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Abstract
Prospective memory (PM), which is the ability to remember to do something in the future, is
vitally important for successful everyday functioning. Although young adults demonstrate
high PM abilities in laboratory settings, their abilities to complete intended actions in naturalistic settings are surprisingly low. The present study tested the effectiveness of various
encoding techniques in improving young adults’ performance in everyday life. Ninety-two
participants were asked to remember to take photographs of receipts for a duration of seven
days. The task instructions were either given alone or followed by: (a) the if-then statement,
(b) visualising the task, or (c) the combination of the if-then statement plus visualisation. The
if-then statement alone significantly speeded up responses to the prospective memory targets, i.e., less time elapsed between getting a receipt and taking a photograph of it. With no
effect of the if-then statement on the proportion of correct PM responses, the results may
suggest that the if-then statement strengthened the PM cue-intention association but did not
influence the PM cue saliency.
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Introduction
Prospective memory (PM) is the ability to remember to do something in the future, for example, posting a letter when seeing the post office (event-based PM) or taking a pill at 7:00 p.m.
(time-based PM). A particular challenge in relation to succeeding in PM tasks is that the
retrieval of the intended action (posting a letter) has to be self-initiated upon encountering a
target event (seeing the post office), when one is usually engaged in other ongoing activities
(going to work and thinking about job-related problems) [1]. Time-based PM tasks pose an
even bigger challenge as the retrieval of the intended action cannot be facilitated by a target
event, and effortful time-monitoring is required. It is because of the high cognitive demands of
PM tasks and the fact that they constitute a significant part of an everyday routine, that
remembering to carry them out is a daily struggle. In fact, more than sixty percent of memory
failures that people report in diaries involve the forgetting of planned actions, and PM failures
are significantly more frequent than forgetting information from the past and absent-minded
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failures [2,3]. Research on everyday PM failures show that they have a whole range of negative
consequences, from wasted time and money, interpersonal troubles, to losses in the social perception of an individual’s reliability in both private and work-related contexts [3]. Another category of negative consequences of PM failures are those posing threats to health or life at the
workplace, e.g., aviation [4,5] or healthcare workers [6,7].
One of the encoding techniques that may help people act effectively on their intentions is
implementation intention (II). II integrates situational cues and the intended action into a specific sentence: ‘If situation X occurs, then I will perform Y’ [8–10]. The technique has proved
to be helpful in the goal pursuit studies, in which it involved specifying exactly when and how
the goal would be achieved (e.g., when I am back from church on a Christmas day, then I will sit
at my father’s desk and start writing a report), in contrast to having just a goal intention (e.g., I
intend to write a report over Christmas holiday) (e.g., [11–13]). II has been found to facilitate
the initiation of goal-directed actions [11] and help when those actions require considerable
effort, delaying gratification or cause discomfort, e.g., ensuring that you engage in a 20-minute
session of intense exercise once a week [14,15].
In contrast to the tasks used in the goal-pursuit studies, PM tasks are already very well specified and the intended actions are neither difficult nor uncomfortable (e.g., posting a letter
when seeing the post office, validating the travel card when getting to the train station). The
PM tasks pose only a cognitive and mnemonic challenge, i.e., how not to forget to respond to a
prespecified cue or situation when being engaged in other ongoing activities at that time.
Despite these task differences, the benefits of using II for improving performance on PM tasks
have been documented, especially for populations with poorer cognitive functioning, i.e., clinical groups with PM deficits (e.g., [16–20]) and older adults (e.g., [21–25]). For those populations, the benefits from II that have been found in laboratory-based studies seem to generalise
to PM tasks performed in everyday life, at least for time-based tasks [22,26,27].
Much less work has been done to examine whether II affects PM in young adults even
though, when it comes to the tasks performed in everyday life, it is young adults rather than
middle-aged and older adults who struggle the most to remember to act on their intentions
(e.g., [2,3,28,29]). The empirical data as to whether II may be effective in improving PM performance among young adults comes exclusively from laboratory-based studies, with most
studies demonstrating the benefits of using II (e.g., [30–34]) and some studies that did not find
any benefits ([35], Experiment 3, [36,37]). Particularly informative are those studies which,
despite the common practice of combing the ‘if-then’ statement with visualisation, showed the
effectiveness of the ‘if-then’ statement as an isolated strategy [24,38,39], compared with the
standard PM instruction. The standard instruction usually had the form of a request to perform an additional PM task during the execution of the ongoing task. For example, when completing a multiple-choice test, participants may be asked: If you see questions pertaining to
‘states,’ you should press the ‘6’ key [24]. Two studies in which the standard PM instructions
were compared with using either the if-then statement alone, visualisation alone, or the combination of the if-then statement with visualisation showed that all manipulations that were additional to the standard instructions improved PM performance to a similar extent ([24,39]; see
[30] for a similar result). However, to our best knowledge, no studies so far have investigated
whether the ‘if-then’ statement and other encoding techniques work equally well for PM tasks
that young adults need to perform in everyday life.
It has been suggested [9,38,40] that, for PM tasks, II stimulates a strong associative encoding
between an anticipated situation and an intended action, thereby promoting more reflexive
and automatic triggering of the intended action when the critical situation is encountered.
This proposal has been tested based on the assumption that if II reduces reliance on the controlled, resource-demanding processes and fosters relatively automatic retrieval, compared to
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the standard PM instruction, then performing a PM task will require less resources under the
II instruction than under the standard PM instruction. The results of the studies that addressed
this proposal are not unequivocal. When Cohen and Gollwitzer [40] compared response times
for performing the ongoing activity alone and for performing the ongoing activity in the presence of a PM task, they found that, with II, the PM task did not exact a cost from the ongoing
activity, but the costs were evident under the standard PM instruction. Similarly, McFarland
and Glisky [24] found that the performance of the ongoing task was better when II was
formed, compared to when the standard PM instruction was provided. However, when the
resource availability for a PM task was directly limited by increasing the attentional demands
of the ongoing activity, II prevented PM decline in some experiments [38], but not in others
[35].

