Mem Cogn (2016) 44:1228-1243
DOI 10.3758/s13421-016-0634-7

@ CrossMark

What kind of processing is survival processing?

Effects of different types of dual-task load on the survival processing effect

Meike Kroneisen' - Jan Rummel” - Edgar Erdfelder?

Published online: 1 August 2016
© Psychonomic Society, Inc. 2016

Abstract Words judged for their relevance in a survival context
are remembered better than words processed in non-survival
contexts. This phenomenon is known as the survival processing
effect. Recently, inconsistent results were reported on whether
the size of the survival processing effect is affected by cognitive
load. Whereas Kroneisen, Rummel, and Erdfelder (Memory 22:
92-102, 2014) observed that the survival processing effect van-
ishes under dual-task conditions, Stillman, Coane, Profaci,
Howard, and Howard (Memory & Cognition 42: 175-185,
2014, Experiment 1) found that the size of survival processing
effect is essentially unaffected by a cognitively demanding sec-
ondary task. In three experiments, we investigated the differ-
ences between these studies to achieve a better understanding
of dual-task effects on the survival-processing advantage. In the
first experiment, we replicated Stillman et al.’s results using their
dual-task conditions combined with a sample more than twice as
large as theirs. In the second experiment, we compared dual-task
conditions that differed regarding how strongly the secondary
task taxed (a) working memory load (maintenance of one vs.
several items) and (b) processing demands (switching vs. time-
sharing between tasks). A third experiment focussed on low
(i.e., single-item) load under time-sharing processing conditions.
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Results consistently showed that the survival processing effect
persisted under low load but vanished when the number of
items held in working memory increased beyond one, irre-
spective of processing demands. Implications of these findings
for explanations of the survival-processing advantage are
discussed.
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Memory research has often focused on structural mechanisms,
making use of more or less abstract materials in artificial learn-
ing environments. However, it seems unlikely that human
memory evolved to learn, process, and store abstract informa-
tion. If the evolution of human memory was shaped by the
process of natural selection, then structural properties of mem-
ory should reflect their functionality (Tooby & Cosmides,
1992). The selection pressure, that is, the adaptive problem
to be solved, constrains how and why a structure develops and
also the form it takes. Looking at our memory system, it seems
implausible that its function is only to remember the past. It
seems more plausible that we need to remember the past to
predict the likelihood of events occurring in the future
(Suddendorf & Corballis, 1997; Tulving, 2002). Specifically,
memory could be designed to retain information relevant for
future survival, for example, by remembering the location of
relevant food resources or potable water.

In line with this idea, Nairne, Thompson, and Pandeirada
(2007) were able to demonstrate that verbal information proc-
essed in the context of an imagined ancestral survival scenario
(i.e., being stranded in the grasslands of a foreign land) is
recalled better than information encoded using alternative
mnemonic procedures that proved to be highly effective.
This phenomenon is known as the survival processing effect
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(SPE). In the typical experimental design, words are rated with
respect to their relevance for an ancestral grassland survival
scenario characterized by predators, lack of food, and lack of
potable water. After a short distractor task, memory perfor-
mance for the previously rated words is tested in a surprise
free-recall test. Recall performance is typically much better in
the survival group compared to various control groups, for
example, groups that were required to rate the same words
with respect to their pleasantness (e.g., Nairne et al., 2007;
Nairne & Pandeirada, & Thompson, 2008) or their self-
relevance (Kostic, McFarlan, & Cleary, 2012; Nairne et al.,
2008; but see Klein, 2012), that got imagery instructions in-
stead (Nairne & Pandeirada, 2008), or that rated the relevance
of the same words for a control scenario such as a moving
scenario (e.g., Nairne et al., 2007) or emotionally more arous-
ing control scenarios (e.g., Butler, Kang, & Roediger, 2009).
Moreover, one of the studies from Nairne et al. (2008) was
also successfully replicated as part of the reproducibility pro-
ject (Renkewitz & Miiller, 2015, July 13). Thus the SPE can
be considered a very stable memory phenomenon that does
not depend on comparisons with a specific control condition.

However, it is still an open debate which mechanisms
drive the survival processing advantage (for reviews, see
Erdfelder & Kroneisen, 2014; Howe & Otgaar, 2013;
Kazanas & Altarriba, 2015; Nairne & Pandeirada, 2016).
As outlined by Kroneisen et al. (2014) there are different
proximate explanations of the effect. According to evolu-
tionary explanations, the SPE reflects “hardwired” auto-
matic processes based on evolved domain-specific cogni-
tive modules. For example, Nairne, Vasconcelos, and
Pandeirada (2011) argued that the SPE can be seen as
evidence that human learning and memory systems have
been selectively tuned during evolution to process and
retain information that is relevant to fitness. One implica-
tion of the evolutionary account is that the survival pro-
cessing advantage should be very general and thus hold
across a broad range of cultural and situational context
conditions. In line with this prediction, the SPE was in-
deed found in all countries in which it was investigated so
far (USA: e.g., Nairne et al., 2007; Germany: e.g., Kroneisen
& Erdfelder, 2011; UK: e.g., Howe & Derbish, 2010;
The Netherlands: e.g., Otgaar, Smeets, & van Bergen, 2010;
Japan: e.g., Nouchi, 2012), and it also proved to be particular-
ly robust across a wide range of contexts. Moreover, the SPE
was replicated both in children (Aslan & Béauml 2012; Otgaar
& Smeets, 2010, Exp. 2) and in older adults (Nouchi, 2012;
Yang, Lau, & Truong, 2014; but see Otgaar, Jelicic & Smeets,
2015, and Stillman, Coane, Profaci, Howard, & Howard,
2014, for different results). It was also found when replacing
words with other to-be-remembered materials, for example,
pictures (e.g., Otgaar, Smeets, & van Bergen, 2010). Thus,
there is little doubt that the SPE is a robust and rather general
memory phenomenon as predicted by evolutionary accounts

(cf. Erdfelder & Kroneisen, 2014; Kroneisen & Erdfelder,
2016; Nairne & Pandeirada, 2016).

Evolutionary explanations stand in stark contrast to ex-
planations arguing that survival processing may enhance
memory because it recruits a powerful set of domain-
general encoding processes more than typical control con-
ditions do. One example is the richness of encoding (RE)
hypothesis (Kroneisen & Erdfelder, 2011; Rder, Bell, &
Buchner, 2013). According to this hypothesis, survival rel-
evance ratings trigger richness of encoding, that is, each
rated object is cognitively linked to a variety of possible
functions it can have in ancestral survival contexts, both
standard and atypical functions. By implication, thinking
about possible survival functions of objects leads to
highly distinctive and unique memory representations. In
line with this hypothesis, Roer et al. (2013) found that SPE
strength increases with the number of unique relevance ar-
guments generated per item. Along the same lines, Bell,
Roer, and Buchner (2015) further showed that rating the
usefulness of objects compared to rating the dangerousness
of objects in a survival scenario leads to better recall.
Obviously, thinking about functions of objects (thus in-
creasing the richness of encoding) results in better memory
performance than thinking about the strength of emotions
elicited by objects, as predicted by the RE hypothesis.

