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ABSTRACT

Previous work suggests that acute exercise may enhance episodic memory function. 
However, no study has evaluated whether acute exercise can enhance source memory 
recognition, which was the purpose of this study. A two-arm, parallel-group randomized 
controlled intervention was employed. The experimental group walked briskly for  
15 minutes with a 5-minute seated recovery task (Sudoku), while the control group 
engaged in a time-matched (20 minutes) seated task (Sudoku). Subsequently, participants 
completed a source episodic memory task. The experimental group recalled more words 
than the control group (M = 6.35, SD = 2.99 and M = 5.30, SD = 2.83, respectively;  
p = 0.26, d = 0.36). However, there were no differences in performance on the source 
memory recognition task (discrimination index, −0.20 vs. 1.50, t = 0.64, p = 0.52,  
d = 0.20). Our results provide some evidence of a non-statistically significant, small 
magnitude, exercise-induced enhancement effect on episodic memory, but our findings 
did not suggest a beneficial source memory effect from acute exercise.
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Introduction

Memory is often categorized into declarative and 
non-declarative memory systems. Declarative 
memory, or explicit memory, includes the ret-
rospective recall of information. This recall of 
information can be factual information (semantic 
memory) or bound to a particular context/event 
(episodic memory). Non-declarative memory, or 
implicit memory, is the memory that is not con-
sciously encoded. Although not an exhaustive list, 
various brain structures play an important role in 
memory, such as the hippocampus, prefrontal cor-
tex, basal ganglia, and cerebellum. Evaluating fac-
tors that influence memory function, even among 
young adults, is of critical importance, as memory 
has been shown to decline during the young adult 
years [1].

Emerging work demonstrates that acute exercise 
can enhance episodic memory [2–6]. For example, we 
have repeatedly demonstrated [2–6] that short-du-
ration (e.g., 15 minutes) acute exercise, when occur-
ring prior to the memory task, can enhance episodic 
memory, usually assessed via word-list trials. Other 

laboratories have also demonstrated similar effects 
of acute aerobic exercise on episodic memory [7,8]. 
We have also discussed the potential underlying 
mechanisms of this effect [9], which includes, for 
example, exercise-induced neuronal excitability 
[9–11], growth factor production [12], hormone 
secretion [13], and ensuing long-term potentiation 
(LTP) [9]. Regarding the latter, LTP is considered an 
underlying mechanism of episodic memory func-
tion, involving an enhanced functional connectivity 
among neurons, characteristically shown by sus-
tained excitatory post-synaptic potentiation. Acute 
exercise is likely to enhance LTP via alterations in 
NMDA (N-methyl-D-aspartate) structure and func-
tion [14,15].

Episodic memory tasks, often including the 
encoding and retrieval of words from a list, is a 
common example of laboratory-based assessments 
of item memory. Source memory, however, involves 
remembering the context of an experience. For 
example, if local authorities publicized a photo of 
a suspected criminal, an individual would need to 
probe their memory to evaluate whether they have 
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seen that individual before and identify the con-
text of that experience. This would represent item 
memory and source memory, respectively. Context, 
or source-based memory, is a critical feature of epi-
sodic memory. Thus, identification of factors that 
may subserve source memory is of great impor-
tance. The purpose of the present study was to eval-
uate whether acute exercise may enhance source-
based episodic memory. 

To date, there are no studies specifically 
evaluating whether acute exercise can enhance 
source episodic memory recognition, or the ability 
to recognize which source the information comes 
from. The prefrontal cortex plays an important 
role in subserving source episodic memory 
[16,17]. For example, the dorsolateral prefrontal 
cortex is involved in the correct dissociation of 
source memory decisions [18]. This has also 
been extended to self-referenced materials 
among young adults. Specifically, in young and 
older adults, the dorsal medial prefrontal cortex 
supported source memory benefits for objects 
encoded self-referentially [19]. 

It is plausible that the acute exercise may 
enhance source memory via its influence on pre-
frontal cortex functioning. Acute moderate-inten-
sity exercise has been shown to enhance prefron-
tal cortex function [20–22]. As we have thoroughly 
detailed elsewhere [23], acute exercise may acti-
vate intrafusal muscle spindle fibers, which send 
afferent signals, via peripheral nerves, to the 
brainstem. Brainstem activation may also arise 
from exercise-induced stimulation of the vagus 
nerve [23]. The prefrontal cortex receives input 
from brainstem arousal systems, and thus, its 
function is partially dependent on an individual’s 
state of arousal [24]. Given these acute exercise-in-
duced prefrontal cortex effects, coupled with the 
role of the prefrontal cortex on source memory, it 
is plausible that the acute exercise may enhance 
source episodic memory, which was the purpose 
of this experiment.

Methods

Study design

A two-arm, parallel-group randomized controlled 
intervention was employed. Participants were 
randomized into one of two groups, including an 
experimental group and a control group. The exper-
imental group walked briskly for 15 minutes, while 
the control group engaged in a seated task. This 

study was approved by the ethics committee at the 
University of Mississippi and participants provided 
written voluntary consent prior to participation.

