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Abstract:
Background: The present study evaluates the effects of selective directed forgetting (SDF)
and directed forgetting (DF) on subsequent memory retrieval and investigate whether acute
exercise can facilitate the effects of SDF.
Methods: A four-arm (n=20 per group; N=80; Mage=20 yrs), parallel-group, randomized
controlled experiment was employed. The four groups included: 1) exercise plus SDF
(Ex+SDF), 2) SDF only (SDF), 3) DF only (DF) and 4) R (remember) only (R). Participants
viewed two separate word lists (list 1 and list 2; L1 and L2). Based on group assignment,
participants were directed to either forget, selectively forget, or remember List 1. Outcome
parameters included the number of words recalled from L1 and L2. Generally, participants
directed to forget L1 tend to recall more words from L2. Thus, L1 represents forgetting
whereas L2 represents the degree of memory enhancement. The exercise protocol involved
a 15-minute bout of moderate-intensity treadmill exercise.
Results: We observed a significant main effect for L1 Item-Type (F=18.0, P<.001, η2p=.19), a
significant main effect for L2 Item-Type (F=22.5, P<.001, η2p=.23), a significant L1 Item-Type x
Cue interaction (F=4.02, P=.01, η2p=.13), a marginally significant L2 Item-Type x Cue
interaction (F=2.73, P=.05, η2p=.10), a non-significant L1 Item-Type x L2 Item-Type
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interaction (F=0.36, P=.55, η2p=.005), and a marginally significant L1 Item-Type x L2 ItemType x Cue interaction (F=2.58, P=.06, η2p=.09). Directed forgetting facilitated forgetting, as
the DF (M=1.0) group recalled fewer words than the R (M=2.10) group (P=0.006). SDF alone
was not effective in facilitating L1 forgetting or L2 enhancement. That is, recall (L1 or L2) was
not significantly different in SDF compared to R. Acute exercise did not facilitate a forgetting
effect, as EX + SDF was not different than SDF.
Conclusions: Our results provide evidence of a DF effect, but not SDF. Further, we did not
observe any effects of acute exercise in facilitating SDF.
Keywords
Cognition; episodic memory; executive control; executive function; physical activity

