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The present study examined the utility of using spaced learning trials (when trials are distributed over time) versus
massed learning trials (consecutive learning trials) in the acquisition of everyday functional tasks. In a within-
subjects design, 20 participants with multiple sclerosis (MS) and 18 healthy controls (HC) completed two route
learning tasks and two paragraph reading tasks. One task in each area was presented in the “spaced” condition, in
which the task was presented to the participants three times with 5-minutes break between each trial, and the
second task in each area was presented in the “massed” condition, in which the task was presented three consecut-
ive times to the participants. The dependent variables consisted of recall and recognition of the paragraphs and
routes both immediately and 30 minutes following initial learning. Results showed that for paragraph learning,
the spaced condition significantly enhanced memory performance for this task relative to the massed condition.
However, this effect was not demonstrated in the route learning task. Thus, the spacing effect can be beneficial to
enhance recall and performance of activities of daily living for individuals with MS; however, this effect was signi-
ficant for verbal tasks stimuli, but not for visual tasks stimuli. It will be important during future investigations to

better characterize the factors that maximize the spacing effect.
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INTRODUCTION

The influence of the timing of learning trials on
acquiring and retaining newly learned informa-
tion has a long history. At the turn of the 19th
century, during his ground-breaking work char-
acterizing the human memory system, Ebbing-
haus (1885/1964) was the first to document that
the spacing of learning trials influences retention.
He noted that when he used consecutive repeti-
tions to learn a 12-syllable series it took him 80
repetitions to learn the list without error.

However, when the repetitions were spread over
three days it took him only 38 practice sessions to
achieve an errorless trial. Ebbinghaus termed this
phenomenon the spacing effect (Cepeda, Pashler,
Vul, Wixted, & Rohrer, 2006). These spaced
learning trials differ from “massed” learning ses-
sions, in which information is repeated in succes-
sion without interruptions. Thus, the spacing
effect is the observation that information pre-
sented using spaced repetitions is better remem-
bered than information presented via massed
repetitions.
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The spacing effect appears to be a natural phe-
nomenon of the human memory system that does
not require conscious effort, training, or additional
mental operations by the individual (Challis, 1993;
Russo, Parkin, Taylor, & Wilks, 1998). Further-
more, Goetti (1996) suggests that information-
processing style, task familiarity, and motivation
are important factors when learning a task and
may therefore influence the magnitude of the spac-
ing effect. Research has demonstrated that the
spacing effect is not modality specific. The spacing
effect has been observed using verbal memory
tasks, such as list recall, paired associates, and par-
agraph recall (Challis, 1993; Janiszewski, Noel, &
Sawyer, 2003; Kahana & Greene, 1993; Krug,
Davis, & Glover, 1990), facial recognition tasks
(Mammarella, Russo, & Avons, 2002; Russo et al.,
1998), picture learning (Hintzman & Rogers,
1973), skill learning, such as mirror tracing or
video game acquisition (Donovan & Radosevich,
1999), and specific skill learning, such as aircraft
recognition (Goetti, 1996). The spacing effect is
noted for its ubiquity and robustness (Braun &
Rubin, 1998; Challis, 1993).

To date, most of the research on the spacing
effect has been conducted with healthy individuals
in laboratory settings (e.g., Challis, 1993; Kahana
& Howard, 2005; Janiszewski et al., 2003). Some
researchers have examined how the spacing effect
might facilitate learning and memory of different
tasks in clinical populations who may exhibit
memory deficits, including individuals with amne-
sia (Cermak, Verfaellie, Lanzoni, Mather, &
Chase, 1996), dementia (Camp, Foss, Stevens, &
O’Hanlon, 1996), and traumatic brain injury
(Hillary et al., 2003). These studies indicate that
the spacing effect can effectively facilitate reten-
tion of newly learned material in patients with
memory impairments.

A significant number of individuals with multi-
ple sclerosis (MS) suffer from impaired learning
and memory (Bobholz et al., 2006; Drew, Tippett,
Starkey, & Isler, 2008). Results from several recent
MS studies suggest that the learning and memory
deficits are due to impairment in initial acquisition
of information rather than from impaired retrieval
from long-term storage (DeLuca, Barbieri-Berger,
& Johnson, 1994; DeLuca, Gaudino, Diamond,
Christodoulou, & Engel, 1998; Gaudino,
Chiaravalloti, DeLuca, & Diamond, 2001).
Because new learning has been shown to be at the
center of learning and memory disorders in MS,
treatment must be focused on acquisition of new
information, hence resulting in improved subse-
quent recall and recognition. While the spacing
effect may prove to be especially beneficial,

however, there are no studies examining the utility
of the spacing effect in persons with MS.

