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A B S T R A C T

The animacy effect refers to a memory advantage for animates/living beings as compared to inanimates/ 
nonliving things. So far, the animacy effect has been investigated mostly in retrospective memory. Given that 
memory serves a future-oriented function, and considering the adaptive significance of animacy, it has been 
proposed that it should also confer an advantage in prospective memory (i.e., memory for intentions/actions to- 
be-performed in the future). Recent research reported an animacy effect in nonfocal event-based prospective 
memory tasks. The present work explored this effect in focal prospective memory. In a series of five studies, 
conducted in different countries and languages, we employed various ongoing tasks. Across all studies, no dif
ferences in prospective memory performance between animates and inanimates were found. This result held in a 
sign-test including all participants (N = 408 young adults) for a more powered analysis. Also, no differences 
between animates and inanimates were obtained in the baseline and filler trials. These results are discussed 
considering the mechanisms that have been proposed to explain the effect in retrospective memory tasks, namely 
attention-prioritization and richness of encoding. Overall, our results are partially explained by the attention- 
prioritization account of the animacy effect and also provide support for the Multiprocess Framework.

Introduction

The adaptive memory framework posits that our cognitive systems 
(such as memory) should be tuned to favor the processing of fitness- 
relevant information, that is, information that is relevant to our sur
vival and/or reproduction (Cosmides & Tooby, 1992; Nairne et al., 
2017). An example of an adaptive mnemonic tuning is the animacy effect, 
which reflects a remembering advantage for animates (living beings) 
than inanimates (nonliving things). Indeed, it would have been, and 
continues to be, adaptive to prioritize remembering animates, as they 
are considered to be more fitness-relevant than inanimates. Indeed, 
animates could represent friends (kin), foes (competitors, predators), 
prey, potential sexual mates, among other possibilities (Nairne et al., 
2017, 2013).

It is well established that animacy plays a relevant role in various 
domains, including language and memory. For example, people tend to 
recognize strings of letters as corresponding to words faster when they 
represent animates, as opposed to inanimates (Bonin et al., 2019; Ferré 
et al., 2023; but see Radanović et al., 2016). In retrospective memory, 
animacy has been shown to be one of the best predictors of free recall 

(Aka et al., 2023, 2021; Madan, 2021; Nairne et al., 2013). Also, the 
animacy mnemonic advantage has been found in different forms of 
memory (e.g., working memory: Daley et al., 2020; meta-memory/ 
judgements of learning: DeYoung & Serra, 2021; Li et al., 2016) and 
using several procedures (e.g., immediate and delayed recall: Félix, 
Pandeirada, et al., 2019; incidental and intentional learning: Félix & 
Pandeirada, 2024; Félix, Pandeirada, et al., 2019; Gelin et al., 2017; 
Komar et al., 2023b; in full and divided attention conditions: Leding, 
2019; Rawlinson & Kelley, 2021). Despite the robustness of the effect, 
there are some conditions in which the effect has not been consistently 
obtained (e.g., cued-recall: Mah et al., 2023; Popp & Serra, 2016; 
VanArsdall et al., 2015; recognition: Félix & Pandeirada, 2024; Komar 
et al., 2023a; Leding, 2020; Rawlinson & Kelley, 2021).

Memory serves several valuable functions, extending beyond simply 
recalling past information and experiences. Notably, memory has a 
future-oriented focus (Schacter et al., 2007) which allows us to retrieve 
information stored in the past to aid solving problems in the present, and 
helps to anticipate and plan for future events (Klein et al., 2010; Schacter 
et al., 2007). This is a crucial ability for our adaptiveness (e.g., 
remembering to avoid a place where I saw a lion previously, Nairne & 

* Corresponding author at: Department of Education and Psychology, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal.
E-mail address: sara.felix@ua.pt (S.B. Félix). 

Contents lists available at ScienceDirect

Journal of Memory and Language

journal homepage: www.elsevier.com/locate/jml

https://doi.org/10.1016/j.jml.2025.104673
Received 13 November 2024; Received in revised form 28 May 2025; Accepted 26 June 2025  

Journal of Memory and Language 144 (2025) 104673 

Available online 18 July 2025 
0749-596X/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

https://orcid.org/0000-0001-9645-5787
https://orcid.org/0000-0001-9645-5787
mailto:sara.felix@ua.pt
www.sciencedirect.com/science/journal/0749596X
https://www.elsevier.com/locate/jml
https://doi.org/10.1016/j.jml.2025.104673
https://doi.org/10.1016/j.jml.2025.104673
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jml.2025.104673&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Pandeirada, 2008; or to avoid cheaters, Schaper et al., 2022). In this 
context, prospective memory (PM) – the ability to remember and 
execute future intentions or actions – is thought to be central (Einstein & 
McDaniel, 1990). Combining these two adaptive components – the 
animacy variable and prospective memory – we hypothesized that ani
macy would also impact PM performance.

Examples of everyday PM tasks are remembering to deliver a mes
sage to a friend when encountering him/her, to go to a medical 
appointment, or to take medication; many of these involve interactions 
with other people (i.e., animates; Brandimonte & Ferrante, 2008; Loft 
et al., 2019). The success or failure of PM tasks can have significant 
consequences for individuals themselves (such as health issues resulting 
from undermedication or overmedication), and their relationships with 
others (for instance, forgetting to call friends on their birthday, or to 
initiate safety routines on an airplane; Nowinski et al., 2003), thus 
having clear adaptive implications.

In everyday life, people form intentions and make plans to be per
formed sometime in the future. However, people are also often occupied 
with (and busily engaged in) various tasks that need to be interrupted to 
fulfil a prospective memory intention. For example, while driving home 
and noticing an approaching supermarket [PM target], one may 
remember needing to buy bread and decide to stop and make that 
purchase [PM response].

Researchers have investigated PM in the laboratory using procedures 
that mimic these circumstances. There are several types of PM tasks (for 
an overview, see Kvavilashvili & Ellis, 1996); our work focused on 
event-based tasks, in which the presence of an event or target signals the 
moment to perform the future-intention/PM response. In a typical 
event-based PM paradigm, participants are tasked to provide an alter
native response (the PM response) whenever the PM targets are pre
sented, while being busily engaged in an unrelated ongoing task. For 
example, while pressing the M or Z keys for responding ’word’ or 
’nonword’ during a lexical decision task (ongoing task), participants 
should press F1 (PM response) whenever the target word tortoise appears 
(McDaniel & Einstein, 2000). The trials involving the target words are 
the target trials, whereas those regarding the ongoing task are named the 
filler trials. Sometimes a baseline phase is included, where participants 
perform the ongoing task only, providing a reference point about their 
performance on that task (baseline trials).

Moreover, PM tasks can vary in terms of focality. A task is focal when 
the cognitive processes required to detect the PM targets overlap with 
those involved in performing the ongoing task. On the other hand, it is 
considered nonfocal when such an overlap is absent, introducing addi
tional demands on the available cognitive resources (Einstein et al., 
2005).1 For example, if the ongoing task is a lexical decision task, a focal 
PM task would be to provide a different response whenever a target 
word is presented (e.g., tortoise), as both the ongoing and the PM task 
involve the processing of words as a whole. In the nonfocal version of 
this example, a PM response would be required whenever, for instance, a 
target syllable is presented (e.g., tor). In this case, as the identification 
and response to the target word no longer require reading the whole 
word, but rather emphasize another aspect of the stimuli, less overlap 
exists on the processes involved in performing the ongoing (lexical de
cision task) and the PM (syllable identification) task; in fact, some 
competition for the available cognitive resources might occur between 
the two tasks.

There are several theories and models aiming to explain PM func
tioning (for a recent overview, see Bayen et al., 2024; Rummel & Kva
vilashvili, 2023). One of the most prominent and robust models is the 
(Dynamic) Multiprocess Framework (McDaniel & Einstein, 2000; Scullin 
et al., 2013; Shelton & Scullin, 2017). According to this framework, 
participants rely more heavily on a bottom-up spontaneous identifica
tion of the targets in focal tasks (i.e., the recognition of the targets occurs 
in a more automatic way; Cona et al., 2014), while nonfocal tasks 
require top-down effortful processes (e.g., strategic monitoring) to 
detect the PM targets.

