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Self-Monitoring And Review Tool, or SMART, is an interactive, 

internet-based, self-monitoring and feedback system, which helps 

people discover and monitor links between their own health-related 

behaviors, management strategies, and symptom levels over time.  

SMART involves longitudinal collection and optimal analysis of 

an individual’s self-monitoring data, and delivery of personalized 

feedback derived from the data.  Forty women with fibromyalgia 

(FM) enrolled in a three-month alpha test of the SMART system.  

Utilization, satisfaction, and compliance were high across the test 

period, and higher utilization was predictive of lower anxiety, and 

improved physical functioning and self-efficacy. 

 

FM is a chronic illness without medical cure and 

prevalence estimated as high as twelve million 

Americans—primarily women of child-bearing 

age, although children, the elderly, and men are 

also affected.
1
  Predominant symptoms include 

widespread musculoskeletal pain, multiple ten-

der points, fatigue, concentration and memory 

problems, and gastrointestinal complaints.
2-4

  

For a sample of 594 FM patients in an HMO, 

scores on a well-being measure were lower than 

for patients having advanced cancer, chronic 

obstructive pulmonary disease, and rheumatoid 

arthritis.
5
  FM is believed to involve a central 

pain processing dysfunction of the nociceptive 

system, particularly the central nervous system, 

and chronic inflammation.
6,7

  There is evidence 

of elevated corticotropin-releasing hormone and 

substance P in the cerebrospinal fluid of FM 

patients.
8
 

Many conventional and complementary 

treatment and management options have been 

tried, with mixed results across patients. The 
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prevailing approach involves a combination of 

pharmacological treatments for specific symp-

toms, and recommendations involving educa-

tion, lifestyle change, exercise, and self-help.
9-13

  

Meta-analysis of 49 treatment outcome studies 

concluded that nonpharmacological approaches, 

specifically cognitive, behavioral and exercise, 

appear to be more efficacious in improving self-

report of FM symptoms and functional well-

being than pharmacological treatment alone.
14

  

There is consensus that success in managing FM 

depends heavily on the patient’s daily efforts in 

self-management. FM patients who use adaptive 

problem-focused coping strategies report lower 

levels of pain and emotional distress, and higher 

levels of perceived control over symptoms, ver-

sus patients who don’t use such strategies.
15

  A 

patient’s decision to adopt a self-management 

strategy is influenced by a sense of self-efficacy 

about pain, a strong internal health locus of 

control, and a belief that one is not necessarily 

disabled or damaged by FM.  In addition, posi-

tive self-management behaviors are related to 

decreased guarding, increased exercise, seeking 

support from others, activity pacing, and use of 

coping self-statements.
16,17

 

While habits and patterns of daily living 

are directly compromised by FM, they also pre-

sent opportunities for beneficial impact.  Those 

reporting success in managing or recovering 

from FM commonly report significant—some-

times radical—changes in daily habits, roles, 

interpersonal relationships, behavior patterns, 

and life goals.
18

  Several self-management strat-

egies which have shown benefit in FM warrant 

inclusion in an individualized self-management 

approach.  For example, pacing involves learn-

ing to regulate one’s activity levels and energy 

expenditure throughout the day and the week, 

and FM patients have a higher level of pre-mor-

bid “action proneness” in their lifestyles com-

pared to control samples, suggesting failure to 

appropriately pace oneself may be both a pre-

disposing and perpetuating factor.
19

  Studies of 

mindfulness-based stress reduction and related 

approaches report moderate to marked improve-

ment in FM symptom levels.
20,21

  Performance 

of aerobic exercise in FM patients is also related 

to improvement in functioning, depression, pain, 

range of motion, and general FM impact.
22

 

In light of the numerous types of self-

management options available, it is important 

for patients to appraise the impacts of specific 

approaches and avoid depleting resources on 

unhelpful strategies. It is also important not to 

abandon a potentially helpful approach without 

a fair trial. Yet, the frustrations of carrying out 

new behaviors without the benefit of systematic 

tracking of use and effects, may cause the pa-

tient to reject a strategy prematurely.
23

  Self-

monitoring is common practice—and can be 

life-saving in conditions such as diabetes and 

hypertension, where methods can be concrete 

(glucose testing, blood pressure) and the results 

easily grasped.  Self-monitoring is also used in 

weight loss programs to promote awareness of 

eating habits, but self-monitoring tools must be 

user-friendly to enhance the likelihood of their 

successful use.
24

  Many FM patients attempt to 

monitor their illness with journals or diaries, but 

problems with memory and concentration make 

it difficult to track symptoms reliably or process 

information in an organized or systematic way. 

