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Abstract

About 60% of cardiac patients experience some cognitive impairment and may develop negative cognitive
functioning after revascularization procedures. Cognitive impairment can be a major impediment of teaching cardiac
patients lifestyle behavior changes, such as the importance of starting an exercise program. Impaired short-term
memory could limit understanding of the facts, or their immediate importance. However, there is evidence that exercise
may improve short-term memory. Thus, the purpose of this study was to determine the impact of exercise on the acute
fading effect of short-term memory for cardiac patients. The conceptual framework is supported by human information
processing theories and the Brown Peterson paradigm. This quantitative, quasi-experimental study tested cardiac
patients’ short-term memory fading, using a short-term memory test, pre and post 60 minutes of exercise. A repeated
measures ANOVA was used to analyze the mean scores for each memory test. The target population was from a
rural southeastern US State, where one sample of 40 cardiac patients that experienced revascularization procedures
was studied. An immediate increase in scores was observed after exercise, which persisted for 15 minutes, and then
began to fade. Thus, an ideal window of delivery of cardiac patient educational information was identified immediately,
following exercise. A fading of scores was identified throughout the duration of the study, which means participant effort
level decreased with continued testing. The positive social change implications include understanding the optimal
delivery timing of educational counseling for cardiac patients, in a clinical setting that can result in improvements in
short-term memory.

Structured Abstract

Purpose: The purpose of this study was to determine the impact of exercise on the acute fading effect of short-term
memory for cardiac patients.

Methods: This quantitative, quasi-experimental study tested cardiac patients’ short-term memory fading, using a
short-term memory test, pre and post 60 minutes of exercise. A repeated measures ANOVA was used to analyze the
mean scores for each memory test.

Results: An immediate increase in scores was observed after exercise, which persisted for 15 minutes, and
then began to fade. The interaction of time and day was used to best analyze effects and report results. The time
effect (relationship of exercise on short-term memory over time) is reported using Wilks’ Lambda results from the
multivariate tests. Wilks’s A=.19, F(3, 38)=55.52, p<.001, multivariate n?=.81. The day effect results are Wilks’s A=.88,
F(2, 39)=2.71, p=.081, multivariate n? =.12. Thus, an ideal window of delivery of cardiac patient educational information
was identified immediately, following exercise.

Conclusions: The positive social change implications include understanding the optimal delivery timing of
educational counseling for cardiac patients, in a clinical setting that can result in improvements in short-term memory.

Introduction fading effect between trials and over days was analyzed. The time and
day (relationship of exercise on short-term memory immediate, fifteen
minutes, and thirty minutes post activity, and the relationship over
three days) interaction was addressed with each research question.
The results lead to an ideal window of time in which to deliver patient
education. A short-term memory test was administered before and after
(immediately after exercise, after 15 minutes, and after 30 minutes) a

According to Browne et al. [1], nearly 60% of cardiac patients
experience some cognitive impairment after revascularization
procedures, and may develop negative cognitive functioning. Thus,
this could lead to a patient misunderstanding the educational material
taught during a cardiac rehabilitation visit, as ordered by his or her
physician. Clinicians teach patients about their condition(s), potential
conditions, and general health, to help them understand how to take
better care of their health. This health education or health promotion
is provided to patients in a hospital, physician’s office, or other allied *Correspondir'\g author: Mark Deaton, Ph.D., CSCS, EIM, Assistant Professor
health-affiliated settings by health care professionals. The delivery of (I\)/If Exercise SC'ence.‘ Department o_f H?falth‘ Wellness and Human Performance,

orehead State University, USA, E-mail: m.deaton@moreheadstate.edu
this type of education must be precise and consistent, because there
is a direct link between receiving patient education and the patient’s
health [2-4]. Short-term memory plays a vital role in the processing of
information to long-term memory [5,6]. There is ample evidence that
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60-minute exercise session, three times in one week. Information
is received by sensory input (auditory, visual, etc.) and immediately
processed [12]. Short-term processing can lead to immediate reactions
or responses to a short-term memory test. If acute information
is rehearsed by the person, information will be transferred from
temporary to permanent storage. Long-term memory consolidation
begins.