The animacy variable has been usually overlooked in the PM liter
ature. Still, animate (e.g., tortoise, butterfly) and/or inanimate words (e. 
g., dormitory, towel) have been used frequently as targets in event-based 
PM tasks (e.g., Chen et al., 2014; Einstein & McDaniel, 2005). In other 
studies, participants were asked to provide the PM response whenever 
targets from a specific category were presented, including categories of 
animate items (e.g., four-footed animals) and inanimate things (e.g., 
metals, furniture; Moyes et al., 2019; Zuber et al., 2019). However, the 
potential influence of animacy on PM performance was not considered.

An ultimate mechanism rationale provides the evolutionary argu
ment for why humans should have a PM memory tuning for animates: 
the enhancement of fitness. Recently, Félix et al. (2024) reported, for the 
first time, that using animate words as targets for the PM task improved 
performance as compared to using inanimate targets. This finding of an 
animacy advantage in PM held in the three nonfocal PM studies that 
used different procedures and in different languages, showing the gen
erality of the findings. Nonfocal PM tasks call for the maintenance of 
controlled attention (e.g., monitoring) to detect the PM targets. How
ever, relying on controlled processes would be costly for (and, thus, 
compromise) the performance of ongoing/everyday activities (Anderson 
et al., 2019; Einstein et al., 2005; Horn, Bayen, & Smith, 2011; Smith, 
2003). Therefore, in everyday tasks, people tend to rely more routinely 
on spontaneous retrieval processes which facilitate PM performance 
(and reduce PM failures). These last processes are often studied in the 
laboratory through focal PM procedures (McDaniel & Einstein, 2007). 
The present work aimed to study the animacy effect in focal PM tasks. In 
a series of five PM studies, animate (e.g., monkey) and inanimate (e.g., 
phone) target words were used. Given the fitness-relevance of animates 
and our most common reliance on focal PM tasks, a PM animacy 
advantage would be expected in this type of tasks as well.

Other elements support this same prediction. For example, the per
formance between focal and nonfocal PM tasks have been reported to be 
correlated (Zuber et al., 2016, r = .36, p < .001). Moreover, the corre
lation between PM and free recall (a type of memory in which the ani
macy effect has been obtained reliably, e.g., Nairne et al., 2013) tends to 
be positive. Yet, while some studies reported a significant, although 
weak, correlation of both focal and nonfocal PM performance with free 
recall (Harris & Menzies, 1999; Zuber et al., 2016; all rs ≤ .21, highest p 
< .05), other studies found no such association (McDaniel & Einstein, 
1993).2 Additionally, both types of PM tasks load into related latent 
constructs; for example, they both rely on executive functioning and 
controlled attention, although each one relating to specific executive 
functions: while focal tasks are more related to inhibition, nonfocal tasks 
relate to updating and shifting (Zuber et al., 2016).

Within the domain of proximate mechanisms of the animacy effect in 
retrospective memory – those that focus on explaining how the animacy 
effect occurs (in complement to why it occurs) – two have gathered 
stronger empirical support: the attention-prioritization and the richness 
of encoding accounts. The attention-prioritization account states that 

1 Other classifications to “focal/nonfocal” tasks have been proposed. Some 
examples are the “task appropriate/inappropriate processing” (Maylor, 1996), 
the “bottom-up/top-down” processes (McDaniel et al., 2015), “automatic/ 
controlled” processes (Cona et al., 2016; Gilbert et al., 2013), “noncompetitive/ 
competitive” processes used to perform the ongoing and the PM tasks (Gilbert 
et al., 2013). We opted to use the focal/nonfocal terminology as it aligns with 
the studies that inspired our experiments, our previous work on nonfocal PM, 
and the literature used to discuss our results.

2 Despite the positive and significant correlation between the performance in 
PM and retrospective memory tasks, it is important to note that these memory 
types differ in many aspects. For example, while the former are characterized 
by a self-initiated retrieval of intentions (Craik, 1986), the later place partici
pants in a retrieval mode (McBride & Workman, 2017).
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animates capture attention more automatically than inanimates (e.g., 
New et al., 2007; but see Hagen & Laeng, 2016). Prior studies have 
assumed that, if animates are processed more automatically than in
animates, then, the animacy effect should be larger under divided 
attention conditions than in full attention ones. However, contrary to 
expectations, larger animacy advantages have been obtained in full (vs. 
divided) attention conditions (Leding, 2019; Rawlinson & Kelley, 2021). 
Transposing those findings to the present work: as animates afford 
cognitive advantages, including in less demanding tasks, one would 
expect to obtain an animacy advantage when animates (vs. inanimates) 
are presented as the PM targets. According to the richness of encoding 
account, animates have more associates in one’s mental lexicon, and 
allow the generation of more related ideas than inanimates (e.g., Raw
linson & Kelley, 2021; but see Komar et al., 2024). Therefore, animates 
(vs. inanimates) are assumed to form narrower semantic clusters (Räling 
et al., 2017; Serra & DeYoung, 2023; Wulff et al., 2022); that would 
enhance the generation of ideas and create stronger associations among 
animate concepts, as the semantic memory nodes associated with each 
animate would be closer to each other. The same occurs with typical (vs. 
atypical) elements of a category (e.g., apple is a typical element of the 
category ‘fruits’, while date is an atypical one). Indeed, typical targets 
improved PM performance in focal tasks, compared to atypical targets 
(Nowinski & Dismukes, 2005; Penningroth, 2005). In the same vein, one 
could predict better PM performance for animate (vs. inanimate) PM 
targets, although prior studies have suggested that animacy and typi
cality effects occur independently and do not interact with each other 
(Penningroth, 2005; Räling et al., 2017).

No strong predictions were made about the animacy effect for the 
baseline or the filler trials. However, as it has been suggested that ani
mates capture attention more automatically than inanimates (e.g., 
Bugaiska et al., 2019), the former could “absorb” participants’ attention 
during the ongoing task (Zuber et al., 2016). Therefore, one could 
anticipate a decline in the performance of the ongoing task (baseline and 
filler trials) and/or longer response times (RTs) in the animate compared 
to the inanimate item trials (Horn, Bayen, Smith, et al., 2011).

Study 1: Lexical decision ongoing task

In this Study, participants performed a lexical decision task (LDT), 
which has been commonly used in focal PM studies as the ongoing task 
(e.g., Gilbert, 2015; Scullin et al., 2010; Smith, 2003). For a set of words 
(PM targets), participants were instructed to perform an alternative task 
(i.e., the PM task). Importantly, one of those targets was an animate and 
the other an inanimate, allowing us to explore the potential influence of 
animacy in PM performance.

Method

Participants
Despite the long-term discussion on how to interpret effect sizes as 

either small, medium, or large, it is usually accepted that effect sizes less 
than small-to-medium are likely to be questioned for theoretical, prac
tical, and explanatory purposes (Funder & Ozer, 2019). Thus, all the 
present studies comprised samples sizes able to detect, at least, a small- 
to-medium animacy effect size. Using G*Power 3.1.9.4 (Faul et al., 
2007), considering an α = .05 (two-tailed), power = .85, and aiming to 
obtain a small-to-medium effect size in the PM target trials (dz = 0.35), 
N was set to at least 76 participants.

Following the recommendations for high-quality data collection on 
MTurk (https://www.mturk.com/; Cobanoglu et al., 2021; Hauser et al., 
2019), the following pre-screeners were used: English as first language, 
approval rate > 95 %, age 18–35 years old, and USA location. A total of 
114 participants responded to the study in exchange for $1.70 for a 15- 
minute participation. From those, 32 were excluded because they: did 
not perform any PM response (n = 14); asked their data to be deleted / 
did not pay attention to the task (n = 5); did not encode the PM target (i. 

e., did not recognize at least one of the PM targets and did not provide 
any PM response to that target; n = 7); did not meet the MTurk re
quirements to obtain compensation (n = 2); provided no responses to 
more than 50 % of the trials (n = 1); had low performance in the ongoing 
task (below the Grand Mean − 3 SD; n = 2); or due to a technical 
problem (n = 1). The final sample included 82 English native speakers 
(Mean age = 25.91 years; SD = 3.03; 52.4 % females, 47.6 % males). 
Each version of the task included 20 to 21 participants.