However, successful self-monitoring holds great 

potential of illuminating dynamics of the illness.  

For example, in a study of 63 FM patients who 

participated in one week of daily pain, sleep 

quality, and fatigue assessment, path analysis 

revealed that poor sleep quality alone fully ac-

counted for the positive relationship between 

pain and fatigue, thus substantiating the media-

tional role of sleep quality.
25

 

This report describes the design and ini-

tial clinical evaluation of a proprietary, inter-ac-

tive, user-friendly, web-based, systematic ap-

proach to self-management of FM.   

Design and Method 

Subject Recruitment.  The study was 

conducted with cooperation of the MaineHealth 
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Learning Resource Center (MHLRC), the 

patient education program of the MaineHealth 

Network consisting of ten non-profit medical 

centers, hospitals and outpatient clinics serving 

the ten counties of southern, central and western 

Maine.  The IRB was the Maine Medical Center 

Research Institute.  Primary publicity was a 

mailing regarding the “Fibromyalgia Wellness 

Project” to self-identified FM patients in the 

MHLRC program mailing list. The mailing 

guided prospective applicants to the study web-

site to read details of the project, download the 

consent document, download a required Medical 

Information Form, and complete a secure on-

line application. 

The on-line application collected contact 

information, demographics and date of FM di-

agnosis.  Data were entered into the applicant’s 

personal database on the project’s secure server, 

and automatically forwarded to the PI via email.  

Upon receipt the PI contacted the applicant for a 

telephone interview to cover eligibility criteria: 

(1) a diagnosis of primary FM (i.e., not second-

ary to lupus, rheumatoid arthritis, or other con-

dition) according the official American College 

of Rheumatology criteria (documented on 

Medical Info Form); (2) not under current treat-

ment for another serious medical condition; (3) 

able to read and speak English and complete the 

assessment forms; (4) physically able to attend 

the introductory meeting; and (5) daily access to 

the internet.  Eligible applicants mailed or faxed 

the Medical Information Form signed by their 

physician attesting to criteria 1 and 2 above, 

with the date of diagnosis.  After receiving this 

and the signed consent form, the subject was 

assigned a user-name and password to access 

the project web site to complete the first 

Monthly Survey.  Recruitment was terminated 

once 40 subjects completed this process: using 

statistical power analysis this sample size was 

determined to be sufficient to detect a moderate 

increase in longitudinal survey scores with one-

tail p<0.05 and 90% power. 

Data Collection.  All data collection was 

conducted via the project website using SMART 

Log software, with data for a given subject 

stored in the subject’s personal database.  Each 

subject completed a Monthly Survey five times, 

on days 1, 30, 60, 90 and 120 of the study.  

Compensation was $20 each time.  Monthly 

survey instruments used were the Fibromyalgia 

Impact Questionnaire
26

 or FIQ (uses a one-week 

recall period to obtain ratings of pain, physical 

functioning, fatigue, depression, anxiety, stiff-

ness, morning tiredness, job difficulty, days of 

paid work missed, number of good days in the 

past week, and total score); the SF12
27

 (uses a 

four-week recall period to obtain ratings of role 

limitations due to illness or emotional problems, 

physical functioning, bodily pain, mental health, 

vitality, social functioning, and general health 

perceptions); Self-Efficacy for Chronic Disease 

Scale
28

 or SECDS (uses a six-item scale rating 

self-confidence in managing the challenges of 

illness); and the Health Locus of Control Scale
29

 

(HLCS), Form C (condition-specific for FM and 

obtaining ratings of perceived control in terms 

of internality, chance externality, and powerful 

others externality for doctors and other people).  

The first two administrations of the Monthly 

Survey were treated as baseline data, and the 

last three treated as intervention phase data. 

Data on utilization of SMART Log con-

sisted of weekly counts of submissions on the 

project website.  Ratings of satisfaction with the 

program, and of the perceived relevance of the 

program to the subject’s health, were recorded 

by subjects at the end of each usage of SMART 

Log using four-point Likert-type rating scales 

anchored at the extremes by “not at all” and 

“completely”. 