Domain-general “deep” encoding processes such as elab-
oration and distinctive processing assumed in the RE hypoth-
esis involve consciously controlled forms of encoding that are
cognitively demanding. By implication, they require selective
attention and working memory capacity. Hence, the SPE
should diminish or perhaps even vanish when working mem-
ory resources are scarce. This conflicts with the evolutionary
view that implies stability of the survival processing advan-
tage — as an evolved adaptation — irrespective of working
memory resources. Evolutionary accounts often assume that
psychological adaptations work automatically and uncon-
sciously, that is, even if working memory resources are scarce.
Fodor (1983), for example, claimed that psychological adap-
tations should meet the criteria automaticity, domain specific-
ity, encapsulation, inaccessibility to consciousness, speed,
shallow outputs, fixed brain location, and characteristic
breakdown patterns. Admittedly, not all scholars agree with
these criteria (see, e.g., Barrett & Kurzban, 2006; Jung,
Ruthruff, Tybur, Gaspelin, & Miller, 2012). Nevertheless, if
the survival processing advantage can be traced back to an
evolved adaptation although it requires working memory re-
sources, the least we would expect is that survival processing
should be prioritized by default when several demanding tasks
are processed simultaneously (see also Kroneisen et al., 2014,
for a detailed discussion). Hence, the SPE should still persist
under working memory load, in exchange for a deterioration
in secondary task performance compared to control
conditions.
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There are several ways to test these conflicting predictions
against each other. One option is to assess the strength of the
SPE in populations known to have lower working memory
resources compared to healthy young adults, for example,
older adults. According to evolutionary accounts, the SPE
should be unaffected in older adults whereas it should be re-
duced according to the RE hypothesis. The available evidence
is more in agreement with the latter prediction. As outlined
above, Nouchi (2012) and Yang, Lau, and Truong (2014)
found a significant SPE in older adults, too. However, in line
with the RE hypothesis, in the experiment by Nouchi (2012)
this effect was smaller in older than in younger adults as indi-
cated by a significant interaction. Clear-cut results were also
observed by Stillman et al. (2014): In none of their three ex-
periments was there any evidence for a significant SPE in
older adults. Similarly, there was also no SPE for older adults
in a recent study by Otgaar, Jelicic, and Smeets (2015).
However, despite these unequivocal results, one should be
reluctant to discard the evolutionary account based on age
group comparisons only, because young and older adults dif-
fer on many dimensions of which working memory capacity is
only one. Without additional evidence, it remains unclear
whether the often weaker (or even absent) SPE in older adults
is, in fact, due to reduced working memory resources.

A more direct way to assess the causal role of working
memory capacity in the SPE is to manipulate processing
demands and working memory load experimentally using
healthy young adults as participants only. Here, the current
evidence is mixed. Kroneisen et al. (2014) found no survival
processing advantage when the survival task was combined
with an auditory continuous choice reaction time (CRT) task
(cf. Naveh-Benjamin, Guez, & Marom, 2003). Participants in
the experiment by Kroneisen et al. (2014) rated words for their
relevance to either a survival or a moving scenario under either
standard conditions or dual-task conditions. Participants in the
dual-task conditions were presented with a random sequence of
high- and low-pitch tones via headphones while rating words
with regard to their relevance for either the survival or the
moving scenario. They were instructed to press the spacebar
whenever the same tone was presented three times in a row.

In contrast to Kroneisen et al. (2014), Stillman et al. (2014,
Exp. 1, young adults) were able to detect a significant survival
processing advantage with the same two scenarios even when
participants performed a secondary task during the relevance
rating. In their Experiment 1, the size of the SPE was essentially
unaffected by whether or not young adults processed the words
in the survival or the moving scenario with or without a concur-
rent secondary task. Notably, however, their secondary task dif-
fered from the one used by Kroneisen et al. (2014). In Stillman
and collaborators’ secondary task, a high-pitched tone or a low-
pitched tone was presented following each relevance rating.
Participants were required to count the number of high-pitched
tones and report them after all 32 words had been rated.
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The purpose of the present paper is to clarify the reasons for
the conflicting results of Kroneisen et al. (2014) and Stillman
etal. (2014, Experiment 1), thereby contributing to the debate
on whether survival processing is cognitively demanding as
predicted by the RE hypothesis or automatic as predicted by
evolutionary accounts of the SPE. The experiments of
Kroneisen et al. (2014) and Stillman et al. (2014, Exp. 1,
young adults) made use of the same basic 2 x 2 design, that
is, type of scenario (survival vs. moving) was crossed with
processing condition (single task vs. dual task). In this design,
a significant interaction is indicative of a reduction in the size
of the SPE under load. In addition, they also employed the
same learning materials (i.e., word lists of Nairne et al., 2007).
Apart from differences in language and nationality of the par-
ticipants, the only important discrepancies between experi-
ments concerned (1) the sample size across the four groups
ofthe 2 x 2 design and (2) some core features of the secondary
task used in the dual-task conditions of the design.

To isolate possible causes for the discrepant results, we first
looked at differences in sample size. Whereas Kroneisen and
collaborators analyzed data of 169 participants across the four
groups, Stillman and collaborators’ conclusions concerning
young adults are based on 52 participants only. Thus, en-
hanced sampling error alone could be a reason for not finding
a significant decrease of the SPE in the dual-task condition
employed in Stillman et al.’s (2014) first experiment.

To test for the possibility that enhanced sampling error
is responsible for the divergent results, an exact replica-
tion of Stillman et al.’s experiment seems necessary that
has sufficient power to detect a reduction of the SPE un-
der dual-task conditions if it exists. We thus opted to
replicate their study with about 120 young adults across
the four groups of the 2 x 2 between-subjects design, that
is, approximately 30 participants per group. With this
overall sample size and a type-1 error risk of o = .05,
the power to detect a medium-sized interaction effect (f
= .25, see Cohen, 1988) of type of scenario with process-
ing condition is close to the .80 power level recommended
by Cohen (1988) (for exact results, see below). In con-
trast, Stillman and collaborators’ experiment with the
overall sample size of 52 had a power of only .42 for
the same effect size.

There are two possible outcomes of the replication
study. If the replication results in a significant reduction
of SPE under the dual-task conditions employed by
Stillman et al. (2014, Exp. 1), similar in size to the one
previously observed by Kroneisen et al. (2014), then this
would suggest that sampling error alone suffices as an
explanation for Stillman and collaborators original results,
making it obsolete to investigate differences between the
secondary tasks of both experiments. If, in contrast, the
replication is successful and again shows no significant
reduction of the SPE under Stillman’s dual-task conditions
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despite sufficient power, then this would suggest that differ-
ences in the dual-task conditions employed by Kroneisen et al.
(2014) and Stillman et al. (2014, Exp. 1) are responsible for
the discrepant results. Experiment 1 was designed to evaluate
these possibilities.

Experiment 1
Method
Participants

Fifty-nine students from the University of Mannheim and 61
students from Heidelberg University participated for course
credit or monetary compensation. Two participants were ex-
cluded due to low recall performance (number of recalled
items below 5) or experience with the basic design of the
survival-processing experiments. Thus, data analyses are
based on the remaining 118 participants (27 male) who either
received monetary incentives or course credit for compensa-
tion. Participants’ age ranged from 18 to 36 years (M =21.55;
SD =3.33). For a medium effect size f= .25 (Cohen, 1988), o
=.05, and N = 118, the power of the 2 x 2 interaction F-test is
.77 (calculated with G*Power, cf. Faul, Erdfelder, Buchner, &
Lang, 2009).

