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Abstract

Prospective memory (PM, i.e., the ability to remember and perform future intentions) is assessed mainly within laboratory
settings; however, in the last two decades, several studies have started testing PM online. Most part of those studies
focused on event-based PM (EBPM), and only a few assessed time-based PM (TBPM), possibly because time keeping is
difficult to control or standardise without experimental control. Thus, it is still unclear whether time monitoring patterns
in online studies replicate typical patterns obtained in laboratory tasks. In this study, we therefore aimed to investigate
whether the behavioural outcome measures obtained from the traditional TBPM paradigm in the laboratory—accuracy
and time monitoring—are comparable with an online version in a sample of 10| younger adults. Results showed no
significant difference in TBPM performance in the laboratory versus online setting, as well as no difference in time
monitoring. However, we found that participants were somewhat faster and more accurate at the ongoing task during
the laboratory assessment, but those differences were not related to holding an intention in mind. The findings suggest
that, although participants seemed generally more distracted when tested remotely, online assessment yielded similar
results in key temporal characteristics and behavioural performance as for the laboratory assessment. The results are
discussed in terms of possible conceptual and methodological implications for online testing.
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et al., 1995; Kvavilashvili et al., 2009; Loft et al., 2021;
Okuda et al., 2007; Suchy et al., 2020).

Prospective memory (PM) is the ability to carry out delayed
intentions while performing a background activity, referred
to as the ongoing task (OT). There are two types of PM
tasks: time-based PM (TBPM) involves performing actions
at specific future times (e.g., taking medication every 2 hr),
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while event-based PM (EBPM) relates to executing inten-
tions when specific events occur (e.g., taking medication
during a meal) (Einstein & McDaniel, 1990). PM is crucial
in daily activities like medication management, financial
tasks, and meal preparation (Haas et al., 2020; Hering et al.,
2018; Laera et al., 2023; Woods et al., 2015). Thus, PM is
an important psychological construct that is studied in dif-
ferent fields of psychology, such as clinical, lifespan, and
applied psychology, as well as neuroscience and neuropsy-
chology (Boag et al., 2019; Burgess et al., 2003; Einstein
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PM has been assessed mainly within laboratory settings
(Einstein et al., 1995; Einstein & McDaniel, 1990; Mattli
et al., 2014; Park et al., 1997), although alternative
approaches, such as memory diaries and naturalistic set-
tings, have been explored (Crovitz & Daniel, 1984; Haas
et al., 2020; Kvavilashvili & Fisher, 2007; Raskin et al.,
2018). In the TBPM task, participants must remember to
perform actions, with key measures including TBPM
accuracy (proportion of correct responses), time monitor-
ing (frequency of clock checks), and OT performance
accuracy and reaction times for correct trials (Huang et al.,
2014; Labelle et al., 2009). Time monitoring has been
identified as a crucial part for TBPM performance, as it is
a marker of attentional resources allocated towards the PM
task (Labelle et al., 2009; Varley et al., 2021). Research
shows that individuals who perform on time tend to check
the clock few times at the task’s outset and strategically
increase clock checks as the PM target time nears, forming
a “J-shaped” curve (Joly-Burra et al., 2022; Labelle et al.,
2009; Mintyla et al., 2006; Mioni et al., 2017, 2020;
Vanneste et al., 2016); indeed, many studies showed that
strategic time monitoring strongly relates to PM accuracy
and reflects strategic behaviour (Ceci & Bronfenbrenner,
1985; Harris & Wilkins, 1982; Mintyla et al., 2006; Mioni
etal., 2012, 2020; Mioni & Stablum, 2014; Vanneste et al.,
2016). Furthermore, studies suggest a positive link
between time estimation skills and strategic time monitor-
ing, implying the ability to strategically use internal time
representations (Labelle et al., 2009; Mioni & Stablum,
2014; Vanneste et al., 2016). Traditionally, TBPM has
been mainly studied in controlled laboratory settings, as
this provides the highest degree of control, especially with
respect to how and when participants may monitor the
time. However, due to COVID-19 limitations and accessi-
bility issues, remote online testing has gained popularity.
Laboratory testing involves logistics and may exclude cer-
tain participants who are not willing or able to travel
(Backx et al., 2020; Germine et al., 2012). Therefore, alter-
natives like remote testing have become valuable for cog-
nitive assessment (Backx et al., 2020; Feenstra et al., 2017;
Finley & Penningroth, 2015; Germine et al., 2012; Logie
& Maylor, 2009).

Internet-based methods have become essential for
experimental psychologists to assess cognitive functions
remotely in participants’ homes (Backx et al., 2020;
Feenstra et al., 2017; Finley & Penningroth, 2015).
However, differences between online and lab settings must
be considered (Bauer et al., 2012; Hoskins et al., 2010;
Parsons et al., 2018; Skitka & Sargis, 2006). Social contact
created by the presence of the experimenter(s) in the labo-
ratory may not only affect the cognitive performance but
can also be an additional explanatory source for the par-
ticipants regarding tasks’ instructions (Hoskins et al.,
2010). Another difference is the testing environment,
which can be fully controlled in the laboratory, but it is
uncontrolled elsewhere (Bauer et al., 2012; Skitka &

Sargis, 2006). In addition, variations in hardware, soft-
ware, internet speed, and connectivity can affect results,
especially reaction times (Parsons et al., 2018). Despite
these disparities, online assessments reliably test cognitive
processes such as executive function, memory, psycholin-
guistics, and attention (Backx et al., 2020; Feenstra et al.,
2017; Germine et al., 2012). However, researchers must be
cautious in online sample selection and control for demo-
graphic factors such as age, gender, and education
(Uittenhove et al., 2023). Notably, remote testing of TBPM
presents unique challenges due to environmental cues that
influence performance and are hard to control online. For
example, in the laboratory, it is recommended to control
for any temporal cue that could affect time monitoring,
such as removing any clock from the testing room or clos-
ing windows to remove any temporal influence provided
by the day—night cycle (Barner et al., 2019; Esposito et al.,
2015; Rothen & Meier, 2017). Given that such level of
control is not achievable in online settings, it is possible
that participants use other temporal cues, rather than the
clock provided by the task’s procedure, to estimate the
occurrence of the PM target time.