The Intervention.  After completing the 

second baseline Monthly Survey each subject 

attended a three-hour orientation meeting intro-

ducing SMART Log and supporting features on 

the project website: five meetings each with 3-

12 subjects were conducted, one meeting per 

subject.  Subjects were instructed how to use the 
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SMART Log and requested to use it at least 

three to four times per week.  It was explained 

that the more they used it, the more powerful 

would be their personal database in its ability to 

provide meaningful feedback via the SMART 

Profile.  Subjects were compensated $2 each 

time the used the system up to five times per 

week, although they were free to use the system 

for as many days as they wished.  Compensation 

for travel and time was $50. 

One of the greatest challenges in any 

behavioral intervention is compliance.  We 

chose the prescription of “at least three to four 

times per week” to be a reasonable goal given 

the illness burden and stress load commonly 

experienced by people with FM.  We did not 

want compliance to be perceived as an added 

burden (e.g., “required every day”), yet we 

needed enough submissions to capture sufficient 

data within the 13-week use period of the study 

to perform the desired statistical analyses.  As 

per the instructions, a mean of 3.5 uses per week 

was considered full compliance in this study. 

Immediately after the orientation meet-

ing (day 31 of the project) the SMART Log 

function was activated on the web site and came 

available for subject use.  SMART Log consists 

of two sections. First, the Inputs Checklist cap-

tures 24-hour reporting of lifestyle behaviors 

and self-management strategies and stressors in 

five categories: sleep and rest; meals and 

snacks; self-care; general activities; and “unique 

items”—up to five user-defined inputs unique to 

each individual. Second, the Symptom Rating 

Scale captures user ratings of ten of the most 

prominent FM symptoms over the past 24 hours. 

After 30 days of using SMART Log 

(day 60 of the project), a SMART Profile was 

posted on a weekly basis on the subject’s private 

database until the end of the project (day 120).  

To accomplish this, each week, each subject’s 

cumulative SMART Log data were analyzed 

using exact single-subject statistical methods via 

optimal data analysis (ODA): power analysis 

simulating a moderate effect revealed univariate 

optimal discriminant analysis (UniODA) was 

appropriate for a sample of 22 to 47 days, and 

hierarchically optimal classification tree analy-

sis (CTA) was appropriate thereafter.
30

  Find-

ings for each subject were individually summa-

rized in a narrative (“Profile”) comprising 

statements about statistically significant associ-

ations found between the subject’s Inputs 

Checklist and  ratings of specific symptoms.  

After logging in a subject could click the 

SMART Profile tab and access the latest Profile.  

Over time, as more data accumulated for the 

subject, more (and more detailed) statements 

became possible.  Subjects received a total of 

ten weekly Profiles by the end of the project. 

If a subject’s data did not yield at least 

one significant association, then a general Pro-

file statement as follows was received: 

 “Your SMART Profile does not yet 

show significant connections between your 

inputs and symptom levels.  Either you need 

more submissions, or there’s not enough 

variation in your data so far, or both. 

 More submissions: To date you have 15 

SMART Log submissions.  As you add 

more you are more likely to accumulate 

enough data to show connections in future 

Profiles.  More frequent use of SMART Log 

may help get you there sooner.  For exam-

ple, if you’ve been submitting only two or 

three times per week, increase to four or 

more. 

 More variation: You can also boost your 

odds of finding connections by adding more 

variation to your inputs.  If you’re doing the 

same things all the time (the same inputs), 

your symptom levels are more likely to stay 

the same.  This is good reason to begin 

changing inputs you think could possibly af-

fect your symptoms—like your bedtime, 

eating schedule, meal sizes, work hours, 

self-care practices, stressors, or other inputs.  

Consider some changes you can try and 

begin experimenting with them.” 
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 If the subject’s data yielded at least one sig-

nificant association, then a Profile in the fol-

lowing format was received: 

 “Your SMART Profile shows significant 

connections between your inputs and symp-

tom levels.  Keep in mind the more you use 

SMART Log, the more likely you are to see 

other connections in future Profiles. Also 

remember that if you’re doing the same 

things all the time (same inputs), your symp-

tom levels are more likely to stay the same.  

