocal PM task 
(we label this the nonfocal slower condition). In this con-
dition, participants performed the warmth judgement 
ongoing task with a syllable detection PM task (to press 
the Q key to a string of letters containing the syllable tor). 
This nonfocal condition is typical in that both the delay 
and the multiprocess views predict task interference and 
potentially impaired PM performance (if delay or monitor-
ing behaviour is insufficient). From a delay perspective, 
PM information accumulates more slowly than ongoing 
task information, and participants must therefore delay 
responding or the PM targets will be missed. From a mul-
tiprocess perspective, the PM task is nonfocal to the ongo-
ing task, and participants must monitor in order to notice 
PM targets. Nonfocal tasks with these characteristics are 
dominantly represented in the literature.

To recapitulate, the present experiment was conducted to 
examine the fruitfulness of the multiprocess and delay theory 
approaches towards understanding PM performance in focal 
versus nonfocal PM. According to the extant description of 
the delay theory of PM (Loft & Remington, 2013), given 
identical PM tasks (and thus very similar accumulation rates 
in the focal and nonfocal faster PM conditions) the condition 
that shows the greatest delay in responding to the ongoing 
task, as measured by response times, should have the highest 
PM accuracy (see Loft & Remington, for a similar develop-
ment of this logic). Importantly, in an independent sample of 
participants we showed that colour information is accumu-
lated faster than lexical information (by applying diffusion 
modelling to response time and accuracy data from the col-
our/warmth and LDTs; see section “Verifying differential 
accumulation rates” below). Accordingly, we expected that 
the nonfocal faster condition (lexical decision ongoing task) 
would show a greater delay in responding (longer response 
times) than the focal condition (colour/warmth judgement 
task). Thus, reasoning from delay theory, it appears that the 
nonfocal faster condition would support comparable (or 
higher) PM accuracy levels to those observed in the focal 
condition. Alternatively, the multiprocess theory predicts 
that a focal PM task will produce higher levels of perfor-
mance than a nonfocal PM task in this standard PM para-
digm (cf. Loft & Remington), and critically this pattern 
should hold even for the nonfocal faster PM task.

Method

Participants and design

Young adult participants (N = 91) were students from 
Washington University in St. Louis, who received course 
credit for participating. Our sample was 75% female with 
an average age of 19.97 (SD = 1.30). The design was a 2 × 3 

Figure 1. Shows the predictions made by delay theory, given the two critical conditions, focal and nonfocal faster. For the ongoing 
task (left panel), the focal condition (warmth judgement task) accumulates information more quickly than the nonfocal faster 
condition (lexical decision task), resulting in faster responding (v indicates the drift-rate values obtained in our manipulation-check 
experiment). For the PM task (right panel), both conditions have the same PM task and should thus have relatively equivalent PM 
information accumulation. Therefore, from the perspective of delay theory, PM information in the nonfocal faster condition should 
win the race to threshold (against the ongoing task) more reliably than in the focal condition.



Anderson and McDaniel 5

mixed factorial that examined the within-subjects variable 
of block type (control, active) and the between-subjects 
variable of PM condition (nonfocal faster, nonfocal slower, 
focal). Whether the control or active block occurred first 
was counterbalanced. Both the nonfocal faster and the non-
focal slower conditions contained 31 participants each, and 
the focal condition contained 29. We initially sought to 
attain 30 participants per condition, basing our sample size 
on the ability to detect a within–between interaction in the 
factorial described above. Assuming a medium-sized effect, 
and accounting for the within-subject correlation obtained 
in a prior study (r = .60; Anderson, Rummel, & McDaniel, 
2018), we achieved .99 power to detect this interaction.

Procedure

Participants came to the lab knowing they could be asked to 
distinguish between words and nonwords or warm and cool 
colours, perform a PM task, and complete measures of 
working memory capacity (to avoid deception, in accord-
ance with the Institutional Review Board). During the con-
trol block, participants either received instructions to 
perform the warmth judgement task (nonfocal slower and 
focal conditions) or the LDT (nonfocal faster condition). 
During the warmth judgement task, participants were asked 
to press the “<” key if they thought the stimulus was pre-
sented in a warm colour (red, orange, yellow) and the “>” 
key if they thought it was presented in a cool colour (green, 
blue, purple). They were told to ignore the content of the 
letter strings and to focus solely on colour. During the LDT, 
participants were asked to press the “<” key if they thought 
the stimulus formed a word, and to press the “>” key if they 
thought it did not form a word. They were told to ignore the 
colours and focus solely on the content of the letter strings. 
They then had the opportunity to practice this task (30 trials) 
and ask questions. Following the practice, participants com-
pleted a computerised backwards digit span task, selecting 
the presented numbers in reverse order and submitting their 
response using the mouse. Number strings ranged from 4 to 
9 items. They were provided accuracy feedback on the 
backwards digit span after each of the 10 trials.