Only a few studies have explored online testing for PM,
particularly EBPM (Gilbert, 2015b; Gladwin et al., 2020;
Horn & Freund, 2021; Scarampi & Gilbert, 2020).
However, the majority of these studies did not include any
laboratory measures of PM that would allow comparisons
with online assessment. One study found comparable data
between online and lab settings, indicating that the online
setting did not show data loss (Finley & Penningroth,
2015). In the context of TBPM, two studies used online
testing (Gilbert, 2015a; Zuber et al., 2022). In the study by
Gilbert (2015a), participants were asked to perform a
TBPM task (i.c., press a button every 30s) while engaged
in the lexical decision task; however, the authors did not
include an assessment in the laboratory. Another study
compared TBPM in both settings, showing similar accu-
racy and time monitoring but lower OT accuracy (Zuber
et al., 2022). The authors argued that participants could
have been less attentive to the OT when tested online; no
measure was provided either on OT reaction times or on
PM cost. Nonetheless, although the authors used a tradi-
tional TBPM task in the laboratory, they did not examine
this paradigm online; instead, they assessed—both online
and in the laboratory—a TBPM task embodied into a seri-
ous game that had higher cognitive demands and alloca-
tion of attentional resources compared with the traditional
version of the TBPM paradigm (Zuber & Kliegel, 2020).
Consequently, it is still unknown whether traditional
TBPM task can be used in an online assessment to yield
reliable and valid results that resemble the empirical evi-
dence obtained in the experimental laboratory setting. It is
also unknown if online distractibility in OT is due to the
setting or maintaining an intention. To investigate this,
examining PM costs separately from OT performance is
crucia. PM costs represent interference in OT
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performance when attention is divided between PM and
OT tasks (Anderson et al., 2019; Peper & Ball, 2022;
Smith, 2003). No online PM study has yet explored
changes in PM costs during the assessment. This could
help determine if increased online distractibility is due to
intention maintenance or contextual factors.

In this study, we therefore aimed to investigate whether
the outcome measures obtained from the traditional TBPM
paradigm in the laboratory and in the online assessment
are comparable in a sample of younger adults. Participants
completed a 2-min TBPM task while concurrently doing a
lexical decision task; they can check the time by pressing
the spacebar (see Conte & McBride, 2018; Del Missier
et al., 2021; Park et al., 1997). One group performed the
task in the laboratory, while one group performed the same
task in a fully self-administered online assessment
remotely from the participants’ home. Based on the previ-
ous evidence (Zuber et al., 2022), we predicted better over-
all OT accuracy in the laboratory, as distractions are
typically lower; however, we expected no differences in
time monitoring and TBPM accuracy. Moreover, we pre-
dicted a difference in PM costs across assessments, with
higher costs in the laboratory, because environmental dis-
tractions should be better controlled in the laboratory set-
ting, and attentional resources should be selectively
devoted to the maintenance of the intention in mind and to
the execution of the PM task. Diversely, participants could
be generically more distracted during the OT execution
when assessed online, but such an increase in distractibil-
ity should not be related to holding an intention in mind,
therefore, PM costs should be lower online compared with
the laboratory assessment. All the analyses were controlled
for the effect of age, gender, and education, as such varia-
bles can cause differences across assessments (Uittenhove
et al., 2023). This article has been pre-registered in the
Open Science Framework repository (https:/doi.
org/10.17605/0SF.I0/9VSFX).

Method

Power analyses

This study was powered to detect small-to-moderate dif-
ferences in behavioural performances between assess-
ments (laboratory versus online). The power to detect
differences between assessments was examined using the
software G*power 3 (Faul et al., 2007). We calculated the
Cohen’s d effect sizes (Cohen, 1969, pp. 278-280; Lakens,
2013) for PM and OT performance, as well as for time
monitoring, from the only previous study that investigated
the difference between laboratory and online assessment in
TBPM (Zuber et al., 2022), which showed that PM accu-
racy and time monitoring were similar in both laboratory
and online settings, whereas OT performance was moder-
ately but significantly lower in the online assessment
(Cohen’s d: 0.20). Thus, to replicate the finding in the

literature, in the power analysis we used an effect size of
0.20; the power analysis indicated that detecting an effect
size of 0.20, at 80% power (2-tailed o at 0.05), would
require a sample of 52 participants in an independent sam-
ple test with normal distribution. To increase the statistical
power, as suggested by previous online studies (Finley &
Penningroth, 2015; Logie & Maylor, 2009), we chose to
have an initial sample whose size (N=134) was more than
double the ideal size provided by the power analysis
(N=52). The power analysis indicated that detecting an
effect size of 0.20, using an independent sample with the
normal distribution of 134 individuals, resulted in a statis-
tical power of 96% (2-tailed a at 0.05).

Participants

One hundred thirty-four participants participated in the
study (age range: 18-35years; M, .=25; SD, . =4.02; 80
females); 67 participants took part in the laboratory assess-
ment, while 67 participants took part in the online assess-
ment. Participants who did the laboratory assessment were
recruited using flyers, whereas participants who did the
online assessment were recruited using Prolific (www.pro-
lific.co), an online platform where participants receive
payment for the completion of web-based experiments.
Thirty-three participants (24.6% of the sample size)
reported having a history of neurological or major psychi-
atric disease within the last 5 weeks (e.g., epilepsy, depres-
sion, and anxiety) or taking psychotropic drugs or others
affecting the central nervous system. These participants
were excluded.