This is good reason to try changing inputs 

you think could possibly affect your symp-

toms—like your bedtime, eating schedule, 

meal sizes, self-care practices, work hours, 

stressors or other inputs.  Consider some 

changes you can try and begin experiment-

ing with them. 

Your Profile for this week: Your pain 

level is least when you have lunch by 1:37 

PM. Your concentration problems are least 

when your afternoon nap is no longer than 

25 minutes.  Your stiffness is least when 

work or school-related activity is longer than 

2 hours 36 minutes AND morning exercise 

is longer than 5 minutes.  Your fatigue level 

is least when domestic activity is no more 

than mildly stressful. Your gastrointestinal 

symptoms are least when your afternoon 

snack is very light OR childcare stress is 3 

or less.” 

Results and Discussion 

For this study usability criteria comprise 

data on recruitment and retention, utilization  

and compliance, and satisfaction. 

Recruitment and Retention.  A total of 

40 women having an official diagnosis of FM 

(ACR criteria) enrolled in the project.  The 

study was originally planned for adults 18 or 

over, but one 16 year-old appealed for an excep-

tion, and with the permission of the NIAMS 

program officer, the IRB and her parent, she 

was enrolled in the study.  A summary of demo-

graphic features of the total recruited alpha test 

sample are summarized in Table 1. 

 

Table 1: Sample Demographic 

Characteristics 

Age Mean 46.5 (SD 12.4) 

Range 16-66 

Sex Female: 40 

Male: 0 

Ethnicity/ 

Race 

White: 34 

African American: 3 

Hispanic/Latino: 2 

Native American: 1 

Years FM 

Diagnosed 

Mean 7.9 (SD 5.7) 

Range 0.8-27.3 

Marital 

Status 

Married: 27 

Not married: 13 

Education 

 

Some HS: 1 

HS grad: 2 

Some college: 17 

BA: 9 

Some grad school: 5 

Grad degree: 6 

Employment 

 

Full time: 9 

Part time: 11 

Seeking: 1 

Retired: 3 

Disabled: 14 

Student: 2 

 

Utilization. Aggregate and individual 

measures of utilization are considered presently: 

utilization and compliance were high and stable 

over the course of the use period. 

Aggregate Utilization.  Because subjects 

were instructed to utilize the SMART Log at 

least three to four times per week, perfect com-

pliance is operationalized as a mean of 3.5 times 

per week.  Considered as a whole, the sample of 

39 patients completing the study submitted a 
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mean of 4.05 (SD=1.61) SMART Log entries 

per week over the 13-week study period.  This 

corresponds to a 95% confidence interval (95% 

CI) of 3.65 to 4.45 mean submissions per week, 

or mean aggregate compliance between 104.2% 

and 127.2% over the duration of the study.  

Aggregate SMART Log utilization was 

also examined weekly for the total sample.  

Seen in Table 2, lowest aggregate mean weekly 

utilization (indicated in red) occurred in the first 

week of data collection: this was the only week 

for which the upper bound of the 95% CI was 

lower than 100% mean aggregate compliance.  

Four of the six highest mean aggregate utiliza-

tion weeks (indicated in blue) occurred within 

the first six weeks of data collection: for these 

the lower bound of the 95% CI exceeded 100% 

mean aggregate compliance.  And, four of the 

six intermediate mean aggregate utilization 

weeks (indicated in black) occurred within the 

final six weeks of data collection: for these the 

95% CI overlapped 100% mean aggregate com-

pliance.  The temporal trend was unreliable: the 

correlation between study week and mean util-

ization was insignificant (r=-0.31, p<0.30), indi-

cating mean weekly aggregate utilization was 

consistent over the data collection period.  Ex-

amination of 95% CI overlap indicated that 

lowest mean aggregate utilization occurred in 

the first week of data collection, and that mean 

aggregate utilization in weeks 2 and 4 were 

greater than in weeks 8, 10, 11 and 12. 

Individual Utilization was defined using 

measures of relative quantity, and change over 

the three-month use period.  Utilization quantity 

was defined via a mean-split procedure whereby 

the mean number of SMART Log entries per 

week for an individual is compared against the 

aggregate mean number of SMART Log entries 

per week: individuals having a mean which is 

greater than the aggregate mean are considered 

“higher utilizers” (N=20, 51% of sample), and 

those having a mean lower than the aggregate 

are considered “lower utilizers” (N=19, 49% of 

sample).  Absence of skew in weekly utilization 

data yielded nearly identical samples sizes using 

this procedure. 