Patient educators, including physicians, nurses, and other allied
health professionals, advise and teach on a daily basis [13]. A physician
consultation is usually the beginning of a patient’s education. In
many of America’s metropolitan hospitals and in some outpatient
settings, patients are taught educational material through the use of
computerized interfaces, and/or computer touch-screen technology
[14]. The use of computer technology offers a library of interactive
multimedia tutorials, webcasts, and illustrated handouts that expand
upon verbal teaching methods.

A patient’s clinical teaching usually starts in the hospital and
could continue for years of follow-up visits (AACVPR, 2004). Patient
education is dependent upon a specific diagnosis and correlating details
of the chronic condition, and determines the specific educational
strategy. A question currently being debated concerns the most efficient
time (teachable moment) to deliver patient educational information in
a clinical setting, is currently being debated [15].

Cognitive impairment may be present with many cardiac patients,
receiving information vital to their recovery, therefore; a dilemma is
born. This study is limited to the impact of exercise on the acute fading
effect of cardiac patients’ short-term memory. Acute fading effects can
be described as loss of information, within 20 seconds of introduction.
According to Brown [16] and Peterson and Peterson [17], only 10% of
short-term memory is retained and transferred to long-term memory,
leaving a large amount lost. Current research has revealed a link
between exercise and positive brain adaptations [4,10,11,18].

Methods

In this quantitative study, a repeated measure, quasi-experimental
design was used to measure the impact of exercise on the fading effect
of short-term memory [19]. A time-and-day interaction was analyzed
to address the fading effect between trials and over days. Participants
included 28 male and 12 female (40 total) active cardiac rehabilitation
patients, between the ages of 39 and 81, average age was 63.8, in this
short-term memory study. Randomness of participants is based more
on convenience; therefore, various alternative explanations cannot be
ruled out. All data were used in a quantitative (explanatory) form, for
analysis and reporting.

Formative data were collected using a pretest short-term memory
test, which provided initial data. The post test provided short-
term memory conditions, after the 60-minute exercise session was
completed. Another short-term memory test, summative data, was
repeated at 15 and 30 minutes after exercise, to determine the time
interval of the fading effect. The participants were tested a total of 3
days in one week, before and after exercise sessions. Then, the data was
analyzed and reported. The participants exercised 3 days per week,
in accordance with the exercise physiologist’s exercise prescription
for frequency. Overall, a better understanding of the relationship of
exercise and short-term memory within cardiac rehabilitation patients
resulted from this design.

Research Questions (RQ)

RQI. Is there a difference between pre short-term memory mean
scores and summative post test mean scores, after 60 minutes of aerobic
exercise in a cardiac rehabilitation facility?

RQ2. Is there a difference between the second trial and the third
trial?

RQ3. Is there a difference between the third and the fourth trial?

RQ4. Does a fading effect exist over all 3 days of testing short-term
memory in cardiac patients?

Setting and Sample

Participants were selected from a rural cardiac rehabilitation
program in an eastern Kentucky hospital. The service area’s population
size is nearly 9,000 and faces numerous socioeconomic barriers. The
location remains vague to protect participants’ rights. The sample size
will be 40 cardiac rehabilitation patients, due to the limited patient
number to choose from. The rehabilitation facility is small, and only
offers a limited number of patients to agree to participate. An alpha
level of .05 was used for all statistical tests. The confidence level was set
at 0.95 (95%) to estimate the population proportion. This means that
different samples from this population, with same input parameters,
would consist of the population proportion value. Given the confidence
level, sample size, and power, the sensitivity ranges from the critical F
of 1.81 and the effect size F of 0.10.

Each participant had experienced a major heart event in the past
year, and was referred by one of three cardiologists in the area. A
major heart event includes one of the following: myocardial infarction,
coronary artery bypass grafting, heart valve replace/repair, heart
transplant, stint placement, coronary angioplasty, or coronary heart
disease. This criterion was used in selecting those patients eligible for
the study. Each participant must match one or more of these diagnoses
and consent to participation in the study.