Deficits in new learning and memory have
important implications for everyday function such
as activities related to work, school, and com-
munity integration (Beatty, Blanco, Wilbanks,
Paul, & Hames, 1995; Finlayson, Impey, Nicolle,
& Edwards, 1998). The application of memory
strategies, such as the spacing effect, may posi-
tively affect everyday functional activity and over-
all quality of life (Barker-Collo, 2006; Shevil &
Finlayson, 2006). To date, research examining the
impact of the spacing effect is conducted primarily
in the laboratory, and the influence of the spacing
effect on everyday activities in clinical samples has
not been studied.

If the spacing effect is indeed effective in
improving learning and memory in MS, and its
application can be extended to the learning of
everyday activities, then the strategy can be inte-
grated into rehabilitation protocols and aid in
maximizing functional recovery. Therefore, the
purpose of the present study was to determine
whether spaced learning enhances memory of eve-
ryday functional tasks in persons with MS and to
examine the differential influence of the nature of
the learning task (visual procedural tasks vs. ver-
bal episodic tasks).

METHOD
Participants

Participants consisted of 20 individuals with clini-
cally definite MS, diagnosed according to the cri-
teria of Poser et al. (1983), and 18 healthy control
participants (HC). Participants were excluded
from the present study if they had: (a) a history of
neurological illness or injury (besides MS for the
MS group); (b) a history of psychiatric illness; (c)
a history of alcohol or drug abuse; or (d) severe
visual or motor impairment. All individuals with
MS were at least one month after the most recent
exacerbation and were free of corticosteroid use.
Demographic characteristics of the two groups
are provided in Table 1. The two groups did not
differ significantly with regard to age, education,
or gender.

General procedures

Participants with MS were recruited by advertise-
ments distributed at local support groups and clin-
ics. HC were recruited via flyers and word of
mouth throughout the local community. Upon
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TABLE 1
Demographic data

MS (n=20) HC (n= F P
18)
Age 48.4+8.8 414+129 38 ns
Education 15319 164£1.5 3.7 ns
WRAT-3 49.5+4.9 52.0%3.0 3.5 ns
Gender (%) Y(1)=035 ns
Males 20 333
Females 80 66.7
Disease type (%0)
Relapsing 65 —
remitting
Primary 15 —
progressive
Secondary 20 —
progressive
Disease 10.6x£6.7 —

duration (years)

Note. MS = multiple sclerosis. HC = healthy controls. WRAT-
3 = Wide Range Achievement Test-Third Edition. ns = not
significant.

initial phone contact, potential participants were
screened for participation based on the inclusion/
exclusion criteria discussed above. Participants
were then scheduled for interview and testing. All
recruitment and experimental procedures were
approved by the Institutional Review Board (IRB)
and Health Insurance Portability and Accountabil-
ity Act (HIPAA) compliance boards. Before study
enrollment, all participants indicated willingness to
participate in the study by signing a consent form
approved by the IRB. The testing session lasted
approximately 2 hours, in which the neuropsycho-
logical battery and the spacing effect protocol were
administered. All participants were paid for their
participation.

Neuropsychological measures

All participants enrolled in the study went through
neuropsychological testing to assess their current
levels of cognitive performance. The neuropsycho-
logical measures utilized in this study are presented
in Table 2.

Emotional measures

State—Trait Anxiety Inventory (STAI,
Spielberger, 1983)

The STAI is a commonly used, standardized
measure of anxiety. Higher STAI “state” and
“trait” scores correspond to more anxiety. Both
STAI “state” and “trait” scores were used in data
analysis.

Chicago Multiscale Depression Inventory
(CMDI; Nyenhuis et al., 1998)

This is a 50-item self-report measure designed to
assess depression in MS and other chronic medical
populations. The CMDI contains three sub-
scales—Mood, Evaluative, and Vegetative (24
questions)—and 18 items that are not related to
any of the three subscales. The total CMDI score
was used in the present study as a measure of
depressive symptomatology.

Memory tasks

The two memory tasks included in this study were
a paragraph learning task and a route learning
task. These tasks were developed for this study by
the first and second authors of this study. The goal

TABLE 2
Neuropsychological tests

Domain of function Test

Dependent measure

Working memory Digit Span subtest (WAIS-R).
Processing speed SDMT-oral version
Learning and memory CVLT

Executive functions D-KEFS
Trail Making Test
Verbal Fluency Test (Letter Fluency)

Color-Word Interference Test (Inhibition/

Switching)

Sum of the number of correct responses for the Digit Span
Forward and Backwards tests.