Materials
The stimuli and their characterization are available in SM 1. A total 

of 24 words (half animate, half inanimate) were selected from VanArs
dall and Blunt (2022). Four of them (two animates, two inanimates) 
were used in practice trials, while the remaining 20 were used in the PM 
phase (filler trials). Additionally, two pairs of words (composed of an 
animate and an inanimate) were selected to be used as the PM targets 
(target trials). Each set of PM targets (sister/wallet; canary/lock) were 
presented to different participants for the sake of generalization of the 
results. All animate and inanimate words were matched along several 
variables (e.g., concreteness, age of acquisition; see SM 1). For each 
word (except for the target words), a pseudoword was generated 
through Wuggy (Keuleers & Brysbaert, 2010), following the English 
orthographic and phonotactic rules. The two types of pseudowords (i.e., 
those generated from animate and inanimate words) were also matched 
on several variables (see SM 1).

Procedure
In all Studies, data were collected online, through Qualtrics, unless 

otherwise specified. After consenting to participate in the study, par
ticipants were presented with the instructions for the LDT: a string of 
letters was shown one at a time; the participants’ task was to decide 
whether each string represented a word (e.g., wind) or not (e.g., wike), by 
clicking on the M or Z keyboard keys. The response keys for the LDT 
were counterbalanced across different versions of the task (Z for word, 
M for pseudoword, and vice-versa; e.g., Scullin et al., 2010; Smith, 
2010). Each participant was presented with one of the two sets of PM 
targets (sister/wallet; canary/lock); this produced four different versions 
of the task. Participants were randomly assigned to one of these 
versions.

Participants started by responding to eight practice trials to get 
acquainted with the task (cf. Radanović et al., 2016; Smith et al., 2007). 
Each practice stimulus was presented once, in a random order, for a 
maximum of 2500 ms or until a response was given. Participants 
received feedback for their accuracy (the words “correct” or “incorrect” 
were presented) and speed (the message “please, respond faster” was 
displayed if no response was provided within the 2500 ms); the feedback 
message remained on the screen for 1000 ms (as in Bowden et al., 2021).

After the practice phase, the PM instructions were presented. Par
ticipants were instructed that, in addition to the lexical decision task, 
they should perform another task (the PM task): whenever any of two 
specific words were presented, they should press the SPACEBAR (instead 
of the M/Z keys); otherwise, they should perform the LDT. They were 
also informed that they would no longer receive feedback on their re
sponses. Then, they were presented the two target words (an animate 
and an inanimate) for one minute and asked to memorize them.

To prevent participants from rehearsing the PM instructions, a 2- 
minute distractor task followed this memorization period: a 3D mental 
rotation task (Ganis & Kievit, 2015). Two images were presented side- 
by-side, for 7500 ms; participants had to decide if the images were 
equal (only differing in their rotation angle) or if they were different 
images. Responses were provided by selecting either the “yes” or “no” 
option displayed on the screen.

Next, the PM phase started without further mentioning the PM in
structions. This phase contained 84 trials: 20 filler words (10 animates 
and 10 inanimates), 20 filler pseudowords (generated from the filler 
words) and two target words (an animate and an inanimate). All stimuli 
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were presented twice, in a random order, with the only constraint that 
each word and pseudoword appeared once in each half of the PM phase. 
By presenting each stimulus twice (both fillers and targets) we ensured 
that the target words were not perceived as different or discrepant 
(because of their repeated presentation) relative to the filler words 
(Whittlesea & Williams, 2001). The position of the target trials was fixed 
for all participants, as, for example, in Smith (2010); these occupied the 
15th, 35th, 55th, and 75th positions. In each of these positions, an animate 
or an inanimate target was randomly presented (with the constraint that 
an animate and an inanimate target were presented in each half of the 
task). After a fixation cross (300 ms), each stimulus was displayed in 
lowercase on the screen until a response was given or until 2500 ms had 
elapsed (as in Matos et al., 2020; Radanović et al., 2016). The PM target 
trials represented 4.8 % of the total trials, as in previous studies (Scullin 
et al., 2012; Smith, 2010).

Upon completing the PM phase, participants recalled the instructions 
they were provided for the task. A PM target recognition test followed; 
one at a time, and in a random order, both targets and four lures (half 
animates, half inanimates; from the PM phase) were presented in a 
random order to each participant. Participants were asked to decide 
whether each word corresponded to one of the PM targets or not (yes/no 
response).

Participants also provided sociodemographic information (age, 
gender, and native language) for sample characterization purposes. 
Also, they responded to the “honesty questions” regarding whether they 
paid attention and responded honestly to the task (Rouse, 2015), and 
provided optional feedback about the task. Finally, participants were 
thanked and debriefed. The experiment took about 15 minutes.

Data analyses (studies 1–5)
Unless otherwise specified, in all Studies 1 to 5, we proceeded as 

follows: the trials immediately after the PM target trials were excluded 
from the data analyses (e.g., Matos et al., 2020; Strickland et al., 2020); 
missing responses in all types of trials were scored as incorrect responses 
(as in Scullin et al., 2010); and, data analyses were conducted using SPSS 
25 (IBM, 2017). Performance was analyzed using repeated measures 
ANOVAs, with Animacy (animate vs. inanimate words) and Type of Trial 
as within-subject variables. The Greenhouse-Geisser correction was used 
when applicable and multiple comparisons were performed along with 
the Bonferroni correction. Additionally, Bayesian analyses were con
ducted on JASP 0.16.3 (JASP Team, 2022) to provide further evidence 
for the null and alternative hypotheses (Dienes, 2014).3 The results of 
the final target recognition task implemented in Studies 1–5 are pre
sented in SM 2. Also, as usual, the performance in focal PM procedures 
was very high (sometimes at ceiling levels; e.g., Rummel et al., 2017) 
which might have prevented the effect of the animacy variable from 
standing out. To explore this possibility, we considered the performance 
on the filler trials to split the sample into high and low performing 
groups based on the median value (i.e., median-split); such variable 
(performing group: high vs. low) was then included in a mixed ANOVA 
as a between-subjects variable. More detailed arguments for these ana
lyses and the corresponding results from each experiment (Studies 1–5) 
are reported in SM 2. The analyses on the excluded participants and RTs 
are available in SM 4 and SM 5, respectively.

Results

The main dependent variable was the proportion of correct responses 
(i.e., press the correct key — Z/M for the filler trials and SPACEBAR for 
the PM trials). As our main interest concerned the animate/inanimate 
status of the words, the analyses included only word trials (as in Rummel 
et al., 2017).4 Fig. 1 depicts the results. A 2 (Animacy: animate vs. 
inanimate words) X 2 (Type of Trial: filler vs. target) repeated measures 
ANOVA was performed. The only significant main effect was the Type of 
Trial, F(1, 81) = 43.36, p < .001, ηp

2 = .349, BFInclusion = 1.87x106, 
revealing that the performance on the target trials was significantly 
lower than that obtained for the filler trials. Both the Animacy main 
effect, F(1, 81) = 1.37, p = .242, BFInclusion = 0.18, and the Animacy X 
Type of Trial interaction were non-significant, F(1, 81) = 0.11, p = .746, 
BFInclusion = 0.15.

Interim discussion

Contrary to our hypothesis, no animacy effect was found in the PM 
target trials in this focal procedure. Said finding was further corrobo
rated by the Bayesian statistic. Additionally, no influence of animacy 
was found in the LDT performance (nor in RTs; see SM 5). Previous 
studies have also not found an effect of animacy in lexical decision la
tencies (Radanović et al., 2016; but see Bonin et al., 2019). The results of 
the median-split analysis based on performance, reported in SM 3, fol
lowed the results just described.

