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Abstract
The adaptive memory framework posits that human memory is an evolved cognitive feature, in which stimuli relevant to fitness
are better remembered than neutral stimuli. There is now substantial evidence that processing a neutral stimulus in terms of its
relevancy to an imagined ancestral survival scenario enhances recall, although there is still disagreement concerning the prox-
imate mechanisms responsible for this effect. Several other mnemonic biases have recently been discovered that similarly appear
to reflect evolutionary pressures, including a bias to remember items relevant to an imagined parenting scenario. We tested the
generality of this parent processing effect by varying the biological relatedness of the imagined child. We also varied the
biological relatedness of a child during an imagined third-person survival processing scenario. Across four experiments, we
found evidence that simply altering the described biological relatedness of a child in the parenting scenario and third-person
survival processing scenario can affect recall, such that items are better remembered when made relevant to a biological child
compared to an adopted child. How these findings inform the general adaptive memory framework is discussed.
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The adaptive memory framework posits that biological
memory systems, including those of humans, are the product
of millions of years of natural selection; thus, evidence of these
selective pressures should be observable in mnemonic perfor-
mance under conditions relevant to evolutionary fitness. The
first report providing support for this hypothesis was that of
Nairne et al. (2007). Combining their view with a levels-of-
processing approach (Craik and Lockhart 1972), Nairne et al.
(2007) had participants encode neutral concrete nouns based on
their relevancy to an imagined scenario about surviving in an
ancestral grassland environment. Recall for words encoded in
this manner was superior to that for the samewords encoded for
their relevancy to an imagined scenario that involvedmoving to

a foreign land. In fact, encoding items in this manner yields
better recall than nearly all other encoding techniques examined
to date (Nairne et al. 2008; for reviews, see Kazanas and
Altarriba 2015; Nairne et al. 2017a). This enhancement of recall
is known as the “survival processing effect.” Over the past
decade, a large number of successful replications of this effect
have been reported and a recent meta-analysis including 90
experiments yielded effect sizes of around ηp

2 = 0.06–0.09 for
between-subjects designs and ηp

2 = 0.15–0.18 for within-subjects
designs (Scofield et al. 2018).

Since the initial 2007 publication on survival processing, a
number of researchers have documented mnemonic biases of
human memory that appear to reflect evolutionary pressures.
For example, concrete items (i.e., desk, chair) are better re-
membered if they are described as having been touched by
someone who has a contagious disease rather than by a
healthy individual (Bonin et al. 2019b; Fernandes et al.
2017; Gretz and Huff 2019). Additionally, after showing faces
of the people who had touched the items, participants demon-
strated a better memory for items paired with faces that ap-
peared sick than items paired with pictures of faces that ap-
peared healthy. Source memory is also increased for potential-
ly contaminated items (Bonin et al. 2019b). These findings
suggest memory systems preferentially remember potential
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sources of contamination. Hou and Liu (2019) found that
compared to memory of neutral faces, there was enhanced
memory for faces perceived as trustworthy or untrustworthy
during a scenario involving survival. This is consistent with
other findings that demonstrate a source memory bias for the
faces of people who are described as cheaters (Bell and
Buchner 2012; Kroneisen 2018). Using a novel procedure,
New et al. (2007) had participants walk through a farmer’s
market and then recall the locations of various vendors.
They found better memory for the locations of stands that sold
items with higher caloric density. Moreover, in studyingmem-
ory for word lists, a bias for animate versus inanimate objects
has been consistently observed, even while controlling for
aspects like imaginability, meaningfulness, saliency, and va-
lence (Nairne et al. 2017b; Nairne et al. 2013).

Whether or not a memory benefit exists for selecting a mate
appears to be contingent on the experimental procedure.
Those that have created novel encoding scenarios similar to
that of survival processing but with the emphasis on finding a
mate have not found significant memory benefits (Derringer
et al. 2017; Klein 2013; Sandry et al. 2013; Seitz et al. 2018).
However, there is evidence that memory can be influenced by
aspects of human mating outside of the survival processing
paradigm. For example, Pandeirada et al. (2017) found en-
hanced memory for the descriptions of individuals being eval-
uated as potential long-term mates compared to those same
descriptions if the individual is being evaluated as a potential
coworker. Baker et al. (2015) found increased recall for details
of a story when men were also viewing images of attractive
faces of the opposite sex compared to average faces of the
opposite sex and that these effects were not driven by changes
in arousal or mood. Additionally, female undergraduates who
watched a short video of a man introducing himself remem-
bered more about his physical features than the verbal state-
ments about himself if they had been first told to consider the
man as a short-term mate. However, if the female participants
were told to consider the man as a potential long-term mate
before watching the video, they better remembered his verbal
statements than his physical appearance (Horgan et al. 2016).
There is also evidence of mnemonic biases that appear to be
related to parenting. For instance, Seitz et al. (2018) found that
processing items based on their relevancy to an imagined par-
enting scenario resulted in a memory benefit for those items
that was comparable in magnitude to that of the survival pro-
cessing effect. This memory bias may be one of a suite of
cognitive and behavioral adaptations that comprise the paren-
tal care motivational system and were presumably selected for
to aid our species in raising offspring (Schaller 2018, 2020).
Thus, by placing the emphasis on parenting a child, or by
using at least some procedures with respect to mate selection,
there appears considerable evidence of mnemonic biases to-
ward information relevant to reproductive fitness beyond sur-
vival processing per se.

Hamilton (1964) theorized in terms of “inclusive fitness”
whereby selective forces act on traits that maximize not only
personal fitness but also the fitness of close kin. Hamilton
showed mathematically that behaviors that decreased one’s
individual personal fitness could be selected for so long as
there was a greater net benefit to the collective fitness of one’s
kin, therefore maximizing an individual’s overall fitness. For
instance, several studies have demonstrated enhanced gener-
osity and willingness to help close kin compared to unrelated
individuals (Burnstein et al. 1994; Fitzgerald et al. 2010;
Fitzgerald and Whitaker 2009; Stewart-Williams 2007).
Assuming selective forces have also shaped cognitive facul-
ties (e.g., memory), Hamilton’s inclusive fitness hypothesis
predicts biases in processing information that is relevant to
close kin compared to nonrelated individuals. Only recently
has this been empirically investigated. Krause et al. (2019) did
not observe differences in recall for words rated based on their
relevance to the survival of oneself or the survival of their
closest blood relative or the survival of an unrelated person.
However, Bonin et al. (2019a) found the recall was superior
for words rated based on their relevance to a personal survival
scenario and scenario of raising a biological child but not for a
scenario concerning raising an adopted child. Both Bonin
et al. (2019a) and Krause et al. (2019) suggest their data sup-
port or challenge the notion inclusive fitness impacting mem-
ory respectively; this suggests further investigation is
necessary.