Total number of correct responses in 90 s.

Total words recalled in Trials 1-5 and Discriminability
score, as they are asserted to be most sensitive to cognitive
impairment in persons with MS.

Score from the Number-Letter Switching subtest.

Sum of the number of words generated within 1 minute with
each of the three letters (F, A, S).

Time to completion on the Inhibition/Switching.

Note. WAIS-R = Wechsler Adult Intelligence Scale-Revised manual; Wechsler, 1981. SDMT = Symbol Digit Modalities Test (Smith,
1982). CVLT = California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 1987). D-KEFS = Delis—Kaplan Executive Func-

tion System (Delis, Kaplan, & Kramer, 2000).
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in using these separate tests was to measure verbal
and nonverbal learning and memory processes on
tasks that could be encountered during day-to-day
functioning. The Paragraph Learning Task is ver-
bal stimulus whereas the Route Learning Task is
visual in nature. Each of these tasks was developed
with alternate forms. These alternate forms were
equivalent in the number of items to be remem-
bered and recalled; the Paragraph Learning Task
involved two different paragraphs, and the Route
Learning Task included two black-and-white
maps. For each task, participants received a total
of three learning trials, and exposure to the task
materials during the learning trials was either
massed or spaced.

Paragraph Learning Task

The Paragraph Learning Task required the par-
ticipant to read aloud two short paragraphs (one
in a massed condition and one in a spaced condi-
tion, described below) three times. Both para-
graphs were taken from a newspaper and
contained 84 words, five sentences, and 14 ele-
ments of information. Following the three learn-
ing trials, two recall trials were conducted: (a)
immediate recall, and (b) 30-minute delayed
recall. Participants were asked to repeat back the
paragraph provided to them “as close to the same
words as possible.” The dependent measures of
this task were total number of elements recalled
for each of the immediate and delayed free recall
trials, ranging from 0 to 14.

Route Learning Task

The Route Learning Task was designed to simu-
late the procedure of learning and recalling a
simple set of visual instructions when a new route
is learned (e.g., when traveling to a new place). The
routes were taken from a tour map of London.
Each of the routes to be learned consisted of 13 dif-
ferent streets and 13 “turns” to be memorized. The
three learning trials consisted of the examiner visu-
ally presenting the route (including the route
streets and turns) using a red laser pointer on a
map. During the presentation of the route, the
examiner was positioned across a table from the
participant, and each route presentation lasted 20
seconds. Following three learning trials, a recall
trial was obtained by asking the participant to
draw the route on the map without further presen-
tation. An identical recall trial was performed after
a 30-minute delay. For every correct turn and
street traced, 1 point was awarded. The range of
possible scores ranged from 0 (not remembering
anything) to 26 (accurate recollection of the route).

The dependent variables were the total score for
immediate and delayed free recall trials.

Massed and spaced trials procedure

Figure 1 provides summary of the two testing
procedures. In a within-group design, each par-
ticipant was presented with two versions of each
task. One version of each task was presented in a
massed condition and one in a spaced condition.
The condition (spaced vs. massed) and order of
task presentation were counterbalanced to con-
trol for systematic order effects. For example, if
one participant initially learned the Route
Learning Task (Version a) in a spaced condition
and Route Learning Task (Version b) in a
massed condition, than the second participant
started with the Paragraph Learning Task (Ver-
sion a) in a spaced presentation and the Para-
graph Learning Task (Version b) in a massed
presentation. This participant proceeded with
Route Learning Task (Version a) learned in a
massed condition and Version b in a spaced con-
dition and so on.

Procedures for the spaced condition: In the
spaced condition, the participants were asked to
read a single paragraph aloud or watch as a
route was traced on a single map with a laser
pointer by the researcher. Following a 5-minute
delay, during which participants completed neu-
ropsychological tests, participants were asked to
again read the same paragraph aloud or watch
the identical route map traced a second time.
This procedure was repeated once again after
yet another 5-minute delay (again, neuropsy-
chological test were completed during this
break). Immediately following this third presen-
tation, participants were asked to recall the
learned information (either the paragraph or
the route). The immediate free recall of either
the paragraph or route tasks was followed by a
30-minute delay during which the participants
completed several additional neuropsychologi-
cal tests (described in the neuropsychological
testing) and then once again were asked to recall
the learned material.