The present study
The aim of the present study was to investigate, for the first time, whether the if-then statement
and visualisation work for the PM performance of young adults in everyday life. First, we
wanted to examine potential benefits of these encoding strategies in terms of whether young
adults would more often remember to perform the intended action, and thereby the number
of their accurate PM responses would increase. In contrast to most II studies in which the ifthen statement was combined with other techniques, most often visualisation, we investigated
the effects of the if-then statement alone and visualisation alone, as well as the effects of the ifthen statement and visualisation combined. Second, we wanted to examine potential benefits
of these strategies in terms of whether young adults would respond more quickly to a target
event. The second aim follows the theoretical proposal that II promotes more automatic triggering of the intended action when the critical situation is encountered. PM research so far has
measured the level of automaticity under the II instruction as a degree to which cognitive
resources are consumed, with the assumption that more automatic processes require less
resources. On the basis of differences between controlled and automatic processes (see [41] for
a review), which specify automatic processing as being more fluent, more efficient, and,
importantly, faster, we used response speed as a measure of automaticity. By doing so, we followed several PM studies in which both the number of correct responses and response speed
were used as measures of PM performance [e.g., 42–46], as well as several II studies, outside
PM domain, in which response speed was used to show that II leads to more automatic
responses [e.g., 47–49].
When developing the experimental task, we were inspired by frequent everyday tasks in
which success critically depends on time, i.e., when even short delays in responding to a prespecified cue or situation result in failure. For instance, the person needs to remember to validate the ticket as soon as they get on the bus or validate the travel card as soon as they get to
the train station. Since immediate responding is required on these tasks (even a few minutes of
delay may result in fines), they may pose a challenge even for young adults whose cognitive
processes are at their peak. In contrast to all naturalistic studies that investigated the effects of
II among older adults [22,26,27], and vast majority of studies on everyday PM in general, we
wanted to use an event-based PM task. The common practice of using time-based tasks in naturalistic PM studies is due to the fact that, compared to event-based tasks, the objective measurement of everyday performance on time-based tasks is relatively easy. It is enough, for
example, to check whether (and what time) the participant sent a text message that they had
been asked to send to the experimenter at a specified time. For event-based tasks, the experimenter needs to know whether (and when) the target event, to which the participant had been
asked to respond, appeared during the participant’s everyday routine.
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Therefore, we faced the challenge of developing an event-based PM task that would enable
a precise and objective measurement of not only whether the intended action was performed,
but also how much time exactly elapsed between an occurrence of a target event and performing the intended action. To meet these demands, we developed a new naturalistic event-based
task that required an immediate PM response under very precisely defined circumstances in
everyday life. Specifically, we asked participants to remember to use their mobile phones to
take a picture of the first receipt they would be given when shopping on a given day, for a duration of seven days. The task is based on the fact that receipts always include information about
the exact time when they were supplied, whereas mobile phones have the capability to record
the exact time when the photograph was being taken. Comparing those two times provides an
exact measure of the response time in the PM task.
Based on the results of laboratory-based studies that examined the benefits from various
encoding strategies for PM improvement in young adults, we expected that when the standard
PM task instruction would be followed by any of the three encoding strategies (the if-then
statement, the visualisation of carrying out the PM task, and the combination of the two) PM
performance would improve, i.e. participants would more often remember to make a photograph of a receipt. As laboratory-based studies rather consistently show that those three encoding strategies improve PM performance to a similar extent [24,30,39], we did not formulate
hypotheses regarding the differences in PM performance between the conditions in which different types of encoding strategies were used. Based on the results of the laboratory-based studies showing that PM tasks completed under the II instruction are less resource-consuming
[24,38,40], as well as the empirical data showing that automatic processes are faster than controlled processes (e.g., [50–52]), we also expected that accurate PM responses would appear
faster when the standard PM instruction would be followed by any of the three encoding strategies, i.e., less time would elapse between an occurrence of the target event (getting a receipt)
and PM response (taking a photograph of it). We expected that all three encoding strategies
would foster faster PM responses, compared to the standard PM instruction, since the effect of
II leading to lower resource consuming, and thus presumably more automatic responding,
was found for the if-then statement alone [24,40], visualisation alone [24], and the combination of the two [38].