 

 

Table 2: Weekly SMART Log
 

Mean Aggregate Utilization 
                                                                   

                                                         Corresponding 

Week   Mean (SD)       95% CI       % Compliance 

    1      2.95 (1.70)     2.54 – 3.36      72.6 – 96.0 

    2      5.00 (1.93)     4.56 – 5.44    130.2 – 145.4 

    3      4.44 (1.73)     4.02 – 4.86    114.8 – 138.8 

    4      5.00 (2.70)     4.48 – 5.52    128.0 – 157.8 

    5      3.97 (1.93)     3.53 – 4.41    100.8 – 126.0 

    6      4.70 (2.41)     4.20 – 5.18    120.0 – 148.0 

    7      4.00 (2.41)     3.51 – 4.49    100.2 – 128.2 

    8      3.94 (2.54)     3.44 – 4.46      98.2 – 127.4 

    9      4.26 (3.29)     3.68 – 4.84    105.2 – 138.2 

  10      3.36 (3.08)     2.80 – 3.92      80.0 – 112.0 

  11      3.21 (2.88)     2.67 – 3.75      76.2 – 107.2 

  12      3.51 (2.95)     2.96 – 4.06      84.6 – 116.0 

  13      4.26 (4.18)     3.61 – 4.92    103.2 – 140.6 

Note: For % compliance values, lowest values are 

indicated in red, intermediate values in black, and 

highest values in blue.  

 

Change in utilization across time was 

operationalized using lag-1 autocorrelation, or 

ACF(1): for a single individual all pairs of 

measurements recorded at times i and i-1 are 

constructed, the data pairs are combined, and 

the i and i-1 data are correlated.
31

  The result is a 

Pearson correlation coefficient bounded by 1.0 

and -1.0: a negative value of ACF(1) indicates 

scores recorded recently are lower than scores 

recorded previously, and thus the individual is 

making fewer SMART Log entries (decreasing 

utilization) as the study proceeds.  A positive 

value of ACF(1) indicates scores recorded 

recently exceed scores recorded previously, and 

thus the individual is making more SMART Log 

submissions (increasing utilization) as the study 

proceeds.  Presently, 16 subjects (41% of sam-
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ple) had ACF(1)>0 and thus increasing SMART 

Log utilization, and 23 (59% of sample) had 

decreasing utilization. The small number of data 

pairs available to compute ACF(1) had weak 

statistical power to identify reliable ACF(1) 

coefficients, yet two negative and three positive 

statistically reliable (p<0.05) coefficients mater-

ialized.  Quantity of utilization and change in 

utilization over time were negatively correlated 

(r=-0.52, p<0.0009), indicating moderate (r
2
= 

0.27) regression to the mean.
31

   

Satisfaction.  Using consistent method-

ology and obtaining results consistent with those 

obtained for utilization, aggregate as well as in-

dividual satisfaction measures were considered 

presently: mean ratings of perceived relevance 

and overall satisfaction with the intervention 

were scaled as “mostly satisfied” over the 

course of the study; data were stable (the 95% 

CI for both variables overlapped across all use 

weeks); and an aggregate decline in satisfaction 

over time was attributable to outlying negative 

ratings, as the majority of participants reported 

increasing satisfaction over time. 

Aggregate Satisfaction.  After every use 

of the SMART Log its relevance (i.e., “How 

satisfied are you that today's SMART Log 

addressed matters relevant to your well-being?”) 

and satisfaction (“On the whole, how satisfying 

has your use of this program been to date?”) 

was rated by the patient.  The sample of 39 pat-

ients recorded a mean relevance rating of 3.20 

(SD=0.57, 95% CI=2.96–3.44), and a mean 

satisfaction rating of 3.16 (SD=0.64, 95% CI= 

2.90–3.41).  Considered in relation to the rating 

response scale used (1=not at all, 2=somewhat, 

3=mostly, 4=completely), both the mean ratings 

correspond to “mostly satisfied.”  Examination 

of weekly aggregate relevance and overall satis-

faction data indicated that for both measures the 

95% CI for weekly aggregate means overlapped 

across all weeks.  Mean aggregate relevance (r= 

-0.63, p<0.02) and satisfaction (r=-0.56, p<0.05) 

declined over time, but analysis of individual 

satisfaction shows the decline was attributable 

to outlying ratings of a minority of patients.  