As stated above, no animacy effect was obtained in this task, which 
used a LDT as the ongoing task. However, considering that LDTs rely 
more on lexical/orthographic processing (Izura & Hernández-Muñoz, 
2017), one could argue that a semantic-related ongoing task would be 
more appropriate for investigating the influence of animacy (a semantic 
variable) in PM. Therefore, Studies 2 and 3 employed semantic-related 
ongoing tasks.

Study 2: Anagram-solving ongoing task

This Study employed an anagram-solving ongoing task, as previously 
used in other focal PM studies (Lee & McDaniel, 2013). In this Study, we 
used the list of words used in Félix et al.’s Study 1b (2024), in which a 
PM animacy effect was found using a nonfocal PM task.

Method

Participants
A sample size of at least 81 participants was pre-registered, calcu

lated through G*Power 3.1.9.4 (Faul et al., 2007), with α = .05, power 
(1-β) = 0.85, aiming to obtain a small-medium effect size in the target 
trials (dz = 0.34). Participants were recruited at the University of Aveiro 
(N = 136). They participated in-person, in exchange for course credits or 
for entering a prize draw. Forty-eight participants were excluded 
because they: did not provide any PM response (n = 27); were non- 
European-Portuguese native speakers (n = 9); their performance in the 
ongoing task (filler trials) was lower than the Grand Mean − 3 SD (n =
6); failed to recognize the PM targets and to provide PM responses to 
those targets (n = 2); did not respond to 50 % or more of the trials (n =
1); or indicated their data should be excluded / did not pay attention to 
the task (n = 1). Two additional participants were excluded: one due to a 
technical problem which prevented data registration, and another 
because he/she was non-naïve to the aims of the study. Even though we 
pre-registered the exclusion of participants aged below 18 years old, we 
included two participants aged 17 years old, after obtaining proper 

3 We report BFInclusion for quantifying the strength of the evidence of a 
particular effect (Rouder et al., 2017). BFInclusion assumes values above or below 
0, indicating evidence for the inclusion or not of a variable in the model, 
respectively. T-tests report BF10, providing evidence for the likelihood of a 
specific result under the alternative (H1) or the null hypothesis (H0; Wagen
makers et al., 2011). For example, BF10 ≥ 3 indicates that the results are at least 
three times more likely under H1 than under H0, while BF10 ≤1/3 provides 
evidence in favour of the null hypothesis (Wagenmakers et al., 2011, 2018).

4 Of note, the mean proportion of correct responses for the pseudowords, 
created directly from the animate and inanimate words, was, in both cases, of 
0.97 (SEM = 0.01).
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written consent from their tutors as well as from the participants 
themselves. The final sample was composed of 88 European Portuguese 
native speakers (Mean age = 21.01 years; SD = 4.48; 81.8 % females and 
18.2 % males). Twenty to 24 participants responded to each version of 
the task.

Materials
As mentioned before, in this experiment we used the same material 

as in Study 1b from Félix et al. (2024). Two words were selected for the 
practice phase, and 16 other words for the baseline phase. For the PM 
phase, another 24 filler words and two pairs of target words were used. 
Words (half animate, half inanimate, in all phases) were selected from 
Félix et al. (2020) and equated along several variables (available in SM 
1). For the present Study, words (e.g., pomba [dove]) were converted 
into anagrams by changing the order of two adjacent letters in each 
word (e.g., pobma), as in Lee and McDaniel (2013). Two different ana
grams were created for each word (by switching two different letters) to 
allow presentation of the word twice during the PM phase without 
repeating the corresponding anagram.

Procedure
After consenting to participate, the ongoing task instructions were 

presented; participants were tasked to solve anagrams (e.g., POBMA → 
POMBA [dove]), type the response, and then press ENTER to move on to 
the next anagram. Anagrams were presented one at a time, for 15 s or 
until a response was given.

After two practice trials, participants performed 16 baseline trials 
(with the anagram-solving task only). Then, they were presented the PM 
instructions: in addition to performing the anagram-solving task, they 
were instructed to press the SPACEBAR whenever the anagram of either 
two specific targets (an animate and an inanimate) was presented 
(instead of solving the anagram; PM response). Then, they were pre
sented the two target words for one minute and asked to memorize 
them. As in Study 1, a 2-minute 3D mental rotation distractor task 
followed.

Then, the PM phase began without further mentioning the PM in
struction. In this phase, each word was presented twice, each time in a 
different anagram, totalizing 52 trials (48 filler and 4 target trials). The 
PM targets were presented in trials 11th, 24th, 36th, and 51st, as in Study 
1b from Félix et al. (2024). Words in the practice and baseline phases 
were presented in the same/fixed order for all participants. There were 
two predetermined presentation orders in the PM phase to ensure that, 
in each position of the list, an animate and an inanimate item was pre
sented an equal number of times across participants (both in filler and 
target trials). We also used one out of two sets of PM targets (atleta 
[athlete] and camisa [shirt] / cavalo [horse] and janela [window]) in each 

of these versions. Therefore, there were four versions of the task to 
which participants were randomly assigned. Finally, as in Study 1, 
participants responded to the instructions recall task, the PM target 
recognition test, a sociodemographic questionnaire, honesty questions, 
and provided optional feedback on the study. Then, they were thanked 
and debriefed. The experiment lasted approximately 16 minutes.

Results

Fig. 2 shows the obtained results on the proportion of correct re
sponses. For the baseline and filler trials, this corresponds to the 
correctly solved anagrams, whereas for the target trials it refers to the 
proportion of correct PM responses. A 2 (Animacy: animates vs. in
animates) X 3 (Type of Trial: baseline vs. filler vs. target) repeated 
measures ANOVA was conducted. Only the Type of Trial main effect 
reached significance, F(1.20, 104.53) = 8.41, p = .003, ηp

2 = .088, 
BFInclusion = 51.12. Follow-up paired t-tests, conducted along with the 
Bonferroni correction (p < .05/3 ~ .0167) revealed that the perfor
mance in the filler trials was significantly higher than that obtained in 
the baseline, t(87) = 6.11, p < .001, dz = 0.65, BF10 = 434744.57, and 
target trials, t(87) = 3.40, p = .001, dz = 0.36, BF10 = 23.14. The dif
ference obtained between the latter two was non-significant, t(87) =
1.20, p = .235, BF10 = 0.07. The Animacy main effect, F(1, 87) = 2.63, p 
= .109, BFInclusion = 0.23, as well as the interaction were non-significant, 
F(1.45, 126.43) = 0.78, p = .424, BFInclusion = 0.08.

Interim discussion

Once again, the animacy effect was not obtained in a focal PM task, 
this time using a semantic-related ongoing task. The average perfor
mance on the baseline and target trials was similar to that obtained in 
prior studies, but the performance in the filler trials was higher (e.g., Lee 
& McDaniel, 2013). The median-split analysis revealed the same pattern 
of results as reported above (see SM 3).

Study 3: Word-rating ongoing task

Studies 1 and 2 failed to obtain a PM animacy advantage. In Study 1, 
we used a LDT task which focused more on lexical aspects of the words. 
The anagram-solving task used in Study 2 required semantic processing, 
but other non-semantic variables might actually be more prominent in 
such task (e.g., phonemic and mental spatial manipulation of letter 
position; Nioka et al., 2008). Therefore, in Study 3, we further explored 
the animacy effect in PM using another semantic ongoing task 
frequently employed in focal PM studies: a word-rating task (e.g., Kliegel 
et al., 2007, 2004; McDaniel et al., 2004).

Fig. 1. Mean Performance Obtained in the Word Filler and Target Trials (PM Task) in Study 1. Error Bars Represent Standard Errors of the Mean.
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Method

Participants
Sample size was calculated as in Study 2. A total of 126 students were 

recruited from several Portuguese universities. From those, 42 were 
excluded because they: provided no PM responses (n = 15); had 
participated previously in other PM tasks in our laboratory (n = 9); were 
not European Portuguese native speakers (n = 9); asked their data to be 
deleted / did not pay attention to the task (n = 4); failed to recognize the 
PM targets and to provide PM responses to those targets (n = 2); failed 
both attention checks (n = 1); or did not respond to 50 % or more of the 
trials (n = 2). The final sample included 84 European Portuguese native 
speakers (Mean age = 23.86 years; SD = 7.68; 60.7 % females, 39.3 % 
males; although one participant did not disclose his/her age we included 
him/her in the data analysis, as the study was shared among university 
students who are typically aged between 18 and 35 years old). Each 
version of the task was responded to by 20 to 23 participants.