The eligible sample comprised 101 individuals (age
range: 18-35years; MageZZS; SDage:4.08; 64 females;
M ynion= 17 years; SD_, .- =4.05); 52 performed the
laboratory assessment, while 49 performed the online
assessment. In the eligible sample, 6 participants (5.9% of
the final sample size) reported being left-handed, whereas
95 participants (90.1%) reported being right-handed; 4
participants (4.0%) reported being ambidextrous. All par-
ticipants gave their informed consent before participating
in the study, which was conducted in accordance with the
Declaration of Helsinki, and the protocol had been
approved by the ethics commission of the Faculty of
Psychology and Educational Sciences of the University of
Geneva (PSE.20201102.04). Remuneration for the partici-
pation in both laboratory and online assessment was set at
10 CHF per hour, and it was delivered according to the
actual duration taken by each participant to finish the
experiment; as the experimental procedure took on aver-
age 25min (minimum= 12 min, maximum= 77 min), par-
ticipants were paid on average 4.16 CHF.

Tasks and questionnaires

All the tasks have been programmed using Psychopy ver-
sion 2021.2.3 (Peirce et al., 2019) and hosted by Pavlovia
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(https://pavlovia.org/; Bridges et al., 2020); all the proce-
dure was administered in French. The stimuli and the code
of the experimental procedure are available in the Open
Science Framework (https://doi.org/10.17605/OSF.
I0/9VSFX"). The English demo version of the experiment
is available at the following link: https://pavlovia.org/run/
Laera/time-based-prospective-memory-demo. An illustra-
tion of the OT and the TBPM task is represented in Figure 1.

Ongoing task. Participants performed a lexical decision
task as OT (Meyer & Schvaneveldt, 1971), and they were
required to indicate if a string of letters presented on the
screen formed a word or not. Each OT trial started with a
fixation cross (1,000ms) followed by the stimulus
(2,000 ms) and a subsequent blank period screen that lasted
randomly between 250 and 750ms. The random blank
period avoided any temporal regularity related to the OT
trials, which has been demonstrated to potentially work as
a temporal cue supporting time monitoring (Guo & Huang,
2019; Heathcote et al., 2015).

Participants performed two blocks: one in which they
carried out the lexical decision task alone, that is without
any PM task on top of it (i.e., OT baseline), followed by an
identical block in which they carried out the same OT, but
this time they were asked to perform the TBPM task while
doing the OT (i.e., OT with TBPM task). To keep partici-
pants engaged with the tasks, we included an additional
check during the task: if participants did not respond to
more than three OT trials in a row, the OT stopped, show-
ing the following message: “It looks like you have stopped
to give answers to the requested task. Please resume the
task by pressing the ‘p’ key on your keyboard. Thanks for
your collaboration.”; once the participants pressed “p” on
their keyboard, the OT continued. If participants pressed
the “p” key more than three times during the tasks, s/he
was subsequently excluded from the analysis. Only two
participants reported having pressed the “p” key during the
TBPM task (no one pressed the key during the OT base-
line), indicating that, overall, all participants kept engaged
with the tasks.

Within both the OT baseline and the OT with TBPM, all
stimuli (words and non-words) had between five and eight
letters; we selected 278 stimuli (139 words and 139 non-
words) based on their highest frequency scores following
the rules of Ferrand for French words (Ferrand et al.,
2010). We chose these stimuli to reduce the cognitive load
related to the OT, to ensure that the effect of the assess-
ment (laboratory and online) was free from confounding
effects related to the complexity of the OT. All stimuli
(words and non-words) were randomly delivered between
the OT baseline and the OT with TBPM, as well as among
the practice blocks before each task; overall, the OT com-
prised 32 stimuli, lasting maximum 2 min. The TBPM task
administered online comprised between 136 and 158 OT
stimuli (the variable range of OT stimuli was due to the
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Figure |. Ongoing task (OT) trial and time-based prospective
memory TBPM task.

Graphical representation of the figure of the OT (above) and of the PM
task (below). The OT was a lexical decision task (participants pressed
“1” for words and “2” for non-words). During the PM task, participants
were asked to press “ENTER” each 2 min, while having the possibility
to freely check the clock by pressing “SPACEBAR.”

250 - 750 ms

random inter-trial-interval), lasting maximum 8min and
30s; the TBPM task administered in the laboratory com-
prised between 168 and 194 OT stimuli, lasting maximum
10min and 30s; 52 stimuli were used for the practice
blocks in both assessments.

TBPM task. In both the laboratory and the online assess-
ment, the TBPM task was to remember to press the ENTER
key on the keyboard every 2min; moreover, participants
were always free to check the clock as often as they wanted
by pressing the SPACEBAR; if they did so, a digital clock
showing the current time (format: “mm: ss”) appeared on
the screen for 3s. In total, five PM responses were col-
lected for the laboratory assessment, whereas four
responses were collected for the online assessment. We
reduced the number of PM responses to 4 for the online
assessment to limit the overall duration of the procedure
because relatively long procedures (i.e., closer to 30 min)
can increase the rate of experiments withdrawn by the par-
ticipants online (Finley & Penningroth, 2015; Logie &
Maylor, 2009).

Questionnaires

Socio-demographic questionnaire. Before the beginning
of the OT baseline block, participants were required to
answer a socio-demographic questionnaire, asking them
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information about age, gender, education (mandatory and
university), French language fluency, and three questions
related to the exclusion criteria (i.e., 3 questions concern-
ing the presence—within the last 5 weeks—of neurologi-
cal, major psychiatric disease, and psychotropic drugs’
intake, respectively).

