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Abstract
Purpose. To investigate the use of assistive technology (AT), unmet needs for AT, and examine correlates of use of memory
aids and cognitive strategies among individuals with multiple sclerosis (MS).
Method. A cross-sectional study of 1,063 community dwelling adults with MS in Washington State. A self-report survey
assessed use of AT as well as depression, fatigue, mobility, and other demographic and disease related variables.
Results. Some 70% of respondents reported using memory strategies and 50.7% reported using electronic memory aids.
The strongest correlate of use of electronic memory aids was endorsement of difficulties thinking (OR: 2.09, p5 0.001)
though younger age, higher education, and report of higher fatigue were also significant. Fatigue (OR: 1.27, p5 0.001) and
depression (OR: 0.89, p5 0.001) were highly associated with use of memory strategies. Subjects who were older,
unemployed, more depressed, and have more mobility disability were less likely to use memory strategies.
Conculsions. Use of AT for memory is widespread and further research should be conducted on efficacy of AT. Many
individuals who might be presumed to need AT for memory most (older, less educated, more disability) are least likely to
report use. Healthcare providers are urged to ask about memory AT and make appropriate referrals.

Keywords: Assistive technology, adaptive technology, assistive devices, memory aids, memory strategies, multiple sclerosis,
compensation

Introduction

Multiple sclerosis (MS) is a neurological disease with

several chronic and progressive courses and is most

commonly diagnosed between the ages of 20 and 50.

It is one of the most frequent causes of disability in

young and middle-aged adults. MS does not

normally decrease overall life expectancy so indivi-

duals with MS may live with the illness for many

years [1,2].

Individuals with MS may experience a wide range

of functional limitations associated with fatigue,

pain, depression, bowel and bladder dysfunction,

cognitive deficits, weakness, spasticity, ataxia, vision

impairments, as well as limitations in mobility,

dexterity, exertion, and communication [3–5]. The

severity of the disease and symptoms vary among

individuals, however, many individuals with MS

experience more severe disabilities as the disease

progresses.

The functional limitations associated with MS may

lead to decreased participation in life domains

including personal care, household management,

employment, leisure and recreation, and relation-

ships [6]. Individuals with MS may experience a

gradual decline in the performance of activities of

daily living (ADL), including both personal ADL,

such as self-care tasks, and instrumental ADL, such

as household management [7,8]. They are employed

at rates lower than would be anticipated, with

unemployment rates as high as 70–80% five years

after diagnosis [9,10]. Neuropsychological deficits

[11] and fatigue [9] are strongly associated with

unemployment. Individuals with MS may addition-

ally experience significant changes in roles within

their family and community, reduced ability to cope

with daily challenges, and diminished quality of life

[12].

Many strategies have been recommended to

compensate for the functional limitations associated
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with MS. One class of strategies is assistive technol-

ogy (AT). AT has been defined in United States

Public Law 100–407 as, ‘. . . any item, piece of

equipment, or product system whether acquired

commercially off the shelf, modified, or customized,

that is used to increase, maintain, or improve

functional capabilities of individuals with disabilities’

[13]. The law also references the services necessary

to select, implement, and maintain AT. Some AT

suggested as potentially useful for people with MS

include mobility aids, screen enlargement software

for vision impairment, memory aids such as personal

digital assistants (PDAs), devices for use in self-care

tasks, modified computer hardware or software,

augmentative and alternative communication de-

vices, and vehicle modifications [3,14–16]. Cognitive

aids have been used to assist in monitoring medica-

tion, remembering daily routine or appointments,

recalling addresses or telephone numbers, and

navigating in the community.

The major focus of research on AT use by

individuals with MS has been on mobility aids and

includes descriptive articles and literature reviews

[17,18], a case study [19], small studies investigating

the perspectives of individuals with MS regarding

mobility aids [20,21], and a large longitudinal survey

including the use of mobility aids [22]. The existing

literature investigating other types of AT includes

several descriptive articles speculating about the

potential applications of AT in MS [3,15,23–25],

small studies evaluating specific high-tech strategies

[24–26] and one empirical study surveying a

population about a wide range of AT [27]. Finlayson

et al. (2001) investigated the use of AT in a

population of individuals with MS, including mobi-

lity aids, bathroom modifications, aids for self-care,

orthotics, vehicle modifications, visual aids, and

communication aids. They found a high rate of use

of mobility aids and bathroom modifications, while

the use of other AT was less prevalent. In their study,

they did not ask participants about use of modified

computer access, or cognitive aids.

Although use of cognitive aids to assist in

performance of daily activities has been reported

most frequently in individuals with traumatic brain

injury [28–32], some preliminary evidence exists for

use of cognitive aid for individuals with MS [29].