Participants

Each group included 20 participants (N = 40). 
Recruitment occurred via a convenience-based, 
non-probability sampling approach (classroom 
announcement and word-of-mouth). Participants 
included undergraduate and graduate students 
between the ages of 18 and 35 years.

Similar to other studies [2,25], participants were 
excluded if they:

Self-reported as a daily smoker [26,27]
Self-reported being pregnant [28]
Exercised within 5 hours of testing [7]
Consumed caffeine within 3 hours of testing [29]
�Had a concussion or head trauma within the past 
30 days [30]
�Took marijuana or other illegal drugs within the 
past 30 days [31]
�Were considered a daily alcohol user (>30 
drinks/month for women; >60 drinks/month for 
men) [32]

Exercise protocol

The acute exercise bout involved exercising on a 
treadmill for 15 minutes. Participants exercised at 
approximately 70% of their estimated heart rate 
max (220-age), which corresponds with moder-
ate-intensity exercise [33]. This intensity and dura-
tion has previously been shown to enhance mem-
ory function [5].

Immediately after the bout of exercise, partic-
ipants rested in a seated position for 5 minutes. 
During this resting period, they played an on-line 
game of Sudoku (described below) to prevent bore-
dom. After this resting period, they commenced the 
memory assessment, as described below.

Control protocol

Similar to other studies [34], those randomized 
to the control group completed a medium-level, 
on-line administered, Sudoku puzzle for 20 min-
utes. The website for this puzzle is located here: 
https://www.websudoku.com/

Memory assessment

As an assessment of source recognition, partici-
pants viewed 30 randomly selected words from 
the Toronto word pool. Words were displayed on 
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a computer, with each word presented one at a 
time, for 2 seconds each. Similar to other related 
experiments [35], half of the words, in ran-
dom order, were presented in red text, with the 
other half in green text. Participants viewed two 
cycles of the 30 words. Afterward, they watched 
a 10-minute video clip of “The Office—Bloopers” 
as a distractor. After this 10-minute distraction 
period, participants:

•	 Recalled as many words as they could—they 
wrote the words down on a paper (episodic 
memory).

•	 Then for the source recognition task (source 
memory), they viewed a list of 60 words (30 of 
which they previously saw). For each of these 
60 words, they indicated if the word was dis-
played in red font, green font, don’t know, or 
was not exposed to the word.

The outcome measure was the number of cor-
rectly recalled words (episodic memory) and the 
number of correctly recalled red and green words 
(source memory recognition). A discrimination 
index (for both red and green words) was calcu-
lated as the hit rate minus the false positive. An 
average discrimination index was calculated for 
the two sources (i.e., average discrimination index 
for the red and green words). Prior to the mem-
ory task, we provided instructions of the task, but 
we did not have them complete a practice task, 
as we did not want to induce a potential mem-
ory interference effect (i.e., proactive memory 
interference).

Additional measurements

As a measure of habitual physical activity behavior, 
participants completed the Physical Activity Vital 
Signs Questionnaire, which reported time spent 
per week in moderate-to-vigorous physical activ-
ity (MVPA) [36]. Height/weight (body mass index; 
kg/m2) were measured to provide anthropometric 

characteristics of the sample. Furthermore, before, 
during and after the exercise and control condi-
tions, heart rate (chest-strapped Polar monitor, F1 
model) was assessed.

Statistical analysis

All statistical analyses were computed in Stata (v. 
12). An independent samples t-test was used to 
compare the memory scores across the two groups. 
For the heart rate data, a RM-ANOVA (repeated 
measures analysis of variance) was computed. We 
also considered ANCOVA (analysis of covariance) 
results, controlling for various parameters (e.g., 
gender); however, these results were similar to the 
unadjusted models, and thus, the latter models are 

Table 1.  Sample characteristics.

Variable Exercise (n = 20) Control (n = 20) p-Value†

Age, mean years 20.50 (1.1) 20.30 (1.0) 0.90

Gender, % female 60.00 85.00 0.08

Race, % white 70.00 95.00 0.09

Body mass index, mean kg/m2 28.00 (5.4) 25.53 (4.4) 0.12

MVPA, mean min/week 215.20 (177.4) 209.75 (208.8) 0.92

†Independent samples t-test was used for continuous variables (e.g., body mass index), whereas a  
chi-square test was used for categorical variables (e.g., gender).

Figure 1. Heart rate responses (baseline and endpoint) 
between the control and exercise groups. Group × time 
interaction p-value < 0.001. Circles represent the indi-
vidual data points, whereas the solid lines represent the 
average.
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reported herein. Statistical significance was set at 
an alpha of 0.05. 