In the present study, we attempted both to replicate the
parent processing effect and to test the extent to which inclu-
sive fitness can influence recall. Toward that end, we created
several new processing scenarios that differed with respect to
raising one’s own biological child, an adopted child, or a pet
dog, and compared these to the original survival scenario and
a pleasantness control group. We henceforth refer to our orig-
inal parenting scenario (Seitz et al. 2018) as the biological
parenting scenario. Based on this encoding scenario, we have
generated four scenarios that putatively differ in terms of
inclusive fitness value, with one’s personal survival being
the most relevant to evolutionary fitness and the raising of a
pet dog being the least relevant to evolutionary fitness. We
predict better memory for items processed based on their rel-
evancy to one’s own survival and the parenting of their bio-
logical child, compared to the parenting of an adopted child or
raising of a pet dog.

Experiment 1

Experiment 1 sought to (a) replicate the parent processing
effect established by Seitz et al. (2018) and (b) explore the
generality of this effect to others beyond one’s own biological
child, thereby testing whether inclusive fitness can impact
memory. Experiment 1 and all other experiments reported
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here were approved by SUNY-Binghamton and/or the
University of California, Los Angeles institutional review
boards.

Method

Participants

A total of 250 (176 female) SUNY-Binghamton undergradu-
ates volunteered to take part in this study to fulfill part of a
course requirement. The number of participants reflects esti-
mated power based on the original survival processing study
(Nairne et al. 2007) as well as a number of studies conducted
in our laboratory, and provides approximately 90% power to
detect a medium (f = 0.25) effect (Faul et al. 2007).
Participants were randomly assigned to one of five conditions,
constrained only to provide equal numbers of participants in
each group (n = 50).

Materials

Stimuli were presented on computer screens in individual cu-
bicles and sessions lasted less than 30 min. Type of scenario
was manipulated across participants, and the scenario descrip-
tions (see Table 1) were shown to participants prior to present-
ing them with a common list of 45 unrelated concrete nouns.
Of these 45 words, 35 had been used in experiment 2b of Seitz
et al. (2018). That study had also included 45 words, and 10 of
those 45 words were excluded because, on average, they were
rated as more relevant in the survival scenario than in the
parenting scenario. We replaced the 10 removed words with
10 more nouns from Nairne et al. (2007). Our entire set of 45
words were drawn from Nairne et al. (2007), with words that
were implausible in an ancestral landscape purposefully ex-
cluded. Following exposure to their respective scenarios, par-
ticipants were asked to rate the 45 nouns in terms of how
relevant they were to the scenario to which the participant
was assigned (with the exception of the pleasantness scenario,
in which the perceived pleasantness of the word was rated).
All 45 words were presented in the same fixed random order.
The ratings and recall data for the first 5 words rated were
discarded, being treated as practice words in all scenarios.
The 40 remaining words that were critically assessed for recall
are listed in Table S1.

In light of the ultimate goal of reproduction being to pro-
duce viable offspring who carry one’s alleles, our biological
parenting condition asked participants to imagine that they
had “just parented a baby” and that, “Over the next few
months, you’ll need to provide care and nourishment for your
baby and help him/her grow.” This scenario follows a sche-
matic structure similar to that from the original survival pro-
cessing scenario, and we used the same wording for this

condition in this experiment as was used in experiment 2b of
Seitz et al. (2018, referred to there simply as the parenting
scenario).

The adopted parenting condition examined whether a par-
ent processing effect would occur when the child in question
is not biologically related to the participant. As such, the de-
scribed scenario should be of lesser inclusive fitness relevance
to participants and thus result in poorer recall. The phrasing of
the adopted parenting scenario was modeled after the structure
of the original parenting scenario and modified accordingly
(see Table 1).

The pet raising condition also explored the generality of the
parent processing effect by varying the fitness relevance of the
scenario. In this scenario, the participant is told to imagine
they have domesticated a dog and are asked to imagine
raising it, nourishing it, and providing care for it. Once
again, the phrasing of the pet raising scenario followed the
structure of the biological parenting scenario. The last two
conditions were the original survival processing scenario and
the pleasantness scenario that were used throughout the study
of Seitz et al. (2018) and were nearly identical to the phrasing
of Nairne et al. (2007) for those conditions. Notably, in all our
scenarios, we added “thousands of years ago” to the opening
line to encourage participants’ imagining scenarios that better
resemble the environment of evolutionary adaptation (EEA)
(Bowlby 1969) which may facilitate the survival processing
effect. Because this line was added to all scenarios, it is un-
likely to have created a confound. Table 1 provides a full list
of the scenario descriptions.

Procedure

Participants were asked to read and sign an informed consent
form and enter their age and gender on a keyboard.
Participants were then presented with the scenario to which
they had been randomly assigned for 30 s on-screen. They
were then prompted to press the space bar to advance to the
experiment. Following presentation of the assigned scenario,
they were next asked to rate how relevant (or pleasant) each of
the 45 words was on a 5-point scale ranging from 1 (very
irrelevant [very unpleasant]) to 5 (very relevant [very pleas-
ant]). This was accomplished by sequentially presenting each
of the words for 5 s in a random order that was the same for all
participants. The rating of each word needed to occur within
the 5-s presentation; otherwise, the word disappeared and no
rating was recorded. Stimuli remained on-screen for the full
5 s, regardless of whether a rating had been entered. The
intertrial interval from the offset of one word to the onset of
the next word was 250 ms. Upon completing the ratings of all
items, participants performed a distraction task (simple alge-
braic problems with paper and pencil) for 2 min. After this, the
screen flashed red and white for 10 s to orient participants
back to the next instruction screen, which asked them to
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perform a free recall test on all 45 of the previously rated
words. Participants were given 10 min to write as many
recalled words as possible on a piece of lined paper.
Participants were asked to stay for the entirety of the 10-min
recall period, after which they were thanked for their partici-
pation and debriefed. Two research assistants independently
scored all of the completed recall sheets; neither was aware of
participants’ assigned conditions. Each assistant selected
items from the presented list that they thought best matched
the participants’ responses. Responses were considered valid
only if both assistants chose the same word. The valid words
were then recorded along with the participants’ relevance or
pleasantness ratings for all of the words except the first five
words that had been presented during the relevancy rating
(i.e., encoding) phase which were regarded as warm-up items.

Results and Discussion

The threshold for significance of all statistical tests was set at p
< 0.05. Ninety-eight percent of all presented words were rated
within the 5-s presentation time, and the number of unrated

words did not differ significantly across groups. To avoid
selection biases and because no condition produced a signifi-
cantly higher or lower number of unrated words than other
conditions, the recall data described below was in no way
constrained.