Procedures for the massed condition: In the
massed condition, participants were present with
three consecutive presentation of the to-
be-learned material (either paragraph or route),
followed by an immediate free recall trial. Fol-
lowing a 30-minute delay participants were again
asked to recall as many details from the para-
graph as possible and to reproduce the map
route.
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MS (n=20)
HC (n=18)
Spaced Condition-task 1* (version I)**
Trial 1 5 minutes Trial 2 5 minutes Trail
ria (NP) ria (NP) rail 3

Massed Condition-task 1 (version 2)

Trial 1 Trial 2 Trial 3

|

Immediate verbal recall

l

Immediate verbal recall

NP tests performance

Verbal recall: 30 minutes

Verbal recall: 30 minutes

A

Massed Condition-task 2 (version 1)

Spaced Condition-task 2 (version 2)

Trial 1 Trial 2 Trial 3

Trial 1 |5 minutes | Trial 2 |5 minutes | Trail 3
(NP) (NP)

A 4

Immediate verbal recall

A 4

Immediate verbal recall

NP tests performance

A 4

Verbal recall: 30 minutes

A

Verbal recall: 30 minutes

Figure 1. Study procedural flow of the spacing effect protocol for both MS and HC participants. *Task refers to either following a
route on a map or paragraph learning. **Version refers to the two alternative versions related to each task (two versions to each:

Version a and Version b). NP refers to neuropsychological testing.

Data analysis

To determine differences in demographic, neuropsy-
chological, and behavioral characteristics between
the two groups, one-way analyses of variance
(ANOVAs) were conducted. To analyze perform-
ance on the spacing effect protocol, performance
on the paragraph and route tasks were each ana-
lyzed by a 2 (group: MS vs. HC) x 2 (condition:
massed vs. spaced) x 2 (time: immediate vs. 30 min-
utes) repeated measures ANOVA with group as
the between-group factor and condition and time
as within-group factors. Effect size was determined
by calculating nz.

RESULTS

Neuropsychological and emotional
functioning

Cognitive and emotional functioning for the MS
and HC participants are presented in Table 3. The
MS group performed significantly worse than the
HC group on all tasks except for the California
Verbal Learning Test (CVLT; sum of five trials)
and Digit Span Backward. With regard to emo-
tional functioning, scores on the STAI did not dif-
fer significantly between groups and fell within the
normal range when compared to published normative
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TABLE 3
Neuropsychological test performance

2

Domain assessed Test MS (n=20) HC (n=18) F 7
Processing speed SDMT 48.7+11.5 58.6+11.6 7.6%* .16
Episodic memory CVLT-sum of 5 trials 52.1+£11.8 55.5+10.0 0.87 .02
CVLT-Discriminability 91.3+£7.9 96.2+3.9 5.4% 13
Working memory Digit Span Forward 9.5+£23 11.3£1.5 7.6%* 17
Digit Span Backward 6.8+2.2 8.0+2.4 2.3 .06
Executive functions ~ D-KEFS Trail Making Test: Number—Letter Switching 104.2 +37.5 62.8 £15.1 18.9%* .35
D-KEFS Verbal Fluency-Letter Fluency 34.1+11.6 43.1£11.8 5.5% 13
D-KEFS Color—-Word: Inhibition and Switching 75.1£21.9 56.8+14.8 8.7%* .20
Affect STAl-state anxiety 33.0+£8.3 31.1+£8.8 0.49 .01
symptomatology STAI-trait anxiety 40.3+11.7 36.0+£7.0 0.18 .04
CMDI 86.5+32.4 66.1+£15.8 5.8% 13

Note. MS = multiple sclerosis. HC = healthy controls. SDMT = Symbol Digit Modalities Test. CVLT = California Verbal Learning
Test. D-KEFS = Delis—Kaplan Executive Function System. STAI = State-Trait Anxiety Inventory. CMDI = Chicago Multiscale

Depression Inventory. Means + standard deviations.
*p <.05; **p < .01.

data. However, MS participants reported signifi-
cantly more depressive symptomatology than HC
on the CMDI.

Performance of paragraph learning task

Condition: Spaced versus massed

Performance on the Paragraph Learning Task is
presented in Figure 2. The mean number of ele-
ments recalled under the spaced condition was sig-
nificantly higher (M = 7.87) than tasks that were
presented in a massed condition (M = 7.25), col-
lapsed across group and time, condition main
effect (spaced versus massed), F(1, 36) = 4.2, p <
.05, demonstrating a small effect size (n2 =.10).