Further research is needed on the use of AT

including cognitive aids in MS for several reasons.

First, cognitive changes pose significant barriers for

people with MS [33,34]. Second, individuals living

with MS are involved in relatively complex medical

decision making and are required to adhere to

multifaceted medication and/or treatment regimes.

It has been well established that cognitive function-

ing is important in treatment adherence [35–37] and

in medical decision-making [38–44].

We have evidence from our qualitative work [6,45]

and clinical work that people with MS use a variety of

cognitive aids ranging from low tech aids such as

‘yellow stickies’ inserted into the environment as

prompts, day timers, and memory books to high tech

electronic devices such as digital audio memory key

fobs on which they can record the location of their

car after parking or text paging from calendars with

reminders, or PDA or smart phones with calendars,

alarms, and integrated task lists. We also know of

individuals with MS who e-mail themselves remin-

ders and/or use elaborate organisational schemes

they have designed in Microsoft Outlook1, Micro-

soft Office1 and other applications. Others have told

us they use GPS to compensate for difficulties in

navigation.

Studying effectiveness of cognitive strategies

adopted by people with MS may lead to the

development of effective cognitive strategies that

compensate for the cognitive decline. To assess the

prevalence of the use of cognitive aids and cognitive

strategies by people living with MS we included

questions in a large survey about the major categories

of AT, including computer access and memory aids

by people with MS. The study had three primary

objectives:

(1) To investigate the use of AT, including

memory aids, cognitive strategies and com-

puter access among individuals of MS;

(2) To examine the reported unmet needs for

AT;

(3) To examine the correlates of use of memory

aids and cognitive strategies.

Methods

Participants

Research participants were recruited through the

Greater Washington chapter of the USA National

Multiple Sclerosis Society (NMSS), which serves 23

counties in Washington State. Letters of invitation

were sent to 7,806 persons from the NMSS mailing

list, which included only individuals who self-

identified with the NMSS as having MS. Of the

1,477 to respond, 1,362 were eligible for and

indicated interest in participation. Eligible indivi-

duals were required to report having a definitive

diagnosis of MS and be at least 18 years of age.

Eligible individuals were mailed a self-report survey,

and reminder letters were sent to all non-responders

between 3–6 weeks after the survey was mailed. A

subset of individuals also received a reminder phone

call but this procedure was dropped once recruit-

ment goals were met. Some 1,077 individuals

returned surveys and individuals with missing data
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were called up to four times to collect data via phone.

Surveys from 1,063 individuals were considered

mostly complete and included in the analysis. To

better assess the degree to which the sample of

respondants was representative of the larger popula-

tion, a second anonymous one-page survey of

demographics was sent to individuals on the NMSS

mailing list to examine potential recruitment bias

and reasons for non-response to the initial solicita-

tion. Additional information on non-responders was

not available as letters of invitation were sent by the

NMSS and study investigators did not have access to

the mailing list. Responses from 1,046 individuals

indicate that many individuals on the mailing list did

not have MS despite the NMSS classification as such

(13%) or did not remember the initial survey

invitation (34%). Study participants were slightly

younger, more educated, and those with MS had

mean disease duration shorter than respondents of

the anonymous questionnaire. All research partici-

pants were consented prior to participation and all

study procedures were approved by the human

subjects division of the University of Washington.

Measures

A survey was mailed to each participant containing a

variety of questions on demographics, psychosocial,

and functional or disease specific characteristics.

Demographics and disease-specific measures. Questions

about ethnicity, education, employment, gender,

age, marital status, disease duration, and mobility

were included in the questionnaire. Mobility was

assessed using the self-administered version of the

EDSS [46]. Mobility scores were categorized into

three groups: Minimal (0–4.0), intermediate (4.5–

6.5), and advanced (7.0–10.0). Minimal indicated

that individuals were able to walk without aid or rest

for more than 500 meters. Individuals classified as

intermediate were limited by their disability in daily

activities, and individuals in the advanced category

were restricted to wheelchairs. MS subtype was

assessed in this sample using an instrument contain-

ing graphic images with associated text [47]. This

allowed for classification of individuals into the four

MS subtypes: Relapsing remitting, secondary pro-

gressive, primary progressive and progressive relap-

sing. Although individuals were asked to determine

which of the four subtypes of MS best fits them, for

the purposes of analysis, the recommendations of

Bamer et al. (2007) were accepted and responses

were collapsed into ‘relapsing remitting’ and ‘pro-

gressive types’ [47].