Figure 1a summarizes the results of the greatest interest
to our research question; that is, it presents proportions of
correctly recalled words (out of 40) within each experi-
mental condition (i.e., scenario type). A one-way analysis
of variance (ANOVA) revealed a main effect of condition
(F(4, 240) = 7.41, p < 0.001, ηp

2 = 0.110). As predicted by
an effect of inclusive fitness on memory, recallability of
neutral items appeared to decline as the biological related-
ness to oneself decreased (personal survival > raising bio-
logical child > raising adopted child > raising adopted pet).
Unfortunately, analysis of mean relevancy rating (see
Fig. 1b) revealed a strong main effect of condition (F(4,
245) = 7.41, p < 0.001, ηp

2 = 0.108) which undermined the
usefulness of a simple analysis of differences in recall pro-
portion between conditions, due to possible congruity ef-
fects (Butler, Kang, & Roediger, 2009).

Table 1 Scenario descriptions for all Experiments

Scenario Description

Survival scenario (experiment 1) In this task, we would like you to imagine that you are stranded, thousands of years ago, in the grasslands of a
foreign land, without any basic survival materials. Over the next few months, you will need to find steady
supplies of food and water and protect yourself from predators. We are going to show you a list of words,
and we would like you to rate how relevant each of these words would be for you in this survival situation.
Some of the words may be relevant and others may not—it is up to you to decide.

Biological parenting scenario
(experiments 1, 2, and 3)

In this task, we would like you to imagine that you are living, thousands of years ago, in the grasslands of a
foreign land, and have just parented a baby. Over the next few months, you will need to provide care and
nourishment for your baby and help him/her grow.We are going to show you a list of words, and wewould
like you to rate how relevant each of these words would be for you in this child-rearing situation. Some of
the words may be relevant and others may not—it is up to you to decide.

Adopted parenting scenario
(experiments 1, 2, and 3)

In this task, we would like you to imagine that you are living, thousands of years ago, in the grasslands of a
foreign land, and have just came across a baby that is not yours. Over the next fewmonths, you will need to
provide care and nourishment for this baby that is not yours and help him/her grow. We are going to show
you a list of words, and we would like you to rate how relevant each of these words would be for you in this
adopted child-rearing situation. Some of the words may be relevant and others may not—it is up to you to
decide.

Pet raising scenario (experiment 1) In this task, we would like you to imagine that you are living, thousands of years ago, in the grasslands of a
foreign land, and have just domesticated a young, wild dog. Over the next few months, you will need to
provide care and nourishment for this dog and help it grow. We are going to show you a list of words, and
we would like you to rate how relevant each of these words would be for you in this pet raising situation.
Some of the words may be relevant and others may not—it is up to you to decide.

Biological third-person survival scenario
(experiment 2)

In this task, we would like you to imagine that your baby is stranded, thousands of years ago in the grasslands
of a foreign land, without any basic survival materials. Over the next few months, your baby will need to
find steady supplies of food and water and protect itself from predators. We are going to show you a list of
words, and we would like you to rate how relevant each of these words would be for your baby in this
survival situation. Some of the words may be relevant and others may not—it is up to you to decide.

Adopted third-person survival scenario
(experiment 2)

In this task, we would like you to imagine that a baby that is not yours is stranded, thousands of years ago in
the grasslands of a foreign land, without any basic survival materials. Over the next few months, the baby
will need to find steady supplies of food and water and protect itself from predators. We are going to show
you a list of words, and we would like you to rate how relevant each of these words would be for this baby
that is not yours in this survival situation. Some of the words may be relevant and others may not—it is up
to you to decide.
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Fig. 1 Results from Experiment 1. All error bars represent SEM as does
the shaded areas around lines in panel c. a) Mean proportion of items (out
of 40) recalled as a function of condition. b) Mean relevancy ratings as a
function of condition. c) Proportion of words recalled as a function of

relevancy rating (1-5 scale). Subjects were randomly assigned to a
condition, but item ratings are a within-subjects variable. Recall of
items excluding those with extremely low (1) and high (5) relevancy
ratings were removed from the final analysis
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Seitz et al. (2018), however, developed amethod to analyze
recall data when differences in relevancy ratings are observed.
This consists of calculating the proportion of correctly recalled
words for each experimental condition at each individual rel-
evancy rating level. Simply put, for each participant, we
counted how many words were rated as a 1, 2, 3, 4, or 5 for
relevancy to the participant’s scenario, and then computed the
proportion of those words that were correctly recalled at each
rating level by that participant. Mean item relevancy rating per
condition was used in those rare instances when participants
had not assigned a relevance rating to a given item. This was
chosen because our analyses were primarily concerned with
differences between conditions. While this method of analyz-
ing the recall data does well for controlling for congruity ef-
fects, a limitation is that the number of items at each rating
level might differ between groups (for further limitations and
discussion of this method, see Seitz et al. 2018; Coverdale
et al. 2019). Figure 1c depicts the mean proportion of words
recalled correctly at each rating level. A 5 (conditions) × 5
(rating levels) mixed-measures ANOVAwas performed on the
proportion of items recalled. It revealed a main effect of con-
dition (F(4, 245) = 4.21, p = 0.003, ηp

2 = 0.064) and a main
effect of rating (F(4, 980) = 32.61, p < 0.001, ηp

2 = 0.078).
The strong effect of relevancy rating demonstrates the impor-
tance of this kind of analysis when there are overall differ-
ences in relevancy ratings across scenarios because item rating
is significantly correlated with its being recalled.
Unfortunately, this same analysis also revealed a significant
interaction between rating and recall (F(16, 980) = 1.84, p =
0.022, ηp

2 = 0.018), which creates difficulty in interpreting the
difference in the proportion of words recalled across experi-
mental conditions. The interaction was likely due to congruity
effects that differentially impacted recall by the different con-
ditions at relevancy levels at which the greatest differences in
the percentage of the total number of words rated at those
levels occurred, that is, rating levels 1 and 5.