9 -
HC Mass
HC Space
8.5 =l + MS Mass
-\ —B— MS Space
8
.
7.5 ~e <
7 |
6.5
6 T |
Immediate 30-Minute

Figure 2. Paragraph Learning Task: Recall scores for spaced
(solid lines) versus massed (dotted lines) conditions at each
recall time for the multiple sclerosis (MS) and for the healthy
control (HC) participants.

Group: MS versus HC

The MS and HC groups did not differ signifi-
cantly in the mean number of tasks items recalled
collapsed across time and condition; thus the main
effect of group was not significant, F(1, 36) = 0.16,
p = .68, 1% = .005. Additionally, the relative differ-
ence between the spaced versus massed conditions
was equivalent across participant groups, as indi-
cated by the lack of a significant Group (HC vs.
MS) x Condition (spaced vs. massed) interaction,
F(1, 36) = 0.55, p = .15, with a small effect size (n2
= .01). Thus, both HC and MS participants bene-
fited equally from spaced learning, across time
during paragraph recall.

Time

As expected, immediate recall was superior to
delayed recall when considering the entire sample,
F(1, 36) = 32.7, p < .001, n2 = .47. However, no
interaction was observed between time and condi-
tion, or between time and condition and group,
suggesting that participants benefited similarly
from learning new material in the spaced condition
regardless of group membership or time of testing.

Following a route on a map

Spaced versus massed conditions

Performance of the route learning task is pre-
sented in Figure 3. There were no significant differ-
ences between the spaced and massed learning
conditions for either the immediate or the
30-minute delayed recall of the Map Learning
Task. Thus, there was no effect of distributed
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Figure 3. Following a route on a map: Recall scores for spaced
(solid lines) versus massed (dotted lines) conditions at each
recall time for the multiple sclerosis (MS) and for the healthy
control (HC) participants.

learning on the route task (M = 18.15), condition
main effect: F(1, 36) = 0.45, p = .50, % = .01.

MS versus HC

The main effect of group was not significant,
F(1, 36) = 0.34, p = .56, 1% = .009, indicating that
the MS and HC groups did not differ signifi-
cantly in the mean number of items recalled. Simi-
lar to the paragraph tasks, the interaction of
participant group and condition (i.e., spaced
vs. generated) was not significant, F(1, 36) = 041,
p=.52,1%=.0l.

Time

As expected, the participants performed better
during the immediate than during the delayed
recall: time main effect, F(1, 36) = 10.6, p < .01, n?
= .22. However, similar to the reading paragraph
task, no interaction was observed between time
and condition, or between time and condition and

group.

DISCUSSION

Studies of cognitive rehabilitation and memory
retraining have typically reported behavioral
improvements on laboratory-based tasks, but these
findings have proven difficult to extend to func-
tional tasks of everyday activities (Wilson, 1992).
One goal of the current study was to apply the
spacing effect, a classic phenomenon in learning
and memory literature, to tasks with greater face
validity. The findings from the present study indic-
ate that the spacing effect improves learning and
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memory of a paragraph reading task, but not a
route learning task. These results suggest that the
spacing effect can successfully be applied to a func-
tional task (paragraph reading) in a neurologically
impaired sample with MS; however, the efficacy of
the spacing effect may be task specific. These
results contribute to growing literature that spaced
learning can produce significant functional
improvements. For instance, the effectiveness of
using spaced learning in applied settings (i.e., class-
room) to improve paragraph reading has been pre-
viously demonstrated in studies of healthy
individuals examining acquisition of novel material
(Cepeda et al., 2006), memory for the main points
of a text (Reder & Anderson, 1982), and learning
new concepts in biology (Reynolds & Glaser,
1964). To our knowledge, the present study is the
first study to use the spacing effect to enhance
memory performance in persons with MS and to
examine the impact of the spacing effect on learn-
ing of functional, everyday tasks in neurological
samples.