Method
Design
The study was conducted as a one-way factorial design, with condition as a between-subjects
factor: control condition vs if-then statement condition vs visualisation condition vs if-then
statement with visualisation condition.

Participants
To ensure sufficient power, we performed the a priori power analysis on GPOWER 3.1 [53].
The effect size calculation was based on the laboratory-based PM performance reported by
McFarland and Glisky [24] (f = .366), who compared young adults across the same four conditions that were included in our design: the standard PM instruction, the if-then statement
alone, visualisation alone, and the combination of the if-then statement and visualisation.
With an alpha level of .05 and the minimum power of .80, 88 participants were necessary to
find a statistically significant effect in the model. We recruited 121 participants to account for
a possible loss of participants during the study, and some participants possibly having technical
problems with taking photographs.
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Participants were enrolled via the Jagiellonian University research recruitment system and
via email invitations sent to students at Jesuit University Ignatianum in Krakow. Participants
received credits in the recruitment system and took part in a draw for cash vouchers. Written
informed consent was obtained from all participants. The informed consent stated: ‘I [participant’s name] voluntarily agree to participate in the research study on everyday memory that is
conducted by Kaja Szarras-Kudzia. I understand that I can withdraw at any time from the
study, without any consequences of any kind. I understand that all information I provide for
this study will be treated confidentially. I understand that in any report on the results of this
research my identity will remain anonymous, and all my responses will be treated as confidential in the manner that will prevent the identification of individual responses.’ The written ethical approval for this research was obtained from the Research Ethics Committee of the
Institute of Psychology at the Jagiellonian University.
Participants were randomly assigned to one of the four conditions that differed in the PM
task instruction (control condition vs if-then statement vs visualisation vs if-then statement
with visualisation). The data of 29 participants was then excluded from the final analyses
because of two reasons. First, four participants did not finish the study, either due to illness
or resigning from participation. Second, 25 participants were excluded because it was not
possible to calculate their response times for the PM task. This happened either because they
sent photographs that were incomplete or too blurred to read the time when the receipt was
being printed out, or they had a model of the mobile phone that did not store information
about the time when the photographs were being made (see The event-based PM task section
for more details). A chi-square test revealed no significant differences between the conditions
in the number of participants excluded from the analyses; χ2(3) = 3.14, p = .370 (control condition– 10, if-then statement– 9, visualisation– 6, if-then statement with visualisation– 4). Likewise, the pair comparisons did not reveal any significant differences between the conditions
(ps > .120).
Finally, a total of 92 participants aged 19 to 31 (M = 21.83, SD = 2.40) were included in the
analyses. Table 1 shows demographic details of the final sample. A series of one-way factorial
ANOVA’s and a chi-square test (for gender) revealed no significant differences between the
experimental conditions on the demographic variables.

Materials
Event-based PM task. The participants were told that every time they would be shopping
for the first time on a given day, they would need to remember to use their mobile phones to
take a photograph of the receipt as soon as the receipt would be given to them. The instruction
was provided to each participant on Friday, and they were asked to take a photograph each
day during which they would be shopping for a duration of seven days, from the following
Table 1. Demographic characteristics as a function of condition.
Control

If-then statement

Visualisation

If-then statement + visualisation

(n = 23)

(n = 21)

(n = 23)

(n = 25)

Comparison

Age

21.70 (2.87)

22.67 (2.78)

21.91 (1.95)

21.16 (1.82)

F(3, 88) = 1.56, p = .205, η2p = .05

Gender structure

70% female

62% female

91% female

84% female

χ2(3) = 6.80, p = .078

Education (years)

12.91 (1.20)

13.33 (2.01)

13.70 (1.84)

13.20 (2.10)

F<1

Health at present

3.96 (0.64)

3.90 (0.70)

3.96 (0.71)

3.68 (0.75)