Follow-up questionnaire. After the completion of the
TBPM task, participants were asked to answer a brief
follow-up questionnaire. For both laboratory and online
assessments, there was a question related to the use of strat-
egy during the TBPM task, and the participants were asked
to give binary responses (“yes” or “no”); in the case of a
“yes,” the participants were asked to provide a short state-
ment of clarification. Specifically, the question was: “If you
think about the previous task, where we asked you to press
the ENTER key every 2minutes having the possibility to
check the clock, have you used a strategy to control the pas-
sage of time during this task? What strategy did you use?”

Only for participants participating in the online testing,
we added more questions identical to the ones comprised
within the socio-demographic questionnaire administered
earlier (i.e., age, gender, education, mother-tongue lan-
guage, and exclusion criteria);> we chose to repeat such
questions to control for discrepancies between the two
questionnaires, to increase the chance that participants
reported the right information about socio-demographic
background and exclusion criteria (Finley & Penningroth,
2015). We chose to exclude the participants who reported
more than three discrepant answers; two participants
(1.5% of the sample size) reported four answers that dif-
fered between the socio-demographic and the follow-up
questionnaire; however, those participants were already
excluded because they also reported to have a history of
neurological or major psychiatric disease, or to take psy-
chotropic drugs within the last 5 weeks.

Procedure

Both the laboratory and the online assessment followed the
same procedure. Prior to participation, all relevant infor-
mation concerning the experimental procedure and data
access were provided in written form and participants pro-
vided informed consent to participate in the study. Next,
participants filled the socio-demographic questionnaire.
Following this, participants were introduced to the OT
baseline; however, before passing to the practice block,
they went through an “instructional check” quiz (i.e., par-
ticipants had to answer correctly to questions on the task’s
instructions before proceeding; Finley & Penningroth,
2015). If participants responded correctly to all the ques-
tions of the instructional check quiz, they performed a
short practice session of the OT, which comprised eight
trials (four words and four non-words). Once participants
reached an OT accuracy of at least 80%, the OT baseline
block was administered. When they completed the OT,

participants were introduced to the TBPM task. Then, they
performed a new instructional check quiz including the
instructions of the TBPM task. As for the OT baseline, if
participants responded correctly to all the questions of the
instructional check quiz, the practice block was adminis-
tered, which lasted approximately 2 min, allowing the par-
ticipants to familiarise with the TBPM task. If participants
correctly performed the PM response and reached an OT
accuracy of at least 80%, the TBPM task started. Following
this, participants fulfilled the follow-up questionnaire,
after which they were debriefed about the aims and back-
ground of the study before quitting the experiment.

Results

Data and results are stored in the Open Science
Framework repository, and they can be downloaded from
this link: https://doi.org/10.17605/OSF.I0/9VSFX (ref-
erence Jamovi file: “Results—main.jmv”). The analyses
were carried out using Jamovi version 2.3.21.0 (The
Jamovi Project, 2021). Descriptive statistics of the OT
and TBPM performance, as well as time monitoring, are
reported in Table 1. For ANOVA analyses, we calculated
the effect sizes using partial eta squared values (n?)): par-
tial eta squared values ) 0f0.0099, 0.0588,and 0.1379
were considered benchmarks for small, medium, and
large effect sizes, respectively (Richardson, 2011). All
the post hoc #-tests were carried out applying Bonferroni’s
correction to the p-values (indicated in the text as p,,);
the rejection level for inferring statistical significance
was set at p<<.05. All analyses were controlled for the
effect of age, gender, and education (in years), because
the two samples were significantly different among each
other: specifically, Welch’s ¢-tests showed that, compared
with online assessment (Mage=26.29, SDage=4.ll;
M 4 cation= 1747, SD 4 cation = 3-84), participants assessed
in the laboratory were younger (M=22.98, SD=3.37),
#(92.98)=—4.41, p <.001, and reported less years of edu-
cation (M=15.39, SD=3.31), 1(94.92)=-2.92, p=.004;
moreover, the number of female participants was signifi-
cantly higher in the sample of participants assessed in the
laboratory (N=42) compared with the sample assessed
online (N=22), #(91.44)=3.96, p<.001. Before fitting
the regression models, multi-collinearity among predic-
tors was assessed, as it is very common in meta-regres-
sion (Berlin & Antman, 1992; Mansfield & Helms, 1982).
As a rule of thumb, we establish substantial multi-collin-
earity if predictors showed a correlation »=.80. Overall,
all predictors correlated with each other, but the degree of
the correlation did not warrant the exclusion of these
variables (maximum r=.47, p <.001).

TBPM accuracy and time monitoring

TBPM accuracy was measured as the mean proportion of
correct PM responses; each response was considered
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Table I. Descriptive statistics for time-based prospective memory accuracy, ongoing task (OT) performance, and time monitoring.

OT RTs (in seconds;

OT accuracy correct trials only) PM cost Time monitoring
Assessment TBPMacc. OT baseline OT (TBPM) OT baseline OT (TBPM) Acc. RTs tl t2 t3 t4
M Laboratory  0.98 0.97 0.99 0.663 0.697 0.02 0034 070 1.15 1.73 344
Online 0.93 0.93 0.94 0.886 0.884 0.0l -0.002 0.62 1.13 1.59 3.34
SD  Laboratory 0.06 0.05 0.01 0.132 0.114 0.06 0092 073 056 1.03 1.20
Online 0.18 0.09 0.07 0.254 0.201 0.06 0.181 0.58 079 1.13 1.58