The current study showed that the efficacy of the
spacing effect was different across tasks such that
spaced learning trials were beneficial for partici-
pants on the paragraph learning task, but not for
the following a route on a map task. Three poten-
tial explanations for this differential effect stem
from a meta-analysis conducted by Janiszewski
et al. (2003), who included 97 articles examining
the use of the spacing effect in an applied setting.
In this meta-analysis review, these authors exam-
ined which variables either strengthened or weak-
ened the spacing effect on memory performance.
Janiszewski et al. concluded that the benefits of
spaced learning were significantly greater in recall
of memory-based choice of verbal stimuli than vis-
ual stimuli. Second, spacing effect was greater for
semantically complex stimuli (e.g., homographs)
(Challis, 1993; Greene, 1989) than for structurally
complex stimuli (e.g., the sentence “The bird is on
the green brick wall”) that are organizational (e.g.,
position in list) or contextual (e.g., learning epi-
sode, learning location, font, color). The Route
Learning Task, in the present study, can be consid-
ered to be a memory-based task of structurally
complex stimuli in which the learning cues are con-
textual. Therefore, it is not surprising that the
spacing effect did not influence learning and mem-
ory for this particular functional task. A third fac-
tor that influences the strength of the spacing effect
is the meaningfulness of the stimuli. That is, the
effect of spaced learning has been shown to be
greater for meaningful stimuli than for nonmean-
ingful stimuli (Janiszewski et al., 2003). It is pos-
sible that that the London route learning task was
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less meaningful for persons in this study and may
account for the lack of the spacing effect’s impact
on learning and memory of this task whereas the
paragraphs were about real-life stories taken from
the newspaper.

From a theoretical perspective, one theory pro-
posed to underline the efficacy of the spacing
effect is the “diminished processing theories.” The
diminished processing theories predict a weaker
spacing effect for isolated stimuli (versus embed-
ded stimuli) because it is easier to retrieve an iso-
lated stimulus at the second presentation. Thus,
processing at the second presentation is more of
an automated process. The stimuli for both the
paragraph and route learning tasks used in the
present study are embedded. Thus, according to
the diminished processing theories, both the para-
graph and route learning tasks in the present study
should show a robust spacing effect. However, the
fact that a spacing effect was only observed in the
paragraph task is inconsistent with a broad inter-
pretation of the diminished processing theories of
spaced learning.

There are several potential limitations of the
present study. First, the tasks used in this study
were designed specifically for this experiment.
Thus, there are questions related to reliability and
validity that were not addressed by the design of
this study. However, it is important to note that
also in rehabilitation settings therapists use tasks
that have face validity in treatment and not neces-
sary ecological validity. Second, there was signific-
ant variability in the performance on the route
learning task (e.g., M = 19.4, SD = 6.4, for spaced
trial, and M = 17.5, SD = 7.3, for massed trial for
the MS group), which diminished the likelihood of
detecting what may have been a small but positive
influence of the spacing effect on new learning.
Third, the MS and HC groups differed on the
amount of depressive symptomatology reported.
One could hypothesize that depressive symptoma-
tology had an effect on learning. However, because
the current study employed a within-subjects
design, each participant served as his/her own con-
trol; thus, depression is controlled in this type of
design for the effect of distributed trials on learn-
ing. Third, the upper thresholds for the influence
of the spacing effects on functional, more everyday
tasks are not known. It is difficult to equate the
challenges involved in performing the paragraph
and route learning tasks, the least of which is
because of their fundamental modality differences.
One possible explanation for the differential effects
between the paragraph and route learning tasks is
task load. In other words, it is possible that the
amount of information displayed in the route

learning task was above some learning threshold
for the spacing effect to be effective. Future spac-
ing effect research on functional tasks could focus
initially on applying very simple visuospatial tasks
and incrementally increasing the difficulty. Despite
these limitations, further study of the spacing effect
on functional tasks is needed to determine the
amount of information to be learned and/or the
type of information, task(s), or skills that will most
benefit from spaced learning method.

While there is still much left to learn about the
optimal conditions for spaced learning to be effect-
ive, the present study has some important implica-
tions for cognitive rehabilitation in MS. The onset
of MS typically occurs when individuals are most
active and most productive in many aspects of their
lives (Reingold, 1995). The impairments caused by
MS usually lead to significant disruptions in per-
sons’ quality of life (QOL) and employment status
(Neath, Roessler, McMahon, & Rumrill, 2007,
Pompeii, Monn, & McCrory, 2005). Due to the sig-
nificant relationship between cognitive/memory
impairment, QOL, and employment status among
individuals with MS, the treatment of deficits
through strategies designed to improve new learn-
ing and memory could serve to significantly
improve the QOL and community participation of
individuals with MS. Therefore, the potential bene-
fit of applying spaced learning during rehabilitation
is significant, since it represents an important step
towards designing unique treatment interventions
that can be used to improve the learning of new
functional tasks. Harnessed appropriately, the
spacing effect could provide rehabilitation special-
ists with a potential tool that addresses deficits in
new learning. While the efficacy of the spacing
effect in enhancing memory performance is promis-
ing, its clinical utility in the rehabilitation of mem-
ory requires further research to examine variables
such as the type of tasks learned, time between
learning intervals, and what patient groups will
gain the most benefit using this strategy.