Materials
Twenty-four words (12 animates and 12 inanimates) were selected 

from Félix et al. (2020). Considering that the ongoing task was a word- 
rating task (pleasantness and subjective frequency rating tasks), we 
selected words with low, medium and high pleasantness mean ratings 
(as per data collected in a pleasantness-rating task reported in Félix & 
Pandeirada, 2024), as well as with low, medium and high subjective 
frequency (Soares et al., 2017). Additionally, two pairs of PM target 
words (each including one animate and one inanimate) were selected to 
be used in each version of the task. Two additional words (an animate 
and an inanimate) were used for the practice trials. Words were equated 
on several variables (see SM 1).

Procedure
Data collection was held both online (n = 3) and in-person (n = 81)5

using LimeSurveyUA. After consenting to participate, the instructions 
for the word-rating ongoing task were presented: words were presented, 
one at a time for 5000 ms, and the participants’ task was to rate each 
word in terms of pleasantness or subjective frequency, using 5-point 
rating scales. The trials for pleasantness ratings and subjective fre
quency ratings were intermixed and were identified by a prompt (see 
Supplemental Fig. 1 for an illustration of each of those trials).

The Portuguese word-rating instructions, created from preexisting 

ones (Nairne et al., 2007; Soares et al., 2017), were as follows (English 
translation). SM 6 presents the complete rating instructions used in this 
Study (in European Portuguese).

Pleasantness: Each word can describe things that are pleasant or 
unpleasant for you. You should rate each word according to how the 
word makes you feel. The rating will be made on a scale ranging from 1 
(very unpleasant) to 5 (very pleasant).

(Subjective) Frequency: The number of times we are confronted 
with a given word in our daily lives varies from word to word. You 
should rate each word in relation to the number of times you read, use, 
or hear it in your daily life. The rating will be made on a scale ranging 
from 1 (I have never come into contact with this word) to 5 (I encounter 
this word several times a day).

The ratings were given by pressing the “1” to “5” number keys on the 
keyboard. As in Kliegel et al. (2007), participants were asked to provide 
a fast, honest, and intuitive rating; additionally, instructions stated that 
there were no right or wrong answers, and encouraged participants to 
try to use all values in the scale.

Participants began by responding to four practice trials which ran as 
described. Also, words were presented twice, each time being rated on a 
different dimension (pleasantness or subjective frequency).

Next, the PM instructions were presented, asking participants to 
provide a PM response (i.e., to press “0” instead of providing the word- 
rating) whenever any of the target words was presented during the 
word-rating task; for the remaining (filler) words, participants should 
perform the word-rating task. Then the two PM target words (one 
animate, one inanimate) were presented for one minute, and partici
pants were asked to memorize them. As in Study 1, the 2-minute 3D 
mental rotation distraction task followed.

The PM phase then started without further mentioning the PM in
structions. Words were presented in the same order for every participant 
(pseudo-randomized order), ensuring a balanced number of animate and 
inanimate words, and of rating dimension (pleasantness / subjective 
frequency), in each quarter of the list. As stated before, trials presenting 
each rating dimension were intermixed throughout the task. Every word 
was presented twice, once in either half of the list, each time in a 
different to-be-rated dimension, totalizing 52 trials. As in Kliegel et al. 
(2007), there were at least 10 trials between the repetition of a given 
word. The target trials were in the 5th, 25th, 37th, and 51st positions (one 
target in each quarter of the list). A comparable proportion of target 
trials (~8 %) was used in similar studies (e.g., Kliegel et al., 2007).

In this Study, aiming to gather more insight about the data collected 
online, an attention check was presented after the practice trials (“Have 
you ever walked on Mars?” – yes/no response), and another after the PM 
task (“Indicate which is the second word of this sentence: How many 
colors are there in the Portuguese flag?”) (Rouse, 2015). Upon 
completing the task, participants underwent the same general procedure 
as in Studies 1 and 2 and reported whether they had participated in 
previous PM studies from our lab. Finally, participants were thanked and 
debriefed. The experiment lasted approximately 26 minutes.

Fig. 2. Mean Performance Obtained in the Baseline, Filler (Ongoing Task), and Target Trials (PM Task), in Study 2. Error Bars Represent Standard Errors of the Mean.

5 A sample of at least 81 participants was calculated a priori. Still, beyond the 
participants recruited in-person (n = 81), we opted to also include participants 
recruited online (n = 3). We re-ran all the analyses excluding those 3 online 
participants, and the same results were found as when including them: Sub
jective frequency ratings (animates > inanimates) t(80) = 4.20, p <.001, dz =
0.47, BF10 = 275.65; Pleasantness ratings (animates < inanimates) t(80) =
− 4.42, p <.001, dz = − 0.49, BF10 = 588.42; PM performance (animates ~ 
inanimates) t(80) = 0.90, p =.372, dz = 0.10, BF10 = 0.18.
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Results6

Trials with missing responses were not considered in the data anal
ysis (more information in SM 2). Paired t-tests were conducted to 
compare the subjective frequency and pleasantness ratings for the filler 
trials, as well as PM performance for the target trials, between animates 
and inanimates. Animate words received, on average, higher subjective 
frequency ratings (M = 2.82; SD = 0.47) than inanimate words (M =
2.65; SD = 0.42), t(83) = 4.00, p < .001, dz = 0.44, BF10 = 147.82. The 
opposite pattern was obtained for pleasantness, with animates (M =
3.22; SD = 0.32) rated, on average, as less pleasant than inanimates (M 
= 3.41; SD = 0.38), t(83) = -4.39, p < .001, dz = -0.48, BF10 = 535.28. 
Regarding the PM trials, performance was very high for both types of 
stimuli (animates: M = 0.94; SD = 0.18; inanimates: M = 0.91; SD =
0.26), with the small descriptive difference not being statistically sig
nificant, t(83) = 0.90, p = .372, BF10 = 0.18.

Interim discussion

We obtained unexpected rating differences between animates and 
inanimates given they were matched a priori on the rated dimensions 
(see SM 1). Such differences might be related to an unbalance on the 
type of rating that items received in their first and second presentation. 
Specifically, animates were more likely to be rated on pleasantness in 
their first presentation, likely increasing their sense of familiarity on 
their second presentation (and the opposite for the inanimate items). 
However, we do not anticipate this issue to impact our results of main 
interest.

In this Study, using a task that more directly appealed to semantic 
processing, we also did not obtain an animacy advantage in focal PM, 
contrary to our prior findings using nonfocal tasks (Félix et al., 2024). 
This pattern of results was also obtained in the median-split analyses 
(SM 3).

Looking at the overall pattern of results, we attempted to identify 
aspects of these focal tasks that differ from those of the nonfocal tasks in 
which we obtained the effect. Besides the focality of the task, the just 
presented studies differ from those employed by Félix et al. (2024) on 
the type of ongoing task. In those studies, the ongoing tasks involved, to 
some degree, a working-memory component which is cognitively more 
demanding than the verbal-related tasks used in the current studies. 
Also, the high levels of performance obtained in the current tasks sug
gest they were easy to solve, allowing effortless processing of both 
animate and inanimate PM targets, thus reducing the potential for ani
macy to play an effect. Moreover, prior research has revealed that 
attentional and working-memory resources are recruited differently in 
focal and nonfocal PM tasks (Brewer et al., 2010). To address this pos
sibility, Studies 4 and 5 were conducted using a different ongoing task.

Study 4: 2-back ongoing task

In Studies 4 and 5 we used PM procedures with working-memory- 
related ongoing tasks. If the animacy effect in PM depends on using a 
more demanding ongoing task (verbal- vs. working-memory-related), 
one would expect a significant animacy effect in PM target trials in 
these Studies. This Study employed a 2-back ongoing task (Kliegel & 
Jäger, 2006) which complies with such criteria.