Results

Table 1 displays the demographic and behavioral 
characteristics of the sample. Participants, on 
average, were 20 years of age. Figure 1 displays 
the heart rate responses to the acute exercise and 
control protocols. At resting and endpoint, respec-
tively, heart rate was stable for the control group 
[76.11 bpm (16.1) vs. 73.24 bpm (13.7)]. For both 

respective groups, this corresponded to 38% of 
their relative heart rate max (220-age). In the acute 
exercise group, heart rate increased (resting to end-
point) from 76.44 bpm (14.7) to 130.95 bpm (12.1), 
corresponding to 65.5% (6.1) of their relative heart 
rate max. For heart rate, we observed a significant 
group by time interaction effect in a RM-ANOVA 
model (F = 195.5, p < 0.001, η2

p = 0.84).
Figure 2 displays the memory performance 

across the acute exercise and control groups. For 
episodic memory, the acute exercise group recalled 
more words than the control group (M = 6.35, SD = 
2.99 and M = 5.30, SD = 2.83, respectively). However, 
this did not reach statistical significance (t = 1.14,  
p = 0.26, d = 0.36). 

The source memory recognition scores are dis-
played in Table 2. For hit rates, false positives, and 
discrimination indexes, there were no significant 
differences across the groups. The average discrim-
ination index, across the acute exercise and control 
groups, is graphically displayed in Figure 3.

Discussion

Emerging work demonstrates that acute exercise 
may enhance episodic memory function. The pre-
frontal cortex, in particular, appears to play an inte-
gral role in source recognition of episodic memory 
[16,17]. Despite previous work demonstrating that 
acute exercise can enhance episodic memory and 
increase neuronal activity in the prefrontal cortex, 
no previous work has evaluated whether acute 
exercise can specifically enhance source episodic 
memory function. To bridge this gap in the litera-
ture, the present study evaluated this possibility. 
The main findings of our study include the slight 
non-statistically enhancement effect of acute exer-
cise on episodic memory, with a relatively small 
effect size (d = 0.36); however, acute exercise did 
not facilitate source episodic memory recognition. 

As detailed elsewhere [37], there are several 
brain structures that subserve source episodic 

Table 2.  Source memory performance scores [mean (SD)].

Variable Exercise (n = 20) Control (n = 20) Test-statistic

# of Correctly Recalled Red Words—Hit Rate 8.70 (3.6) 8.50 (2.0) t =0.21, p = 0.83, d = 0.06

# of Correctly Recalled Green Words—Hit Rate 8.10 (3.5) 8.70 (2.9) t = 0.58, p = 0.56, d = 0.18

Overall False Positive Rate 8.60 (8.3) 7.10 (7.5) t =0.59, p = 0.55, d = 0.18

Discrimination Index (Hit Rate—False Positive Rate)

  Red Words 0.10 (8.5) 1.40 (7.4) t = 0.51, p = 0.61, d = 0.16

  Green Words −0.50 (8.2) 1.60 (9.2) t = 0.75, p = 0.45, d = 0.24

  Average −0.20 (8.2) 1.50 (8.2) t = 0.64, p = 0.52, d = 0.20

Figure 2. Memory recall between the exercise and  
control groups (t = 1.14, p = 0.26, d = 0.36). Circles rep-
resent the individual data points, whereas the solid lines 
represent the average. 
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memory, including the medial temporal lobe, pari-
etal lobe, and prefrontal cortex. Notably, exercise 
has been shown to increase neuronal activity in each 
of these brain regions [20–22,38], which makes 
it conceivable that acute exercise could enhance 
source episodic memory. Our results, however, did 
not provide evidence of an acute exercise-induced 
enhancement effect on source episodic memory. 
Although speculative, these findings may be a result 
of several factors, such as the intensity of acute 
exercise or the type of source memory task that we 
employed. Notably, our employed acute exercise 
intensity was on the lower end of moderate-inten-
sity exercise. Future work may wish to consider if 
a higher-intensity bout of exercise has a greater 
effect on source episodic memory [39] and whether 
a more complex and comprehensive evaluation of 
source episodic memory will aid in an acute exer-
cise-induced effect. With regard to exercise inten-
sity, we recently demonstrated that higher-inten-
sity acute exercise may be more advantageous in 
enhancing episodic memory function [39], via its 
superior effect in enhancing synaptic plasticity. 

Synaptic plasticity has previously been shown to 
play a critical role in memory recognition [40]. 
Despite the notable strengths of our study, includ-
ing the study novelty and experimental approach, 
future work should consider overcoming some of 
the limitations of our study, including the relatively 
small sample among a homogeneous population. 
Furthermore, to control for potential group differ-
ences, future work on this topic should employ a 
within-subject design. 

In conclusion, our study evaluated the effects 
of acute moderate-intensity exercise on episodic 
memory and source memory recognition. We pro-
vided some evidence of a small magnitude of effect 
for an exercise-induced enhancement of episodic 
memory (albeit not statistically significant), but our 
findings did not suggest a beneficial source mem-
ory effect from acute exercise. 
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