Assistive technology. Use and availability of assistive

technology were assessed using a series of 11

questions written by the authors. Types of assistive

technology surveyed included: Walking aids, mobi-

lity aids, vehicle modifications for driving, vehicle

modifications for loading, home modifications, bath-

rooms aids, aids for cooking or eating, aids for

communication, aids for computer, electronic mem-

ory aids, and memory strategies. One or more

examples of each type of aid were provided for

clarification and are listed in Table II. In response to

each question, participants were asked to indicate if

they never use, sometimes use, use always/most of

the time, or if the technology was needed but not

available to them.

Fatigue. The Modified Fatigue Impact Scale (MFIS)

was used to measure overall fatigue levels for each

individual [48]. This scale uses a subset of 21 items

from the Fatigue Impact Scale [49]. Individuals

answered each question on a 5–point Likert scale

ranging from 0 (never) to 4 (almost always), and an

overall score was generated by summing answers to all

items. Individual scores were divided by 8 to create a

scale ranging from one to 10.5 for purposes of

regression analysis. The MFIS is an appropriate

measure for assessing fatigue in individuals with MS

when limited time is available [48,50].

Depression. Depressive symptoms were measured

using a short form of the Centre for Epidemiologic

Studies Depression Scale (CES–D). This is a 10–

item, self–rating scale developed to screen for

depressive symptoms and with summary score

shown to have adequate reliability and validity [51–

53]. Overall scores were generated by summing the

10 items and scores were later divided by three to

create a scale ranging from 1–10 for ease of

interpretation in the regression analysis.

Pain. In order to assess pain levels, individuals were

asked to rate their average pain intensity over the past

week on a numerical rating scale from 0–10. This

scale is part of the Brief Pain Inventory (BPI)

developed by Von Korff et al. [54] and has been

widely used in research on people with many kinds of

disabilities including MS and has been recom-

mended for measuring pain in clinical trials [55].

Cognitive function. Difficulties with cognitive function

were assessed by asking individuals to indicate on a

5-point Likert scale how much of a problem the

symptom ‘problems thinking’ was for them. Indivi-

duals who reported that difficulty with thinking was

at least a little bit of a problem for them were

categorized as having difficulties for purposes of the

analysis. This item was part of a larger scale

developed by the authors which asked about the

severity of 16 different MS-specific symptoms.
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Analysis

Descriptive statistics were generated to characterize

the study sample and their use of AT. Logistic

regression modeling was used to identify factors that

were significantly associated with the use of electro-

nic memory aids and memory strategies. Disease

duration, education level, household income, em-

ployment status, problems thinking, fatigue, pain,

depression, disability level (EDSS), and use of

mobility aids were all candidates for the multivariate

models. Age and gender were also included in the

models regardless of significance. Age and disease

duration were included as continuous variables and

gender as categorical with males as the reference

group. Education was coded into five categories with

the reference group as vocational training or some

college education for the analysis. Individuals were

defined as being employed if they reported 20 or

more hours of paid employment. Pain and depres-

sion were included as continuous variables on a scale

from 0–10, and fatigue as a continuous variable on a

scale from 0–10.5. Disability (EDSS) was categor-

ized into low, intermediate, and advanced with low

as the reference category. Difficulty thinking was

coded into two categories with no difficulties as the

reference group. All variables significant at the 0.05

level according to a two-sided Wald test were

considered to be associated with memory aid or

memory strategy use. Prevalence odds-ratios with

95% confidence intervals were calculated for all

significant variables. The model fit was tenable.

Statistical analyses were completed using Stata 9.0ª
[56].

Results

Population and use of assistive technology

As can be seen in Table I, individuals in this study

had a mean age of 51 years, were primarily women

(81%), caucasian (97%), and had a mean disease

duration of 14 years. The majority (69%) were

married or living with a significant other, about half

(46%) had completed undergraduate or graduate

degrees, and approximately one third (35%) were

employed at 20 hours or more per week.

In our survey of AT use (Table II) we found that

70.2% of respondents used memory strategies some-

times or always, the higest percentage of use of any

type of AT. The second most frequently used

category was walking aids (50.7%) followed by

electronic memory aids (41.6%). Mobility aids

(37%), home modifications (38%), and bathroom

aids (37%) were also used by a significant number of

individuals while vehicle aids, cooking aids, compu-

ter access aids, and communication aids were used

by a smaller portion of individuals. Responses to the

questions about unmet need for AT suggested that

there was little perceived unmet need for AT in this

sample. The most frequent types of AT reported as

needed but unavailable were vehicle modifications

for loading (4.6%) and computer access aids (4.0%).