Instrumentation and Materials

The primary instrument used in this study was a short-term
memory test [20], consisting of six trials of random letters. Each line
presents a group of letters for 3 seconds, followed by 10 seconds of
verbal response time. The theoretical Brown-Peterson paradigm [16,17]
is a quasi-experimental procedure, where participants are shown
letters, words, or numbers for a short period of time, and then asked
to recall them after they are removed from sight. Multiple versions of
this test have been used to determine information, such as how many
digits should be in a phone number or a password, for example. Seven
was tested as the most reliable and best fit for memorization, hence
a phone number minus the area code. The Brown-Peterson paradigm
was tested by Miller [21], Keppel and Underwood [22], Conrad [23],
Baddeley [24]; and Atkinson and Shiffrin [25]. These multiple parallel
tests indicate sufficient reliability. The memory tests of Brown [16],
Peterson and Peterson [17], and Miller [21], sample different cognitive
functions over a battery of tests, and generally have 90-100% specificity
for working memory. Internal consistency of letter tests (r=.76) is
about 0.90, with a repeated measures reliability of 0.70 to 0.80 [26].

Omnibus Results

A repeated-measures ANOV A was conducted to analyze the overall
data collection of four short-term memory trials, executed over three
days. The following is a definition of each variable: trial (time) 1 is the
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pretest, trial (time) 2 is the first post test, trail (time) 3 is the post test
given 15 minutes after exercise, and trial (time) 4 is the last post test.
The interaction of time and day was used to best analyze effects and
report results. Spherecity assumption was not met, therefore, the time
effect is reported using Wilks’ Lambda results from the multivariate
tests. Wilks’s A=.19, F(3, 38)=55.52, p<.001, multivariate n?=.81. The
day effect results are Wilks’s A=.88, F(2, 39)= 2.71, p=.08, multivariate
n?=.12. The results of the ANOVA are presented in table 1.

Testing allowed for an analysis of fading effect between trials. Table
1 provides the ANOVA results for the time, day, and time-day effects.
The Wilks’ Lambda was chosen to report results. The descriptive
statistics for each day’s short-term memory scores are presented in
table 2. Mauchly’s test of sphericity for short-term memory scores are
presented in table 3. The within-subjects effects (time-day) interactions
is presented with the fact that the assumption of sphericity had not
been meet, as seen in table 3.

Findings for Research Question (RQ) 1

The first research question asked if there is a difference between
pre short-term memory mean scores and summative post test mean
scores, after 60 minutes of exercise in a cardiac rehabilitation facility.
The total number of correct responses (short-term memory test scores)
from each short-term memory test was recorded on each participant,
3 days in 1 week. The question was answered by conducting repeated-

Effect Value F Sig. g:::’r'eﬁta
Time*Day Pillai’s trace .30 2.51 .04 .30

Wilks’ lambda .70 2.51 .04 .30

Hotelling’s trace 43 2.51 .04 .30

Roy’s Largest root 43 2.51 .04 .30
Time Pillai’s trace .81 55.52 .00 .81

Wilks” lambda 19 55.52 .00 .81

Hotelling’s trace 4.38 55.52 .00 .81

Roy’s Largest root  4.38 55.52 .00 .81
Day Pillai’s trace A2 2.71 .08 12

Wilks’ lambda .88 2.71 .08 12

Hotelling’s trace 14 2.7 .08 12

Roy’s Largest root 14 2.71 .08 12

Table 1: ANOVA results for multivariate tests.
95% confidence
interval
M SD Lower Bound Upper Bound

Pre (day1) 24.53 6.58 22.45 26.60
Pre (day2) 24.45 6.17 22.50 26.40
Pre (day3) 24.30 6.75 22.17 26.43
Post 1 (day 1) 28.55 6.88 26.38 30.72
Post 1 (day 2) 27.00 6.16 25.05 28.95
Post 1 (day 3) 26.33 6.60 24.24 28.41
Post 2 (day 1) 28.30 6.40 26.28 30.32
Post 2 (day 2) 27.67 6.54 25.61 29.74
Post 2 (day 3) 26.23 6.54 24.16 28.29
Post 3(day 1) 26.33 6.41 24.30 28.35
Post 3(day 2) 25.83 6.12 23.89 27.76
Post 3 (day 3) 24.62 6.31 22.63 26.62

Note. N=41.