Individual Satisfaction.  Paralleling the 

individual utilization measures, individual pro-

gram relevance and satisfaction ratings were 

conceptualized in terms of both quantity and 

change over time.  Quantity was operational-

ized by a mean split procedure: mean relevance 

and satisfaction scores for an individual were 

compared against mean aggregate scores.  Indi-

viduals having a mean relevance score greater 

than the aggregate mean considered the SMART 

Log relatively “more relevant” to their well-

being (N=14, 35.9% of sample), and individuals 

having a mean lower than the aggregate mean 

considered the SMART Log relatively “less 

relevant” (N=25, 64.1% of sample).  Similarly, 

individuals having a mean satisfaction score 

greater than the aggregate mean were relatively 

“more satisfied” (N=16, 41.0% of sample), and 

individuals having a mean lower than the aggre-

gate mean were “less satisfied” (N=23, 59.0% 

of sample). 

And, also paralleling treatment of utili-

zation data, analysis of temporal effects in indi-

vidual relevance and satisfaction measures was 

operationalized by ACF(1) coefficients.  Insuf-

ficient variance made computation of ACF(1) 

impossible for the relevance data of 14 patients, 

and for the satisfaction data of 16 patients.  For 

relevance, 20 patients (80% of sample) had 

ACF(1)>0  and perceived increasing relevance, 

and five patients (20% of sample) reported de-

creasing relevance.  For satisfaction, 19 patients 

(78.3% of sample) had ACF(1)>0 and reported 

increasing satisfaction, and four patients (21.7% 

of sample) reported decreasing satisfaction.  

Negative trends across time were noted for ag-

gregate mean scores dominated by outlying rat-

ings made by a few dissatisfied patients, but the 

majority of the sample had positive trends when 

their data were examined individually: a type of 

Simpson’s Paradox.
32

  In spite of weak statisti-

cal power to test the reliability of the ACF(1) 

coefficients, for relevance 12 ACF(1) coeffi-
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cients had p<0.05 (6 exceeded 0.92), and for 

satisfaction 13 coefficients had p<0.05 (9 ex-

ceeded 0.89).  Quantity and change over time 

were unrelated for relevance (p<0.38) and satis-

faction (p<0.94) ratings. 

Outcome Data. In the present study the 

outcome data were obtained from instruments 

administered in the Monthly Survey. 

Utilization.  First, UniODA and CTA
30

 

were used to identify relationships involving the 

quantity of utilization.  Higher utilization pre-

dicted greater reduction over the use period in 

FIQ Anxiety scores (p<0.04), as 13/15 (86.7%) 

patients reporting decreased Anxiety were 

higher utilizers, and 6/11 (54.6%) patients with 

increased Anxiety were low utilizers of SMART 

Log. The effect was moderate (ESS=41.2%) and 

stable in jackknife validity analysis. 

Higher utilization also predicted greater 

increase over the use period in SF12 Physical 

Functioning (p<0.05): 5 of 10 (50.0%) patients 

with increased Physical Functioning over the 

use period were higher utilizers of the SMART 

Log, while 12 of 13 (92.3%) patients reporting 

decreased Physical Functioning over the use 

period were lower utilizers. The effect was mod-

erate (ESS=42.3%) and jackknife-stable. 

Higher utilization was marginally pre-

dictive of improvement over the use period in 

Health Locus of Control (HLC) versus lower 

utilization (p<0.09): 10 of 18 (55.6%) patients 

reporting decreased Chance locus of control 

over the use period were higher utilizers, while 

14 of 18 (77.8%) patients reporting increased 

Chance locus of control were lower utilizers. 

The effect was moderate (ESS=33.3%) and 

stable in jackknife analysis. 

Higher utilization was also marginally 

predictive of older age (p<0.09): 17 of 20 

(77.8%) patients who were at least 43 years of 

age were higher utilizers, and 10 of 19 (52.6%) 

patients who were 42 years old or younger were 

lower utilizers.  The effect was moderate (ESS= 

37.6%) and stable in jackknife analysis. 