Correlates of use of memory aids and memory strategies

Variables found to be significantly associated with

memory aids use included age, education, fatigue,

and difficulties thinking (Table III). Endorsement of

any difficulties thinking was found to be the most

influential with odds of memory aids use twice

(OR: 2.09, p5 0.001) that of those without diffi-

culties thinking. Individuals with lower age, higher

Table I. Demographic and disease characteristics of a community

sample of individuals with multiple sclerosis (n¼ 1,063).

Variable n (%) mean+SD

Age 50.9+11.7

Duration of disease 13.7+10.2

Sex

Women 865 (81.4)

Men 198 (18.6)

Racea

Caucasian 1,034 (97.4)

Native American or Alaska Native 31 (2.9)

Asian 10 (0.9)

African-American 20 (1.9)

Education Completed (n ¼3,391)

5High School 18 (1.7)

High School/GED 137 (12.9)

Vocational/Some college 411 (38.7)

Bachelors Degree 308 (29.0)

Professional/Graduate 189 (17.8)

Employment Statusa

Employed 20þhrs/wk 372 (35.0)

Employed5 20 hrs/wk 59 (5.6)

Unemployed 371 (34.9)

Retired 337 (31.7)

Homemaker 125 (11.8)

Student 26 (2.5)

Married

Married/Live with significant other 734 (69.1)

Separated/Divorced 197 (18.6)

Never married 93 (8.8)

Widowed 38 (3.6)

Course of disease

Relapsing remitting 599 (57.5)

Secondary progressive 209 (20.1)

Primary progressive 142 (13.6)

Progressive relapsing 91 (8.7)

Level of disability (EDSS)

0–4.0 324 (30.7)

4.5–6.5 520 (49.2)

7.0–10.0 212 (20.1)

aNumbers may sum to more than 100% as individuals were

allowed to choose multiple answers.
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education, and higher fatigue were also more likely to

endorse use of memory aids. Similarly, variables

associated with the use of memory strategies

included gender, age, education, employment, fati-

gue, difficulties thinking, disease severity, and

depression. Fatigue (OR: 1.27, p5 0.001) and

depression (OR: 0.89, p5 0.001) were found to be

most highly associated with the use of memory

strategies. The odds ratios presented are associated

with only a one out of 10 unit increase in these traits.

Overall, age, employment, and higher levels of

disability and depression were all associated with

decreased odds of using memory strategies. Being

female, of higher education, having higher fatigue,

and endorsing difficulties thinking were associated

with increased odds of using memory strategies.

Conclusions

The frequency of use of mobility devices and home

modifications in our study was similar to those of

Finlayson et al. [27]. Of the two categories of

technology that could be used to address cognitive

problems, three quarters of the respondents reported

that they used memory strategies and almost half

used electronic memory aids ‘sometimes or most of

the time’. Although study participants who reported

difficulties thinking were more than twice as likely to

use memory strategies, participants who did not

report cognitive problems also reported using mem-

ory strategies. A previous study that investigated the

use of memory strategies by older adults in the

context of treatment adherence reported that mem-

ory strategies were used often or always by more than

50% of the study participants [57]. The current

results are consistent with other studies of commu-

nity dwelling older adults that suggested those who

reported that they would use electronic memory aids

and memory strategies had higher levels of educa-

tion. However, in our study individuals with higher

levels of disability were less likely to use memory

strategies whereas older community dwelling adults

Table II. Use of AT by individuals with multiple sclerosis.

Never use

n (%)

Sometimes

use n (%)

Use always or

most of the

time n (%)

Needed but

not available

n (%)

Walking aids (e.g., canes, crutches, walker) 519 (48.8) 285 (26.8) 254 (23.9) 2 (0.2)

Mobility aids (e.g., scooter, wheelchair) 668 (62.8) 221 (20.8) 161 (15.2) 11 (1.0)

Vehicle modifications for driving (e.g., hand controls) 969 (91.2) 8 (0.8) 45 (4.2) 30 (2.8)

Vehicle modifications for loading (e.g., ramp, lift) 881 (82.9) 32 (3.0) 94 (8.8) 49 (4.6)

Home modifications (e.g., ramp, wider doorways, grab bars) 654 (61.5) 124 (11.7) 251 (23.6) 32 (3.0)

Bathroom aids (e.g., raised toilet seat, shower chair) 667 (62.8) 115 (10.8) 62 (24.7) 17 (1.6)

Cooking or eating aids (e.g., large handled utensils) 866 (81.5) 103 (9.7) 67 (6.3) 24 (2.3)

Communication aids (e.g., voice amplifier or ACD) 1,007 (94.7) 17 (1.6) 17 (1.6) 17 (1.6)

Computer access aids (e.g., voice recognition,

special mouse, screen enlargement)

916 (86.2) 58 (5.5) 44 (4.1) 42 (4.0)

Electronic memory aids (e.g., computer, Palm or

Pocket PC, cell phone)

581 (54.7) 218 (20.5) 224 (21.1) 35 (3.3)

Memory strategies (e.g., daily planner) 296 (27.9) 286 (26.9) 460 (43.3) 18 (1.7)

ACD¼Augmentative communication device.