Method

Participants
Sample size was calculated as in Study 1. A total of 115 participants 

were recruited online: 42 via Prolific (https://www.prolific.com/, paid 
£3.00 for a 20-minute participation), and 73 through the City, University 
of London (currently, City-St. George’s, University of London) SONA 
system (in exchange for course credits). The Prolific pre-screeners used 
were: location (UK), age (18–35 years old), being currently a student 
(for comparability with the participants from SONA), and approval rate 
(95–100 %).

Thirty-seven participants were excluded from data analysis because 
they: did not recall the task instructions or the PM response key, or did 
not recognize the targets and did not perform any PM response to the 
non-recognized targets (n = 20, 12 of those from SONA); asked their 
data to be excluded / did not pay attention to the task (n = 9, eight of 
them from SONA); did not respond to more than 50 % of the trials (n = 4, 
all from SONA); had a performance in the ongoing task (filler trials) 
lower than the Grand Mean − 3 SD (n = 3, all from SONA); or failed both 
attention checks (n = 1 from SONA). The final sample included 78 
participants, all fluent English speakers (33 of them recruited on Prolific; 
Mean age = 21.72 years; SD = 4.92; 67.9 % identified themselves as 
females, 29.5 % as males, and 2.6 % preferred not to answer to this 
question). Sixty-seven participants were English native speakers or En
glish bilinguals; the remaining 11 participants were non-English natives 
or preferred not to disclose their native language, but all reported being 
highly fluent in English (answering 4 or 5, in a 5-point scale, ranging 
from “1 – Not fluent at all” to “5 – Very fluent”). Each version of the task 
was responded to by 18 to 21 participants.

Materials
Words (half animates, half inanimates) were selected from VanArs

dall and Blunt (2022), and matched on several variables (see SM 1). Six 
words were selected for the practice trials, 38 for the baseline, 66 for the 
filler trials, and two pairs to be used as targets.

Procedure
After consenting to participate, participants were provided the 2- 

back task instructions. One at a time, words were presented, and the 
participants’ task was to decide whether the presented word was (or not) 
the same as that presented two words before, by pressing the Y (for Yes) 
or the N (for No) keys. An image illustrating the task was also provided 
with the instructions. Participants were instructed to respond as fast and 
accurately as possible. Throughout the task, each word was presented 
for 2000 ms, or until a response was provided (Schnitzspahn et al., 
2014). As in similar research (e.g., Schnitzspahn et al., 2022, 2014), 
there were 20 % hits (i.e., Yes responses) in each phase of the study 
(practice, baseline and PM phase). Word presentation was previously 
pseudo-randomized, ensuring that, in each phase, each quarter of the 
task contained a balanced number of animate and inanimate words (and 
a balanced number of hit-responses for animates and inanimates).

Following similar research (e.g., Schnitzspahn et al., 2022, 2014), 
participants performed 10 practice trials to get acquainted with the task. 
Also, they were instructed to respond correctly on at least 80 % of the 
trials to move on to the task; otherwise, they re-read the instructions and 
repeated the practice phase once again (about 7 % of participants per
formed < 80 % in the second repetition; still they were not excluded as 
their performance in the PM phase did not motivate their exclusion). 
Furthermore, participants received feedback on each practice trial: if a 
correct response was given within the 2000 ms display time, a green 
check was presented; otherwise, a red cross was displayed (for 100 ms). 
At the end of the practice phase, a message showed up, indicating if the 
minimum performance of 80 % had been achieved. This procedure 
ensured participants understood the instructions, were engaged, and 
complied with the task.

Then, a reminder of the instructions was presented, and participants 

6 We pre-registered a repeated measures ANOVA (Animacy X Type of Trial) 
on the proportion of correct responses as the dependent variable. Nonetheless, 
as this was a word-rating ongoing task, there were no correct/incorrect re
sponses for the filler trials. Alternatively, we conducted t-tests on the ratings to 
explore unanticipated differences between animates and inanimates.
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performed the baseline phase with the 2-back task only (60 trials, as in 
related research, Ballhausen et al., 2017; Schnitzspahn et al., 2022, 
2014). During this phase no feedback was provided.

Next, the PM instructions were presented, indicating that, in addition 
to the 2-back task, they should perform another task: to press the 
SPACEBAR (instead of Y/N) whenever either of the two target words 
was presented. An image illustrating the task was also presented. Then, 
participants were instructed to memorize the two target words (one 
animate, one inanimate). Each target word was presented for 5000 ms. 
To check whether the targets were correctly encoded, participants were 
asked to type the target words they were just asked to memorize.7 If 
recall of the targets was incorrect, the target words were again displayed 
for 5000 ms each, and the recall task was repeated (as in Horn & Bayen, 
2015). If incorrect responses were given again, a new presentation of the 
target words occurred for one last opportunity for memorization, and no 
recall followed. No participants needed a second presentation of the 
targets.

To prevent participants from rehearsing the PM instructions, they 
performed two distractor tasks: a spot the five differences task (six pairs 
of images were presented for 30 s each, totalizing 3 min), and a 2-minute 
3D mental rotation task, as described in Study 1. In this Study we opted 
to increase the distractor period aiming to reduce the high performance 
levels.

The PM phase followed without further mentioning the PM task in
structions. In this phase, there were 100 trials (96 filler and 4 target 
trials), maintaining a similar proportion of target trials as in previous 
research (Schnitzspahn et al., 2022, 2014). There were two target words 
(an animate and an inanimate, presented twice). The PM target trials 
were presented in the 24th, 47th, 75th, and 96th trials. There were two 
pairs of PM targets (monkey and phone; frog and paper). There were two 
predetermined presentation orders of the PM targets to ensure that, in 
each target-position of the list, an animate and an inanimate item was 
presented. Therefore, there were four versions of the task to which 
participants were randomly assigned. The filler trials were presented in 
the same order for all participants. The animate and inanimate hit trials 
(i.e., those with a correct Yes response) were preceded and followed by 
an animate and an inanimate filler word an equal number of times. 
There was roughly the same number of hit animate/inanimate trials in 
each quarter of the task (both in the baseline and PM phases). In the 
baseline and filler trials, 22 and 30 words, respectively, appeared twice. 
Half of these appeared in hit trials and half in correct rejection trials, 
preventing hits from occurring only for repeated words.

An attention check was presented after the baseline phase (“Can you 
fly with invisible wings?” – press Y/N for Yes/No), and another after the 
PM phase (“How many triangles can you see in this figure?”).

After the PM phase, participants recalled the PM instructions, fol
lowed by the target recognition test. Then, they were asked to recall the 
PM response key. Participants also provided sociodemographic infor
mation (age, sex, native language; non-English native speakers were also 
asked to indicate how fluent they were in English), responded to the 
honesty questions, and were given the possibility of providing feedback 
about the task. Finally, they were thanked and debriefed (total duration 
of the procedure: approximately 20 minutes).

Results

Fig. 3 shows the results. A 2 (Animacy: animate vs. inanimate words) 
X 3 (Type of Trial: baseline vs. filler vs. target) repeated measures 
ANOVA was conducted. Only the Type of Trial main effect was signifi
cant, F(1.13, 86.91) = 16.89, p < .001, ηp

2 = .180, BFInclusion = 24546.76. 

Follow-up paired t-tests revealed that the performance in the target trials 
was lower than in the baseline, t(77) = -4.49, p < .001, dz = -0.51, BF10 
= 1608.01, or the filler trials, t(77) = -3.84, p < .001, dz = -0.44, BF10 =

155.04; with no differences between the latter two types of trials, t(77) 
= 2.08, p = .041, BF10 = 1.72 (following the Bonferroni correction). 
Both the Animacy main effect, F(1, 77) = 2.15, p = .147, BFInclusion =

0.22, and the interaction were non-significant, F(1.06, 81.42) = 1.54, p 
= .219, BFInclusion = 0.20.8

Interim discussion

Again, no advantage was found for the animate target trials even 
when using a working-memory updating task. This task was used to 
explore whether our results were being influenced by the type of 
ongoing task (rather than the focality of the PM task) given that we 
found a PM animacy advantage using related tasks in nonfocal proced
ures. The obtained results suggest that the animacy effect in PM depends 
more on the overlap between the processes involved in the ongoing task 
and those required to detect the PM target (i.e., focality of the task), than 
on the type of ongoing task used. Nonetheless, considering that perfor
mance still approached ceiling levels (limiting any meaningful conclu
sion; cf. median-split analyses in SM 3), we conducted Study 5, with a 
more demanding working-memory updating ongoing task.