Mean and standard deviation for time-based prospective memory accuracy, OT performance (as accuracy and reaction times for correct trials),

prospective memory cost (as accuracy and reaction times for correct trials), and time monitoring per 30-s interval (t! vs. t2 vs. t3 vs. t4) as a func-

tion of assessment (laboratory and online). RTs: reaction times; TBPM: time-based prospective memory; OT (baseline): OT performed without

time-based prospective memory task; OT (TBPM): OT concomitant with the time-based prospective memory task; tl: time | (i.e., first 30-s interval
before the PM target time); t2: time 2 (i.e., second 30-s interval before the PM target time); t3: time 3 (i.e., third 30-s interval before the PM target

time); t4: time 4 (i.e., fourth and last 30-s interval before the PM target time).

correct if it was made within =6 around PM target time,
equivalent to the 10% of the total PM target time’s inter-
val—i.e., 2min (Vanneste et al., 2016). To investigate the
effect of assessment on TBPM accuracy, a hierarchical
multiple regression was conducted, with two models.
Model 1 included the socio-demographic variables as pre-
dictors, namely, age, gender (O=male, 1=female), and
education (in years), with TBPM accuracy as the depend-
ent variable. In Model 2, assessment (0=Ilaboratory,
I=online) was included as a predictor variable, with
TBPM accuracy as a dependent variable. If the test of the
model comparison was statistically significant, the alterna-
tive hypothesis was retained, meaning that the Assessment
explained a significant part of the variance in the sample
that was not captured by the control variables; alterna-
tively, if the test of model comparison was not statistically
significant, the null hypothesis was retained, meaning that
the Assessment did not explain any significant part of the
variance in the sample that was not captured by the control
variables. Overall, the results showed that the first model
was significant, F(3, 81)=3.14, p=.030, Rzad]..=.07;
among the predictors, only education was significantly
associated with TBPM accuracy, namely, that participants
with higher education did worse at the TBPM task
(B=-0.30, t=—2.49, p=.015). The second model, F(4,
80)=2.71,p =.036, Rzadj. =.08, which included Assessment
(B=-0.28, t=—1.17, p=.244) did not show significant
improvement from the first model, AF(1, 80)=1.38,
p=.244, AR*=.02; the negative effect of education was
still significant in model 2 (=-0.30, t=-2.46, p =.016).>

For the analysis on time monitoring, we carried out a
mixed ANOVA controlling for the effect of age, gender,
and education. The between-subject independent variable
was Assessment (laboratory vs. online), whereas the
within-subject independent variable was Time (t1 vs. t2 vs.
t3 vs. t4). The dependent variable was time monitoring
behaviour, represented graphically in Figure 3, which was
measured as the mean frequency of clock checks over 4
intervals of 30s each (i.e., “t1” represented the first 30-s

interval before the PM target time; “t2” represented the
second interval; “t3” represented the third interval; and
“t4” represented the fourth and last interval). This analysis
aimed to investigate whether participants used the clock
strategically during the TBPM task, and if the strategic
time monitoring interacted with the assessment. Results
showed a significant main effect of Time, F(2.01,
193.12)=11.76, p<.001, n*p=0.11, but no significant
main effect of the Assessment (p=.831, n?»=0.001), as
well as no interaction effect Time * Assessment (p=.938,
1n?p=0.001). None of the control variables (age, gender,
and education) affected significantly time monitoring
(p>.05). In both Assessment conditions, the “J-shaped”
monitoring pattern emerged (Figure 3). Post hoc analyses
for the main effect of Time revealed that participants
checked the clock less frequently in t1 (M=0.66,SD=0.65)
compared with t2 (M=1.14, SD=0.68), #99)=-8.99,
Py <-001, to t3 (M=1.66, SD=1.08), #(99)=-13.58,
Pag;<-001, and to t4 (M=3.39, SD=1.39), (99)=-25.05,
Pag;<-001. Similarly, participants checked the clock less
in t2 compared with t3, (99)=-7.42, p < .001, and to t4,
1(99)=-22.01, p,, < .001. Clock check frequency was sig-
nificantly lower in t3 than t4, #99)=-20.65, p,,, < .001.

OT performance and PM cost

The OT accuracy was measured as the mean proportion of
correct responses (i.e., number of correct responses divided
by the total number of OT trials), as well as RTs (in sec-
onds) for correct OT trials. To investigate the effect of
assessment on OT performance, a hierarchical multiple
regression was conducted with two models, separately for
OT block (i.e., baseline vs. during the TBPM task) as well
as for accuracy and RTs; in total, four hierarchical regres-
sion analyses were conducted.* In all analyses, Model 1
included only socio-demographic variables as predictors,
namely, age, gender (0=male, 1=female), and education
(in years); in Model 2, assessment (0O=laboratory,
1=online) was included as predictor variable. The results
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of the analysis of OT accuracy during the baseline block
showed that the first model was significant, F(3, 97)=4.84,
p=.003,R? , =.10. Model 1 showed that participants with
higher educatlon had lower OT accuracy during the base-
line block (B=-0.27, t=—2.53, p=.13); moreover, older
participants tended to have a higher accuracy (f=0.23,
t=2.08, p=.4), and women performed better than men
(B=0.24, t=2.47, p=.015). The second model, F(4,
96)=4.81,p=.001, R* ;= .13, which included Assessment
(B=-0.44, t=-2.06, p=.042) showed a significant
improvement from the first model, AF(1, 96)=4.25,
p=.042, AR?>= .04; the effect of education was still signifi-
cant in Model 2 (B=-0.26, t=—2.41, p=.18), as well as the
effect of age (f=0.30, r=—2.64, p=.010), whereas the
effect of gender was no longer significant (p =.085). The
results of the analysis of OT accuracy during the TBPM
block showed that the first model was not significant, F(3,
97)=2.57, p=.059, R* ;= .05; among the predictors, only
gender was significantly associated with OT accuracy,
indicating that women performed better than men during
the TBPM block (B=-0.22, t=2.20, p=.031). The second
model, F(4, 96)=6.88, p<.001, Rzad/.A=.19, which
included Assessment (f=-0.89, r=—4.29, p<<.001)
showed significant improvement from the first model,
AF(1, 96)=18.40, p<.001, AR?*=.15; the effect of age
became significant in Model 2, indicating that older par-
ticipants tended to have a higher accuracy ($=0.24,
t=2.26, p=.026), whereas the effect of gender was no
longer significant (p =.355).