Apparatus and materials

Following Kroneisen et al. (2014), stimulus materials
(i.e., words to be rated for their relevance) were obtained
from Nairne et al.’s (2007) first experiment and translated
into German. Thus, target words were 30 typical words
from 30 unique categories. To absorb primacy and recen-
cy effects typically found in free recall, we added 12
buffer words drawn from the German version of the
Battig and Montague norms (Mannhaupt, 1983), six at
the beginning and six at the end of the list. All words,
except the buffer words, were presented in random order.
The survival and moving descriptions were German trans-
lations of those used by Nairne et al. (2007). The stimulus
presentation was controlled by personal computers run-
ning Eprime 2.0 (Psychology Software Tools, Pittsburgh,
PA, USA).

To replicate the results from Stillman et al. (2014), we
developed a task analogous to the one they used. To this
end, following the presentation and the rating of each
individual word, participants heard either a high- or a
low-pitched tone (440 Hz and 330 Hz) and were asked
to count all high-pitched tones. Tones were presented im-
mediately after the presentation of each individual word.
Hence, 42 tones were presented in total. After the rating

task, participants were asked to write down the overall
number of high-pitched tones.

Design

A 2 (Type of scenario: survival vs. moving) X 2 (Processing
condition: single task vs. dual task) between-subjects design
was used. Participants were randomly assigned to one of four
groups (Group 1: survival scenario, single task, n =31, Group
2: moving scenario, single task, n = 29, Group 3: survival
scenario, dual task, n = 30, Group 4: moving scenario, dual
task, n = 28).

The word-rating phase consisted of 42 trials, including the
12 buffer words at the beginning and at the end of the word
list. Recall performance, response latencies, relevance ratings,
and performance in the secondary task served as dependent
variables.

Procedure

Depending upon the experimental condition, participants
first read a scenario description (i.e., either the survival or
the moving scenario depending on the experimental
condition; see Kroneisen et al., 2014). They were then
asked to rate the relevance of each item with respect to
the relevant scenario. After two practice trials, half of the
participants got the additional instruction to rate the items
while performing a secondary task. Two different tones
were presented to the participants via headphones. Their
task was to count the overall number of the high-pitched
tones. In the dual-task conditions, participants were asked
to perform the secondary task without sacrificing the pri-
mary task (i.e., rating the relevance of the words present-
ed). To familiarize participants with the tones, each of the
two tones was presented once in the offset of the rating
task. This was followed by a short practice phase where
three words had to be rated for relevance under dual-task
conditions. Subsequently, the main rating task (either with
or without the secondary task, depending on experimental
condition) started. Stimuli were presented individually for
5 s each. We asked participants to rate each word on a
five-point scale, with 1 indicating “absolutely not
relevant” and 5 indicating “extremely relevant” for the
given scenario. Participants were required to respond
within 5 s. If they failed to respond in time, a warning
message appeared. The actual rating task was preceded by
two short practice trials. After the rating task, participants
performed a distractor task (i.e., filling-in an unrelated
questionnaire) for 12 min and were then unexpectedly
prompted with a free recall test for the words previously
processed in the relevance-rating task. For this recall test,
a time limit of 8 min was set for all participants. The
experiment took approximately 30—35 min in total.
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Results

The significance level was set to av = .05 for all statistical tests.

Recall performance

Figure 1 displays the mean proportions of words correctly
remembered in the free recall test and their standard errors
for all groups. A 2 (type of scenario) x 2 (processing condi-
tion) ANOVA for mean proportions of words recalled re-
vealed a significant main effect of processing condition (#(1,
114) = 10.86, p = .001; npz = 0.09). Under cognitive load,
recall performance was generally worse (Fig. 1). In addition,
there was a significant main effect of scenario (F(1, 114) =
20.51,p<.001; 77p2= 0.15), but no significant interaction (F(1,
114)=0.30,p =.59; npz =0.003), indicating an equally strong
survival processing advantage under both single and dual-task
conditions (MSurvival,' single = 17095 SD=3.11 5 MMoving; single =
13.93, 8D = 3.60; Msyival; duar = 14.70, SD = 3.55; Mysoving:
duar = 12.21, SD =3.27)

Response times

We also analyzed the response times of the rating task to see
whether they were affected by the processing conditions.
Table 1 shows the median response times of the participants’
ratings for all conditions. A 2 (type of scenario: survival vs.
moving) x 2 (processing condition: single vs. dual task)
ANOVA of response times showed a significant main effect
of scenario, F(1, 114) =5.17, p = .03; np2 = 0.04, indicating
that ratings took longer in the survival condition. There was no
significant main effect of processing condition (F(1,114) =
1.42, p = .23; 17,,2 = 0.01) nor a significant interaction
(F(1,114) = 0.30, p = .59; 1, = 0.003).

0.7
0.6

0.5

HH

0.4

0.3

Proportion Correct

0.2

0.1

single task dual task

@Survival OMoving

Fig. 1 Mean proportion of correct recall for each scenario, separately for
each group in Experiment 1. The error bars represent standard errors of
the means
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Table 1 Means (M) and standard errors (SEMs) of participants’ median
response times, and participants’ relevance ratings (relevance rating: 1 =
“absolutely not relevant”, 5 = “extremely relevant”) in Experiment 1

Rating latencies (ms) Ratings

Condition M SEM M SEM
Single task

Survival 2,206.24 79.12 2.95 0.10

Moving 2,052.71 126.99 2.62 0.10
Dual task

Survival 2,360.25 69.67 2.87 0.12

Moving 2,110.36 66.09 2.61 0.10

Rating-task results

To test whether participants' ratings differ between scenar-
ios or processing conditions, we compared the mean rat-
ing scores between conditions. Relevance ratings were
provided for 98.39% of the presented words. As Table 1
shows, average ratings were higher for the survival sce-
nario in comparison to the moving scenario. An ANOVA
revealed a significant main effect of scenario (F(1, 114) =
8.55, p = .004; np2 = 0.07), but neither a significant main
effect of processing condition (F(1, 114) = 0.22, p = .64;
npz = 0.002) nor a significant interaction between scenario
and processing conditions (F(1, 114) = 0.13, p = .72; 771,2
= 0.001).

As common in analyses of the SPE, the data were also
analyzed to determine possible congruity effects, that is,
whether items with higher ratings were also better remem-
bered. Figure 2 shows the proportion of words recalled
correctly in the free recall test as a function of initial
rating, type of scenario, and cognitive load. For all con-
ditions, a significant correlation between ratings and the
proportion of words recalled was found. Controlling for
overall recall performance of the participants, the partial
correlation between rating and recall rates was significant
for the survival, single-task group (» = .16; p < .001), the
moving, single-task group (» = .25; p < .001), the surviv-
al, dual-task group (r = .21; p < .001) and the moving,
dual-task group (» = .31; p < .001).

Secondary-task performance

To test whether involvement in the secondary task was
comparable between both scenarios, we compared the
number of correct responses to the secondary task in the
survival and in the moving group. There was no perfor-
mance difference between both conditions, #56) = 0.81,
p = .42, two-tailed, 7Ip2 = 0.01. Thus, there was no
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Fig.2 Mean proportions of correct recall for each scenario, separately for each rating category in Experiment 1. The error bars represent standard errors

of the means

evidence that participants in the survival group prioritized
the survival-rating task at the cost of the secondary task.