1. Introduction
Episodic memory, part of the declarative memory system, refers to the retrospective recall of
an event/episodic, evaluated in a spatio-temporal context [1]. Forgetting refers to the failure to
either recall or retain information into present consciousness, and may be influenced from the
decay of memories over time, accumulation of similar interfering experiences, and changes in the
physical context that impair retrieval processes [2]. The ability to actively forget unwanted
memories may facilitate learning and retrieval of new memories [3], which may be influenced by
complex inhibitory cognitions such as attentional switching, active inhibition, and working memory
[4], all of which may be favorably influenced by acute moderate-intensity exercise [5-8].
A typical paradigm addressing directed forgetting is to have participants, for example, read a
list of words (List 1) and then afterward, one group is told to forget the words from List 1.
Participants directed to forget List 1 tend to recall more words from List 2 [9]. Unlike directed
forgetting, selective directed forgetting (SDF) has been less investigated and has produced mixed
findings [10-19]. Selective directed forgetting involves, for example, receiving a cue to forget a
subset of items from List 1. For example, after being exposed to 10 words from List 1 (5 in red font
and 5 in green font), participants are instructed to forget the 5 words displayed in red font.
The literature demonstrates inconsistent findings regarding the effectiveness of SDF [10-17].
For example, some research demonstrates that when different to-be-remembered stimuli can be
thematically integrated, directed forgetting does not occur, but when the stimuli is unrelated and
cannot be easily integrated, SDF may occur [11]. Other research, however, across variations in the
stimuli and study population, repeatedly demonstrates that SDF does not occur [17]. Given these
inconsistent findings, the present study further evaluated the effects of SDF on memory recall.
Additionally, and yet to be investigated, we also explore whether acute exercise can facilitate the
effects of SDF on memory recall. Previous research demonstrates that acute exercise can facilitate
episodic memory [20-26], but no studies, to date, have examined whether acute exercise can
facilitate SDF. Such an effect is plausible given the exercise-induced mechanisms on episodic
memory and the cellular basis for directed forgetting. That is, pathways influencing memory
formation and memory forgetting may be altered by acute exercise engagement.
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Recent work [3, 27] has discussed the cellular basis of directed forgetting, which appears to be
distinct from the cellular and molecular mechanisms influencing memory formation and
persistence. In brief, neurobiological mechanisms of forgetting involves passive and active
forgetting. Passive forgetting is postulated to occur through the 1) loss of contextual cues across
time that impairs the retrieval of a memory; 2) interference during retrieval from other similar
memories accumulated over time (e.g., forgetting where the car is parked because of having
previously parked in that lot many times in the past); and 3) the natural decay of the memory
trace [27]. Active forgetting is postulated to occur from 1) interference-based stimuli when the
competing information occurs before (proactive interference) or after (retroactive) the learning
event; 2) retrieval-induced forgetting, indicating that when certain aspects of a memory are
retrieved, this may suppress the recall of other aspects related to the recalled memory; 3)
motivated forgetting, occurring when cognitive mechanisms are engaged to weaken a memory
trace (perhaps due to an unpleasant quality of the memory); and 4) intrinsic forgetting, which
involves the ability of “forgetting cells” to degrade biochemical and molecular pathways of the
memory trace. Regarding the latter, the protein, Rac1, a member of the Rho GTPase family,
appears to be a key protein involved in intrinsic forgetting, and specifically, the
Dopamine/Rac1/Cofilin signaling pathway [27]. That is, the binding of dopamine to the DAMB
receptor activates the Rac1-Cofilin pathway, which negatively influences actin remodeling
(prevents actin reassembly; actin is a key protein involved in modulating the shape and structure
of dendritic spines), and in turn, decreases synaptic/dendritic size and growth.
Although previous work provides mixed findings regarding the effectiveness of SDF [10-17],
emerging work suggests that executive control may play a critical role in memory suppression [28].
Fixating on a different task or target may help to enhance diversionary associations, and in turn,
suppress the memory, as well as prevent independent cues from activating the unwanted target
or memory [28]. This may be under direct influence via executive control, inhibitory-based
cognitive mechanisms, which has been repeatedly shown to be favorably influenced by acute
moderate-intensity exercise [29, 30]. Thus, we anticipate that the main mechanism through which
exercise may facilitate SDF is through exercise-induced alterations in executive control [31].
Recent work provides support for this assertion. For example, acute exercise has been shown to
increase P3 amplitude and reduce N450 amplitude, key neural markers underlying improved
executive control [32].
Couched within the above, the purpose of this study was to evaluate the effects of SDF on
subsequent memory retrieval and investigate whether exercise can facilitate the effects of SDF.
Similar to previous work, we hypothesize that directed forgetting will have a list 1 forgetting and
list 2 enhancement effect, but we anticipate that SDF in isolation will not be effective in list 1
forgetting and list 2 enhancement. However, we hypothesize that exercise coupled with SDF will
induce list 1 forgetting and list 2 enhancement.
2. Materials and Methods
2.1 Study Design
A four-arm, parallel-group randomized controlled intervention was employed. Participants
were randomized into one of four groups. One of the experimental groups engaged in a brisk
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treadmill walk for 15 minutes, while the other three groups did not engage in an exercise bout.
The four groups included: 1) exercise plus SDF (Ex+SDF), 2) SDF only (SDF), 3) DF (directed
forgetting) only (DF) and 4) R (remember) only (R). Details on the procedures of these groups are
explained in the protocol below.
2.2 Participants
Each group included 20 participants (N=80; n=20 per group) [20-23]. Recruitment occurred via a