Finally, CTA was used to compare high- 

versus low-utilizers, and a two-attribute model 

emerged.  Five of six (83.3%) patients reporting 

increased SF12 Physical Functioning over the 

use period were higher utilizers, versus one of 

six (16.7%) who were lower utilizers (p<0.05).  

Five of six (83.3%) patients reporting reduced 

Physical Functioning and decreased external 

(Doctor) locus of control over the use period 

(p<0.005) were higher utilizers, versus 7 of 7 

(100%) lower utilizers who instead reported 

increased external (Doctor) locus of control.  

The effect was strong (ESS=77.8%) and stable 

in jackknife validity analysis. 

UniODA and CTA were next employed 

to identify relationships involving change in 

utilization over time, and only one statistically 

marginal association emerged involving Internal 

locus of control (p<0.07).  Of patients having 

positive ACF(1) coefficients (indicating increas-

ing utilization of the SMART Log over the use 

period), 13 of 15 (86.7%) reported increased 

Internal locus of control over time; of patients 

having negative ACF(1) coefficients (indicating 

decreasing use over time), 10 of 21 (47.6%) pat-

ients reported a decreased Internal locus of con-

trol over time.  This effect was moderate (ESS= 

34.3%), and stable in jackknife validity analysis.  

In summary, higher utilization predicted 

significantly greater improvement over the use 

period in anxiety and physical functioning, and 

marginally greater improvement over the use 

period in internal health locus of control.  The 

strength of these associations was moderate, and 

the findings are likely to cross-generalize to an 

independent random patient sample.  There was 

also a significant positive association between 

change in utilization and change in health locus 

of control over the use period. 

Satisfaction.  Next, UniODA and CTA 

were used to identify relationships involving the 

quantity of satisfaction.   Ratings of satisfaction 

and relevance were nearly perfectly associated: 

all 16 patients reporting higher satisfaction had 

a mean relevance score greater than 3.12, and 22 
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of 23 (95.6%) patients with lower satisfaction 

had a mean relevance score of 3.12 or lower: p< 

0.0001, ES=95.6%.  Accordingly, only ratings 

of satisfaction are considered further.  The only 

statistically significant association identified 

involved change in Stiffness over time (p<0.04): 

8/14 patients reporting increased satisfaction 

reported decreased Stiffness over the use period, 

and 14/17 (82.4%) patients reporting decreasing 

satisfaction over the period reported increasing 

Stiffness: this moderate effect (ESS = 39.5%) 

was stable in jackknife validity analysis.   

Profiles Delivered.  As a direct measure 

of the performance of the SMART system in 

fulfilling the intended function of delivering 

person-specific SMART Profile reports, we 

assessed system velocity—the quantity of statis-

tically reliable feedback reports produced by the 

SMART system for patients as a function of 

time, over the use period.  The first four weeks 

of the 13-week SMART Log use period was 

used to build the subject’s personal database.  

At the end of the fourth week the SMART 

Profile function was activated and subjects 

began receiving weekly reports.  As described 

earlier, Profiles were of two types: if the anal-

ysis yielded no significant associations between 

inputs and symptom levels, the patient received 

a general SMART Profile statement explaining 

how the Profile is produced and encouraging 

further submissions and variation of inputs.  If 

the analysis yielded one or more significant 

associations (“significant profile”) the patient 

received a general SMART Profile statement 

appended with the associations found. 

As expected, the number of subjects 

receiving significant profiles increased over 

time as databases accumulated more SMART 

Log data.  As seen in Table 3, in the first week 

of SMART Profile production 20% of subjects 

had significant associations, and this percentage 

increased until reaching asymptote at a mean of 

88% over the final five weeks. 

Qualitative Data.  All 39 subjects who 

completed the study provided qualitative data at 

follow-up via focus groups.  Response content 

received from participants was analyzed via 

QSR-N6 software.
33

 

 

Table 3: Weekly Number of 

Statistically Significant 

SMART Profiles 

 

Week 

Number of Significant 

Profiles Divided by 

Number of Patients 

Percent 

Significant 

Profiles 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

  8/40 

16/40 

28/40 

30/39 

31/39 

34/39 

34/39 

35/39 

35/39 

34/39 

20.0 

40.0 

70.0 

76.9 

79.5 

87.2 

87.2 

89.7 

89.7 

87.2 

 

Concerning overall impression of the 

SMART Log instrument, 54% of responses 

were unqualified positive, and an additional 

41% were positive with qualifications.  Issues 

identified included time pressures due to family, 

travel, work, tiredness, and some confusion as to 

how to apply some SMART Profile statements 

in one’s daily life.  Overall, 95% of the respon-

ses expressed were favorable to the tool.  A 

modal comment was that the use of SMART 

Log raised consciousness regarding day-to-day 

activities and their effects on the individual 

independently of the content of the Profiles. 