F<1

Note. Health at present (1 = very poor, 5 = very good).
https://doi.org/10.1371/journal.pone.0260856.t001
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Monday until Sunday (hereinafter referred to as ‘the study period’). It was stressed that the
photograph should: (a) be taken immediately after receiving the receipt, (b) capture the date
and time that would be printed on the receipt, (c) be taken only during the first shopping activity of the day. The experimenter also stressed that neither the bought items nor the prices on
the receipt are important for the experiment, and therefore participants may cover these pieces
of information, when taking the photograph, to keep them private. Participants were asked to
maintain their usual shopping frequency during the study period and told that they would get
an email from the experimenter after the study period asking them to send all the photographs.
Participants then had a two-day delay over the weekend before the onset of the PM task. The
experimenter did not contact them until after the photograph-taking period. Issuing receipts is
obligatory for all sellers in Poland and all participants had smartphones with cameras, which
ensured access to the crucial components of the PM task. Comparing the date and time information printed on the receipt with those included in the non-editable picture property file in
the participant’ smartphone (about the exact time of taking the photograph) showed how
much time elapsed between issuing the receipt and taking the photograph of it. This provided
a precise and objective measure of PM performance. The pilot study revealed that participants
were able to take a photograph within 20 seconds of the time the receipt was supplied.
Additional measures to control for the ‘busyness’ during the study period. If the participants were very busy during the study period, they would have less cognitive resources to
cope with the PM task introduced by the experimenter. Therefore, we wanted to be sure that
the busyness did not differ systematically across conditions. To this end, we used the Martin
and Park Environmental Demands Questionnaire (Additional Measure 1) as well as we asked
participants how many of their individual intentions they were planning to carry out during
the study period and how important they were (Additional Measure 2). The Martin and Park
Environmental Demands Questionnaire [54] provides the subjective measures for everyday
busyness and routine. The Busyness scale consists of seven items (e.g., ‘How often did you
have too many things to do each day to actually get them all done?’; ‘How often did you have
so many things to do that you go to bed later than your regular bedtime?’) which are answered
on a 5-point scale (1 = never to 5 = very often). The Routine scale consists of five items which
are answered on the same scale but then reversed. We used only the Busyness scale and the
instruction was modified to refer only to the study period.
Additional Measure 2 is a frequently used procedure for analysing everyday intentions (see
e.g., [55–57]). Before the study period, participants were given four minutes to write as many
instances as possible of the ‘jobs, appointments, and activities’ that they intended to carry out
over the following week and then to rate how important the completion of each listed activity
was, from 1 (unimportant) to 5 (very important). Participants used this list again, when they
returned after the study period, to document completion (or noncompletion) of the activities
they had intended to do during the study period. The number of intended activities, and their
importance, reflected how busy the participant was within the study period. In addition, evaluating the completion of intended activities enabled us to control whether there were any systematic differences between the conditions in a general ability to handle everyday intentions
that would be independent from the experimental manipulation.

Procedure
First meeting: Experimental manipulation. The first meeting always took place on Friday. After arrival at the laboratory, participants filled the consent form and were shortly introduced into the purposes and outlook of the study. Next, they were given instructions and the
form to write down their own intentions for the following week (i.e., for the study period) and
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Fig 1. The combination of the instruction elements provided in each experimental condition.
https://doi.org/10.1371/journal.pone.0260856.g001

to rate how important those intentions were (Additional Measure 2). The event-based PM task
was then presented in a different manner for each experimental condition. These instruction
sets were created by combining three elements: (a) the standard PM instruction, (b) the if-then
statement instruction in the form of the ‘if-then’ sentence, and (c) the visualisation instruction.
These elements were combined differently, depending on the experimental condition (see Fig
1 and details below). All were written on a piece of paper. The standard PM instruction read:
‘During next week, from Monday till Sunday, every time you will be shopping for the first time
in a given day, take a picture of the receipt immediately after you receive it. Remember: once a
day; first shopping activity, first receipt.’ The if-then statement instruction read: ‘Next week if I
receive a receipt, then I will immediately take a picture of it.’ The visualisation instruction read:
‘Now imagine yourself at the checkout, right about to pay for your purchase. You hear other
people buzzing around, you look at the person at the checkout. You talk to the cashier who
gives you the total amount due and asks about the payment method. You pay and get the
receipt. You can feel the thin paper in your hand. You can see black print on a white strip of
paper. Now you take the mobile phone and take a picture of the receipt. Imagine it vividly:
hear sounds, feel smells, touch objects. Imagine that now for at least 30 seconds.’
In the control condition, participants were presented with the standard PM instruction in a
written form, and then asked to repeat it until they were able to write down the instruction in
their own words, without consulting the instruction provided by the experimenter. In the visualisation condition, participants were presented with the standard PM instruction, and asked
to repeat it until they were able to write it down without help, exactly as in the control condition. Next, they were given the visualisation instruction and asked to engage in the visualisation process for at least 30 seconds. In the if-then statement condition, participants were
presented with the standard PM instruction in a written form. Next, the written ‘if-then’ statement was given to them, and they were asked to repeat it until they were able to write down
the statement without any help. In the if-then statement plus visualisation condition, participants were encoding the PM task in the same way as in the if-then statement condition, which
was followed by the 30-second visualisation conducted in the same way as in the visualisation
condition. The experimental manipulation was restricted only to the phase of encoding the
PM task.
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After the PM task encoding phase, all participants were given an opportunity to ask questions about the instructions. At the end, the experimenter emphasized the most important
aspects of the PM task, as described in the event-based PM task section. Other issues, such as
the participants’ shopping habits and the need for their mobile phone pictures to be able to
record the date and time, were not mentioned at this point to avoid influencing participants’
spontaneous behaviours during the study period.
The study period. Participants needed to remember to start the event-based PM task on the
following Monday, after a two-day delay over the weekend, and to continue to take photographs
of the first receipt received on each day when they did shopping, until Sunday. The experimenter
neither reminded them to start the PM task nor contacted them during the study period.
An email request to send photographs and fill in the online form. On Monday following the study period, participants received an email from the experimenter requesting them to
send her all the photographs of the receipts that had been taken during the study period, and
to answer the questions embedded into the online form. The form included questions about
demographic details and the Busyness scale (Additional Measure 2). Finally, the date for the
second meeting was arranged.
Second meeting. The meeting took place 10 to 14 days after the first meeting, and no longer
than five days after the end of the study period. First, participants were given the list of their individual intentions for the study period that they had made during the first meeting and asked
which of them they had actually carried out (Additional Measure 1). Second, they were asked to
write, in their own words, the content of the task they had been given by the experimenter at the
first meeting. This open question served to control whether a failure to perform the PM task by a
given participant might have been due to a retrospective memory error, i.e., the participant
entirely forgot that they were supposed to take photographs, rather than a prospective memory
error, i.e., the participant forgot to take photographs at the moments when they were being given
the receipt (see [25,43,58] for the same procedure). All participants remembered the content of
the PM task. Third, the experimenter took the participants through a table in which all days of
the study period were included, together with the information of whether participants had sent a
photograph on a given day. If the photograph from a given day had not been sent, they were
asked whether they had been shopping on that day, and if yes, why they had not provided a picture. Finally, a few questions regarding participants’ shopping habits were asked. Some shopping
habits might have made the PM task easier for participants, and we wanted to be sure that experimental conditions did not differ systematically in this respect. For instance, the task might have
been easier for the participants who customarily take receipts, as compared to those who would
rather leave them with a cashier, as the latter participants might have needed to additionally
remember to take a receipt. Furthermore, it might be that the participants who customarily pay
with a card rather than cash pay more attention to receipts. It might also be that some participants intentionally increased the frequency of their shopping during the study period to provide
themselves with the opportunities to make photographs of the receipts. Therefore, participants
were asked to indicate: (a) whether their shopping frequency during the study period changed in
comparison to their usual shopping frequency (decreased, remained the same or increased); (b)
what their usual payment method is (credit card or cash), and (c) whether they usually take a
receipt or leave it with a cashier. When all questions were answered, participants were thanked
and debriefed. A summary of the experimental procedure is presented on Fig 2.