Control block. Following the backwards digit span task, 
participants proceeded to the control block (or active 
block, counterbalanced). Participants made word/nonword 
or warm/cool judgements for 216 randomised trials, which 
consisted of 54 high-frequency words, 54 low-frequency 
words, and 108 nonwords. The stimuli were presented on 
a light grey background and in one of six colours previ-
ously mentioned. Trials were divided evenly between the 
six colours (36) and randomly assigned. The stimuli were 
preceded by a 500 ms fixation cross, and were presented in 
24 pt. Arial Narrow font.

Active block. The active block was identical in all technical 
aspects to the control block. The only difference was the 

inclusion of a PM task, which differed depending on condi-
tion. Regardless of condition, PM targets occurred on 9 of 
the original 216 trials. Targets were randomly selected and 
occurred on trials 12, 39, 56, 85, 123, 130, 159, 190, and 
209. Participants were asked to repeat both ongoing task 
and PM task instructions back to the researcher. After 
repeating these instructions, they then performed the back-
wards digit span before continuing with the active block.

In the nonfocal faster condition, participants were asked 
to complete a lexical decision ongoing task with an embed-
ded colour PM task. Specifically, they were asked to try to 
remember to press the Q key if one of the words or non-
words was presented in the colour turquoise. In the nonfo-
cal slower condition, participants were asked to complete a 
warmth judgement ongoing task with an embedded letter-
string PM task. For the PM task, participants were asked to 
press the Q key if they saw a word or nonword containing 
the letters tor (those three letters adjacent to one another 
anywhere in the word or nonword). Three PM targets were 
high-frequency words (history, story, senator), three were 
low-frequency words (tutorial, ancestor, tortoise), and three 
were nonwords (torpun, cintor, extoruar). In the focal con-
dition, participants were asked to complete a warmth judge-
ment ongoing task with a colour PM task (i.e., press Q key 
to the colour turquoise).

Following the active block, participants completed one 
block of trials in a shortened version of the operation span 
task (Foster et al., 2015). The entire experiment lasted 
approximately 45 min.

Materials

Stimuli were selected using the Balota et al. (2007) norms, 
and divided randomly into two lists (A, B) of 216 items. 
All items were between 4 and 8 characters in length 
(M = 6.33). High-frequency words (108) had an average 
Log_Freq_HAL of 10.32 and a mean LDT accuracy of .98. 
Low-frequency words (108) had an average Log_Freq_
HAL of 5.06 and a mean LDT accuracy of .74. Nonwords 
(216) had a mean LDT accuracy of .80. PM targets were 
borrowed from Heathcote et al. (2015).

Results

Verifying differential accumulation rates

A critical assumption, given our design, is that the different 
types of processing (ongoing tasks) should result in different 
information accumulation rates. Therefore, we recruited 38 
participants from Washington University in St. Louis to 
complete both a warmth judgement task and an LDT (within-
subjects). Instructions and stimuli were identical to those 
given in the control blocks of the main experiment. All par-
ticipants completed both the tasks, with counterbalancing 
order assigned randomly. We found that the warmth judge-
ments (M = 505 ms, SE = 10.65) were made significantly 
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faster than the lexical decisions (M = 686 ms, SE = 16.87), 
t(37) = 12.94, p < .001, Cohen’s d = 2.08.