Original manuscript received 24 April 2008
Revised manuscript accepted 19 June 2008
First published online 11 August 2008

REFERENCES

Barker-Collo, S. L. (2006). Quality of life in multiple
sclerosis: Does information-processing speed have an
independent effect? Archives of Clinical Neuropsy-
chology, 21, 167-174.

Beatty, W. W., Blanco, C. R., Wilbanks, S. L., Paul,
R. H., & Hames, K. A. (1995). Demographic, clini-
cal, and cognitive characteristics of multiple sclerosis
patients who continue to work. Journal of Neurologic
Rehabilitation, 9, 167-173.



Downloaded by [University of Washington Libraries] at 14:16 08 September 2013

Bobholz, J. A., Rao, S. M., Lobeck, L., Elsinger, C.,
Gleason, A., Kanz, J., et al. (2006). fMRI study of epi-
sodic memory in relapsing-remitting MS: Correlation
with T2 lesion volume. Neurology, 67, 1640-1645.

Braun, K., & Rubin, D. C. (1998). The spacing effect
depends on an encoding deficit, retrieval, and time in
working memory: Evidence from once-presented
words. Memory, 6, 37-65.

Camp, J. C., Foss, J. W., Stevens, A. B., & O’Hanlon, A.
M. (1996). Improving prospective memory task
performance in persons with Alzheimer’s disease. In
M. Brandimonte, G. O. Einstein, & M. McDaniel (Eds.),
Prospective memory: Theory and applications (pp.
351-367). Mahwah, NJ: Lawrence Erlbaum Associates.

Cepeda, N. J., Pashler, H., Vul, E., Wixted, J. T., &
Rohrer, D. (2006). Distributed practice in verbal
recall tasks: A review and quantitative synthesis. Psy-
chological Bulletin, 132, 354-380.

Cermack, L. S., Verfaellie, M., Lanzoni, S., Mather, M.,
& Chase, K. A. (1996). Effect of spaced repetitions on
amnesia patients’ recall and recognition performance.
Neuropsychology, 10, 219-227.

Challis, B. H. (1993). Spacing effect on cued-memory

tests depend upon level of processing. Journal of

Experimental Psychology, Learning, Memory, and
Cognition, 19, 389-396.

Delis, D. C., Kaplan, E., & Kramer, J. H. (2000). Delis—
Kaplan Executive Function System. San Antonio, TX:
The Psychological Corporation.

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A.
(1987). California Verbal Learning Test: Research
Edition (Version I). San Antonio, TX: Psychological
Corporation.

DeLuca, J., Berbieri-Berger, S., & Johnson, S. K. (1994).
The nature of memory impairments in multiple scle-
rosis: Acquisition versus retrieval. Journal of Clini-
cal and Experimental Neuropsychology, 16, 183-189.

DeLuca, J., Gaudino, E. A., Diamond, B. J., Christo-
doulou, C., & Engel, R. A. (1998). Acquisition and
storage deficits in multiple sclerosis. Journal of Clini-
cal and Experimental Neuropsychology, 20, 376-390.

Donovan, J. J., & Radosevich, D. J. (1999). A meta-
analytic review of the distribution of practice effect.
Journal of Applied Psychology, 84, 795— 805.

Drew, M., Tippett, L. J., Starkey, N. J., & Isler, R. B.
(2008). Executive dysfunction and cognitive impair-
ment in a large community-based sample with multi-
ple sclerosis from New Zealand: A descriptive study.
Archives of Clinical Neuropsychology, 23, 1-19.

Ebbinghaus, H. (1964). Memory: A contribution to
experimental psychology. New York: Dover. (Origi-
nal work published 1885)

Finlayson, M., Impey, M. W., Nicolle, C., & Edwards, J.
(1998). Self care, productivity and leisure limitations
of people with multiple sclerosis in Manitoba. Cana-
dian Journal of Occupational Therapy, 65, 299-308.

Gaudino, E., Chiaravalloti, N., DeLuca, J., & Diamond,
B. J. (2001). A comparison of memory performance
in relapsing-remitting, primary-progressive and sec-
ondary progressive multiple sclerosis. Neuropsychia-
try, Neuropsychology and Behavioral Neurology, 14,
32-44.