convenience-based, non-probability sampling approach (classroom announcement and word-ofmouth). Participants included undergraduate and graduate students between the ages of 18 and
35 yrs.
Additionally, and similar to other studies [33-36], participants were excluded if they:
Self-reported as a daily smoker [37, 38]
Self-reported being pregnant [39]
Exercised within 5 hours of testing [40]
Consumed caffeine within 3 hours of testing [41]
Had a concussion or head trauma within the past 30 days [42]
Took marijuana or other illegal drugs within the past 30 days [43]
Were considered a daily alcohol user (>30 drinks/month for women; >60 drinks/month for men)
[44]
2.3 Exercise Protocol
Those randomized to the exercise group (Ex+SDF) walked on a treadmill for 15 minutes at a
self-selected “brisk walking pace” (minimum speed of 3.0 mph), a pace as if they were “late for
catching the bus.” This protocol has previously been shown to enhance episodic memory function
[45]. This bout of exercise occurred prior to the presentation of the first word list. Participants
rested (sat) for 5 minutes after the bout of exercise before being presented with the first word list
(details explained below).
2.4 Non-Exercise Protocol
As stated above, the Ex+SDF group engaged in an acute bout of exercise for 15-minutes and
then rested for 5-minutes before starting the memory protocol. The three other groups (SDF, DF,
and R) engaged in a seated time-matched 20-minute task before starting the memory protocol.
This involved playing a medium-level, on-line administered, Sudoku puzzle. The website for this
puzzle is located here: https://www.websudoku.com/.
2.5 Memory Assessment
The SDF involved the presentation of two separate word lists (list 1 and list 2; L1 and L2). Each
list consisted of 16 unrelated words from the Toronto Word Pool. The order of words on each list
were randomly assigned.
Half of the words from each list were in red color and the other half were in green color, which
were randomly assigned. The presentation order of the red and green words was randomized, but
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no more than two words of the same color followed each other. Each word was presented on a
computer screen at a rate of 4 seconds, followed by a 1-second inter-stimulus interval.
Following L1 presentation, participants received one of three types of instructions. Those
randomized into the SDF condition were given the following instructions: “You now will be
exposed to a different list of words in which you will be asked to recall later in this experiment.
Importantly, please forget the red words from the previous list that you just saw. You will not be
asked to remember any of the red words from that previous list, and it is important to try and
forget those previous red words, as forgetting those words will help you remember the green
words from the previous task as well as words from the upcoming task.”
Those randomized into the DF (directed forgetting) group were told: “You now will be exposed
to a different list of words in which you will be asked to recall later in this experiment. Importantly,
please forget all the words from the previous list that you just saw. You will not be asked to
remember any of these words from that previous list, and it is important to try and forget all those
words, as forgetting those words will help you remember the words from the next task.”
Those randomized into the R (remember) group were told: “You will now be exposed to a
different list of words in which you will be asked to recall later in this experiment. Please also do
your best to remember all the words from the list you were just exposed to, as you will be asked to
recall words from both lists.”
After the presentation of L2, for 30-seconds, participants completed simple arithmetic
problems. Following this, participants were told: “You now will recall as many words as possible.
Please do not worry about the color of any of the words. You now have 90-seconds to write down
as many words as you can remember from L1.” After this 90-second period, they were told: “You
now will recall as many words as possible from L2. Please do not worry about the color of any of
the words. You now have 90-seconds to write down as many words as you can remember from L2.”
Notably, the order of L1 and L2 were counterbalanced, as half of the participants recalled L1 first,
whereas the other half recalled L2 first.
2.6 Additional Assessments
Additional assessments were completed (at the beginning of the visit) to ensure that conditions
were similar on these parameters. To assess mood status, which may influence memory capacity
[46], participants completed the Positive and Negative Affect Schedule (PANAS) [47]. For this
mood survey, participants rated 20 items (e.g., excited, upset, irritable, attentive) on a Likert scale
(1, very slightly or not at all; to 5, extremely), with half of the items constituting a “positive” mood
state, with the other half being a “negative” mood state. To provide anthropometric
characteristics of the sample, body mass index was calculated from measured height and weight.
Further, waist circumference was assessed using a tape measure. Lastly, before, during and after
the exercise and control conditions, heart rate (chest-strapped Polar monitor, F1 model) was
assessed.
2.7 Statistical Analysis
All statistical analyses were computed in SPSS (v. 24). A 2 x 2 x 4 mixed analysis of variance was
computed. This involved a 2 (L1 Item-Type) x 2 (L2 Item-Type) x 4 (Cue) model. Cue (EX+SDF, SDF,
DF, R) served as the between-subjects factor, and L1 Item-Type (recall of red items, recall of green
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items) and L2 Item-Type (recall of red items, recall of green items) served as the within-subject
factors. Statistical significance was established as an alpha of 0.05. Partial eta-squared (η2p) values
are provided as measures of effect size.
3. Results
Table 1 displays the characteristics of the participants among the 4 groups. Across all 4 groups,
participants were similar regarding age, gender, race-ethnicity, weight status, psychological mood
state at the beginning of the visit, and resting heart rate. As expected, the heart rate was
substantively different in the EX+SDF group compared to the other groups (all P’s<0.05). The 3
non-exercise groups had heart rates that ranged from 75-85 bpm for the 20-min control period
prior to the memory task. For the EX+SDF group, heart rate increased up to approximately 130
bpm during the bout of exercise.
Table 1 Characteristics (point estimate, SD) of the study variables.
Variable