To provide an analysis which would be less influenced
by this interaction, we discarded the data from extremely
relevant (rated 5) and extremely irrelevant (rated 1) words
(see the anchored parts of Fig. 1c). By doing so, we were
able to analyze the proportion of words recalled for each
scenario as a function of relevancy rating (2, 3, and 4
only), thereby avoiding rating levels at which relevancy
ratings differed most across conditions. A 5 (conditions) ×
3 (rating levels) mixed-measures ANOVA was conducted
on the proportion of words correctly recalled from words
ranked 2–4 in relevancy. This revealed a main effect of
condition (F(4, 245) = 4.29, p = 0.002, ηp

2 = 0.065) and an
effect of relevancy rating (F(2, 490) = 14.36, p < 0.001,
ηp

2 = 0.029). Additionally and critically, no significant in-
teraction between ratings and recall was found (F(8,
490) = 1.06, p = 0.39). Planned comparisons revealed that
the proportion of words recalled from those rated 2–4 in

relevancy (pooled across ratings of 2, 3, and 4) in the
survival scenario resulted in significantly higher recall
than the pleasantness scenario, the pet raising scenario,
and the adopted parenting scenario (all p values < 0.01).
Replicating the results of Seitz et al. (2018), no difference
in recall was found between the survival and biological
parenting scenario (t(298) < 1.0), and words rated in the
biological parenting scenario were recalled significantly
better than the same words rated in the pleasantness sce-
nario (t(298) = 2.37, p = 0.02). Of central interest, words
rated in the biological parenting scenario were recalled at
a significantly higher rate than those rated in the adopted
parenting scenario (t(298) = 2.10, p = 0.038). This sug-
gests that the parent processing effect was stronger for
one’s own biological offspring than for adopted children.
There was no difference between adopted parenting and
pet raising (t(298) < 1.0).

Experiment 1 thus replicated the well-established survival
processing effect as well as the recently discovered
(biological) parent processing effect. Our data also suggest
that the parent processing effect is stronger when the imagined
child in question is biologically related to the participant. It is
rather remarkable that simply changing the wording from
“parented a baby” to “came across a baby that is not yours”
could have such an impact on mnemonic performance. That
being said, this finding lends itself nicely to the view that
evolved human memory systems are enhanced on fitness-
related tasks, as has been suggested by many researchers
(e.g., Anderson and Schooler 2000; Barkow et al. 1992;
Nairne and Pandeirada 2016).

Experiment 2

In the previous experiment, we found evidence of a difference
in recall for items processed based on their relevance to an
imagined biological parenting scenario compared to an imag-
ined adopted parenting scenario. In this experiment, we
sought to replicate this finding and to examine how biological
relatedness affects memory in third-person survival process-
ing. Third-person survival processing effects were initially
demonstrated in studies that sought to determine whether the
survival processing effect could be explained by self-
referential processing (i.e., cognitive processing concerning
one’s self may result in better recall than processing
concerning another person). Kang et al. (2008) had partici-
pants rate words for their relevancy to the survival of some-
body other than the participant. Specifically, participants
watched a short clip about a man stranded on an island or a
man who was planning to rob a bank and were then told,
“Your task is to rate how relevant each of these words might
be for the character in the video clip in terms of planning for
his survival (or planning his bank heist).” The planning of a
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bank heist is a common comparison scenario to test the effec-
tiveness of the survival processing scenario that was first in-
troduced in experiment 1 of Kang et al. (2008). They found
enhanced recall for the third-person survival scenario com-
pared to the third-person bank robbing scenario, suggesting
self-referential encoding is not an essential factor in producing
the survival processing effect. Furthermore, Weinstein et al.
(2008) found no difference in recall performance when com-
paring the original survival scenario to the survival of one’s
friend. The authors concluded that the survival processing
effect cannot fully be explained by self-referential processing
because the mnemonic advantage extends to processingwords
when thinking about the survival of others.

Related to these observations, Cunningham et al. (2013)
created a similar scenario that replaced “friend” with “Prime
Minister David Cameron” and found the mnemonic advan-
tage did not extend to this new third person. Thus, there ap-
pears to be a difference in the processing of information
concerning a third person who is a friend compared to a third
person who is a known stranger, which might be a reflection
of the importance of caring for kin (Kazanas and Altarriba
2015). In fact, this finding (though not specifically the evolu-
tionary interpretation) is supported by older work demonstrat-
ing the role of intimacy between the participant and an imag-
ined third person and recall (Bower and Gilligan 1979).They
found similar rates of recall for items related to oneself com-
pared to related to one’s mother, but worse recall for items
related to a stranger (i.e., “Walter Cronkite”). More recently,
Kole and Healy (2011) found that information describing a
hypothetical identical twin was better remembered than infor-
mation describing a first cousin. These findings are suggestive
of an effect of inclusive fitness on recall, although they were
not interpreted as such by the original authors and there are
numerous alternative explanations for these results that were
not controlled for in these studies.

Thus in this experiment, we examined the effect of biolog-
ical relatedness (biological and adopted child) on two different
imagined tasks (parenting and third-person survival process-
ing) using a 2 × 2 design. In addition to these four conditions,
we also included a pleasantness control condition to provide a
widely used baseline against which the effectiveness of the
four experimental scenarios could be assessed.

Method

Participants

A total of 421 (266 females) SUNY-Binghamton undergrad-
uates volunteered to take part in this study to fulfill part of a
course requirement. The increased sample size was informed
by power analyses based on the experimental design and the
results obtained from experiment 1. We did not increase the
number of participants in the pleasantness scenario because

we had repeatedly run this condition in the past and had ob-
tained consistently weak recall with it; it was included here
simply as a basic control condition to anchor the size of the
other scenario processing effects. Unfortunately, time con-
straints on running participants resulted in our ending short
of our goal of 100 participants per each experimental condi-
tion (and 50 for the pleasantness condition). Our conditions
thus contained around 94 ± 5 participants each (97 participants
for biological parenting, 94 for adopted parenting, 89 for
adopted third-person survival, 96 for biological third-person
survival, and 45 for pleasantness), due to the nature of random
assignment. Given that inferential statistics do not require
equal group sizes (Gravetter and Wallnau 2013) and our
reaching 94% of our target sample size, we conducted our
analyses using these data.

Materials

To reduce the likelihood of differences in relevancy ratings
between conditions, we conducted a pilot study (N = 60) in
which 70 words were presented to participants in either the
adopted parenting scenario or the biological third-person sur-
vival scenario. We reasoned that items would be rated simi-
larly regardless of biological relatedness, and thus, our main
objective was to make sure relevancy ratings would be similar
for the two different tasks (i.e., parenting and third-person
survival processing). We then eliminated the 35 words with
the largest mean differences in relevancy ratings between the
two tasks, leaving us with 35 words. The ratings and recall
data of the first 5 words (the same for all participants) were
discarded, being treated as practice words in all scenarios (see
Table S2 for the 30 words used for analyses).