To verify that this difference in response times reflects 
differential information accumulation rates, we fit the 
Ratcliff diffusion model to these data to examine the drift-
rates. We fit the full model with seven parameters to the 
ongoing task response times and accuracy data using the 
fast-dm-30 software (Voss, Voss, & Lerche, 2015). 
Response time data were trimmed separately for the 
warmth judgement task and LDT, eliminating trials greater 
than 2.5 SD above the mean for each task, as well as elimi-
nating any trials faster than 300 ms. These trimming proce-
dures resulted in the exclusion of 4% of all trials. Following 
Heathcote et al. (2015), we associated the upper threshold 
with correct responses and the lower threshold with incor-
rect responses. We estimated model versions with different 
restrictions using maximum likelihood optimisation, and 
relied on the Bayesian information criterion to identify the 
best-fitting model. For model selection, we started with a 
simple baseline model, letting only 4 parameters be esti-
mated for the warmth judgement task and LDT separately 
(a, v, t0, and st0). For each successive model, we increased 

complexity incrementally by reducing the number of fixed 
parameters (see Table 1). Using the best-fitting model 
(which was the simple model, as shown in Table 1), we 
found that the warmth judgement task had a significantly 
higher drift-rate (information accumulation rate) than the 
LDT, t(37) = 7.23, p < .001, Cohen’s d = 1.54 (see Table 2 
for parameter values).

Seeking replication, we also fit the model to the data 
from our main experiment, including both control and 
active blocks (for the interested reader). However, our 
analyses of the drift-rate values focus solely on the control 
blocks, which were identical to the procedures for the 
manipulation-check experiment.1 Response time trimming 
procedures were the same as those used in the above study, 
eliminating outliers separately for control and active 
blocks (5.6% of trials eliminated). Following a similar pro-
cedure outlined above, we started with a simple baseline 
model (a, v, t0, and st0 estimated overall, ignoring block), 
then let parameters of critical interest vary by block (a, v, 
and t0) for the subsequent models. For each successive 
model, we increased complexity incrementally by reduc-
ing the number of fixed parameters (see Table 3). In the 
last few models, we successively allowed a, v, and t0 to be 
estimated globally, across blocks (i.e., ignoring the possi-
ble impact of the PM task on model parameters). When 
looking only at control blocks in the best-fitting model, a 
one-way analysis of variance (ANOVA) revealed that 
drift-rates were significantly different among the three 
conditions, F(2, 88) = 17.07, p < .001, η2 = .28 (Table 2). 
Follow-up Tukey’s honestly significant difference (HSD) 
tests indicated that drift-rates were higher for the condi-
tions that engaged in a warmth judgement ongoing task 
(nonfocal slower, focal) than for the condition with a lexi-
cal decision ongoing task (nonfocal faster) (nonfocal 
slower, t[60] = 5.63, p < .001, Cohen’s d = 1.53; focal, 
t[58] = 4.12, p < .001, Cohen’s d = .99). These results imply 
that accumulation of colour information is faster than lexi-
cal information, replicating in an independent sample the 
findings from the manipulation-check experiment (see 

Table 1. Ratcliff Diffusion models and Bayesian Information 
Criteria for the manipulation-check experiment.

Model specifications

Model Estimated overall Restrictions K ∑ (BIC)

RD 1 v; a; t0; st0 zr = .5; szr = 0; sv = 0 4 1,838
RD 2 v; a; t0; st0; zr szr = 0; sv = 0 5 1,844
RD 3 v; a; t0; st0; zr; szr sv = 0 6 1,844
RD 4 v; a; t0; st0; zr; szr; sv – 7 1,848

RD: Ratcliff diffusion model version; BIC: Bayesian information crite-
rion (with smaller values reflecting a better fit); K: number of model 
parameters per subject. Parameters of the seven-parameter model are 
v = drift-rate; a = threshold; t0 = non-decision component; and zr = start-
ing point. The s-parameters (sv, szr, and st0) are the intertrial variability 
parameters for the corresponding parameters.
The best-fitting model is noted in bold.

Table 2. Ratcliff diffusion modelling parameters for the manipulation-check experiment and for each of our three conditions 
(nonfocal faster, nonfocal slower, focal) split by block (control, active) in the main experiment.