The results of the analysis of RTs for correct OT trials
during the baseline block showed that the first model was
significant, F(3, 97)=4.37, p=.006, R* , =.09; none of
the predictors were significantly assoc1ated with RTs for
correct OT trials during the baseline block. The second
model, F(4, 96)=8.31, p<.001, R? A =.23, which
included Assessment, showed 51gn1ﬁcant improvement
from the first model, AF(1, 96)=17.90, p <.001, AR*>=.14;
among the predictors, only Assessment was significantly
associated with RTs for correct OT trials during the base-
line block (B=0.86, t=4.23, p<.001). The results of the
analysis of RTs for correct OT trials during the TBPM
block showed that the first model was significant, F(3,
97)=5.28, p=.002, R? , =.11; among the predictors, only
gender was 51gn1ﬁcantly associated with RTs for correct
OT trials during the TBPM block, indicating that women
were faster than men (B=-0.21, t=-2.26, p=.026). The
second model, F(4, 96)=9.04, p<.001, R? , =.24, which
included Assessment showed 51gn1ﬁcant 1mprovement
from the first model, AF(1,96)=17.61, p <.001,AR*>=.13;
Among the predictors, only assessment was associated
with RTs for the correct OT trials during the TBPM block
(B=—0.84, t=—4.20, p <.001), whereas the effect of gen-
der was no longer significant (p =.312).

The PM costs were calculated by subtracting OT per-
formance (accuracy and RTs for correct trials) in the OT

baseline block (i.e., the lexical decision task performed
with no intention) from the OT performance during the
TBPM block (i.e., with a PM intention); positive values
indicated that participants were more accurate, but slower
in terms of RTs, at the OT during the TBPM task compared
with the OT baseline block. To investigate the effect of
assessment on PM costs, a hierarchical multiple regression
was conducted with two models, separately for OT block
(i.e., accuracy and RTs for correct OT trials); in total, two
hierarchical regression analyses were conducted. In all
analyses, Model 1 included only socio-demographic vari-
ables as predictors, namely, age, gender (O=male,
1=female), and education (in years); in Model 2, assess-
ment (0=Ilaboratory, 1 =online) was included as a predic-
tor variable. The results of the analysis of PM costs for OT
accuracy rates showed that the first model was not signifi-
cant, F(3, 97)=1.89, p=.136, R* , =.03; none of the pre-
dictors were significantly assocwted with PM cost
(p>.05). The second model, F(4, 96)=1.77, p=.142,
R*,;=.03, which included Assessment (B=-0.27,
t=-1.17, p=.244) did not show a significant improvement
from the first model, AF(1, 96)=1.38, p=.244, AR*= 01;
as in Model 1, none of the predictors were significantly
associated with OT accuracy (p>.05). The results of the
analysis of PM costs as RTs for correct OT trials showed
that the first model was not significant, F(3, 97)=0.46,
p=.713, R* , =.02; none of the predictors were signifi-
cantly assomated with PM cost (p>.05). The second
model, (4, 96)=0.69,p=.599, R* . =.01, which included
Assessment (f=-0.24, t=—1.18, p 241) did not show a
significant improvement from the first model, AF(1,
96)=1.39, p=.241, AR*=.02; as in Model 1, none of the
predictors were significantly associated with RTs for cor-
rect OT trials (p >.05).

Discussion

In this study, we aimed to investigate whether assessing a
traditional TBPM paradigm (Einstein et al., 1995; Labelle
et al., 2009; Park et al., 1997; Vanneste et al., 2016) in the
laboratory and in an online assessment yield comparable
results in a sample of younger adults. Given the previous
evidence, we expected better OT accuracy during the labo-
ratory compared with the online assessment, but no differ-
ences in time monitoring and TBPM accuracy (Zuber et al.,
2022). Furthermore, we expected higher PM costs in the
laboratory, because environmental distractions should be
better controlled in the laboratory setting, and attentional
resources should be selectively devoted to the maintenance
of the intention in mind and to the execution of the PM
task; when assessed online, participants could be generi-
cally more distracted during the OT execution, but such
increase in distractibility should not be related to holding
an intention in mind; therefore, PM costs should be lower
in the online compared with the laboratory assessment.
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Figure 2. Time-based prospective memory (TBPM) accuracy.
Graphical representations of TBPM accuracy (maximum score= |; er-
ror bars indicate standard error of the means). Error bars indicate the
standard error of the means.

Regarding TBPM accuracy (Figure 2), our results indi-
cated no significant differences across assessments, con-
firming previous evidence showing comparable accuracy
levelsamongassessments (Zuber etal., 2022). Furthermore,
we observed no noteworthy distinctions in time monitor-
ing between laboratory and online assessments, with both
conditions revealing a consistent “J-shaped” monitoring
pattern (Figure 3), similar to previous lab studies (Einstein
et al., 1995; Labelle et al., 2009; Mioni & Stablum, 2014).
This finding is particularly important as it suggests that
potential environmental cues (like the presence of clocks
or the day—night cycle; Barner et al., 2019; Esposito et al.,
2015; Rothen & Meier, 2017), which cannot be controlled
in online assessments, did not significantly affect time
monitoring in TBPM online experiments. Future studies
could replicate our results including additional self-
reported measures in the online assessment related to the
presence of clocks in the room in which participants are
performing the task or related to information regarding the
time of the day during which they are performing the task.
In our study, we did not ask such self-reported measures,
but they would allow a more fine-graded analysis on the
influence of temporally relevant environmental cues on
time monitoring within uncontrolled online settings.
Regarding the implications for concurrent cognitive pro-
cesses in TBPM, our results indicate that the ability to stra-
tegically use internal representations of time duration over
time is not affected by online assessment. Future research
may explore this further by including additional measures
related to time perception and task-switching to pinpoint
which cognitive functions are more affected by online
assessment (Germine et al., 2012; Mioni & Stablum, 2014;
Varley et al., 2021).