Table III. Correlates of memory strategy and aid use by individuals with multiple sclerosis.

Memory strategies Memory aids f

Characteristic OR 95% CI p z OR 95% CI p z

Gender 2.02 1.41–2.91 50.001 3.8 1.04 0.73–1.45 NS 0.2

Agea 0.91 0.84–0.97 0.007 2.69 0.86 0.81–0.91 50.001 74.94

Educationb 1.51 1.29–1.76 50.001 5.13 1.28 1.11–1.46 50.001 3.54

Employment (20þ hrs/week) 0.65 0.46–0.94 0.02 72.28 – – – –

Fatiguec 1.27 1.14–1.41 50.001 4.28 1.12 1.05–1.20 0.001 3.23

Difficulties thinking 2.61 1.77–3.85 50.001 4.84 2.09 1.41–3.12 50.001 3.64

EDSSd

Intermediate (4.5–6.5) 0.99 0.66–1.48 NS 70.04 – – – –

Advanced (7.0–9.5) 0.45 0.27–0.75 0.002 73.11 – – – –

Depressione 0.89 0.82–0.98 0.016 72.41 – – – –

aOR for each 5-year increase in age; bThe five categories are shown in Table I. Reference group is vocational/some college; cOn a scale from

0–10.5; dExpanded Disability Status Scale (EDSS). Reference group is 0–4.0; eOn a scale from 0–10; fEmployment, EDSS, and depression

were not significantly associated with memory aid use.
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and with more health problems were more likely to

wish to use memory devices [58].

Younger participants were more likely to use

memory aids, as well as memory strategies. We

hypothesize that older participants may have had less

exposure to technology during their earlier years and

as a result may be less likely to use memory aids that

require some level of technology savvy, however it is

less clear why younger people also reported using

more memory strategies. One possible explanation is

that younger people lead busier lives and have to juggle

more responsibilities, and therefore need to remember

more tasks. People with higher fatigue levels were also

more likely to use memory strategies and memory

aids. It may be that these individuals compensate for

their low levels of energy by using cognitive aids.

Only a small proportion of respondents reported

that they used a computer access aid. Based on our

qualitative research [6,45] we hypothesize that some

of the computer access aids may have also served as

memory aids, thus increasing the number of respon-

dents who reported use of memory aids.

Because of the apparent widespread use of

memory aids and strategies, the potential of memory

aids to serve as compensatory tools for cognitive

changes, and the crucial role cognitive changes play

in reducing participation in employment and other

key life areas, it seems prudent for healthcare

providers to ask about use of memory aids or

strategies. Some of the very individuals who may

benefit (e.g., people who are older, with lower

educational level, and with higher disability) are

least likely to report using memory aids or strategies.

Also, for people who are most likely to use memory

aids or strategies (e.g., individuals with fatigue,

higher education, and difficulties thinking) it is

important to inquire about the adequacy of the

compensatory strategies they are employing. The

results of our regression analysis suggest that this is

especially important in those who are less likely to

use memory aids or strategies. This group includes

people who are older, less educated, have higher

disability, and report more depressive symptoms.

Our results also suggests that while use of aids is

higher in individuals with fatigue, and those with

difficulties thinking, these individuals are likely to

need more compensatory strategies and providers

should inquire about their aid use and ensure the

appropriateness of any aids or strategies used.

Because the state of technology is changing rapidly,

individuals who have cognitive deficits and are not

currently adequately compensating should be re-

ferred for assessment for both low and high tech

compensatory strategies.

One limitation of this study is related to the

sample. First, the sample was derived from one state

and may represent georgraphical bias. Second, the

response rate was low so the estimates of technology

use may be inaccurate. However, the demographics

and other characteristics of our sample appear highly

similar to the Sonya Slifka study sample, a national

sample thought to be highly representative of the

large US MS population [59]. Also, as a cross-

sectional study design, regression results can only be

interpreted as associations and the direction of

relationships is unknown.

We could find no research on the use of memory

strategies and devices in the general population and

for comparison groups we relied on research with

people who are aging. Since people with MS

represent a broad range of ages, we cannot know

whether their uses of memory strategies and devices

are unique. Because our inquiry about the uses of

assistive technology was part of a larger survey, we

were limited in the degree of specificity we could

achieve in our question. Therefore, we may have not

provided enough detail for people to respond

accurately and/or with depth.