The adopted parenting, biological parenting, and pleasant-
ness scenarios were taken verbatim from experiment 1. Two
new scenarios were created for this experiment (see Table 1
for full scenario descriptions; experiment 4 below additionally
assessed how these scenarios compare to others on various
descriptive characteristics). Both of the new scenarios asked
participants to imagine a baby surviving in the grasslands
without mention of the participant being involved in the sur-
vival of the baby, with the crucial difference being whether or
not it was your baby or a baby that is not yours.

Procedure

The procedure used in experiment 2 was the same as that used
in experiment 1.

Results and Discussion

A one-way ANOVA on the proportion of words recalled re-
vealed a significant main effect of condition (F(4, 416) = 3.90,
p = 0.004, ηp

2 = 0.036) (see Fig. 2a). To gauge the
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effectiveness of these encoding scenarios, two of which were
entirely novel, we compared recall performance from each
group to the recall performance of words rated on their per-
ceived pleasantness, which is an encoding scenario known to
elicit moderately strong mnemonic performance. Planned
comparisons revealed the two scenarios describing a biologi-
cal child resulted in recall that was significantly better than in
the pleasantness condition (p values < 0.05), but that the
adopted third-person processing scenario was only marginally
significant relative to pleasantness (t(132) = 1.91, p = 0.058)
and the adopted parenting scenario was not any different than

pleasantness (t(137) < 1.0). Thus, we replicated our biological
parent processing once more and also demonstrated enhanced
memory resulting from third-person survival processing of a
biological child relative to a pleasantness control group.

Of the greatest interest to this experiment, we conducted a 2
(relatedness) × 2 (task) ANOVA on the proportion of words
recalled which revealed a small but significant main effect of
relatedness (F(1, 372) = 4.87, p = 0.028, ηp

2 = 0.013) and a
small but significant main effect of task (F(1, 372) = 4.80,
p = 0.029, ηp

2 = 0.013), but no interaction between the two
(F(1, 372) < 1.0) (see Fig. 2b). Unfortunately, despite our

Fig. 2 Results from Experiment
2. All error bars represent SEM as
does the shaded areas around
lines in panel d. a) Mean
proportion of items (out of 30)
recalled as a function of
condition. b) Mean proportion of
items (out of 30) recalled as a
function of task and relatedness.
c) Mean relevancy ratings of
items (out of 30) as a function of
task and relatedness. Error bars
represent standard error of the
mean. d) Proportion of words
recalled as a function of relevancy
rating (1-5 scale). Participants
were randomly assigned to a
condition, but item ratings are a
within-subjects variable
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large pilot study to select words with the smallest differences
in relevancy ratings across scenarios, a 2 (relatedness) × 2
(task) ANOVA of rating data revealed a marginally significant
effect of relatedness (F(1, 372) = 2.98, p = 0.085, ηp

2 = 0.085)
and a significant effect of task (F(1, 372) = 9.79, p = 0.002,
ηp

2 = 0.002), but no interaction between relatedness and task
(F(1, 372) < 1.0) (see Fig. 2c). Thus, to provide a more mean-
ingful analysis that controlled for congruity effects, we con-
ducted a 2 (relatedness) × 2 (task) × 5 (rating proportions)
mixed-measures ANOVAwhich revealed a marginally signif-
icant main effect of relatedness (F(1, 372) = 3.71, p = 0.055,
ηp

2 = 0.010), no main effect of task (F(1, 372) < 1.0), a very
strong effect of rating (F(4,1488) = 78.12, p < 0.001, ηp

2 =
0.12), and a marginally significant interaction between relat-
edness and task (F(1, 372) = 3.35, p = 0.068, ηp

2 = 0.009) (see
Fig. 2d). No interaction was found between rating and task
(F(4, 1488) = 1.17, p = 0.32) or between rating and related-
ness (F(4, 1488) = 1.38, p = 0.24), nor was there a significant
three-way interaction (F(4, 1488) < 1.0). Because there was
no interaction, there was no need to eliminate highly relevant
or highly irrelevant items as had been done in experiment 1.
Planned comparisons tested the difference between adopted
and biological third-person survival processing and found a
significant difference in recall (t(923) = 3.27, p < 0.01), but
there was no difference between biological parenting and
adopted parenting (t(953) < 1.0). Thus, biological relatedness
again appears to affect recall, although here, the difference
was observed only for the third-person survival processing
task, not the parenting task as had been observed in experi-
ment 1.

We note that the scenarios of “a baby surviving alone” are
bizarre and implausible, and the unusualness of these scenar-
ios may have influenced recall. However, that we saw en-
hanced recall for the biological third-person survival scenario
compared to the adopted third-person survival suggests some-
thing about the biological versus adopted description influ-
enced recall above and beyond the bizarreness of imagining
a child surviving in this scenario.

Experiments 1 and 2 provided inconsistent evidence for an
effect of biological relatedness on the parent processing effect.
In experiment 1, planned comparisons between the two sce-
narios revealed a significant difference with memory for items
processed in terms of their relevancy to parenting a biologi-
cally related child being remembered better than when proc-
essed in terms of relevancy to parenting an adopted child, but
in experiment 2, after adjusting for differences in relevancy
ratings, this effect was absent. However, in experiment 2,
there was evidence of biological relatedness affecting recall
when items were processed in terms of their relevancy to the
survival of a third person. Thus, experiments 1 and 2 provide
evidence suggesting that inclusive fitness can substantially
impact mnemonic performance. To explore this further, spe-
cifically within the parent processing scenario, we conducted

another experiment with the same two conditions as experi-
ments 1 and 2 to better establish whether a difference between
biological and adopted parenting actually exists.

Experiment 3

Given the uncertainty of the impact of biological relatedness
on recall in the parenting scenario, we conducted a simple
between-subjects study to further assess the influence of bio-
logical relatedness. Additionally, we conducted an internal
meta-analysis, including data from all participants in all three
experiments run in either the adopted or biological parenting
scenario, to assess the size of this potential effect.

Methods

Participants

A total of 43 (21 female) SUNY-Binghamton and 57 UCLA
(37 female) undergraduates volunteered to take part in this
study to fulfill part of a course requirement (N = 100). Fifty
participants per condition was chosen for consistency with
previous experiments of this sort. Participants from both uni-
versities were randomly assigned to each condition, and the
computer programs were identical.

Materials

Using the rating data from experiment 1, we selected 35words
with the smallest mean differences in relevancy ratings to
reduce the possibility of differential relevancy ratings between
the two conditions. The two parenting scenarios, adopted par-
enting and biological parenting, were identical to those used in
experiments 1 and 2.

Procedure

The procedure used in experiment 3 was the same as that used
in experiments 1 and 2.