Condition

M (SE) Manipulation-check 
experiment

Nonfocal faster Nonfocal slower Focal

LDT Warmth Control Active Control Active Control Active

a 1.09 (.04) 1.05 (.04) .96 (.04) 1.00 (.03) .94 (.03) 1.43 (.05) .90 (.03) 1.09 (.05)
v 2.10 (.08) 2.98 (.10) 2.51 (.11) 2.45 (.10) 3.40 (.09) 2.30 (.08) 3.18 (.13) 2.82 (.10)
t0 .47 (.009) .34 (.008) .47 (.010) .50 (.011) .38 (.008) .45 (.014) .37 (.009) .38 (.009)

Warmth: warmth judgement task; LDT: lexical decision task; a: threshold; v: drift-rate; t0: non-decision component.
The nonfocal slower and the focal conditions engaged in a warmth judgement ongoing task, whereas the nonfocal faster condition engaged in a lexi-
cal decision ongoing task.
Means are presented and standard errors are noted in parentheses.
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Table 2 to note the convergence between parameter values 
from both the samples).

Regarding model fit, we followed recommendations 
from Voss, Nagler, and Lerche (2013) and used Monte 
Carlo simulations to determine a criterion for bad fit. We 
drew 1,000 samples for each condition, generating sam-
ples using the parameter values for that condition, and in 
the case of the main experiment, focusing solely on control 
blocks. We then took the 5% quantile value and used this 
as our criterion for assessing model fit: If the log-likeli-
hood value for a given participant was lower than this cut-
off, it indicates that the model fit was poor. In the 
manipulation-check experiment we found that 14% of the 
fits were poor, and in the main experiment we found that 
20% of the fits were poor. Eliminating these participants 
from analysis did not change the statistical conclusions in 

either the manipulation-check experiment or the main 
experiment—in both the cases the warmth judgement task 
had a significantly higher drift-rate than the LDT. 
Furthermore, we suspect that the cases of poor model fits 
for particular individuals arose because of very quick 
response times and few errors in our warmth judgement 
conditions (see Table 4), a well-known profile for tasks 
with high drift-rates (Ratcliff & Rouder, 1998). 
Unfortunately, obtaining few errors also makes the model 
fitting process difficult. This speculation is supported by 
the fact that 93% of the cases with poor fits were for the 
warmth judgement task. In sum, the evidence suggesting 
that colour information is accumulated more quickly than 
lexical information is strong and reliable.

Experimental results

For all analyses, the alpha level was set at .05. Response 
time trimming procedures were identical to those used in 
model fitting. Before reporting the standard analyses that 
examined the within-subjects variable of block type (con-
trol, active) and the between-subjects variable of PM con-
dition (nonfocal faster, nonfocal slower, focal), we first 
examined whether there was any effect of list order (A, B) 
or block order (control, active) counterbalancing. There 
was no effect of list order on any dependent measure 
(ongoing task accuracy, response times and PM accuracy), 
all p’s > .10. With regard to ongoing task response times, 
participants were faster in the active block when it occurred 
second than when it occurred first, F(1, 87) = 4.82, p < .05, 
η2 = .05. This further interacted with PM condition, such 
that the nonfocal slower condition (warmth judgement 
ongoing task; letter-string—“tor”—PM cue) showed a 
greater magnitude of this effect; that is, participants in this 
condition were even faster when the active block occurred 
second than either of the other two conditions, F(2, 
85) = 3.23, p < .05, η2 = .01. In addition, participants had 
better ongoing task accuracy in the first block, regardless 
of whether the first block was control or active, F(1, 
87) = 4.47, p < .05, η2 = .05.

Table 3. Ratcliff Diffusion models and Bayesian Information 
Criteria for the main experiment.

Model specifications

Model Varying with 
block

Restrictions K ∑ (BIC)

Baseline – zr = .5; szr = 0; sv = 0 4 1,732
RD 1 v; a; t0 zr = .5; szr = 0; sv = 0 7 1,670
RD 2 v; a; t0 szr = 0; sv = 0 8 1,673
RD 3 v; a; t0 zr = .5; szr = 0 8 1,675
RD 4 v; a; t0 sv = 0 9 1,674
RD 5 v; a; t0 szr = 0 9 1,680
RD 6 v; a; t0 – 10 1,681
RD 7 v; a zr = .5; szr = 0; sv = 0 6 1,673
RD 8 v; t0 zr = .5; szr = 0; sv = 0 6 1,673
RD 9 a; t0 zr = .5; szr = 0; sv = 0 6 1,671

RD: Ratcliff diffusion model version; BIC: Bayesian information crite-
rion (with smaller values reflecting a better fit); K = number of model 
parameters per subject. Parameters of the seven-parameter model are 
v = drift-rate; a = threshold; t0 = non-decision component; and zr = start-
ing point. The s-parameters (sv, szr, and st0) are the intertrial variability 
parameters for the corresponding parameters.
The best-fitting model is noted in bold.