Goetti, B. P. (1996). The spacing effect in aircraft recog-
nition. Human Factors, 38, 34-49.

Greene, R. L. (1989). Spacing effects in memory: Evidence
for a two-process account. Experimental Psychology:
Learning, Memory, and Cognition, 15, 371-377.

FUNCTIONAL APPLICATION OF THE SPACING EFFECT 521

Hillary, F. G., Schultheis, M. T., Challis, B. H., Millis, S.
R., Carnevale, G. J., Galshi, T., et al. (2003). Spacing
of repetitions improves learning and memory after
moderate and severe TBI. Journal of Clinical and
Experimental Neuropsychology, 25, 49-58.

Hintzman, D. L., & Rogers, M. K. (1973). Spacing
effects in picture memory. Memory and Cognition, 1,
430-434.

Janiszewski, C., Noel, H., & Sawyer, A. G. (2003). A
meta-analysis of the spacing effect in verbal learning:
Implications for research on advertising repetition
and consumer memory. Journal of Consumer
Research, 30, 138—149.

Kahana, M. J., & Greene, R. L. (1993). Effects of spac-
ing on memory for homogenous lists. Journal of
Experimental Psychology: Learning, Memory, and
Cognition, 19, 159-162.

Kahana, M. J., & Howard, M. W. (2005). Spacing and
lag effects in free recall of pure lists. Psychonomic Bul-
letin & Review, 12, 159-164.

Krug, D., Davis, T. B., & Glover, J. (1990). Massed ver-
sus distributed repeated reading: A case of forgetting
helping recall? Journal of Educational Psychology, 82,
366-371.

Mammarella, N., Russo, R., & Avons, S. E. (2002).
Spacing effects in cued-memory tasks for unfamiliar
faces and nonwords. Memory & Cognition, 30,
1238-1251.

Neath, J., Roessler, R. T., McMahon, B. T., & Rumrill,
P. D. (2007). Patterns in perceived employment dis-
crimination for adults with multiple sclerosis. Work,
29, 255-274.

Nyenhuis, D. L., Luchetta, T., Yamamoto, C., Terr-
ien, A., Bernardin, L., Rao, S. M., et al. (1998).
The development, standardization, and initial vali-
dation of the Chicago Multiscale Depression
Inventory. Journal of Personality Assessment, 70,
386-401.

Pompeii, L., Monn, S. D., & McCrory, D. C. (2005).
Measures of physical and cognitive function and
work status among individuals with multiple sclero-
sis: A review of the literature. Journal of Occupational
Rehabilitation, 15, 69-84.

Poser, C. M., Paty, D. W., Scheinberg, L., McDonald,
W. L., Davis, F. A., Ebers, G. C., et al. (1983). New
diagnostic criteria for multiple sclerosis: Guidelines
for research protocols. Annals of Neurology, 13,
227-231.

Reder, L. M., & Anderson, J. R. (1982). Effects of
spacing and embellishment on memory for the
main points of a text. Memory & Cognition, 10,
97-102.

Reingold, S. C. (1995). The new partnership in multiple
sclerosis: Relations with industry [Editorial]. Multiple
Sclerosis, 1, 141-142.

Reynolds, J. H., & Glaser, R. (1964). Effects of repetition
and spaced review upon retention of a complex learning
task. Journal of Educational Psychology, 55, 297-308.

Russo, R., Parkin, A. J., Taylor, S. R., & Wilks, J.
(1998). Revising current two-process accounts of
spacing effects in memory. Journal of Experimental
Psychology.: Learning, Memory, & Cognition, 24,
161-172.

Shevil, E., & Finlayson, M. (2006). Perceptions of per-
sons with multiple sclerosis on cognitive changes and
their impact on daily life. Disability and Rehabilita-
tion, 28, 779-1788.



Downloaded by [University of Washington Libraries] at 14:16 08 September 2013

522 GOVEROVER ET AL.

Smith, A. (1982). Symbol Digit Modalities Test
manual. Los Angeles, CA: Western Psychological
Services.

Spielberger, C. (1983). Manual for the State-Trait
Anxiety Inventory. Palo Alto, CA: Mind Garden
Publishers.

Wechsler, D. (1981). Wechsler Adult Intelligence
Scale—Revised manual. New York: Harcourt Brace
Jovanovich.

Wilson, B. A. (1992). Rehabilitation and memory disor-
ders. In L. Squire & N. Butters (Eds.), Neuropsychol-
ogy of memory (2nd ed.). New York: Guilford Press.