Study 5: 3-back ongoing task

Aiming to lower performance levels and further test the influence of 
the ongoing task in our results, in this Study we employed a 3-back 
ongoing task, as used in previous work (e.g., West et al., 2005).

Method

Participants
Sample size was calculated as in Study 1. Participants were recruited 

on Testable (https://www.testable.org), using the following pre- 
screeners: age (18–35 years old), English as first language, location 
(USA, UK, Australia, New Zealand, Ireland, or Canada), and approval 
rate (95–100 %). A total of 102 participants were recruited. From those, 
26 were excluded because they: failed to recall the PM response key or to 
recognize the targets and did not perform any PM response to said target 
(n = 21); had an ongoing task performance (filler trials) below the Grand 
Mean − 3 SD (n = 4); or missed responses on more than 50 % of all trials 
(n = 1). The final sample was composed of 76 participants (75 were 
English native speakers or English bilinguals, another participant re
ported being highly fluent in English; Mean age = 28.55 years; SD =
5.08; 52.6 % identified themselves as females, 46.1 % as males, and 1.3 
% preferred not to answer). Considering that, in Studies 1–3, including 
participants who failed to make any PM responses did not affect the 
main results (see SM 4), we opted to include those participants in the 
final 76-participant sample (n = 9).9 Other studies also included said 
participants (e.g., Horn & Bayen, 2015). Each version of the task con
tained between 18 and 21 participants (see SM 2 for additional analyses 

7 This procedure was included in this and the next study aiming to decrease 
the number of excluded participants due to not recognizing the target words at 
the end of the experiment. A similar procedure was used in other studies that 
used a n-back ongoing task (Chen et al., 2014; Kliegel & Jäger, 2006).

8 To explore the potential influence of sample provenience on the PM per
formance, we conducted a 2 (Animacy: Animate vs. Inanimate targets) X 2 
(Group: SONA vs. Prolific). The results did not reveal a Group main effect, F 
(1,76) = 2.17, p =.145, nor Animacy X Group significant interaction, F(1,76) =
0.28, p =.597.

9 A 2 (Animacy: animate vs. inanimate words) X 3 (Type of Trial: baseline vs. 
filler vs. target) repeated measures ANOVA was conducted excluding the 9 
participants who did not provide any PM responses. The analysis included 67 
participants. The results followed the same pattern as reported in the main text: 
Only the Type of Trial main effect was significant, F(1.12, 74.00) = 13.20, p <
.001, ηp

2 = .167. Both the Animacy main effect, F(1, 66) = 0.90, p = .346, and 
the interaction were nonsignificant, F(1.10, 72.66) = 0.74, p = .477.
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regarding task version).

Materials and procedure
We used the same words and procedure as in Study 4, except that: 

after consenting to participate, participants performed a 3-back task and 
words were presented for 1500 ms or until a response was given, aiming 
to lower performance. Therefore, they were instructed to press Y (for 
Yes) or N (for No) if the presented word was the same as the one pre
sented three words before, or not. For the PM task, in addition to the 3- 
back task, participants were instructed to press the SPACEBAR when
ever any target word was presented. The experiment lasted about 19 
minutes.

Results

Fig. 4 presents the results. As intended, the procedure used in the 
present Study was effective in lowering participants’ performance 
(about 5 % to 8 % in baseline and filler trials), particularly on target 
trials (a difference of about 17 % as compared to the prior Study).

As in Study 4, the 2 (Animacy) X 3 (Type of Trial) repeated measures 
ANOVA only revealed a significant Type of Trial main effect, F(1.09, 
81.89) = 26.49, p < .001, ηp

2 = .261 BFInclusion = 5.30x107. Follow-up 
paired t-tests revealed, again, that the performance in the target trials 
was significantly lower than in the baseline, t(75) = -5.14, p < .001, dz 
= 0.59, BF10 = 2.61x106, or the filler trials, t(75) = -5.30, p < .001, dz =
0.61, BF10 = 7.54x106. No difference in performance was obtained be
tween the baseline and the filler trials, t(75) = -1.15, p = .255, BF10 =

0.22. The Animacy main effect, F(1, 75) = 0.94, p = .334, BFInclusion =

0.13, and the interaction were non-significant, F(1.12, 83.70) = 0.69, p 
= .503, BFInclusion = 0.05.

Interim discussion

The procedure employed in Study 5 was effective in reducing the 
overall levels of performance. Although including participants who 
made no PM responses lowered overall PM performance, the procedure 
was still effective in reducing performance levels even when those 
participants were excluded (cf. SM 4). The now obtained performance 
levels are closer to those obtained using nonfocal procedures in which an 
animacy advantage was obtained (Félix et al., 2024). Still, and despite 
using an ongoing task involving working memory, no animacy advan
tage was obtained in this focal PM study.

Overall sign-test

In the above five studies, we found no evidence for an animacy PM 
effect, as corroborated by Bayesian statistics. Although all experiments – 
and their sample sizes – had been pre-registered, we opted to conduct a 

sign test across all participants from Studies 1 to 5 for a more powered 
analyses. The animacy effect in PM target trials remained non- 
significant (z = -1.73, p = .083; PM performance animate > inani
mate, n = 77; animate < inanimate, n = 56; animate = inanimate, n =
275).

General discussion

Animacy plays an important role in many cognitive domains, 
including memory (Nairne et al., 2013, 2017). Indeed, an animacy 
advantage has been reported for many mnemonic processes (e.g., free 
recall), in different languages, age-groups, and with a breadth of to-be- 
remembered stimuli (words, nonwords, and pictures), in various tasks 
and with multiple procedures. Recently, Félix et al. (2024) reported that 
this animacy advantage extends to prospective memory, when using 
nonfocal tasks. The aim of the present work was to explore, for the first 
time, the animacy effect in focal PM tasks.

In a series of five studies, using different ongoing tasks, we found no 
animacy effect in focal PM tasks. Bayesian statistics supported these 
conclusions. It is interesting that although the PM animacy effect was 
not statistically significant in any of the present focal PM studies, there 
was a descriptive tendency for a higher PM performance towards ani
mates. However, a sign test, conducted across all participants from 
Studies 1 to 5 remained non-significant.

Additionally, considering that Study 2 used the same materials as in 
Study 1b of Félix et al. (2024) – in which an advantage was found for 
animate targets in a nonfocal task – it is unlikely that these results relate 
to the specific materials used. Therefore, the absence of the animacy 
advantage in focal PM tasks is more likely due to processing differences 
introduced by the focal/nonfocal PM procedures. Other studies have 
also reported differential effects of specific variables (e.g., emotional 
valence) in focal vs. nonfocal tasks (Hostler et al., 2018). These findings 
are informative to the overall animacy effect and also to the PM func
tioning itself.

As stated in the Introduction, according to the Multiprocess Frame
work (McDaniel & Einstein, 2000), the processes recruited to perform 
PM tasks depend on their focality. While focal tasks rely more on 
automatic processes and spontaneous identification of the targets, 
nonfocal tasks require more effortful processes (e.g., strategic moni
toring) to detect the PM targets. Consequently, the focal PM tasks likely 
require less attentional resources than the nonfocal. This difference re
lates to one of the most prominent explanations for the animacy effect: 
the attention-prioritization account.