Discussion

In this experiment, we replicated the effect found by Stillman
et al. (2014) using a sample more than twice as large as the
original sample. We combined the standard survival and mov-
ing scenarios with Stillman and collaborators’ working mem-
ory load manipulation. Both scenarios have often been used to
assess the size of the survival-processing effect (e.g., Nairne
etal., 2007). In line with previous research, the secondary task
led to a decrease in overall recall performance (e.g., Craik
et al., 1996; Fernandes & Moscovitch, 2000; Kroneisen
et al., 2014; Stillman et al., 2014, Exp. 1). Replicating
Stillman et al. (2014, Exp. 1), we observed SPEs of similar
sizes in both the single-task and the dual-task conditions, as
evident from a significant main effect of scenario and no in-
teraction. Importantly, the nonsignificant interaction effect
cannot be attributed to low statistical power.

The secondary task performance also did not differ be-
tween the survival and the moving conditions. Further, neither
the relevance ratings nor their latencies varied as a function of
single- and dual-task conditions. Thus, there was no evidence
that people prioritized the primary task over the secondary
task under any of the conditions.

However, we found a significant difference in response
times between scenarios irrespective of processing condi-
tions: Relevance ratings with respect to the moving sce-
nario required less time than survival-relevance ratings. In
addition, we also observed congruity effects between rel-
evance ratings and memory performance, that is, higher
perceived item relevance was associated with better recall
later on. Similar effects were already obtained in previous
studies (Butler et al., 2009; Kroneisen et al., 2013;
Kroneisen et al., 2014; Kroneisen & Erdfelder, 2011; but
see Nairne & Pandeirada, 2011).

In a nutshell, we replicated Stillman and collaborators’
(2014, Exp. 1) results with a sample size more than twice as
large as theirs, thus effectively ruling out the possibility that

sampling error is responsible for the differences in results
between Kroneisen et al. (2014) and Stillman et al. (2014,
Exp. 1). This suggests that the discrepant results are due to
differences in key features of the secondary tasks used in both
experiments. However, what are the key features that might
make a difference?

In the secondary task used by Stillman et al. (2014), a high-
pitched tone or a low-pitched tone was presented following
each relevance rating. Participants were required to count the
number of high-pitched tones and report them after all items
had been rated. This secondary task thus allowed participants
to switch between the primary task and the secondary task
rather than to share processing-time between tasks, because
the tones always occurred in the inter-trial-interval between
the to-be-rated words. In addition, only a single number (i.e.,
the total score) had to be kept in active working memory and
updated every time the next high-pitched tone was presented.
By contrast, in the secondary task from Kroneisen et al.
(2014) participants were presented with a random tone
sequence consisting of two different auditory tones. Their
task was to press the spacebar whenever the same tone
was presented three times in a row. This CRT task was
timed independently from the rating task so that partici-
pants could not simply switch back and forth between the
primary task (the relevance rating) and the secondary task
(the response to an auditory stimulus). Rather, participants
were forced to perform both tasks concurrently all the
time, that is, to share processing time between both tasks.
In addition, the amount of information to be held in work-
ing memory was larger than in Stillman’s study, as it
involved the previous two tones that had to be updated
every time a new tone was presented.

In Experiment 2 we further investigated the effects of
two crucial differences between the secondary tasks of
Kroneisen et al. (2014) and Stillman et al. (2014) on the
size of the SPE, that is (1) the necessity of time-sharing
versus switching between the primary and the secondary
task and (2) the amount of information to be maintained
and updated in working memory (two items vs. one
item).
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Experiment 2

To assess how these different key features of the secondary tasks
affect survival processing, we compared recall rates for the stan-
dard survival and moving conditions (Nairne et al., 2007) under
three different dual-task conditions in Experiment 2. All three
secondary tasks were different versions of an auditory choice
reaction time task (i.e., 1-back and 2-back tasks, cf. D’Esposito
& Postle, 2002). The three tasks differed in (1) whether they
require maintaining, retrieving, and updating a single item versus
two items in working memory (i.e., low vs. high working mem-
ory load induced by 1-back vs. 2-back tasks, respectively) and
(2) whether they involve switching versus time-sharing between
primary and secondary tasks. If high concurrent working mem-
ory load is crucial for the elimination of the SPE as observed by
Kroneisen et al. (2014), then we would expect the SPE to vanish
in the 2-back tasks conditions but not in the one-back task con-
dition. If, however, time-sharing between the primary and the
secondary task is crucial, then we would expect the SPE to
vanish in the condition involving time-sharing but not in the
conditions requiring switching between primary and secondary
tasks.

Method
Participants

A total of 105 students from the University of Mannheim and
81 students from Heidelberg University participated for
course credit or monetary compensation. Seven participants
were excluded due to low recall performances (number of
recalled items below 5) or experience with the basic design
of the survival-processing experiments. Thus, data analyses
are based on the remaining 179 participants (39 male) who
either received monetary incentives or course credit for com-
pensation. Participants’ age ranged from 18 to 34 years (M =
21.59; SD = 3.37).

Apparatus and materials

The same stimulus materials as in Experiment 1 were used for
the word-rating task. Also, the scenario descriptions were
identical to Experiment 1.

Three different secondary tasks were used. To manipulate
the two crucial dual-task features we used a 1-back and two
different 2-back secondary tasks (low load vs. high load con-
ditions, respectively). Both the 1-back task and one of the two
2-back tasks required switching between primary and second-
ary tasks whereas the other 2-back task involved time-sharing
between tasks (switching vs. time-sharing conditions,
respectively).

In the 1-back task, either a high- or a low-pitched tone
(440 Hz and 330 Hz) was presented for 1 s, immediately
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following the presentation and rating of each word.
Following tone presentation, participants were asked whether
the tone just presented was the same as the one presented
before or not (1-back task). After the participant provided
the answer, the next word was presented. Tones were present-
ed immediately after the presentation of the words, therefore
42 tones were presented in total. The first dual-task probe
occurred after the second tone. We refer to this condition as
the Low-load-switching condition.

Similar to the Low-load-switching condition, for the first 2-
back task either a high- or a low-pitched tone (440 Hz and 330
Hz) was presented immediately after the presentation of each
word. After tone presentation, participants were asked wheth-
er the tone just presented was the same as the one presented
two tones before (2-back task). Following the participant’s
answer, the next word was presented. Tones were presented
immediately after the presentation of the words. Hence, 42
tones were presented in total. The first dual-task probe oc-
curred after the third tone. We refer to this condition as the
High-load-switching condition.

The third and final secondary task was a continuous CRT
tasks that involved a sequential presentation of auditory tones
by the computer independently from the relevance ratings, one
at a time, and a manual response on a computer keyboard.
Participants were presented with a random sequence of two
tones differing in pitch (440 Hz and 330 Hz). Each tone lasted
for 1 s followed by an inter-stimulus interval of two seconds.
The participants’ task was to press the spacebar whenever the
tone just presented was the same as the one presented two
tones before (2-back task). The to-be-rated words appeared
on the screen randomly in between, without any fixed rule
that would allow participants to switch between tasks. We
refer to this condition as the High-load-time-sharing
condition.