Table 2: Means, Standard Deviations and Confidence Intervals for short-term
memory scores.
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Within Sub- Mauchly’s W Sig.  Greenhouse— Huynh- Lower-bound
jects Effect Geisser Feldt
Time .60 .001 .77 .82 .33
Day .65 .000 .74 .76 .50
Time*Day .37 .009 .76 .87 A7

Note. * Significant at the .05 level.
Table 3: Mauchly’s test of sphericity.

Pre Post (0 min) Post (15 min) Post (30 min)
Day 1 24.52 28.55 28.30 26.32
Day 2 24.45 27.00 27.67 25.82
Day 3 24.30 26.32 26.22 24.62

Table 4: Study matrix illustrating the means of short-term memory each day.

Source Time/Day df g:j:re F Sig. 2:::'95“
Time |Trial 1vs. Later 1 671.26 95.81 |.000* 71

Trial 2 vs. 3 1 1.44 57 .46 .01

Trail 3 vs. 4 1 402.22 78.64 |.000* .66
Day Linear 1 49.65 492 |.03* i

Table 5: Results of the tests of within-subjects contrasts.

measures ANOVA and analyzing the planned contrasts of within-
subjects.

The results for the tests of within-subjects contrasts indicated a
significant difference between pre and post test means, F(1, 671)=95.81,
p<.001, n’=.71. The results of planned contrasts, specific to research
question one, is presented in table 4. Figures 1-3 also present a graphical
display of the results.

Because the first research question is specific to the relationship
between the pre short-term memory test (Trial 1) and the post short-
term memory (Trial 2, Trial 3, and Trial 4) tests, given after the
participant completed 60 minutes of exercise, tests of within-subjects
analysis were needed. Tests of within-subjects effects indicated
statistical significance for the Greenhouse-Geisser and Huynh-Feldt
for time and day differences, and sphericity was not assumed. The test
for lower-bound was not statistically significant. The within-subjects
effects results are presented in table 4. The mean difference is significant
at the .05 level.

Table 5 provides the results of the planned contrasts. Row 2, the
time effect of trial 2 versus trial three, indicated no significant difference.
This evidence means short-term memory scores remain elevated, from
immediately post exercise, until 15 minutes later. Row 3, trial 3 versus
trial four, indicated a significant difference. Once again this was a
time effect, suggesting that means scores were different, and actually
decreased between 15 minutes post to 30 minutes post exercise. These
differences were significant at the .05 level, which means that each day
of testing presented mean scores different from the previous day. These
findings are illustrated in figure 1.

In summary of RQ 1, the analysis demonstrates changes in post test
memory scores, compared to the initial pre test scores on all 3 days. This
change is best illustrated in figure 1 and 3. The first research question
examined the difference between the pre test mean scores and the mean
of trials 2, 3, and 4. Improved short-term memory scores were observed
immediately after 60 minutes of exercise. As shown in table 2, mean
post scores were higher than mean pre test scores, immediately after 60
minutes of exercise. The initial increase in short-term memory scores
occurred instantly after exercise.
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Figure 3: Estimated marginal means short-term memory scores for each day.

Findings for Research Question (RQ) 2

RQ 2 addressed a possible difference between the second trial (post
test given immediately after 60 minutes of exercise), and the third trial
given 15 minutes later. The results indicated no statistically significant
difference between the second and third trial, F(1, 1.44)=.568, p=.46, n*
=.01. Table 5, second row indicates the findings.

Findings for Research Question (RQ) 3

Research question 3 addressed a possible difference between the
third trial (posttest 15 minutes after exercise) and fourth trial (posttest
30 minutes after exercise). The results indicated a statistical significance
between trial 3 and 4, F(1, 402)=78.64, p<.001, n2=.66. The results are
presented in table 5, row 3. From these results, a difference does exist
between the third and fourth trial (see figures 1-3). Short-term memory
scores begin to decline after 15 minutes post exercise (see figure 1).

Findings for Research Question (RQ) 4

The fourth research question addressed a possible three-day fading
effect of short-term memory in cardiac patients. Figure 1 presents a
graphical representation of the means of each trial, across three days.
Figure 3 presents the estimated marginal means, for scores for each of
the three days.