Results and Discussion

An independent samples t test revealed no difference in mean
relevancy ratings between the biological parenting condition
(M = 3.03, SD = 0.43) and adopted parenting scenario (M =
3.03, SD = 0.44) (t(98) < 1.0). Additionally, no significant dif-
ference was found in the mean proportion of items recalled
between the biological parenting condition (M = 0.61, SD =
0.16) and adopted parenting condition (M = 0.58, SD = 0.12)
(t(98) = 1.07, p = 0.30). Thus, we have presented three exper-
iments that have either directly or indirectly assessed differ-
ences in recall performance of adopted and biological
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parenting processing scenarios. Despite recall performance in
the biological parenting condition outperforming recall perfor-
mance in the adopted parenting scenario in each of these ex-
periments, only in experiment 1 was this difference statistical-
ly significant. Thus, to better gauge the size of this possible
effect, we conducted a meta-analysis on the recall and rating
data from all of the participants in all three experiments who
had served in either of these two conditions.

This analysis included 197 participants in the biological
parenting scenario and 194 in the adopted parenting scenario.
The mean relevancy rating given to items in the biological
parenting scenario (M = 3.18, SD = 0.51) did not significantly
differ from the ratings of items in the adopted parenting sce-
nario (M = 3.11, SD = 0.56) (t(389) = − 1.25, p = 0.21).
However, there was a significant difference in the proportion
of items recalled between the two scenarios, such that items
processed in the biological parenting scenario (M = 0.51,
SD = 0.15) were better recalled than items in the adopted par-
enting scenario (M = 0.48, SD = 0.15) (t(389) = − 2.1, p =
0.036, Cohen’s d = 0.21) (see Fig. 3). Therefore, we conclude
that biological relatedness seems to impact recall performance
within the parent processing scenario, but this is only a small
effect.

Experiment 4

The studies reported above consist of novel encoding sce-
narios that were generated for the purposes of testing our
specific hypotheses. Thus, given the design of these exper-
iments, there is reason to ask whether these scenarios differ
appreciably on a variety of descriptive qualities that could,
in principle, be responsible for the observed differences in
recall. To that end, we asked a new group of participants to
rate our scenarios on how “interesting,” “imaginable,”
“arousing,” “familiar,” “aversive,” and “challenging” they
considered these scenarios to be. These descriptive quali-
ties were used previously by Sandry et al. (2013) when
generating novel encoding scenarios, and we reported
them in Seitz et al. (2018, experiment 1b) for our novel
scenarios including the biological parenting scenario and
the original survival processing scenario used throughout
these studies. The descriptive qualities for biological par-
enting and survival processing are re-reported here for ease
of comparison, as well as these qualities for the pet raising
scenario, adopted parenting scenario, biological third-
person processing scenario, and adopted third-person pro-
cessing scenario.

Methods

Participants

Sixty SUNY-Binghamton undergraduates (34 female; age
range 18–26) volunteered to take part in this study to fulfill
part of a course requirement. Participants who had participated
in the preceding studies were excluded from participating in
this study.

Materials

Ten unique scenarios were each presented once to each
participant. Presentation order of the 10 scenarios was
part ia l ly counterbalanced using a Lat in square.
Additionally, the scenarios were systematically separated
so that scenarios we deemed to be similar were never
presented in immediate sequence. That is, we identified
clusters of scenarios that were so similar that exposure
to one might influence the ratings of the next if they were
presented one right after the other. Although ratings for 10
scenarios were measured within this single experiment,
we report on only six of these scenarios here because
the other four scenarios were not used in the present ex-
periments; however, they are reported in Seitz et al.
(2018). Six questions were asked of each participant for
each scenario. The six questions (“interesting,” “imagin-
able,” “arousing,” “familiar,” “aversive,” and “challeng-
ing”) were asked in the same order for all participants

Fig. 3 Results from an internal meta-analysis including data from
Experiments 1-3. Mean word recall as a function of condition. Error
bars represent standard error of the mean. * p < 0.05
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(e.g., “How interesting would you consider this scenar-
io?”). The 1–5 point Likert scale used for the ratings
was displayed horizontally, and participants were asked
to make a rating using the keyboard.

Procedure

See Seitz et al. (2018, experiment 1b) for a full description of
the procedure. Participants were randomly assigned to one of
the ten conditions that collectively counterbalanced scenario
order, and each condition was completed by a total of six
participants. The same six questions were asked for all scenar-
ios. No words were rated for relevancy, and there was no
subsequent memory test.

Results and Discussion

The mean ratings of the descriptive qualities of each scenario
are depicted in Table 2. Of central interest is whether there
were any differences between the descriptive qualities of the
biological and adopted parenting scenarios and also between
the descriptive qualities of the biological and adopted third-
person survival processing scenarios, but we were also inter-
ested in how all of the scenarios used throughout these studies
differed from one another. Thus, we conducted one-way
ANOVAs for the responses to each question, using condition
as the main factor. Given the lack of clear predictions
concerning potential differences across scenarios, we used
Tukey's honest significant difference (HSD) post hoc compar-
isons following any significant effects of condition for each
question.

Arousing

In measuring differences in how arousing participants found
the scenarios to be, a one-way ANOVA revealed no signifi-
cant main effect of scenario (F(5,354) = 1.20, p = 0.31, ηp

2 =
0.017).

Aversive

In measuring differences in how aversive participants found
the scenarios to be, a one-way ANOVA revealed a significant
main effect of scenario (F(5,354) = 3.06, p = 0.049, ηp

2 =
0.031). ATukey HSD comparison found the dog raising sce-
nario to be significantly less aversive than the third-person
survival of a biological child scenario (t(118) = − 2.98, p =
0.036). There were no other significant differences, and it is
unsurprising that the most aversive scenario was imagining
one’s own child stranded in the grasslands in need of survival.

Challenging

In measuring differences in how challenging participants
found the scenarios to be, a one-way ANOVA revealed a
significant main effect of scenario (F(5,354) = 9.75,
p < 0.001, ηp

2 = 0.121). Tukey HSD comparisons found the
dog raising scenario to be significantly less challenging than
the five other conditions (all p values < 0.001). There were no
other significant differences between the scenarios.

Familiar

In measuring differences in how familiar participants found
the scenarios to be, a one-way ANOVA revealed a significant
main effect of scenario (F(5,354) = 6.52, p < 0.001, ηp

2 =
0.084). Tukey HSD comparisons found the dog raising sce-
nario to be significantly more familiar than the five other con-
ditions (all p values < 0.05). But again, there were no other
significant differences between the scenarios.