Design

A 2 (Type of scenario: survival vs. moving) x 3 (Dual-task
condition: low-load-switching, high-load-switch, high-load-
time-sharing) between-subjects design was used. Participants
were randomly assigned to one of the six groups (Group 1:
survival scenario, low-load-switching, n = 33, Group 2: mov-
ing scenario, low-load-switching, n = 34, Group 3: survival
scenario, high-load-switching, n = 28, Group 4: moving sce-
nario, high-load-switching, n = 24, Group 5: survival scenario,
high-load-time-sharing, » = 29, Group 6: moving scenario,
high-load-time sharing, n = 31).

The word-rating phase consisted of 42 trials, including the
12 buffer words at the beginning and at the end of the word
list. Recall performance, response latencies, relevance ratings,
and performance in the secondary task served as dependent
variables.
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Procedure

Similar to Experiment 1, depending upon the experimental
condition, participants first read a scenario description (sur-
vival or moving depending on condition). They were then
asked to rate the relevance of each item with respect to the
relevant scenario. After two practice trails, the participants got
the additional instruction to rate the items while performing a
secondary task. Then, one of the three different secondary
tasks (see above) was applied depending on the experimental
condition. Secondary task responses were collected immedi-
ately after each tone. In all conditions, participants were
instructed to perform the secondary task without sacrificing
the primary task (i.e., rating the relevance of the words pre-
sented). To familiarize participants with the tones, each of the
two tones was presented once in the offset of the rating task.
This was followed by a short practice phase where three to
four words (depending upon experimental conditions) had to
be rated for relevance while performing the secondary task
simultaneously. Subsequently, the main rating task (with a
condition-dependent secondary task) started.

The rating task was identical to the one used in
Experiment 1. After the rating task, participants performed
the same 12-minutes distractor task as in Experiment 1 and
were then unexpectedly prompted with a free recall test for
the words previously processed in the relevance-rating task.
For this recall test, a time limit of 8 min was set for all
participants. The experiment took approximately 30—
35 min in total.

Results

Again, the significance level was set to « = .05 for all statis-
tical tests.

Recall performance

Figure 3 displays the mean proportions of correctly remem-
bered words in the free recall test and their standard errors for
all conditions (Myvivar, low-load-switching = 14.42, SD = 3.67;
MMoving,luw—load-switching =11.29, SD = 3.63; MSurvival, high-load-
switching = 11.89, SD = 3.69; MMoving,high—load—xwitching =11.29,
SD = 342, MSurvival, high-load-time-sharing = 1072’ SD = 303»
MMov[ng,high—load—t[me—sharing = 997, SD = 366) Since our pre-
dictions correspond to directed linear contrasts among the
three levels of the Dual-Task factor and their interactions with
the Scenario factor, a General Linear Model (GLM) contrast
analysis of the two-factorial design was conducted. Planned
comparisons based on the overall error term revealed a main
effect of scenario (#(173) = 3.29, p < .001, one-tailed, npz =
0.06), a main effect of high load vs. low load (#173) = -3.62,
p <.001, one-tailed, np2 =0.07) and a main effect of switching
vs. time-sharing (#(173) = -2.10, p = .02, one-tailed, np2 =
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Fig. 3 Mean proportion of correct recall for each scenario, separately for
each group in Experiment 2. The error bars represent standard errors of
the means

0.02). Thus, on average, there was a survival processing ad-
vantage and also better performance under low-load and
switching conditions compared to high-load and time-
sharing conditions, respectively. Importantly, however, a sig-
nificant interaction occurred between scenario and the high vs.
low load contrast (#(173) = -1.89, p = .03, one-tailed, np2 =
0.02) revealing a significant reduction of the survival process-
ing advantage under high-load compared to low-load condi-
tions. In contrast, the interaction between scenario and the
switching versus time-sharing contrast was not significant
(#(173) =0.69, p = .25, one-tailed, 77,,2 = 0.003) indicating that
the processing demands (i.e., task-switching vs. time-sharing)
did not affect the size of the SPE significantly.

Subsequent simple-main effects analyses based on the
overall error term revealed that the survival processing advan-
tage in free recall was significant in the low-load-switching
condition (#(173) = 3.62, p < .001, one-tailed, 77172 =0.07) but
failed to be significant in both high-load conditions (high-
load-switching condition: #173) = 0.61, p = .27, one-tailed,
17,,2 = 0.002; high-load-time-sharing condition: #173) = 0.83,
p = .20, one-tailed, 17,> = 0.003).

Response times

Again, we also checked whether there were differences in
rating response times between the different dual-task con-
ditions. Table 2 shows the median response times of the
participants’ ratings for all conditions. Planned compari-
sons based on the overall error term also revealed an
overall effect of scenario (#(173) = 4.55, p < .001, one-
tailed, npz = 0.11) and of switching versus time-sharing
(?(173) = 2.42, p = .01, one-tailed, npz = 0.03), but not of
high load versus low load (#173) = 0.48, p = .32, one-
tailed, np2 = 0.001). Thus, on average, participants spend
more time with survival-relevance ratings than with
moving-relevance ratings and with ratings in the High-
load-time-sharing condition compared to the High-load-
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Table 2 Means (M) and standard errors (SEMs) of participants’ median
response times, and participants’ relevance ratings (relevance rating: 1 =
“absolutely not relevant”, 5 = “extremely relevant”) in Experiment 2

Rating latencies (ms) Ratings

Condition M SEM M SEM

Low-load-switching

Survival 2,576.68 92.86 298  0.09

Moving 2,172.49 73.72 272 0.07
High-load-switching

Survival 2,530.43 99.30 275 012

Moving 2,302.42 71.85 2.65 0.10
High-load-time-sharing

Survival 2,798.69 88.00 2.68  0.11

Moving 2,464.23 80.71 231 0.09

switching condition. No significant interaction occurred
between scenario and the high-versus-low-load contrast
(t(173) = -1.02, p = .16, one-tailed, 7,> = 0.006). Also,
the interaction between scenario and the switching-versus-
time-sharing contrast was not significant (#(173) = 0.60,
p = .28, one-tailed, 7,” = 0.002).

Rating-task results

To test whether ratings differ between scenario types and
dual-task conditions, we compared the mean rating scores
across all conditions. Relevance ratings were provided for
97.49 % of the presented words. We compared the mean
rating scores across conditions. As Table 2 shows, aver-
age ratings were again higher for the survival scenario in
comparison to the moving scenario. Planned comparisons
based on the overall error term also revealed an overall
effect of scenario (#(173) = 3.44, p < .001, one-tailed, np2

0.7
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0.5
0.4
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0.1

High-load-time-sharing 5

0
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High-load-switching —
Low-load-switching —
High-load-switching —
High-load-time-sharing ——

Rating Level 1 Rating Level 2

Low-load-switching —
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= 0.06) and of switching versus time-sharing (#(173) = -
2.05, p = .02, one-tailed, npz = 0.02), but not of high load
versus low load (#(173) = -1.57, p = .06, one-tailed, 771,2 =
0.01). Thus, on average, participants rated the words in
the survival scenario as more relevant than the same
words in the moving scenario. In addition, words were
rated as more relevant in the High-load-time-sharing con-
dition compared to the High-load-switching condition. No
significant interaction occurred between scenario and the
switching-vs-time-sharing contrast (¢(173) = 1.38, p = .09,
one-tailed, np2 = 0.01). Also, the interaction between sce-
nario and the high-versus-low-load contrast was not sig-
nificant (#(173) = -0.81, p = .21, one-tailed, 1,” = 0.004).
The data were also analyzed to determine whether items
with higher ratings were better remembered. Figure 4 shows
the proportion of words recalled correctly in the free recall test
as a function of initial rating, type of scenario, and cognitive
load. Controlling for overall recall performance of the partic-
ipants, the partial correlation between rating and recall rates
was significant for all three survival-scenario groups (Low-
load-switching condition: » = .15; p < .001; High-load-
switching condition: » = .16; p < .001; High-load-time-
sharing condition: » = .20; p < .001) and also for all three
moving-scenario groups (Low-load-switching condition: » =
.20; p < .001; High-load-switching condition: » = .31; p <
.001; High-load-time-sharing condition: » = .28; p < .001).