EX + SDF

SDF

DF

R

N
Age (mean years)
% Female
Race-Ethnicity (%)
White
Black
Other
BMI (mean kg/m2)
Waist circumference (mean cm)
Mood State
Positive, mean
Negative, mean
Exercise Parameters
Resting Heart Rate, mean bpm
Mid-Heart Rate, mean bpm
End-Heart Rate, mean bpm
Post-Heart Rate, mean bpm
Treadmill Speed, mean mph

20
20.2 (1.0)
75.0

20
20.5 (1.0)
75.0

20
20.9 (2.0)
80.0

20
20.8 (1.1)
75.0

90.0
10.0
0.0
22.6 (2.8)
79.7 (7.6)

90.0
10.0
0.0
23.8 (3.3)
82.7 (9.2)

85.0
10.0
5.5
24.6 (4.2)
85.6 (11.2)

90.0
5.0
5.0
25.2 (4.0)
84.9 (9.0)

30.1 (9.3)
11.2 (1.6)

28.5 (8.7)
12.3 (3.0)

28.0 (6.0)
12.3 (2.7)

27.3 (7.4)
12.0 (2.8)

79.6 (15.7)
125.8 (15.2)
129.5 (16.7)
83.5 (13.7)
3.8 (0.2)

83.3 (12.0)
84.1 (14.0)
83.2 (14.6)
81.4 (11.4)
-

79.6 (17.9)
77.3 (17.8)
77.6 (17.9)
77.8 (16.9)
-

75.9 (11.7)
77.0 (9.0)
75.9 (10.1)
73.5 (7.7)
-

Table 2 displays the memory scores across the 4 groups. For L1, the EX+SDF, SDF, and DF
groups recalled fewer items than R, for both red and green items. For L2, DF recalled more items
than R for red words, and for green words, EX+SDF, SDF, and DF recalled more items than R.
Regarding the 2 x 2 x 4 mixed analysis of variance model, there was a significant main effect for L1
Item-Type (F=18.0, P<.001, η2p=.19), a significant main effect for L2 Item-Type (F=22.5, P<.001,
η2p=.23), a significant L1 Item-Type x Cue interaction (F=4.02, P=.01, η2p=.13), a marginally
significant L2 Item-Type x Cue interaction (F=2.73, P=.05, η2p=.10), a non-significant L1 Item-Type x
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L2 Item-Type interaction (F=0.36, P=.55, η2p=.005), and a marginally significant L1 Item-Type x L2
Item-Type x Cue interaction (F=2.58, P=.06, η2p=.09).
Table 2 Memory scores (mean, SD) across the 4 experimental groups.
Variable