Imaginable

In measuring differences in how imaginable participants
found the scenarios to be, a one-way ANOVA revealed a
significant main effect of scenario (F(5,354) = 8.18,
p < 0.001, ηp

2 = 0.104). Tukey HSD comparisons revealed
the dog raising scenario to be more imaginable than the
adopted parenting, third-person survival of an adopted
child, and third-person survival of a biological child (all

Table 2 Mean descriptive qualities of each scenario and standard deviation

Scenario Arousing Aversive Challenging Familiar Imaginative Interesting

Survival (experiment 1) 2.1 ± 1.2 2.8 ± 1.2 4.4 ± 1.0 1.9 ± 1.2 3.2 ± 1.2 3.6 ± 1.1

Adopted parenting (experiments 1, 2, and 3) 2.0 ± 1.2 2.7 ± 1.0 4.3 ± 0.9 1.8 ± 1.1 2.8 ± 1.2 3.5 ± 1.0

Biological parenting (experiments 1, 2, and 3) 1.7 ± 0.9 2.6 ± 1.0 4.1 ± 1.1 1.9 ± 1.1 2.9 ± 1.2 3.1 ± 1.0

Dog raising (experiment 1) 2.2 ± 1.4 2.3 ± 1.0 3.3 ± 1.6 2.6 ± 1.3 3.5 ± 1.2 3.6 ± 1.1

Third-person survival adopted (experiment 2) 1.9 ± 1.1 2.8 ± 1.3 4.2 ± 1.3 1.6 ± 1.0 2.6 ± 1.3 3.4 ± 1.0

Third-person survival biological (experiment 2) 1.9 ± 1.1 3.0 ± 1.3 4.5 ± 1.0 1.6 ± 0.9 2.2 ± 1.1 3.5 ± 1.1
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p values < 0.05). Additionally, the biological parenting
scenario was rated as more imaginable than the third-
person survival of a biological child (t(118) = 3.20, p =
0.019). The survival scenario was also more imaginable
than the third-person survival of a biological child
(t(118) = 4.19, p < 0.001).

Interesting

In measuring differences in how interesting participants found
the scenarios to be, a one-way ANOVA revealed no signifi-
cant main effect of scenario (F(5, 354) = 1.58, p = 0.17, ηp

2 =
0.022).

Taken together, there appear to be no clear pattern of de-
scriptive qualities about the encoding scenarios that can ac-
count for the differences in recall observed throughout these
experiments. Therefore, we suggest the differences in recall
are likely reflective of factors related to how the tasks differ on
evolutionary fitness as opposed to more trivial differences in
the descriptive qualities of the scenarios themselves.

General Discussion

Over the past decade following Nairne et al.’s (2007) publica-
tion reporting on the survival processing effect, a large num-
ber of other mnemonic biases that appear to reflect selective
pressures have been discovered. These involve biases with
respect to remembering potential sources of contamination
(Bonin et al. 2019b; Fernandes et al. 2017; Gretz and Huff
2019), remembering animate versus inanimate objects (Gelin
et al. 2018; Nairne et al. 2017b; Nairne et al. 2013), remem-
bering suspicious characters (Hou and Liu 2019), and remem-
bering items relevant to raising one’s child (Seitz et al. 2018),
or finding a mate (Pandeirada et al. 2017; for a review, see
Seitz et al. 2019). These findings suggest selective pressures
have influenced mnemonic abilities. While traits that directly
influence one’s fitness are often the product of natural or sex-
ual selection, traits that benefit the fitness of one’s kin can also
be selected for (Hamilton 1964). Although there exists evi-
dence that inclusive fitness can affect social behavior such as
generosity, whether or not inclusive fitness affects memory
performance has only recently been a topic of investigation.
The tasks used in the present experiments examined how in-
formation is remembered when it was made relevant to the
survival of either an adopted or biological child. In various
scenarios, participants had to imagine themselves raising the
child as described by Seitz et al. (2018) or imagine the child
surviving in the grasslands, which is similar to scenarios used
by Cunningham et al. (2013) and Weinstein et al. (2008).

In experiment 1, we created two novel scenarios: an
adopted parenting scenario and a pet raising scenario. We
found that recall of items consistently decreased as the

biological relatedness of the participant decreased with respect
to the main character within the scenario from the participants
themselves, to one’s own biological child, to an adopted child,
and to a pet dog (see Fig. 1a). It is impressive that such small
differences in the phrasing of encoding scenarios could elicit
these noticeable differences in recall performance, and that the
observed recall patterns follow the predictions of Hamilton’s
inclusive fitness. After controlling for differences in item rel-
evancy ratings, we saw a small but statistically significant
difference in recall for words processed in the biological par-
enting scenario compared to the adopted parenting scenario,
and we also replicated our previously established biological
parenting advantage compared to a pleasantness control
group.

Experiment 2 sought to replicate this difference between
biological and adopted parenting and explore the underlying
difference using a slightly different task. We manipulated both
the task (parenting a child vs. explicit survival of the child)
and biological relatedness (biological vs. adopted) of the child
to create four scenarios and increased the power of our study
to detect potential differences. We found that scenarios related
to a biological child produced better recall than a pleasantness
control group. But, the adopted third-person survival scenario
was only marginally significant compared to pleasantness and
the adopted parenting scenario was not statistically different
than pleasantness condition. Rating words based on their per-
ceived pleasantness has long been used as a baseline standard
for encoding scenarios (Nairne et al. 2008). After controlling
for potential congruity effects due to differences in mean item
ratings in experiment 2, we found that the biological related-
ness of the child affected recall for the third-person survival
processing task, but not the parenting task, despite what had
been observed in experiment 1.

Given these differences in the effect of biological related-
ness to parent processing, in experiment 3, a simple study
pitted biological and adopted parenting against each other,
taking care to eliminate potential differences in item relevancy
ratings between the two scenarios. While words were once
again better recalled in the biological parenting scenario com-
pared to the adopted parenting scenario, the difference was not
statistically significant. That being said, given this consistent
pattern of biological parenting resulting in better recall than
adopted parenting in all of our experiments, a meta-analysis
was conducted across experiments 1–3 and found a small but
significant difference between the two conditions (Cohen’s
d = 0.21). Thus, we conclude that biological relatedness can
affect both third-person survival processing and parent pro-
cessing, although these are admittedly small effects.