It is likely that with the proliferation of smart

phone technology, internet-based calendars which

may be linked to mobile phones, and other technol-

ogy, the use of memory aids in the general popula-

tion is rising. Although we lack of knowledge of the

use of memory aids among the general population,

surveys of community-dwelling older adults suggest

that they are interested in using technology as a

memory aid [58]. Published listerature on memory

strategies used by older adults supports our findings.

Several studies noted that older adults adopted a

number of cognitive strategies for enhancing pro-

spective memory, such as strategies for remembering

to take medications [37,57,60,61]. Because of the

association of self-described difficulties thinking and

use of memory aids, we recommend that further

research is warranted to more thoroughly understand

the use of memory aids by people with MS.

Acknowledgements

The authors would like to thank Janel Lauer for her

assistance in writing parts this manuscript.

This research was supported by grants from the

National Institute on Disability and Rehabilitation

Research, Department of Education (Grants

H133B031129 and H133B031120), the National

Institute of Health, National Institute of Child

Health and Human Development (Grant P01

HD33988) and the National Institute of Arthritis

and Musculoskeletal and Skin Diseases, National

Institute of Health (Grant 5U01AR052171-03).

Declaration of interest: The authors report no

conflicts of interest. The authors alone are respon-

sible for the content and writing of the paper.

6 K. L. Johnson et al.



References

1. Fox RJ, Bethoux F, Goldman MD, Cohen JA.

Multiple sclerosis: Advances in understanding, diagnosing,

and treating the underlying disease. Cleve Clin J Med

2006;73(1):91–102.

2. Deshpande R, Kremenchutzky M, Rice GP. The natural

history of multiple sclerosis. Adv Neurol 2006;98:1–15.

3. Blake DJ, Bodine C. An overview of assistive technology for

persons with multiple sclerosis. J Rehabil Res Dev 2002;

39(2):299–312.

4. Johnson KL, Amtmann D, Yorkston KM, Klasner ER, Kuehn

CM. Medical, psychological, social, and programmatic

barriers to employment for people with multiple sclerosis.

J Rehabil 2004;70(1):38–50.

5. Kraft G, Catanzaro M. Living with MS: A wellness approach,

New York: Demos Medical Publishing; 2000.

6. Yorkston KM, Johnson KL, Klasner ER. Taking part in life:

Enhancing participation in multiple sclerosis. Phys Med

Rehabil Clin N Am 2005;16(2):583–594.

7. Gulick EE. Symptom and activities of daily living trajectory in

multiple sclerosis: A 10-year study. Nurs Res 1998;47(3):137–

146.

8. Mansson E, Lexell J. Performance of activities of daily

living in multiple sclerosis. Disabil Rehabil 2004;26(10):

576–585.

9. Roessler RT, Rumrill PD Jr, Hennessey ML, Vierstra C,

Pugsley E, Pittman A. Perceived strengths and weaknesses in

employment policies and services among people with multiple

sclerosis: Results of a national survey. Work 2003;21(1):25–

36.

10. Kornblith AB, La Rocca NG, Baum HM. Employment in

individuals with multiple sclerosis. Int J Rehabil Res 1986;

9(2):155–165.

11. Rao SM, Leo GJ, Ellington L, Nauertz T, Bernardin L,

Unverzagt F. Cognitive dysfunction in multiple sclerosis. II.

Impact on employment and social functioning. Neurology

1991;41(5):692–696.

12. Brown TR, Kraft GH. Exercise and rehabilitation for

individuals with multiple sclerosis. Phys Med Rehabil Clin

N Am 2005;16:513–555.

13. Assistive Technology Act of 2004, H.R. 4278, 108th Cong.

2004.

14. Berry BE, Ignash S. Assistive technology: Providing indepen-

dence for individuals with disabilities. Rehabil Nurs

2003;28(1):6–14.

15. Freeman JA. Improving mobility and functional indepen-

dence in persons with multiple sclerosis. J Neurol 2001;

248(4):255–259.

16. Scherer MJ, Hart T, Kirsch N, Schulthesis M. Assistive

technologies for cognitive disabilities. Crit Rev Phys Rehabil

Med 2005;17(3):195–215.

17. Eberhard K, Finlayson M. Wheeled mobility for people with

MS. Int J MS Care 2005;7(3):101–106.

18. Fay BT, Boninger ML. The science behind mobility devices

for individuals with multiple sclerosis. Med Eng Phys

2002;24(6):375–383.

19. Gillen G. Improving mobility and community access

in an adult with ataxia. Am J Occup Ther 2002;56(4):462–

466.