Table 4. Descriptive statistics (ongoing task response times and accuracy, and PM accuracy) for each of our three conditions 
(nonfocal faster, nonfocal slower, focal), split by block (control, active).

Condition

M (SE) Nonfocal faster Nonfocal slower Focal

Control Active Control Active Control Active

RT (ms) 628 (16) 667 (15) 512 (11) 736 (25) 500 (10) 550 (12)
Accuracy .89 (.01) .90 (.01) .95 (.004) .95 (.006) .94 (.006) .94 (.006)
PM accuracy – .64 (.06) – .72 (.05) – .89 (.03)

RT: response times, PM: prospective memory.
The nonfocal slower and the focal conditions engaged in a warmth judgement ongoing task, whereas the nonfocal faster condition engaged in a lexi-
cal decision ongoing task.
Means are presented and standard errors are noted in parentheses.
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PM accuracy

Descriptive statistics for all dependent measures can be 
seen in Table 4. First, we examined PM performance 
among the three conditions. A one-way ANOVA indicated 
that performance significantly differed across the groups, 
F(2, 88) = 6.76, p < .05, η2 = .13. A Tukey’s HSD test fur-
ther indicated that the focal condition produced better PM 
accuracy than either the nonfocal faster (t[58] = 3.60, 
p < .05, Cohen’s d = .94) or the nonfocal slower 
(t[58] = 2.49, p < .05, Cohen’s d = .80) conditions. Finally, 
we created a composite working memory score from our 
backwards digit span and operation span with which to 
predict PM accuracy. Collapsing across all conditions, 
increases in working memory were nominally, but not sig-
nificantly, associated with higher PM accuracy, r(91) = .17, 
p = .10. Including only the two nonfocal conditions (nonfo-
cal faster and nonfocal slower), the correlation was only 
slightly stronger, r(62) = .23, p = .07.

Ongoing task accuracy and response times

Ongoing task accuracy was analysed with a 2 × 3 mixed 
ANOVA, with block as the within-subject factor and PM 
condition as the between-subjects factor (see Table 4). There 
were no significant differences between control and active 
blocks, F < 1. This did not interact with PM condition, F(2, 
88) = 1.81, p > .05. However, participants who performed a 
warmth judgement ongoing task (nonfocal slower, focal) 
were significantly more accurate (M = .95; SE = .005) than 
those that performed an LDT ongoing task (nonfocal faster; 
M = .89; SE = .011), F(2, 88) = 15.84, p < .001, η2 = .27.

In terms of ongoing task response times (see Table 4), 
we first established that the control block response times 
replicated the results from the preliminary study; warmth 
judgements were made more quickly (M = 506 ms, SE = 8) 
than lexical decisions (M = 628 ms, SE = 16), t(89) = 7.89, 
p < .001, Cohen’s d = 1.63. Next, we employed a 2 × 3 
mixed ANOVA as described above. We obtained a main 
effect of PM condition, F(2, 88) = 19.87, p < .001, η2 = .31, 
which showed that the focal condition was significantly 
faster (M = 525 ms, SE = 15) than either the nonfocal faster 
(M = 647 ms, SE = 14) or nonfocal slower (M = 624 ms, 
SE = 14) conditions. There was also a significant main 
effect of block, F(1, 88) = 177.60, p < .001, η2 = .46, indi-
cating that response times slowed during the active block 
(M = 650 ms, SE = 11) relative to the control block 
(M = 546 ms, SE = 7).