Secondary-task performance

Similar to Experiment 1, the performance in the secondary
tasks was analyzed to test whether involvement in the second-
ary task was comparable between the scenarios. To this end,
we compared the secondary task performance between the
survival and the moving groups in all dual-task conditions.
The number of correct responses in the secondary task was
used to measure performance in the two switching conditions.
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Fig. 4 Mean proportions of correct recall for each scenario, separately for each rating category in Experiment 2. The error bars represent standard errors

of the means
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There was no difference in secondary task performance be-
tween scenarios, neither for the Low-load-switching condition
(1(65)=-1.88, p = .07, two-tailed, 17,” = 0.05) nor for the High-
load-switching condition (#50) = -0.73, p = .47, two-tailed,
npz = 0.01). To measure secondary task performance in the
High-load-time-sharing condition, we followed Kroneisen
et al. (2014) and used the sensitivity measure of the two-
high threshold model (i.e., p, = p[hit rate] — p[false alarm rate];
Snodgrass & Corwin, 1988). Again, no noteworthy difference
between the survival and the moving condition was found in
pr (4(58) = -0.33, p = .75, two-tailed, 1,> = 0.002). To con-
clude, across all dual-task conditions there was no evidence
that participants in the survival group prioritized the survival-
rating task at the cost of the secondary task.

Discussion

In Experiment 2, we analyzed the effect of different
types of dual-task conditions on survival processing in
more detail. To this end, we combined the standard
survival and moving scenarios with several dual-task
manipulations. In line with previous research and the
results observed in Experiment 1, the secondary tasks
led to a decrease in overall recall performance (e.g.,
Craik et al., 1996; Fernandes & Moscovitch, 2000),
showing that the manipulations were successful.
However, when contrasting the low-load condition with
the two high-load conditions, a significant main effect
and a significant interaction between scenario and the
high-versus-low-load contrast was detected. These find-
ings indicate that maintaining und updating more than
one item in working memory not only leads to an over-
all decline in memory but also diminishes the survival
processing advantage compared to low-load conditions.
In fact, simple main effects analyses revealed a signifi-
cant SPE for the low-load-switching condition but no
significant SPE for either of the two high-load condi-
tions. Thus, as previously reported by Kroneisen et al.
(2014), processing two items in working memory con-
currently to the relevance rating task effectively elimi-
nated the survival processing advantage. Importantly, it
is unlikely that this null effect can be attributed to low
statistical power. For a medium effect size f° = .15
(Cohen, 1988), « = .05, and df = 173, the power of
our simple main effect ¢ tests still exceeds .99 (Faul
et al.,, 2009). Thus, if there was a noticeable survival
processing advantage under high working memory load,
our test would have detected it with a high probability.

Moreover, for all secondary tasks the performance did not
differ between the survival and the moving conditions. It was
not the case that participants paid more attention to the rating
task when reading a moving scenario before. Thus, there was

again no evidence that the participants prioritized the primary
task over the secondary task under survival conditions.

In line with several other studies, we found a significant
difference in response times between scenarios. Across all
conditions, participants spent more time for survival-
relevance ratings than for moving-relevance ratings.
However, because these differences in processing times were
observed under all three dual-task conditions to similar de-
grees, they cannot explain the effect of high versus low work-
ing memory load on the SPE.

In addition, we observed congruity effects between rele-
vance ratings and memory performance. As in Experiment
1, higher perceived item relevance was associated with better
recall later on (see also Butler et al., 2009; Kroneisen et al.,
2013; Kroneisen et al., 2014; Kroneisen & Erdfelder, 2011;
but see Nairne & Pandeirada, 2011).

A drawback of Experiment 2 is that processing demands
(time-sharing vs. task-switching) were manipulated (and
found to be irrelevant) for the high-load condition but not
for the low-load condition. Since we studied the low-load
condition in combination with task-switching demands only,
it is conceivable in principle that low load combined with
time-sharing between tasks also eliminates the survival pro-
cessing advantage, just as both high-load conditions did.
Hence, given the evidence presented so far, we cannot rule
out that time-sharing versus task-switching between tasks
matters with respect to the SPE when working memory load
is low. We conducted a third experiment to clarify this issue.

To assess how processing demands of secondary tasks af-
fect survival processing under low-load conditions, we again
compared recall rates for the standard survival and moving
conditions (Nairne et al., 2007) in Experiment 3. In this ex-
periment, the secondary task involved time-sharing between
the primary and the secondary task combined with low work-
ing memory load induced by a 1-back task.

If only high concurrent working memory load is crucial for
the elimination of the SPE as observed by Kroneisen et al.
(2014), then the typical survival processing advantage should
persist in Experiment 3. If, however, either high working
memory load or time-sharing between tasks is sufficient for
eliminating the survival processing advantage, then the SPE
should virtually disappear in Experiment 3, too.

Experiment 3

Method

Participants

Fifty-nine students from the University of Mannheim partici-

pated for course credit or monetary compensation. Two par-
ticipants were excluded because they did not meet the
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previously defined lower-bound for recall performance (i.e., at
least five items recalled). Thus, data analyses are based on the
remaining 57 participants (19 male) who either received mon-
etary incentives or course credit for compensation. Participants’
age ranged from 18-41 years (M = 23.18; SD = 4.92).

Prior to calculating the relevant #test, we checked whether
57 participants are sufficient for detecting a SPE of the same
size as observed in the low-load-time-switching condition of
Experiment 2 with sufficient statistical power. Assuming
Cohen’s d = .82 (as suggested by the respective sample
statistics of the previous Experiment 2) and given « = .05,
the power of a one-tailed two-groups #-test is .92 (Faul et al.,
2009). Given that .80 is the generally recommended lower
bound to statistical power (e.g., Cohen, 1988), we consider
the power as adequate.

Apparatus and materials

The same stimulus materials as in Experiments 1 and 2 were
used for the word-rating task. The scenario descriptions were
also identical to Experiments 1 and 2.

We used a 1-back (low-load) time-sharing secondary task.
This secondary task was a continuous CRT task that involved
sequential presentation of auditory tones by the computer,
independently from the timing of the relevance ratings and
one at a time. Specifically, participants were presented with
arandom sequence of two tones differing in pitch (440 Hz and
330 Hz). Each tone lasted for 1 s followed by an inter-stimulus
interval of 2 s. The participants’ task was to press the spacebar
whenever the tone just presented was the same as the one
presented before (1-back task). The to-be-rated words ap-
peared on the screen randomly in between, without any fixed
rule that would allow participants to switch between tasks. We
refer to this condition as the Low-load-time-sharing condition.