Results
All statistical analyses were conducted using the Statistica 13.3. The effect size was measured
by partial eta squared (η2p) with small, medium, and large effects defined as .01, .06, and .16,
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Fig 2. A summary of the experimental procedure.
https://doi.org/10.1371/journal.pone.0260856.g002

respectively [59]. As recommended for multiple planned comparisons [60], the Bonferroni
correction for multiple comparisons was used, i.e., alphas were divided by the number of
planned comparisons tested for a given factor.

Homogeneity of the conditions in terms of the shopping habits, and
shopping during the study period
Table 2 shows details of the shopping habits and mean scores on the measures of busyness and
handling everyday intentions as a function of condition. With regard to how participants usually do shopping, a substantial majority of them in each condition customarily take receipts
rather than leave them with the cashier, and pay with a credit card rather than cash. For the
study period, a huge majority of participants in each condition shopped with the same or
lower frequency than usual, as compared to those who increased the shopping frequency during the study period. Importantly, the cross-tabulation tests did not reveal any significant differences between conditions in the shopping habits and the frequency of shopping during the
Table 2. Shopping habits and busyness measures as a function of condition.
Control

If-then statement Visualisation If-then statement + visualisation

Comparison

(n = 23)

(n = 21)

(n = 23)

(n = 25)

Taking receipts (%)

65

67

57

80

χ2(3) = 3.10, p = .377

Paying with a card (%)

87

90

91

84

χ2(3) = 0.77, p = .858

The same or lower shopping rate (%)

74

95

83

80

χ2(3) = 3.66, p = .301

5.26 (1.25)

4.71 (1.27)

5.17 (1.23)

4.96 (1.31)

Number of shopping days in the study period

F<1
2

70

62

78

60

χ (3) = 2.20, p = .533

MPED Busyness

23.04 (5.46)

24.57 (5.55)

25.52 (3.64)

24.84 (4.71)

F(3, 88) = 1.06, p = .370, η2p = .04

Number of intentions

9.74 (3.83)

8.62 (2.87)

8.65 (2.55)

8.20 (2.29)

F(3, 88) = 1.18, p = .322, η2p = .04

Importance of intentions

3.75 (0.43)

3.91 (0.34)

3.92 (0.46)

3.96 (0.57)

F<1

Proportion of executed intentions

0.72 (0.18)

0.71 (0.17)

0.73 (0.14)

0.67 (0.16)

F<1

Shopping started on Monday (%)