Furthermore, PM condition and block significantly 
interacted, F(2, 88) = 58.91, p < .001, η2 = .31. Therefore, 
we computed difference scores to determine the source of 
the interaction. After adjusting for multiple comparisons 
with Tukey’s HSD test, we found that the nonfocal slower 
condition exhibited significantly more task interference 
than either the nonfocal faster (t[60] = 9.75, p < .001, 

Cohen’s d = 2.14) or the focal (t[58] = 8.95, p < .001, 
Cohen’s d = 2.02) conditions, which were not different from 
each other (t[58] = .63, p = .80). Of note, ongoing task 
response times in the active block were significantly slower, 
t(58) = 5.85, p < .001, Cohen’s d = 1.52, in the nonfocal 
faster condition (M = 667 ms, SE = 15) than the focal condi-
tion (M = 550 ms, SE = 12) indicating that, as expected, a 
greater delay was observed in our nonfocal faster condition 
than in our focal condition. Finally, task interference was 
significantly different from zero in all conditions: nonfocal 
faster, t(30) = 4.97, p < .001, focal, t(28) = 6.96, p < .001, 
and nonfocal slower, t(30) = 10.90, p < .001).2

Discussion

This study was designed to examine the fruitfulness of the 
delay and multiprocess theoretical approaches for under-
standing focal versus nonfocal PM performance. As devel-
oped in the “Introduction”, according to delay theory, the 
nonfocal faster condition should have displayed similar PM 
accuracy as the focal condition. This is because delay theory 
assumes independent parallel accumulators for both the 
ongoing task and the PM task. The theory further claims that 
under conditions in which PM information accumulates 
more slowly than does information needed to complete the 
ongoing task, a delay to the ongoing task is necessary in 
order for PM information to reach threshold. Presumably, 
participants are aware of this dynamic (Heathcote et al., 
2015; Loft & Remington, 2013), and delay responding to 
the ongoing task accordingly (as evidenced by task interfer-
ence for nonfocal tasks). In contrast, under conditions in 
which the PM task information accumulates faster than the 
ongoing task information, there should be no need to delay 
ongoing task responding, thereby eliminating the need for 
people to slow down (see Loft & Remington, 2013).

Regarding PM accuracy, the patterns expected from 
delay theory clearly were not obtained for the nonfocal 
faster condition. The nonfocal faster condition, despite 
having significantly longer active block response latencies 
than the focal condition, was outperformed by the focal 
condition. Furthermore, the nonfocal faster condition dis-
played nominally worse performance than the nonfocal 
slower control condition. The nominal advantage for the 
nonfocal slower (relative to nonfocal faster) is especially 
perplexing because the nonfocal slower condition had rel-
atively slower PM information accumulation (press Q to 
any stimuli containing the syllable tor) compared with the 
ongoing task accumulation (warmth judgement task);3 by 
contrast, the nonfocal faster condition clearly had faster 
PM information accumulation relative to that of the ongo-
ing task. From a delay theory standpoint, faster PM accu-
mulation (relative to the ongoing task information) might 
be expected to benefit PM accuracy (e.g., this is the expla-
nation for why focal PM accuracy is usually so high), and 
yet the nonfocal faster condition did not outperform the 
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nonfocal slower condition. Therefore, the PM accuracy 
findings appear to be inconsistent with Loft and 
Remington’s (2013) conceptualisation of delay theory.

The greater PM accuracy for the focal relative to the non-
focal faster condition is also at odds with a basic delay the-
ory. The reasoning for this claim rests on two main 
observations. First, because the PM task and cue were iden-
tical for these two conditions (press the Q key to any stimuli 
presented in turquoise), PM information accumulation 
would be similar (if not identical) for the nonfocal faster and 
focal conditions. Second, the information accumulation rate 
for the ongoing task (as revealed by drift-rate parameter 
estimates) was significantly slower in the nonfocal faster 
PM condition than in the focal PM condition. Therefore, 
reasoning from the key tenets of delay theory, the likelihood 
that PM-related information would accumulate before the 
ongoing-task information sufficiently accumulated would 
clearly be higher in the nonfocal faster condition than in the 
focal condition, and accordingly prospective remembering 
should be more successful in the nonfocal faster condition. 
Note that this pattern would not necessarily be obtained if 
for whatever reason participants in the focal condition set a 
substantially more conservative decision criterion for their 
ongoing activity, than did those in the nonfocal faster condi-
tion. Examination of Table 3 indicates, however, that the 
active block (PM block) decision threshold was not more 
conservative in the focal than in the nonfocal faster condi-
tion. To be specific, a one-way ANOVA of the decision 
threshold values during the active block was significant, 
F(2, 88) = 26.92, p < .001, η2 = .38, and Tukey’s HSD tests 
revealed that decision thresholds were not significantly dif-
ferent between the nonfocal faster and focal conditions, but 
both were significantly lower than the nonfocal slower con-
dition. Thus, the most basic version of delay theory appears 
to be disfavored by the present patterns of PM accuracy 
among our three groups.