Two recent reports testing the impact of inclusive fitness on
recall used scenarios similar to those reported here. Krause
et al. (2019) tested how the inclusive fitness of others during
a survival processing scenario impacted memory. They ob-
served no differences in memory performance when
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processing words based on their relevancy to the survival of
“you and your family (including relatives and your own chil-
dren)” compared to “you and several unrelated people with
whom you live with.” While interpreting null results can be
difficult, this result may be due to the fact that these scenarios
included reference to the participant including themselves in
the scenario and thus may have prompted participants to
primarily imagine their own survival during this situation. In
experiment 4, Krause et al. (2019) used scenarios that did not
make reference to the participant also being included during
the imagined task and pitted the third-person survival of “your
youngest blood relative” to that of “a friend (who is not a
member of your family)” and to a famous person, “singer
Ariana Grande” in a manner similar to the procedure of
Cunningham et al. (2013) who used Prime Minister David
Cameron. Unlike Cunningham et al. (2013), there was no
difference in recall between the friend or the famous person,
nor was there a difference in recall between those two
conditions and the youngest blood relative. This consistent
finding of null results may have to do with Krause et al.
(2019) using a 5-min distractor task between encoding and
test compared to the 2-min distractor task used in our and
many other adaptive memory procedures, because of potential
floor effects, or their absence of a difference between kin and
nonkinmay be due to the potential emotional saliency of using
children in our scenarios compared to their using adults.

In a single but well-powered experiment (n = 240 fe-
males), Bonin et al. (2019a) had participants imagine they
were stranded in a foreign land and, “that you are the mother
of a young child” or that, “you have gathered a young or-
phan.” For both scenarios, participants needed to imagine
providing food, water, and protection for the child, and the
child was described as being weak and dependent. This dif-
fers slightly with our parenting scenarios, which put a greater
emphasis on raising a child instead of the emphasis here on
ensuring the child survives in this harsh environment. In any
event, they found no difference in imagining “your own sur-
vival” compared to “your biological child’s survival,” which
functionally replicates our parent processing reported in ex-
periments 1 and 2 and in Seitz et al. (2018). Further, Bonin
et al. (2019a) found enhanced recall for processing items
based on survival of one’s biological child compared to an
orphaned child (p = 0.009). One strength of this study is there
use of all nulliparous female participants. While no sex dif-
ferences were observed in any of our experiments, we were
underpowered with respect to gender given our small number
of male participants. In sum, Krause et al. (2019) did not find
an effect of biological relatedness on recall, but Bonin et al.
(2019a) did. Similarly, we found that biological relatedness
affects recall in experiment 1 and experiment 2 (but only for
third-person survival and not parenting), but not in experi-
ment 3. As our internal meta-analysis found the effect to be
small but statistically significant, this may explain the

contrasting reports from Krause et al. (2019) and Bonin
et al. (2019a).

It should not be surprising that human memory differen-
tially encodes different types of information and that biologi-
cally relevant information receives privileged treatment.
Biological constraints on learning have been widely recog-
nized among animal learning researchers (Domjan and
Krause 2017). Thorndike (1911) identified the concept of
belongingness in his puzzle box experiments to describe the
finding that certain responses appeared to “belong” in certain
situation contexts (i.e., pull string to escape) and thus could be
reinforced, but responses that did not “belong” in the context
(i.e., grooming to escape) could not be reinforced. Seligman
(1970) suggested that an organism comes “prepared” to more
readily associate certain events that are relevant to survival.
Fittingly, avoidance of novel tastes is acquired more rapidly
when the flavor is paired with gastric distress instead of
footshock (Garcia & Koelling, 1966) and selective associa-
tions like this have been observed in animals as young as 1-
day-old rat pups (Gemberling and Domjan 1982). Pavlovian
conditioning creates associations between contiguously oc-
curring events, but it has long been known that biologically
relevant unconditioned stimuli (food or shock) become asso-
ciated to a conditioned stimulus more readily than they do to
biologically neutral unconditioned stimuli (tone or light), and
these biologically significant cues are protected from cue
competition effects (Miller and Matute 1996). That informa-
tion processed in terms of its relevancy to one’s biological
child (surviving in the grasslands or putatively parenting that
child) is better remembered than an adopted child thus appears
functional given the importance of preserving one’s genetic
lineage. However, this effect should not influence how we
view stepparents’ ability to raise offspring that are not biolog-
ically their own. Cook et al. (1986) found that associations to
neutral stimuli paired with snakes were learned faster than
neutral stimuli paired with guns. Guns are clearly a more bi-
ologically relevant threat in our current environment than
snakes, and it would be preposterous to argue that we ought
to be more afraid of snakes than guns (i.e., the naturalistic
fallacy). Thus, many evolutionary predispositions are not par-
ticularly relevant or useful in our current environment. That
being said, these evolved tunings can be demonstrated in con-
trolled laboratory studies and are informative about the evo-
lution of our cognitive faculties.

These findings are suggestive of general evolutionary
constraints to memory. Seitz et al. (2019) suggested there
exists a positive relationship between the perceived fitness
value of information and its likelihood of being remem-
bered. This can be modeled using a computational param-
eter, called Omega which represents a quantified value of
the perceived fitness relevance of information. Thus, this
value can be used to scale the predictions of other compu-
tational models of learning and memory, to account for
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differences in the memorability of fitness relevant com-
pared to fitness-irrelevant information (Seitz et al. 2019).
While Omega does not, at present, provide explicit expla-
nations as to how differences in perceived fitness relevance
influence memory, this parameter provides a useful heuris-
tic for modeling memory and can be used to make predic-
tions about the likelihood of information being remem-
bered based on its perceived fitness relevance.

One potential limitation of our studies of parent processing
and a potential future direction is that we did not assess whether
being an actual parent influences the basic parent processing
effect and/or the effect of biological relatedness on the third-
person survival and parenting task. That is, our participants
were asked to imagine having parented a baby and, while we
did not collect data on this, their being college students suggests
the large majority are not currently parents. Thus, it might have
been difficult for these participants to truly imagine themselves
in this scenario, and the potential motivating features of raising
childrenmight have been small. Similarly, physiological chang-
es that accompany the raising of a child, in both men and
women, may also impact mnemonic capabilities on a task of
this nature. Therefore, it would be of interest in the future to
explore whether or not this parent processing effect is enhanced
for actual parents compared to nonparents and to determine
whether actual parents would bemore affected by the biological
relatedness of the child in either task.

The effects reported here are congruent with an adaptive
memory framework. Though evolutionary explanations are
often criticized as being “just so stories,” the effects demon-
strated in the present studies fit a priori predictions. Instead of
observing behavioral patterns and providing a post hoc expla-
nation, our experiments, and those of other adaptive memory
researchers, were designed to test predictions predicated on
the evolutionary perspective (Nairne et al. 2017a). The surviv-
al processing effect is well established in the literature and the
adaptive memory framework continues to provide a useful
heuristic in understanding how human memory operates,
which is not to deny that at a different level of analysis, these
effects might also be explicable in terms of more proximal
memory mechanisms. We hope that the present observations
will encourage others to continue to explore the importance of
biological relevancy influencing mnemonic performance.
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