Design

Participants were randomly assigned to one of the two groups
(Group 1: survival scenario, low-load-sharing, n = 30, Group
2: moving scenario, low-load-sharing, n = 27).

The word-rating phase consisted of 42 trials, including six
buffer words at the beginning and six buffer words at the end
of the word list. Recall performance, response latencies, rele-
vance ratings, and performance in the secondary task served
as dependent variables.

Procedure

As in Experiments 1 and 2, participants first read a scenario
description (survival or moving, depending on condition).
They were then asked to rate the relevance of each item with
respect to the respective scenario. After two practice trials, the
participants got the additional instruction to rate the items
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while performing a secondary task. Secondary task responses
were collected immediately after each tone. Again, partici-
pants were instructed to perform the secondary task without
sacrificing the primary task (i.e., rating the relevance of the
words presented). To familiarize participants with the tones,
each of the two tones was presented once in the offset of the
rating task. This was followed by a short practice phase where
four words had to be rated for relevance while performing the
secondary task simultaneously. Subsequently, the main rating
task started.

The rating task was identical to the one used in
Experiments 1 and 2. After the rating task, participants per-
formed the same 12-min distractor task as in Experiments 1
and 2, followed by a surprise free recall test for the words
previously processed in the relevance-rating task. For this re-
call test, a time limit of 8 min was set for all participants. The
experiment took approximately 30—35 min in total.

Results
Recall performance

Figure 5 displays the mean proportions of words correctly
remembered in the free recall test and their standard errors
for both conditions. A #-test between the survival and the
moving groups revealed a significant difference (#(55) =
2.88, p = .003, one-tailed, np2 = 0.13). Participants in the
survival group (MSurvival; low-load-sharing = 12037 SD =
3.84) remembered more words than in the moving group
Msoving: low-ioad-sharing = 9-56, SD = 3.58), indicating a
survival processing advantage.

Response times

We also analyzed the response times of the rating task to see
whether they were affected by the processing conditions.
Table 3 shows the median response times of the participants’
ratings for all conditions. A #-test between the survival and the
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Fig. 5 Mean proportion of correct recall for each scenario, separately for
both groups in Experiment 3. The error bars represent standard errors of
the means
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Table3 Means (M) and standard errors (SEMs) of participants’ median
response times, and participants’ relevance ratings (relevance rating: 1 =
“absolutely not relevant”, 5 = “extremely relevant™) in Experiment 3

Rating latencies (ms) Ratings
Condition M SEM M SEM
Low-load-sharing
Survival 2,674.62 84.53 3.05 0.09
Moving 2,381.74 61.2 2.48 0.08

moving groups showed a significant effect of scenario, #(55) =
2.75, p = .004, one-tailed, np2 = (.12, indicating longer rating
latencies for the survival scenario condition.

Rating-task results

Again, we also tested whether participants' ratings differed be-
tween the scenarios. Relevance ratings were provided for 98.59
% of the presented words. As Table 3 shows, average ratings
were higher for the survival scenario in comparison to the mov-
ing scenario. A t-test revealed a significant difference between
both scenarios (#(55) = 4.50, p < .001, one-tailed, 17,,2 =0.27).

We also checked for possible congruity effects in
Experiment 3, that is, whether items with higher ratings were
also better remembered. Figure 6 shows the proportion of
words recalled correctly in the free recall test as a function
of initial ratings and type of scenario. Controlling for overall
recall performance of the participants, the partial correlation
between rating and recall rates was significant for both low-
load-time-sharing conditions (survival group: r = .11; p =
.001; moving group: » = .25; p < .001).

Secondary-task performance

To test whether involvement in the secondary task was com-
parable between both scenarios, we used the sensitivity
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measure of the two-high threshold model (i.e. p, = p[hit rate]
— p[false alarm rate]; Snodgrass & Corwin, 1988). Again, no
difference between the survival and the moving condition was
found in p, ((55) = 0.16, p = .87, two-tailed, 7,” = 0.0005).
Thus, there was no evidence that participants in the survival
group prioritized the survival-rating task at the cost of the
secondary task.

Discussion

In the secondary task of Experiment 3, participants had to press
the spacebar whenever a tone just presented was the same as the
one presented before (1-back task). Concurrently, words had to
be rated for their relevance with respect to the scenario. These
words appeared on the screen randomly in between, without any
fixed rule that would allow participants to switch between these
tasks. Thus, participants were forced to share processing time
between both types of tasks permanently. Importantly, we ob-
served the typical survival processing advantage under these
low-load-time-sharing conditions. Combined with the results of
Experiment 2, this suggests that only working memory load is
crucial for the emergence of the SPE: The survival processing
benefit persists when only a single item is processed concurrent-
ly, whereas it vanishes when more than one item has to be main-
tained and updated in working memory. In contrast, processing
demands such as time-sharing versus task-switching between
primary and secondary tasks appear to be largely irrelevant with
respect to the size of the SPE, at least when not more than two
items are processed concurrently.

Replicating Experiments 1 and 2, secondary task per-
formance did not differ between the survival and the mov-
ing conditions. Thus, there was no evidence that people
prioritized the primary task over the secondary task under
any of the conditions.

We found a significant difference in response times between
scenarios: Relevance ratings with respect to the moving scenar-
io required less time than survival-relevance ratings. In
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Fig. 6 Mean proportions of correct recall for each scenario, separately for each rating category in Experiment 3. The error bars represent standard errors

of the means
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addition, we also observed congruity effects between relevance
ratings and memory performance, that is, higher perceived item
relevance was associated with better recall later on. Similar
effects were already obtained in Experiments 1 and 2, as well
as in other studies (e.g., Kroneisen & Erdfelder, 2011).
Although not strictly predicted, longer rating latencies in the
survival scenario are in line with the assumption that domain-
general encoding processes like richness of encoding are rele-
vant mechanisms underlying the SPE. In general, distinctive
processing takes time. Elaborative encoding often, but not al-
ways, requires more time than more shallow forms of encoding
(for examples and exceptions, see Craik & Tulving, 1975).
Hence, from the richness-of-encoding perspective, it is not sur-
prising to find longer rating latencies for those scenarios that
are hypothesized to invite more elaborate forms of encoding. In
addition, items that are congruent with or relevant for the pro-
cessing task are remembered better. Assuming that higher rel-
evance ratings correspond to more elaboration, these congruity
effects are also perfectly in line with the assumption that
domain-general encoding processes are important mechanisms
to generate a SPE.