It remains possible, however, that an expanded delay the-
ory could accommodate the superior PM accuracy in focal 
relative to nonfocal faster by assuming that the PM informa-
tion accumulation was actually quicker in the focal condition 
than in the nonfocal faster condition.4 This might occur if there 
were an interactive process between the ongoing task and PM 
task accumulation dynamics. In this particular case, the idea is 
that processing colour information as part of the ongoing task 
(focal condition) facilitated the colour PM accumulation rate, 
and that no such facilitation occurred in the nonfocal faster 
condition (because participants performed a lexical decision 
ongoing task). Although currently no delay theory model 
explicitly includes such a component, after our experiment 
was completed and under review, a newer model was pro-
posed that has the capability to do so (Strickland, Loft, 
Remington, & Heathcote, 2018). In this new model, feedfor-
ward interactions are possible, such that excitation of one 
accumulator could simultaneously excite or inhibit another 
accumulator. Therefore, our findings potentially could be 

modelled by allowing the PM accumulation in our focal con-
dition to be excited whenever the ongoing task “cool colour” 
accumulator is excited, because turquoise is a cool colour. Full 
exploration of whether this expanded model could account for 
the constellation of ongoing task performances and PM accu-
racy results across our three conditions (i.e., conditions that 
differentially manipulate the relative accumulation rates for 
the ongoing task and PM task) awaits further work.

It is worth emphasising, however, that considering only 
the present experimental conditions, the challenge of this 
“interactive” information processing accommodation for 
delay theory is nontrivial. In the present conditions, to 
accommodate our results the proposed accumulator inter-
action (i.e., the presumed speedup for identifying colour in 
the focal PM relative to the nonfocal faster PM task) would 
have to be exceedingly large, considering that the focal 
condition required far less time to make a decision (on 
average, 550 ms) than the nonfocal faster condition 
(667 ms). Furthermore, even with the significantly slower 
response time for the nonfocal faster condition, PM accu-
racy was much worse than for focal. To put this in another 
way, the colour information accumulation rate in the pres-
ence of lexical decision (nonfocal faster ongoing task) 
would have to be tremendously slowed in order for the 
nonfocal faster condition to show a .28 decrease in PM 
accuracy relative to the focal condition. These assump-
tions seem implausible. The focal and nonfocal faster con-
ditions did not have dramatically different processing 
demands: In both the cases, participants performed a 
binary, forced-choice ongoing task with a largely percep-
tual-based PM task.

Furthermore, if one accepts the assumption that colour 
information is very slow to accumulate in the presence of 
a lexical decision ongoing task (which has to be adopted to 
explain the low PM performance levels for nonfocal faster 
within delay theory), then another puzzling result from the 
perspective of delay theory is the minimal task interfer-
ence for the nonfocal faster condition. As noted by Loft 
and Remington (2013), task interference in nonfocal tasks 
is expected because participants delay their responding to 
accommodate accumulation of PM information. Indeed, 
according to delay theory, participants in the nonfocal 
slower condition were sensitive to the dynamics of the 
demands of the ongoing and PM task information accumu-
lation, greatly increasing their delay when the PM task was 
added. Thus, it is unclear why participants would also not 
be sensitive to these dynamics in the nonfocal faster condi-
tion and thereby impose a substantial delay in responding. 
The results clearly show that this did not occur. Moreover, 
participants in the focal condition were presumably sensi-
tive that only a minimal delay was necessary. Thus, from 
the perspective of delay theory, the patterns beg the ques-
tion of why participants in the focal condition and nonfo-
cal slower conditions were tuned to setting their delay 
relatively appropriately, but those in the nonfocal faster 
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condition did not display this same sensitivity. More devel-
opment within delay theory of the processes and factors 
that influence participants’ delay settings would be needed 
to provide a principled account of this pattern.