The results for the planned contrasts indicated a significant time
effect on short-term memory scores, F(1, 50)=4.92, p=.03, n’=.11.
Table 5, fourth row presents the results that best answer this research
question. From the results, a fading effect was evident over the three
days of testing short-term memory. The mean short-term memory
score results for each day are presented in table 6.

The initial increase in short-term memory scores occurred
immediately after exercise, and was sustained for at least 15 minutes.
Tapering or trace decay was present at 30 minutes post exercise. This
decay supports research question one and two. It should be noted
that there was little change in means from post test, immediately after
exercise to post test 15 minutes later; therefore, the significant trend
was due to changes between pre test scores and scores after exercise.

Discussion

The purpose of this study was to determine the impact of exercise
on the acute fading effect of short-term memory for cardiac patients.
The results of this study have elucidated a possible window of delivery
for cardiac patient educational material. Practitioners working with
cardiac patients can utilize this information to adjust current practice
of patient education and incorporate exercise, prior to the delivery
of educational information. With a delay in the fading of acute
information, a cardiac patient may understand a higher percentage of
what is taught, if presented within 15 minutes after an exercise session.
Higher short-term memory scores were observed immediately after
exercise, and were sustained for up to 15 minutes. At 30 minutes,
average scores started to decline in the direction of pretest score
averages.

Data analysis from the study produced a pattern of data consistent
throughout the duration. Trial-to-trial mean scores created a similar
pattern from day 1 to day 2 to day 3. This pattern is illustrated in figure
2. An increase in memory scores was indicated after exercise, remained
elevated for 15 minutes, and then began to decline. The day-to-day
interaction presented results of scores decreasing with each day, yet
maintaining a similar pattern from day to day. Even though score
patterns were similar for each day, the mean scores were lower as time
progressed. The pattern of scores was lower for the second day, and then
even lower for the third day. Future research may address this issue and
develop a longer duration or measure other possible influences.

Implications for Social Change

In reflecting on the data analysis from this study and the patient
outcomes, the implications are relevant for practitioner working in the
field, to impact cardiac patients. Practical contributions of the study
lead to a knowledge that cardiac rehabilitation patients experience an
improved short-term memory after 60 minutes of exercise that also

Source Sum of Squares df F Sig. ::;t:legta
Time*Day | Greenhouse-Geisser 63.81 4.55 3.73 |.004 .09
Huynh-Feldt 63.81 521 3.73 .003 .09
Lower-bound 63.81 1.00 3.73 .061 .09
Time Greenhouse-Geisser |756.49 2.31 82.03 |.000* .67
Huynh-Feldt 756.49 |2.45 82.03 |.000* .67
Lower-bound 756.49 [1.00 82.03 |.000* .67
Day Greenhouse-Geisser [199.50 (1.48 3.57 |.047* .08
Huynh-Feldt 199.50 [1.53 3.57 .046* .08
Lower-bound 199.50 1.00 3.57 |.066 .08

Table 6: Result of the tests of within-subjects effects.
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has a delayed fading effect. A possible window of opportunity that is
most effective for the delivery of educational materials and concepts
to cardiac patients, may exist post exercise. The most efficient time
to provide new information may be immediately after the exercise
is concluded. The cardiac patient becomes the most significant
beneficiary from this study. For example, if a dietician or prescription
medicine consult followed the exercise session, more information may
be retained or understood, as opposed to the consult taking place prior
to exercise.

The relationship between exercise and cognitive function can
challenge previous contemporary theory, by adding exercise as a
positive factor that decreases the fading effect of short-term memory
functions. The study represented an important contribution to current
practice for practitioners working with cardiac patients, researchers
studying the topic of exercise and memory, and the benefit may be
evident with individual cardiac patients that find they can remember
the medical information provided after an exercise session. Health
educators may be encouraged to assess post surgical memory capacity,
and incorporate exercise prescriptions upon discharge, rehabilitation,
or home care teaching.

There are several other possible conclusion and factors that must be
considered in the conclusions of this study. Some other factors include
improved blood flow effects, patient efforts, emotional status of the
participant each day, and many more. The contribution of this study
is targeted toward the clinical practice of patient educational delivery
to encourage exercise, prior to the counseling or teaching of cardiac
patients. The benefits of exercise, for a cardiac patient, incorporate both
physiological and cognitive functioning.
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