Note. MPED Busyness = the Busyness scale of the Martin and Park Environmental Demands Questionnaire (1 = never, 5 = very often); Importance of intentions (1 =
unimportant, 5 = very important); The executed intentions = the proportion of the executed individual activities out of all planned by the participant for the study
period.
https://doi.org/10.1371/journal.pone.0260856.t002
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study period as compared to a usual frequency (ps > .300). In addition, we compared the conditions in terms of the number of shopping days during the study period, and whether participants started shopping on Monday. Shopping rates were taken into account because each
successful PM task may strengthen associations for subsequent tasks. Thus, participants that
went shopping less frequently might have had less opportunities for strengthening these associations than did participants who went shopping more frequently. Furthermore, the delay
between the instruction (i.e., experimental manipulation) and task onset depended on when
participants went shopping for the first time. The conditions did not differ either in shopping
rates or the proportions of participants who went shopping on Monday (ps > .532).
Participants had 463 shopping occasions in total, i.e., they went shopping on the day which
was indicated either by them sending a photograph of the receipt from that day or, even if they
did not send the photograph at all, they acknowledged that they had gone shopping on that
day. For 70 (15%) shopping occasions, the photograph of the receipt was not sent to the experimenter. For all these cases, participants indicated memory failure as a reason for not sending
the photograph, i.e., they entirely forgot to take a picture (39% out of 70), they forgot to take a
picture when shopping and could not find the receipt later during the day (21% out of 70), or
they forgot to take the receipt from the cashier (40% out of 70). None of the participants mentioned that it was difficult for them to take a picture due to, for example, being distracted when
paying or just after that (distracted by other people, phone calls, incoming messages etc.) or
due to technical problems with their mobile. Therefore, all days on which participants went
shopping, even if they did not send the photograph at all, were taken into account when calculating their PM performance. The conditions did not differ in the proportions of the three reasons provided for not sending the photographs, ps > .094.
The conditions did not differ in the level of busyness during the study period, either as measured with the Busyness scale of the Martin and Park Environmental Demands questionnaire
(p = .370), or as measured by the number (p = .322) and importance of activities that participants had been planned for the study period (F < 1). The level of execution of participants’
everyday intentions was also the same across conditions (F < 1). In conclusion, potential differences between the conditions in how well participants performed the PM task of taking
photographs of the receipts could not be explained by differences in the shopping habits, shopping patterns during the study period, differences in a general ability of handling everyday
intentions, or how busy participants were during the study period (either in general or with
other intended activities).

PM Performance
To set a time frame for correct PM responses, we took advantage of the criterion applied in
previous naturalistic PM studies, including those on the II effectiveness, in which a 10-minute
window had been typically used, across various types of naturalistic PM tasks [e.g.,
22,26,27,61–64]. By choosing a 10-minute window as a time frame, we were thus following
common practice in PM studies in which PM tasks are assigned by the experimenter to be
completed outside the lab. In our study, the PM response was considered correct (the ‘hit’) if it
occurred within 10 minutes after finalising the shopping, i.e., the difference between the time
and date stamp of the photograph file and the time printed on the receipt was not longer than
10 minutes.
Two measures of PM performance were employed: the proportions of correct PM
responses and the reaction times for correct PM responses. The proportions of correct PM
responses showed how often participants remembered to perform the intended action within
the set time frame, whereas reaction times showed how immediate these responses were.
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Reaction times were used to investigate whether the encoding techniques would lead to more
automatic PM responses, which would be particularly beneficial to PM tasks with a narrow
time window for making an appropriate response. The basis for both measures was the calculation of time that had elapsed before a picture of the receipt was taken. For each PM response
(i.e., the picture of the receipt) the time was calculated in seconds as the difference between the
time of taking a photograph (the non-editable data in the picture’s meta-properties information) and the time when the receipt was issued (the time and date print visible in the receipt
itself). For example, when the time and date printed on the photographed receipt was ‘December 21st; 11:10:00’, and the time and date of taking the picture, that was marked in the picture
property file, was ‘December 21st, 11:15:49’, the time elapsed was 349 seconds.
Sixteen participants (17% of 92 participants) decided not to show the bought items and/or
prices on some of their receipts.
The proportions of correct PM responses. The proportion of correct PM responses was
calculated by dividing the number of hits by the number of the PM occasions, i.e., the number
of times the participant did shop during the study period. The mean proportions of correct
PM responses were entered into a one-way ANOVA which revealed no differences between
the conditions, F < 1 (see Table 3). To investigate whether the results may change with a more
lenient time frame for correct responding, we increased the size of the correct time window to
15 minutes (see Liu and Park [26] for the same strategy of analysing the data in the naturalistic
experiment). The results were unchanged, F(3, 88) = 1.44, p = .237, η2p = .05, indicating no differences between the conditions.
Out of all control variables measured (see Table 2), three were significantly related to PM
performance as measured by the proportions of correct PM responses. These proportions
were higher among participants who customarily take receipts, F(1, 90) = 4.04, p = .047, η2p =
.04, who went shopping on Monday F(1, 90) = 10.86, p = .001, η2p = .11, as well as with higher
shopping rates in the study period, r = .23, p = .030. However, including these variables as
either another between-subjects factor (whether customarily take receipts, whether went shopping on Monday) or a covariate (shopping rates in the study period) in an ANOVA with condition as the between-subjects factor did not change the results, i.e., the conditions did not
differ in the mean proportions of correct PM responses (ps > .256). The control variables did
not interact with condition either, (ps > .083).
Reaction times for correct PM responses. The mean reaction times, measured in seconds, for correct PM responses (those made within the 10-minutes time frame) were entered
in a one-way ANOVA which revealed the main effect of condition, F(3, 65) = 3.05, p = .035,
η2p = .12 (see Table 3). Planned comparisons, with adjusted alpha level of .017 (.05/3), revealed
that, as predicted, reaction times were significantly faster in the if-then statement condition
than in the control condition F(1, 65) = 8.37, p = .005, η2p = .11. Reaction times were not faster
in the two remaining encoding strategy conditions, as compared to the control condition: the
if-then statement with visualisation, F(1, 65) = 3.89, p = .053, η2p = .06; visualisation, F(1, 65) =
3.95, p = .051, η2p = .06.
Table 3. PM performance as a function of condition.