Results on OT performance showed that participants
were more accurate (Figure 4, upper panels) and faster
(Figure 4, middle panels) in the laboratory compared with
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Figure 3. Time monitoring.

Graphical representations of time monitoring as the frequency of clock
checks frequency per 30s interval as a function of the assessment
(laboratory vs. online). Error bars indicate standard error of the means;
tl: time | (i.e., first 30-s interval before the PM target time); t2: time

2 (i.e., second 30-s interval before the PM target time); t3: time 3 (i.e.,
third 30-s interval before the PM target time); t4: time 4 (i.e., fourth
and last 30-s interval before the PM target time).

the online assessments, consistent with previous evidence
(Zuber et al., 2022). This suggested that online participants
were more easily distracted, aligning with previous
research (Logie & Maylor, 2009; Zuber et al., 2022). No
PM cost was found in the two samples (Figure 4, lower
panels) suggesting not only that holding an intention in
mind did not affect OT performance (see also the Online
Supplementary materials for more information), but also
that, even though online participants may have been more
distractible during the OT, this did not affect their ability to
maintain and execute time-based intentions. Unexpectedly,
when OT was performed concurrently with the TBPM
task, participants were more accurate (Figure 4, left lower
panel), contrary to previous studies showing decreased
accuracy in such conditions (Hicks et al., 2005; Huang
et al., 2014; McBride & Flaherty, 2020; Peper & Ball,
2022). However, the results in terms of reaction times were
descriptively consistent with the presence of a cost related
to holding an intention in mind, at least for laboratory-
tested participants (Figure 4, right lower panel). Although
not statistically significant, these results were in line with
our predictions, at least descriptively, indicating that, for
participants assessed in the laboratory, attentional resources
were devoted mainly to the maintenance of the intention in
mind and to the execution of the PM task, whereas partici-
pants assessed online were generically more distracted
during the OT execution, but such increase in distractibil-
ity was not related to holding an intention in mind.
However, the reader should bear in mind that we did not
ask explicitly participants whether they were distracted;
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Figure 4. Ongoing task (OT) performance and prospective memory (PM) cost.

Graphical representations of OT performance in terms of accuracy (upper panels; maximum accuracy = ), and reaction times for correct trials
(middle panels) divided by baseline block (left upper and middle panels) and TBPM block (right upper and middle panels) as a function of assessment
(laboratory vs. online); PM cost is depicted in the lower panels, in terms of both cost in OT accuracy (left lower panel) and reaction times (right
lower panel) as a function of assessment (laboratory vs. online). Error bars indicate the standard error of the means. RTs: reaction times.

*p <05, Fkp < 001

future studies are needed to do so in order (1) to investigate
the degree of self-reported distractibility across assess-
ments and (2) to assess whether these subjective reports do
correlate with the behavioural performance.

There might be at least three reasons that can explain
such results. One reason could be related to the fact that
participants always performed the OT baseline before the
TBPM task; such a procedure might have caused learning
effects that can explain the increase in OT accuracy during

the TBPM task compared with the OT baseline block (Guo
et al., 2019). A second reason could be related to the fact
that the OT baseline comprised fewer trials (32) compared
with the TBPM block (from 136 to 194), which can affect
the magnitude of the PM costs, especially for reaction
times (Lachaud & Renaud, 2011; Sternberg, 2010). Thus,
future studies could replicate our results including an OT
baseline block with the same amount of trials comprised in
the TBPM task, counterbalancing the task execution to
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avoid potential learning effects that can affect the pres-
ence, direction, and magnitude of the PM cost. Finally, a
third reason is related to the presence of PM cost in the
TBPM paradigm, which has been questioned by several
studies: although there is still a debate on the nature of PM
cost and on how attentional resources and processes are
distributed between OT and PM task (e.g., Anderson et al.,
2019), some studies showed that attentional resources and
processes are quite independent in TBPM tasks (i.e., the
elaboration of the OT does not prevent participants to per-
form the TBPM task correctly). Diversely, this is not the
case for EBPM, in which the OT stimuli always contain
the PM cue: in this case, the elaboration of the OT does
prevent participants from performing the EBPM task cor-
rectly’ (Conte & McBride, 2018; McBride & Flaherty,
2020; Zuber & Kliegel, 2020). Therefore, in this sample of
participants, perhaps PM cost might have been attenuated
in the presence of TBPM tasks. Future studies can com-
pare EBPM and TBPM between laboratory and online
assessments to further elucidate these assumptions.

All analyses in this study included age, gender, and
education to ensure that differences in assessments were
not influenced by socio-demographic factors (Uittenhove
et al., 2023). We found that age positively predicted OT
accuracy, aligning with prior research suggesting older
individuals perform better in lexical decision tasks (e.g.,
Ratcliff et al., 2004) due to increased vocabulary (Baltes
et al., 2007). Surprisingly, education negatively affected
accuracy in both the OT baseline and TBPM tasks, con-
trary to typical findings (Ihle et al., 2022; Wang et al.,
2009). However, our study focused on a limited age range
of younger adults, warranting caution in interpreting these
results (Joly-Burra et al., 2022). Moreover, it is important
to notice that the relationship between education and
TBPM performance may be influenced by other factors,
such as differences in socio-economic status, lifestyle, or
occupation; further research is needed to fully understand
this relationship (Uittenhove et al., 2023).