20. Finlayson M, van Denend T. Experiencing the loss of

mobility: Perspectives of older adults with MS. Disabil

Rehabil 2003;25(20):1168–1180.

21. Janssens AC, de Boer JB, van Doorn PA, van ver Ploeg HM,

van ver Meche FG, Passchier J, Hintzen RQ. Expectations of

wheelchair-dependency in recently diagnosed patients with

multiple sclerosis and their partners. Eur J Neurol 2003;

10(3):287–293.

22. Myhr KM, Riise T, Vedeler C, Nortvedt MW, Gronning R,

Midgard R, Nyland HI. Disability and prognosis in multiple

sclerosis: Demographic and clinical variables important for the

ability to walk and awarding of disability pension. Mult Scler

2001;7(1):59–65.

23. Gibson J, Frank A. Supporting individuals with disabling

multiple sclerosis. J R Soc Med 2002;95(12):580–586.

24. Craig A, Moses P, Tran Y, McIsaac P, Kirkup L. The

effectiveness of a hands-free environmental control system for

the profoundly disabled. Arch Phys Med Rehabil 2002;

83(10):1455–1458.

25. Yang CH, Chuang LY, Yang CH, Luo CH. Morse code

application for wireless environmental control systems for

severely disabled individuals. IEEE Trans Neural Syst Rehabil

Eng 2003;11(4):463–469.

26. Feys P, Romberg A, Ruutiainen J, Davies-Smith A, Jones R,

Avizzano CA, Bergamasco M, Ketelaer P. Assistive technol-

ogy to improve PC interaction for people with intention

tremor. J Rehabil Res Dev 2001;38(2):235–243.

27. Finlayson M, Guglielmello L, Liefer K. Describing and

predicting the possession of assistive devices among persons

with multiple sclerosis. Am J Occup Ther 2001;55(5):545–551.

28. Dry A, Colantonio A, Cameron JI, Mihailidis A. Technology

in the lives of women who live with memory impairment as a

result of traumatic brain injury. Assist Technol 2006;

18(2):170–180.

29. Gentry T. Handheld computers as assistive technology for

individuals with cognitive impairment related to multiple

sclerosis. PhD Thesis. University of Virginia; 2006. 196 p.

30. Hart T, Buchhofer R, Vaccaro M. Portable electronic devices

as memory and organizational aids after traumatic brain

injury: A consumer survey study. J Head Trauma Rehabil

2004;19(5):351–365.

31. Sohlberg MM, Kennedy MRT, Avery J, Coehlo C, Turkstra

L, Ylvisaker M, Yorkston KM. Evidence-based practice for

the use of external aids as a memory compensation technique.

J Medical Speech-Lang Pathol 2007;15(1):XV–li.

32. Wilson BA, Emslie H, Quirk K, Evans J, Watson P. A

randomized control trial to evaluate a paging system for people

with traumatic brain injury. Brain Injury 2005; 19(11):891–894.

33. Fischer JS. Cognitive impairment in multiple sclerosis. In:

Cook SD, editor. Handbook of multiple sclerosis. New York:

Marcel Dekker; 2001. pp 233–252.

34. Lovera J, Gagert B, K.H. S, Wild K, Frank R, Goardus K,

Oken BS, Whitham RH, Bourdette DN. Correlations of

perceived deficits questionnaire of Multiple Sclerosis Quality

of Life Inventory and Beck Depression Inventory and

nueropsychological tests. J Rehabil Res Develop 2006;

43(1):35–44.

35. Morrell RW, Park DC, Poon LW. Quality of instructions on

prescription drug labels: Effects on memory and comprehension

in young and old adults. Gerontologist 1989;29(3):345–354.

36. Morrell RW, Park DC, Poon LW. Effects of labeling

techniques on memory and comprehension of prescription

information in young and old adults. J Gerontol 1990;

45(4):P166–172.

37. Park DC. Applied cognitive aging research. In: Craik FIM,

Salthouse TA, editors. The handbook of aging and cognition,

Hillsdale: Lawrence Erlbaum Associates; 1992. pp 449–493.

38. Applebaum TS, Grisso T. Assessing patients’ capacity to

consent to treatment. New Eng J Med 1988;319:1635–1638.

39. Cassileh BR, Seidmon EJ, Soloway MS, H Hait I, Vogelzang

NJ, Kennealey GT, Schellhammer PS. Patients’ choice of

treatment in Stage D prostate cancer. Urology 1989;(Suppl.

33):57–62.

40. Fitten LJ, Lusky R, Hamann C. Assessing treatment decision-

making capacity in elderly nursing home residents. J Am

Geriatr Soc 1990;38(10):1097–1104.