EX + SDF

SDF

DF

R

List 1
Correct number of red words

1.25 (0.78) 1.00 (1.12) 0.50 (0.51) 1.35 (0.93)

Correct number of green words

2.00 (1.25) 1.70 (0.97) 1.00 (0.91) 2.10 (1.44)

List 2
Correct number of red words

1.05 (0.99) 1.50 (1.23) 2.15 (1.59) 2.00 (1.07)

Correct number of green words

2.60 (1.81) 2.25 (1.99) 2.10 (1.16) 1.90 (1.29)

Post-hoc tests were computed for the significant interaction models. For the significant L1
Item-Type x Cue interaction (F=4.02, P=.01, η2p=.13), for the red words, significant group
differences occurred for EX + SDF (M=1.25) vs. DF (M=0.5) (P=0.001), and R (M=1.35) vs. DF
(M=0.5) (P=0.001). Similarly, for the green words, significant differences emerged for EX + SDF
(M=2.0) vs. DF (M=1.0) (P=0.006), SDF (M=1.70) vs. DF (M=1.0) (P=0.02), and DF (M=1.0) vs. R
(M=2.10) (P=0.006).
For the L2 Item-Type x Cue interaction (F=2.73, P=.05, η2p=.10) model, for the red words,
significant group differences occurred for EX + SDF (M=1.05) vs. DF (M=2.15) (P=0.01), and EX +
SDF (M=1.05) vs. R (M=2.0) (P=0.006). For the green words, there were no significant between
group differences.
4. Discussion
In alignment with our hypothesis, DF facilitated forgetting, as the DF (M=1.0) group recalled
fewer words than the R (M=2.10) group (P=0.006). However, DF did not facilitate L2 enhancement.
Also, in support of our hypothesis, SDF alone was not effective in facilitating L1 forgetting or L2
enhancement. That is, recall (L1 or L2) was not significantly different in SDF compared to R.
However, in contrast to our hypothesis, acute exercise did not facilitate a forgetting effect, as EX +
SDF was not different than SDF for either red or green words. Conclusions are also similar for L2
enhancement; SDF was not different than R, and EX + SDF was not different than SDF.
Our findings that DF may facilitate forgetting is in alignment with other related research,
demonstrating that executive control-induced DF may help to facilitate the suppression of
unwanted memories [28]. Our inability to demonstrate a selective effect on forgetting also aligns
with other work [17]. Further, some research demonstrates that attempting to selectively forget
parts of the memory may detrimentally influence the recall of other aspects of the memory [15].
Counter to our hypothesis, acute exercise did not facilitate an SDF effect. We anticipated it
would as exercise, particularly moderate-intensity exercise, has been shown to enhance executive
control [29, 30], which may be a mechanism facilitating directed forgetting [28]. However,
regarding the latter, executive control may play a more important role in DF as opposed to SDF
[28]. Thus, future work in this novel line of inquiry should consider evaluating whether acute
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exercise can effectuate DF. The intensity and timing of exercise may also play a moderating role
[48], which should be carefully considered in future work on this topic.
A limitation of this study is the relatively small homogenous sample, which limits our study’s
generalizability and statistical power. Further, although no participants subjectively reported color
impairment, participants were not objectively screened for visual color impairment. Additionally,
the previous demonstrations of a possible SDF effect employed sentence-type assessments, as
opposed to our word-list approach. Thus, future work on this topic may wish to consider a
sentence-type memory protocol when evaluating the effects of exercise on SDF. Participants in the
present study recalled more green words over red words, and since the to-be-forgotten color was
not counterbalanced, this may have induced a general bias toward green words. This, along with
considering output order or clustering [49], should be considered in future work on this topic.
Several strengths of this study include the novel examination and experimental design.
In conclusion, the present experiment aimed to evaluate the effects of DF and SDF on memory,
as well as whether acute moderate-intensity exercise can facilitate SDF. Our results provide
evidence of a DF effect, but not SDF. Further, we did not observe any effects of acute exercise in
facilitating SDF.
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