The attention-prioritization account suggests that animates are pro
cessed more automatically than inanimates and, thus, their attention/ 
detection threshold is lower (Bugaiska et al., 2019; Loucks et al., 2023; 
New et al., 2007; but see Komar et al., 2023b; Rawlinson & Kelley, 
2021). In nonfocal PM tasks, which rely more on strategic and effortful 

Fig. 3. Mean Performance Obtained in the Baseline, Filler (Ongoing Task), and Target Trials (PM Task), in Study 4. Error Bars Represent Standard Errors of the Mean.
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retrieval, the attentional bias toward animate stimuli—processed at 
lower attention thresholds than inanimates—can facilitate the detection 
of animate PM targets. This leads to a significant animacy advantage, as 
reported by Félix et al. (2024). In contrast, as focal PM tasks depend 
more on automatic or spontaneous retrieval of the targets, PM perfor
mance overall is facilitated. The results here reported and prior research 
are consistent with this idea. In this context, the attentional boost 
associated with animacy no longer enhances performance as both types 
of targets are easily identified, resulting in a non-significant animacy 
advantage. This finding, along with the lack of an RT difference between 
the baseline and filler trials, lends support to the differentiation between 
focal and nonfocal tasks proposed by the Multiprocess Framework 
(McDaniel & Einstein, 2000).

The attentional account would also predict effects of the animacy 
variable on ongoing task performance (baseline and filler trials). In 
particular, the automatic attention drawn by animate stimuli may 
impair performance on these stimuli relative to those involving in
animates. However, across studies, no animate vs. inanimate differences 
were obtained on these trials. Response time data have also been used in 
the literature as an indicator of the attentional mechanisms associated 
with animacy. For example, the response times in a color-naming Stroop 
task were found to be longer when words referred to animates than to 
inanimates (e.g., Bugaiska et al., 2019). Although this dependent vari
able was not of main interest in this work, the corresponding data, 
available in SM 5, revealed no effect of animacy on the response times of 
the baseline and filler trials. In sum, although the present PM results fit 
the attention-prioritization account, it does not explain the data from the 
baseline and filler trials (see also Rawlinson & Kelley, 2021). Thus, 
overall, the influence of animacy in PM may not be explained solely by 
the attention-prioritization account.

The other proximate mechanism that has been mostly explored in the 
animacy effect is the richness of encoding account. According to this ac
count, animates tend to be better recalled because they naturally lead to 
the generation of more ideas and/or have more features than inanimates 
(Meinhardt et al., 2020; Rawlinson & Kelley, 2021; but see Bonin et al., 
2022, Komar et al., 2024). Such ideas or features potentially work as 
retrieval cues which would improve memory for animates, particularly 
in free recall tasks (but not in other tasks, such as cued-recall; Popp & 
Serra, 2016). This account could predict the non-occurrence of the 
animacy effect in focal PM tasks as well; specifically, the multiple ideas 
related to animate targets (vs. inanimates) would mislead the target-PM 
intention association, hindering PM performance for animate targets 
(McDaniel & Einstein, 2000). In this vein, Sugimori and Kusumi (2008)
reported that unfamiliar targets (i.e., words with low values of famil
iarity and, thus, fewer associations), compared to familiar targets, 
improved PM performance when a spontaneous retrieval process was 
used (see also McDaniel & Einstein, 1993). However, considering that 
PM performance for inanimates (words with fewer associates) did not 

supplant that of animate targets, our findings are not consistent with the 
richness of encoding account.

The present results may also relate to research regarding the animacy 
effect in recognition memory. Event-based prospective memory tasks 
require a component of recognition memory, as participants need to 
recognize the targets that signal the moment to perform the PM task 
(McDaniel & Einstein, 2007). Previous research has reported that the 
animacy effect tends to be found in remember responses – those that rely 
in recollection processes – but not in know responses – which relate to 
familiarity processes (Bonin et al., 2014; Komar et al., 2023a; Rawlinson 
& Kelley, 2021; see also Félix & Pandeirada, 2024). Also, studies have 
suggested that there is an overlap between the processes (and even the 
neural correlates) used for remember-responses and performance in 
nonfocal PM tasks, and those used in know-responses and focal PM tasks 
(Cona et al., 2014; Curran, 2000; McDaniel et al., 2004). Our present 
results seem to parallel this pattern: animacy enhances memory when 
recollection is required but may have no (or smaller) effect when 
retrieval relies on familiarity.

Throughout this work, different proportions of target trials (in rela
tion to the number of filler trials) were used. In Studies 1, 4 and 5, target 
trials corresponded to 4–5 % of the total trials of the PM phase, while in 
Studies 2 and 3 that corresponded to approximately 8 %. These resem
bled ratios of target/filler trials used in previous research (e.g., Scullin 
et al., 2012; Smith, 2010). Still, the different ratio of target/filler trials 
did not seem to influence the expression of the animacy effect (despite 
the different ongoing tasks that were used across studies). That is 
consistent with the idea that the ratio of target trials to filler trials does 
not influence greatly the performance in focal PM tasks (Anderson et al., 
2019).10

Only some of the studies here presented included a baseline phase. 
Said phase is particularly relevant for exploring the costs imposed on the 
ongoing task by the embedded PM task. As this was not the main aim of 
our work, this decision allowed us to create shorter procedures aiming 
for more successful completion of the tasks. Nevertheless, the RT data 
presented in SM 5 revealed, as expected in focal procedures (e.g., 
Anderson et al., 2019; Scullin et al., 2010; but see Smith, 2003; Smith 
et al., 2007), minimal costs (measured by a slowing in RTs) between the 
baseline trials (ongoing task only) and the filler trials (PM task 
embedded in the ongoing task). Said results further attest to the focal 
nature of the PM tasks here reported.

In each study we only used two different PM targets (one animate 
and one inanimate) to prevent a high cognitive load and, consequently, 

Fig. 4. Mean Performance Obtained in the Baseline, Filler (Ongoing Task), and Target Trials (PM Task), in Study 5. Error Bars Represent Standard Errors of the Mean.

10 A lower proportion of target trials could reduce participants’ monitoring 
strategies, asseverating the focal nature of the present tasks; conversely, targets 
frequently displayed could warn/remind participants of the PM task, leading 
them to pay extra attention to detect the PM targets, and rely more on mon
itorization and rehearsal (Anderson et al., 2019).
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low levels of PM performance (Anderson et al., 2019). Still, we opted to 
use different sets of possible targets to increase the generalizability of 
our results. It is also noteworthy that the present results were obtained 
using different ongoing tasks and in two languages (Portuguese and 
English), which further reinforces the consistency of the present 
findings.

One potential limitation of the present Studies concerns the levels of 
PM performance, which, as expected in focal PM tasks (cf. Loft & 
Humphreys, 2012), was higher than in our previous work with nonfocal 
tasks (Félix et al., 2024). The high PM performance (above 80 % in 
Studies 1–4) could be hindering an animacy advantage in PM. Even 
though we were able to bring performance levels down in Study 5 (PM 
performance ~ 66 %), an animacy advantage was still not observed. 
Nevertheless, other studies have reported significant effects in focal PM 
tasks even with high performances. For example, Sugimori and Kusumi 
(2008) obtained a PM increase caused by unfamiliar vs. familiar targets, 
with PM performances of 90 % and 83 %, respectively. To further 
explore this possibility, we conducted median-split analyses (see SM 3), 
comparing the PM performance of the “high” and “low” performance 
groups (considering their results on the filler trials). The obtained 
pattern of results was similar to that reported in the respective Results 
sections (except for Study 4, which was likely a random result, not 
replicated in Study 5 with a similar – yet more demanding – ongoing 
task). These results, corroborated with the Bayesian analyses, provide 
strong evidence against an animacy advantage in PM focal tasks. 
Therefore, it is unlikely that the high-performance levels account for the 
absence of the effect in our studies.

In conclusion, across a series of five well-powered studies, execution 
of the intended prospective action was not different between animate 
and inanimate targets, contrary to the findings for nonfocal PM tasks. 
These results align with the attentional-prioritization proximate mech
anism of the animacy effect and support the Multiprocess Framework. 
Yet not all results (baseline and filler trials) are explained by such ac
count. Therefore, the present findings call for continuing research on the 
underlying mechanisms of the animacy effect in (prospective) memory.
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