Proportion of correct PM responses
Reaction times for correct PM responses (sec.)

Control

If-then statement

Visualisation

If-then statement + visualisation

(n = 23)

(n = 21)

(n = 23)

(n = 25)

0.38 (0.31)

0.34 (0.39)

0.45 (0.26)

0.40 (0.28)

238.81 (154.61)

107.25 (80.54)

160.08 (94.09)

159.69 (133.70)

Note. The PM response was considered correct if it occurred within 10 minutes after the receipt was issued.
https://doi.org/10.1371/journal.pone.0260856.t003
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Again, to test the robustness of this finding, we increased the size of the correct time window to 15 minutes. The similar pattern of results was obtained, with the main effect of condition, F(3, 70) = 3.18, p = .029, η2p = .12, and reaction times faster in the if-then condition
compared to the control condition, F(1, 70) = 7.87, p = .007, η2p = .10. Reaction times were not
faster in the two remaining encoding strategy conditions, as compared to the control condition: the if-then statement with visualisation, F(1, 70) = 2.94, p = .091, η2p = .04; visualisation,
F < 1.
None of the control variables measured (see Table 2) was related to PM performance as
measured by the reaction times for correct PM responses (ps > .168).

Discussion
The aim of this present study was to investigate the benefits of using the if-then statement
alone, visualisation alone, and the combination of the two for the PM performance of young
adults in everyday life. The if-then statement presented alone speeded up correct PM responses
to the target event, compared to the standard PM instruction, across both more strict and
more lenient time frames for correct responding. These results are in line with the theoretical
proposal put forward by several authors [9,38,40] that II stimulates a strong associative encoding between an anticipated situation and an intended action, thereby promoting more reflexive
and automatic triggering of the intended action when the critical situation is encountered.
Our findings complement the results of the studies which showed this increase in automaticity
as measured by the amount of cognitive resources required [24,38,40], by showing the same
effect with a different measure of automaticity, i.e., response speed.
Contrary to expectations, the if-then statement presented alone was the only encoding strategy that significantly speeded up correct PM responses to the target event, as compared to the
standard PM instruction. The impact of visualisation in fostering immediate responses might
not have been as strong as the impact of the if-then statement, as the positive effects of visualisation may depend on how accurately and in detail the person is able to visualise situations in
which they will need to remember to do something (see [23] for a similar argument). It is
much easier to precisely visualise those situations in laboratory settings as, in contrast to everyday settings, nothing much changes in the surroundings between encoding the PM task and
the opportunity to carry it out. Our participants might have tried to imagine the shop that they
most often go to and the cashier whom they most often see there, but the circumstances of
their shopping activities probably change considerably from one day to another, with different
shops, different cashiers and different people around.
Surprisingly, the impact of the if-then statement on response speed was evident when the
statement was presented alone, but not when it was followed by the visualisation of carrying
out the PM task. However, it is worth noting that in most studies showing the effectiveness of
the if-then statement and visualisation combined for PM improvement among young adults,
the if-then statement was presented after visualisation or simultaneously with visualisation
([38] Experiment 1 & 2, [24,30,33,65]). In contrast, we asked the participants to imagine how
they are carrying out the PM task after the if-then statement had been presented. Since visualisation was long and very detailed, and the if-then statement was short and written down by the
participants just once, they might have remembered just visualisation, i.e., imagery might have
interfered with the statement or overwritten it. If this was the case, the combined condition
would work as the condition with visualisation alone.
It is worth noting that the pattern of results, i.e., PM response being faster after the if-then
statement alone, compared to the control condition, with no effects of visualisation alone and
the combination of visualisation and the if-then statement, speaks against a possible
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interpretation that faster responses can be explained by the group differences in the instruction
elaboration. The control condition and the if-then statement condition hardly differed in
terms of the instruction elaboration. In both conditions participants were repeating the
instruction (the standard instruction in the control condition and the if-then statement in the
if-then statement condition) until they were able to write it down correctly without any help.
In contrast, an increase in the instruction elaboration, compared to the control condition, was
substantial for the visualisation condition and the if-then statement with visualisation condition. Still the latter two conditions did not produce faster PM responses, as compared to the
control condition.
Contrary to predictions, we have not found any impact of the encoding strategies on how
often the participants remembered to take a photograph of the receipt. The instruction conditions did not have any effect on the proportions of accurate responses within 10 or 15 minutes