Notably, Experiment 3 can be seen as an extension of the
previous Experiment 2. One way to integrate our Experiments
2 and 3 is to see them as disjoint parts of a completely crossed
full-factorial 2 (Scenario: survival vs. moving) x 2 (Working-
memory load: 2 items vs. 1 item) x 2 (Processing demands:
switching vs. sharing) design, thus enabling a corresponding
3-factorial ANOVA. However, the results of such a joint anal-
ysis should be interpreted with caution, as participants were
not fully randomized across all eight conditions. If participants
from Experiments 2 and 3 were sampled from (slightly) dif-
ferent populations, unexpected effects can arise in the 2 x 2 x
2 joint ANOVA. Despite this caveat, it might be of interest to
see that, in the joint ANOVA of Experiments 2 and 3, the
expected two-way interaction of scenario with working mem-
ory load (high vs. low) was significant (F(1, 228) = 5.36, p =
.02, n,,z = 0.023), whereas the corresponding two-way inter-
action of scenario with processing demands (switching vs.
sharing) was not (F(1, 228) = .15, p = .70, npz = 0.001).
Hence, this re-analysis is in line with our conclusion that
working memory load moderates the SPE and that the pro-
cessing demands in the dual-task condition — task switching
versus time sharing — do not.

General discussion

To clarify discrepant results reported in the recent literature
(Kroneisen et al., 2014; Stillman et al., 2014), we examined
the influence of working memory load and dual-task process-
ing demands on the survival processing advantage in free
recall. In Experiment 1, we replicated Stillman and collabora-
tors’ (2014, Exp. 1) results with a larger sample, showing that
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sampling error alone cannot explain differences in results be-
tween Kroneisen et al. (2014) and Stillman et al. (2014, Exp.
1). This suggests that the discrepant results are due to differ-
ences in critical features of the secondary tasks used in both
experiments, either (1) the possibility of switching between
the primary and the secondary task (Stillman et al. 2014) ver-
sus the necessity of continuous time-sharing between both
tasks (Kroneisen et al., 2014) or (2) maintaining and updating
a single item in working memory (Stillman et al., 2014) versus
maintaining and updating at least two independent items in
working memory (Kroneisen et al., 2014). Experiment 2 was
designed to assess the effect of these two factors on the size of
the SPE. The results suggested that the amount of information
in working memory is crucial for the SPE. Specifically, where-
as the SPE was unaffected by the demands from keeping a
single item in working memory, it essentially vanished when
two items had to be processed concurrently. However, al-
though Experiment 2 convincingly showed that time-sharing
versus task-switching is irrelevant with respect to the SPE
when two items are processed in working memory, it did not
speak to the question of whether time-sharing would hamper
survival processing under low-load condition, because low
load was studied under task-switching conditions only. To
close this gap, we conducted a third experiment in which we
compared survival and moving scenarios under low-load
time-sharing conditions. Resembling the results for the low-
load-task-switching condition of Experiment 2, we found a
significant SPE, indicating that task-switching versus time-
sharing between primary and secondary tasks does not affect
the size of the SPE.

Notably, Nouchi (2013) reported results in line with those
of Kroneisen et al. (2014) and the current Experiment 2. In
Nouchi’s (2013) memory load condition, participants were
instructed to remember six randomly sampled digits while
working on the relevance-rating task. The six digits were pre-
sented for 2 seconds before participants were asked to rate a
word under survival processing or control conditions.
Following the rating of each word, participants were required
to recall the 6 digits. Thus, resembling Stillman et al.’s (2014)
first experiment and our current Experiment 1, Nouchi’s task
allowed switching between the primary and the secondary
task in the retrieval phase. However, the amount of informa-
tion to be maintained in working memory was much larger in
Nouchi’s study (six digits rather than one item per trial).
Interestingly, in line with Kroneisen et al. (2014) and the
high-load conditions of our Experiment 2, Nouchi (2013) also
failed to find the SPE when survival processing was combined
with his memory load task. Thus, Nouchi’s (2013) study pro-
vides converging evidence that the SPE emerges under no-
load or low-load conditions (i.e., concurrent processing of
no more than a single item in working memory) whereas the
SPE diminishes or even vanishes under high-load conditions
(i.e., processing of more than one item in working memory).
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In contrast, it appears to be of minor importance for the size of
the SPE whether the processing demands enforce strict time-
sharing or allow for switching between tasks such that retriev-
al from working memory is only required after providing a
relevance rating. As shown by Nouchi (2013) and conceptu-
ally replicated in our current Experiment 2, high working
memory load suffices to eliminate the SPE even under task-
switching conditions that are somewhat easier than time-
sharing conditions.

Putting the pieces together, we may conclude that despite
the fact that maintaining and updating a single item in working
memory hinders simultaneous encoding of a word list to some
degree (as evidenced by lower recall rates for both the survival
and the moving condition in the dual-task condition of
Experiment 1) it does not affect the processing benefits caus-
ing the SPE, in young adults at least. In contrast, maintaining
and updating several items in working memory concurrently
with the survival relevance-rating task hampers the benefits
associated with survival processing, so that the SPE virtually
vanishes. Timing of retrieval from working memory for the
secondary task — after versus while providing a relevance rat-
ing — plays a minor role only. Although time-sharing between
primary and secondary tasks hinders overall list recall and
increases the time required for relevance ratings more than
task-switching does (see Table 2 and Fig. 3), the size of the
SPE appears to be unaffected by retrieval timing.

On a more general level, our results show that different
types of dual-task requirements may affect the SPE differently.
This converges with results in other areas of memory research.
For example, it has been found that different types of divided
attention tasks may affect false memories differently (see e.g.,
Otgaar et al. 2012; Seamon et al., 2003). Similar effects were
reported and discussed in implicit memory research (e.g.,
Mulligan, 1997; Mulligan & Hornstein 2000).

It is important to note that — in line with previous
research — we found significant SPEs across various con-
ditions. This endorses the fact that the SPE is in general a
robust and reproducible effect. Furthermore, our results
show that the SPE is largely immune against low
working-memory load from secondary tasks (e.g., a 1-
back task). Critically, however, the SPE virtually vanishes
when the secondary task requires maintaining and
updating more than one item in working memory. These
findings, along with similar findings by Kroneisen et al.
(2014) and Nouchi (2013) that we reviewed above, are
difficult to reconcile with evolutionary accounts of the
SPE but consistent with the RE account. A plausible in-
terpretation is that high concurrent working memory load
limits the cognitive resources available for generating and
storing arguments about possible object functions in the
relevance-rating task. It thus has effects similar to requir-
ing participants to state a single use of an object
(Kroneisen & Erdfelder, 2011, Exp. 3) or to imagine a

single use of an object only (Kroneisen, Erdfelder, &
Buchner, 2013), thus effectively eliminating particularly
rich forms of encoding under survival relevance rating
conditions. In line with this interpretation, we observed
smaller differences between average survival- and
moving-scenario rating latencies under high-load condi-
tions (high-load-switching: 228 ms, high-load-time-shar-
ing: 334 ms) compared to the low-load condition (404
ms). However, given that the corresponding interaction
failed to reach conventional levels of statistical signifi-
cance, future research should further test whether the de-
scriptive pattern of results indeed reflects a difference in
quality of processing as presumed by the RE hypothesis.

In sum, the present findings not only replicate previous
results but also explain apparent inconsistencies between these
results. Moreover, in line with other recent work (e.g., Bell,
Roer & Buchner, 2013, 2015; Nouchi, 2013; Otgaar, Jelicec,
& Smeets, 2015; Kazanas, Van Valkenburg, & Altarriba,
2015; Raer et al., 2013), they again corroborate elaborative-
encoding explanations of the survival processing effect such
as the richness-of-encoding framework and challenge evolu-
tionary accounts like the selective-tuning hypothesis.
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