This study has several limitations. One possible limita-
tion concerns some methodological differences between
laboratory and online assessment (e.g., difference in the
number of PM tasks within the TBPM block, or the pres-
ence of instruction quizzes in the online assessment). As
mentioned above, these methodological differences were
designed to maximise the quality of the data obtained
online, and we believe that, in this way, this study can pro-
vide a first guidance for future studies that aim to assess
the laboratory-based TBPM paradigm online, not only
concerning specific conceptual aspects (e.g., we showed
that participants online were likely to use no other tempo-
ral sources than the clock provided by the task’s procedure
to estimate the occurrence of the PM target time) but also
in terms of the methodological design of the paradigm, as
we showed that four PM cues are already enough to pro-
vide a comparable performance between assessment

settings. Nonetheless, future studies are needed to further
replicate the results of this study using identical proce-
dures. Another consideration is the duration of the PM tar-
get time and the overall experimental procedure length.
We used a 2-min PM target time to keep the procedure
within 30min, given that participants tend to disengage
after this time online (e.g., Logie & Maylor, 2009). It
remains unknown how participants would perform when
the PM target time is longer (e.g., S min) and the procedure
exceeds 30 min. Future studies can increase the duration of
the PM target time and the overall duration of the experi-
mental procedure to investigate whether participants still
show similar PM performance and clock-checking between
laboratory and online assessments. Another limitation of
this study concerns the fact that we did not explicitly
inquire about cheating, but we noted instances where par-
ticipants stopped the task, possibly to cheat or earn money
without engagement. Future research should replicate our
findings and investigate cheating more thoroughly by ask-
ing participants whether and how they cheated. Finally, we
did not mention removing any time-related external factor
in the instructions, because any reference to “temporal”
environmental in the instructions could have gained sali-
ence for the participants and, in turn, might have pushed
them to cheat, paradoxically. Instead, we provide an
instruction slide with the following statement: “You are
about to begin the experiment. It is ideal to start the experi-
ence in an enclosed, quiet, and comfortable place isolated
from any type of distraction,” so without any explicit ref-
erence on the involvement of time in the tasks. Yet, despite
the lack of such preventive measures, we did not find any
differences in TBPM (as both accuracy and time monitor-
ing), suggesting that, if present in the sample, participants
who cheated did not affect the behavioural pattern of
TBPM performance and time monitoring. However, this is
still an interesting research question for future studies,
which can replicate our results including instructions that
explicitly ask participants (1) to remove time-related envi-
ronmental cues and (2) to indicate which time-related cues
were present (and eventually removed) from the surround-
ing environment.

Overall, this is the first study that investigated whether
a traditional TBPM task yielded comparable results when
administered online and in the laboratory. Importantly, we
demonstrated that the important pattern of strategic time
monitoring emerges in a comparable way for both settings,
leading to comparable TBPM performance across assess-
ments, and even in a between-subjects design. Hence,
given that the pattern of results did not change among the
assessments, and considering the lack of full control dur-
ing online testing, the present results may lend initial and
cautious support in favour of studying TBPM remotely. In
this regard, although participants assessed online were
more distracted during the OT execution compared with
the participants assessed in the laboratory, such an increase
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in distractibility was not related to holding an intention in
mind, as shown by the absence of the PM cost. Future
research that wants to include online assessment along
with the traditional laboratory assessment can easily con-
trol for the main effect of the assessment’s setting.
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Notes

1. The experiment’s code is also available at the following link:
https://gitlab.pavlovia.org/Laera/time-based-prospective-
memory-demo.

2. The only question that differed between the socio-demo-
graphic and the follow-up questionnaire online was the
question about age: in the socio-demographic question-
naire, we asked to provide the age in years, whereas in the
follow-up questionnaire, we asked to provide their date of
birth. Then, we took only the year, calculated the actual
age according to this information, and compared it with the
age (in years) provided by the participant during the socio-
demographic questionnaire.

3. We carried out further analysis on TBPM accuracy without
the fifth—and last—PM cue (i.e., making the comparison
between laboratory and online assessment 4 vs. 4). Overall,
the results do not change, allowing us to conclude that the
results’ pattern was not due to different numbers of PM
tasks within the block (for more information, see the Online
Supplementary materials).

4. Further analyses were conducted using mixed-design
ANOVAs on both OT accuracy and RTs for correct trials, as
well as on measures of PM cost, with two further repeated
measures: (1) the OT block (i.e., OT baseline vs. OT during
TBPM task) and (2) the time (t1 vs. t2 vs. t3 vs. t4; simi-
larly to the analysis on time monitoring). The purpose was
to investigate whether the results changed when the model

took into account the effect of OT block over time on OT
performance and intention-related attentional processes.
Overall, the results do not change; moreover, no significant
PM cost was found (see the Online Supplementary materials
for more information).

5. Event-based PM is assessed in the laboratory by asking peo-
ple to remember to perform a specific action in response to a
particular external cue while engaged in the OT (Einstein &
McDaniel, 1990; Park et al., 1997). The PM cue is embod-
ied within the OT stimuli (e.g., if the OT is a lexical deci-
sion task, the PM cue could be a specific word or a syllable
within the string of letters); hence, the elaboration of the
OT material is essential to perform the PM task correctly;
diversely, the OT does not contain the PM cue in the TBPM
paradigm (i.e., the PM cue is time itself, which is embod-
ied in the clock and, as such, is completely independent of
the OT material); hence, participants do not need to elabo-
rate the OT material to perform the TBPM task (Zuber &
Kliegel, 2020).
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