of the target event even though, based on the size of the effect reported by McFarland and
Glisky [24] (f = .366), our final sample (N = 92) was sufficient to detect the effect if it was present, with an alpha level of .05 and the minimum power of .80. Furthermore, the performance
on our experimental task left room for improvement, since the proportion of accurate
responses under the standard PM instruction was just 38%. However, it is worth noting that
the power analysis was based on the laboratory-based study, and our investigation was the first
attempt to replicate the effect for the PM task performed by young adults in naturalistic settings. It may be that the effect is more difficult to detect in more complex and less controllable
circumstances of everyday life. Accordingly, we found that the proportions of accurate
responses were influenced by some aspects of the participants’ shopping habits and their shopping rate in the study period. Such differences in natural environment and behaviour are difficult to eliminate in naturalistic experiments, and they might have attenuated the impact of our
manipulation. In contrast, we were able to demonstrate the impact of manipulation on
response speed, which measure was not dependent on differences in shopping habits or shopping frequency.
Furthermore, for the intended action to be performed, an individual needs to notice a prespecified cue first, and then to recognise the cue as the PM target event, i.e., needs to remember
that a certain action should be carried out. The pattern of results, i.e., no effect of the if-then
statement, as an isolated strategy, on the proportion of correct responses but a significant effect
of this strategy on response speed, suggests that the statement did not help in the first stage of
PM performance, but was helpful in the second stage. In other words, it does not seem that the
if-then statement alone led to increased cue saliency, but once the participants paid attention
to the cue, those provided with that strategy more quickly remembered about the required
action, probably due to a stronger association between the cue and the intention. It is worth
noting that participants may be more occupied with ongoing tasks in the naturalistic settings,
compared to the laboratory conditions, when the critical cue appears. In our study, when
receipts were being issued, the participants were probably very busy with packing the shopping
items, hiding the wallet and making room for a next client at the cashier. Furthermore, the prespecified cue, i.e., the receipt, was neither a distinct nor important element of the situation
itself, without the PM component of it. Future studies may address the issue whether the ifthen statement may help young adults to more often remember about the intended action in
naturalistic context if more salient cues are used.
Nevertheless, our findings suggest that the if-then statement, presented alone, may be effective in speeding up PM responses. As many everyday PM tasks have a very narrow window of
opportunity, i.e., for the task to be successfully accomplished the person needs to respond
immediately when the specified opportunity appears, our results suggest that that strategy may
help in many everyday circumstances. These will not be just those everyday duties that
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inspired us when developing the experimental task, e.g., validating a free car park ticket just
before a one-way exit from a sport facility or a supermarket. Even for the intentions, such as
posting a letter when seeing the post office, or passing on a message to a colleague when seeing
her, a prompt response is essential. Retrieving the intention even a few minutes after seeing
the PM target means that the person has already gone past the post office or that the colleague
has already walked away, and that the opportunity has been missed.
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Jäger T, Kliegel M. Time-based and event-based prospective memory across adulthood: Underlying
mechanisms and differential costs on the ongoing task. J Gen Psychol. 2008; 135(1):4–22. https://doi.
org/10.3200/GENP.135.1.4-22 PMID: 18318405

59.

Cohen J. Statistical power analysis for the behavioural sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

60.

Pedhazur EJ, Schmelkin LP. Measurement, design, and analysis: An integrated approach. Hillsdale
NJ: Lawrence Erlbaum Associates; 1991.

61.

Kvavilashvili L, Fisher L. Is time-based prospective remembering mediated by self-initiated rehearsals?
Role of incidental cues, ongoing activity, age, and motivation. J Exp Psychol Gen. 2007; 136(1):112–
132. https://doi.org/10.1037/0096-3445.136.1.112 PMID: 17324087

62.

Jeong JM, Cranney J. Motivation, depression, and naturalistic time-based prospective remembering.
Memory. 2009; 17(7):732–741. https://doi.org/10.1080/09658210903074673 PMID: 19637094

63.

Cavuoto MG, Ong B, Pike KE, Nicholas CL, Kinsella GJ. Naturalistic prospective memory in older
adults: Predictors of performance on a habitual task. Neuropsychol Rehabil. 2017; 27(5):744–758.
https://doi.org/10.1080/09602011.2015.1074590 PMID: 28480820

64.

Schnitzspahn KM, Kvavilashvili L, Altgassen M. Redefining the pattern of age-prospective memory-paradox: new insights on age effects in lab-based, naturalistic, and self-assigned tasks. Psychol. Res.
2020; 84:1370–1386. https://doi.org/10.1007/s00426-018-1140-2 PMID: 30588544

65.

Brewer GA, Marsh RL. On the role of episodic future simulation in encoding of prospective memories.
Cogn Neurosci. 2010; 1(2):81–88. https://doi.org/10.1080/17588920903373960 PMID: 24168273

PLOS ONE | https://doi.org/10.1371/journal.pone.0260856 January 18, 2022

17 / 17