Use of cognitive aids and AT by individuals with MS 7



41. Hodne CJ. Medical decision making. In: O’Hara MW, Reiter

RC, Johnson SR, Milburn A, Engeldinger J, editor. Psycho-

logical aspects of women’s reproductive health. New York:

Springer; 1995. pp 267–291.

42. Meyer BJF, Russo C, Talbot A. Discourse comprehension

and problem solving. Decisions about the treatment of breast

cancer by women across the life span. Psychol Aging 1995;

10:84–103.

43. Salthouse TA. Reasoning and special abilities. In: Craikand

FIM, Salthouse TA, editors. The handbook of aging

and cognition, Hillsdale: Lawrence Erlbaum Associates;

1992. pp 449–493.

44. Venesy BA. A clinician’s guide to decision making capacity

and ethically sound medical decisions. Am J Phys Med

Rehabil 1994;73(3):219–226.

45. Johnson KL, Yorkston KM, Klasner ER, Kuehn CM, Johnson E,

Amtmann D. The cost and benefits of employment: A qualitative

study of experiences of persons with multiple sclerosis. Arch Phys

Med Rehabil 2004;85(2):201–209.

46. Bowen J, Gibbons L, Gianas A, Kraft GH. Self-administered

Expanded Disability Status Scale with functional system

scores correlates well with a physician-administered test. Mult

Scler 2001;7(3):201–206.

47. Bamer AM, Cetin K, Amtmann D, Bowen JD, Johnson KL.

Comparing a self report questionnaire with physician

assessment for determining multiple sclerosis clinical

disease course: A validation study. Mult Scler 2007;13(8):

1046–1053.

48. Fischer J, LaRocca N, Miller D, Ritvo P, Andrews H, Paty D.

Recent developments in the assessment of quality of life in

multiple sclerosis (MS). Mult Scler 1999;5(4):251–259.

49. Fisk JD, Pontefract A, Ritvo PG, Archibald CJ, Murray TJ.

The impact of fatigue on patients ith multiple sclerosis. Can J

Neurol Sci 1994;21(1):9–14.

50. Flachenecker P, Kumpfel T, Kallmann B, Gottschalk M,

Grauer O, Rieckmann P, Trenkwalder C, Toyka KV. Fatigue

in multiple sclerosis: A comparison of different rating scales

and correlation to clinical parameters. Mult Scler 2002;

8(6):523–526.

51. Unutzer J, Patrick DL, Marmon T, Simon GE, Katon WJ.

Depressive symptoms and mortality in a prospective study of

2,558 older adults. Am J Geriatr Psychiatry 2002;10(5):521–

530.

52. Myers JK, Weissman MM. Use of a self-report symptom scale

to detect depression in a community sample. Am J Psychiatry

1980;137(9):1081–1084.

53. Andresen EM, Malmgren JA, Carter WB, Patrick DL.

Screening for depression in well older adults: Evaluation

of a short form of the CES-D (Center for Epidemiologic

Studies Depression Scale). Am J Prev Med 1994;10(2):77–

84.

54. Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the

severity of chronic pain. Pain 1992;50(2):133–149.

55. Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA,

Jensen MP, Katz NP, Kerns RD, Stucki G, Allen RR,

Bellamy N, et al. Core outcome measures for chronic pain

clinical trials: IMMPACT recommendations. Pain 2005;

113(1–2):9–19.

56. StataCorp. Stata Statistical Software, 9 College Station, TX:

StataCorp LP; 2005.

57. Gould ON, McDonald-Miszczak L, King B. Metacognition

and medication adherence: How do older adults remember?

Exp Aging Res 1997;23(4):315–342.

58. Cohen-Mansfield J, Creedon MA, Malone TB, Kirkpatrick

MJ III, Dutra LA, Herman RP. Electronic memory aids

for community-dwelling elderly persons: Attitudes, prefer-

ences, and potential utilization. J Appl Gerontol 2005;24(1):

3–20.

59. Minden SL, Frankel D, Hadden L, Perloffp J, Srinath KP,

Hoaglin DC. The Sonya Slifka Longitudinal Multiple

Sclerosis Study: Methods and sample characteristics. Mult

Scler 2006;12(1):24–38.

60. Loewen ER, Shaw RJ, Craik FI. Age differences in com-

ponents of metamemory. Exp Aging Res 1990;16(1–2):43–

48.

61. Leirer VO, Morrow DG, Tanke ED, Pariante GM. Elders’

nonadherence: Its assessment and medication reminding by

voice mail. Gerontologist 1991;31(4):514–520.

8 K. L. Johnson et al.