In sharp contrast, the present results are straightforwardly 
interpreted within the multiprocess framework. Specifically, 
multiprocess theory a priori predicts the obtained patterns 
by making a clear distinction between monitoring and spon-
taneous retrieval processes and aligning those processes in 
general to nonfocal and focal PM tasks, respectively 
(McDaniel & Einstein, 2000, 2007 also see Einstein & 
McDaniel, 2005, and Einstein, McDaniel, & Anderson, 
2018, for details concerning the methodological parameters 
under which focal PM performance will be supported pri-
marily by spontaneous retrieval). In the case of nonfocal 
tasks, participants must divert attention away from the 
ongoing task in order to notice PM targets, thus resulting in 
task interference (i.e., monitoring). Because this is difficult 
and cognitively taxing, participants often lapse their moni-
toring and miss PM targets (Ball, Brewer, Loft, & Bowden, 
2015). For focal tasks, by contrast, ongoing task processing 
serves the processes required for PM cue detection, and 
noticing of the PM targets can occur in a relatively auto-
matic fashion. These findings are consistent in the literature 
with a variety of focal/nonfocal manipulations, but to our 
knowledge no one has ever used a focal condition identical 
to ours (warmth judgement ongoing task with a colour PM 
task). Yet, the multiprocess theory straightforwardly pre-
dicted relatively high performance in this focal condition.

In closing, we stress that both delay theory and multi-
process theory are potentially compatible with the present 
findings. However, for delay theory but not multiprocess 
theory to accommodate the present patterns of results, addi-
tional assumptions and further explanation must be incor-
porated into the theory. One assumption is that information 
accumulation rates of a particular PM task (respond when a 
particular colour is present in the trial) can vary widely 
depending on the ongoing task. Details of these dynamics 
need to be mapped out for delay theory to be fruitful in 
anticipating PM performance. A companion adjustment is 
to assume that these information rate accumulations, rela-
tive to the ongoing task, are well gauged by participants in 
some cases (e.g., focal task: small delay and good PM) but 
not other cases (e.g., the nonfocal faster task: small delay 
when a large delay is needed for good PM). Details of how 
participants determine the relative information processing 
dynamics of the ongoing versus the PM task need to be 
established, and an explanation of why participants vary 
substantially in their ability to do so under fairly similar 
conditions is needed. At present, the observed patterns are 
better understood within an established multiprocess view 
that assumes qualitative differences in retrieval processes 
underlying PM with nonfocal cues versus PM with focal 
cues (McDaniel & Einstein, 2000, 2007). Based on the pre-
ponderance of the literature (e.g., Einstein & McDaniel, 

2010; Einstein et al., 2005; Harrison et al., 2014; Jäger & 
Kliegel, 2008; Kliegel et al., 2008; McDaniel et al., 2013; 
2015; Mullet et al., 2013; Scullin, McDaniel, & Einstein, 
2010; Scullin, McDaniel, Shelton, & Lee, 2010; Smith, 
2003; Smith & Bayen, 2004; Smith et al., 2007), these 
qualitatively different processes appear to be monitoring 
and spontaneous retrieval, respectively, with monitoring 
being more generally challenging for supporting PM per-
formance than spontaneous retrieval.
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Notes

1. The task procedures were identical; however, it bears not-
ing that the ongoing task variable was within-subjects in the 
manipulation-check experiment and between-subjects in the 
main experiment.

2. For the interested reader, here we report differences in our 
dependent variables by stimulus type. We obtained no dif-
ferences in response times between warm and cool colours 
for the warmth judgement task (F < 1). We did, however, 
find that lexical decisions made on word trials were quicker 
than on nonword trials, F(1, 30) = 14.10, p < .05, η2 = .10. 
We also found no differences in accuracy between warm 
and cool colours on the warmth judgement task (F < 1), but 
participants were significantly less accurate on word trials 
than on nonword trials for the lexical decision task (LDT), 
F(1, 30) = 28.00, p < .05, η2 = .36.

3. We base this claim on the consistent finding that the tor PM 
task results in increased costs with an ongoing LDT. In fact, 
this exact PM manipulation was used by Heathcote et al. 
(2015) and resulted in a PM-related increase in the decision 
threshold parameter. The interpretation, following delay 
theory, is that the tor PM task had relatively slower accu-
mulation than the lexical decision ongoing task; therefore, 
in conjunction with our own modelling results, it must also 
have relatively slower accumulation than a warmth judge-
ment ongoing task.

4. We would like to thank a previous reviewer for this comment.
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