 Concerning overall impression of the 

SMART Profile reports, 74% of responses were 

coded as “useful.”  Dissenting respondents 

indicated they failed to submit SMART Log 

entries often enough over the study period, and 

thus didn’t receive as many significant SMART 

Profile statements as they would have liked.  
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Concerning relevance of the reports to 

one’s health, 79% of responses reflected a posi-

tive evaluation. Components singled out as 

especially relevant were eating patterns, 

exercise, spirituality, meditation, social activity, 

getting out, behavior awareness, use of routines, 

and sleep habits. 

All subjects identified a “most 

important” personal discovery achieved as a 

consequence of using the SMART system.  

Most frequently mentioned discoveries involved 

consciousness-raising regarding the impact of 

daily behavior choices (48%); the importance of 

self-care activities (27%); the need for more 

information on the disease and its effects, both 

personally as well as on others (14%); the value 

of socialization as a form of support (7%); and 

the role of daily exercise in well-being (2%). 

Finally, during follow-up focus group 

discussions, obstacles or difficulties in using the 

SMART system were framed in terms of life 

getting in the way, time commitments, work, not 

being much of a computer user, family commit-

ments, vacation, time of year, depression reduc-

ing motivation, and limited computer access. 

Eighteen-Month Follow-Up.  A total of 

22 subjects in the Phase I study were located 18 

months after the study terminated and asked to 

complete a nine-item self-report survey, and 19 

subjects returned responses that could be 

analyzed.  Subjects were asked to answer three 

questions about each of three different time 

periods—just before the Phase I project began, 

right after the Phase I project terminated, and 

now.  The first question was: “about how many 

hours per day were you able to be productive?” 

The second question was: “about how many 

hours per day did you want to be productive?” 

The third and final question was: “on a scale 

from one to ten (“not at all” to “completely”, 

respectively), how satisfied were you with your 

productivity?” Productivity was defined to 

subjects as: “what you would consider being 

productive in your life. This could include work, 

school, homemaking, or taking care of others, 

whatever it means to be productive.”  Table 4 

gives the mean (and standard deviation) for 

survey items. 

 

Table 4: Mean Productivity Self-Ratings 

 

Survey Item 

 

Baseline 

 

Study End 

18-Months 

Post-Test 

Hours ABLE 

to be productive 

6.4 (4.1) 7.5 (3.9)   7.6 (4.0) 

Hours WANT 

to be productive 

10.5 (3.4) 10.4 (3.5) 11.0 (3.0) 

SATISFACTION 

with productivity 

4.1 (2.3) 6.2 (2.5) 5.7 (2.7) 

 

As seen, patients reported a 17% 

increase in the mean number hours per day they 

were able to be productive by the end of the 

study (p<0.008), and this gain was maintained 

after the study terminated.  Desired mean daily 

productivity did not vary across rated time 

periods (p>0.17).  Mean satisfaction increased 

51% by the end of the study (p<0.0004) and 

diminished slightly but not reliably (p<0.55) to 

an increase in mean satisfaction of 39%, 18 

months after the study terminated (p<0.02). 

Thus, exposure to the SMART Log interven-

tion significantly increased mean self-reported 

productivity and satisfaction ratings, and these 

gains were maintained in follow-up. 

Consistent with the thesis of the discon-

firmation paradigm
34

, diminishing difference 

between actual and desired hours of productivity 

was significantly correlated with increasing sat-

isfaction for ratings made before the study 

(p<0.02) and at 18-month follow-up (p<0.0005), 

and marginally for ratings obtained when the 

study ended (p<0.12). 

Conclusion 

For this four-month pilot study with 39 

patients retention was very high and compliance 

with use of the intervention—a significant 
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challenge in most behavioral medicine research, 

and especially with FM—was high and stable 

across the study period.  Retention, compliance, 

and satisfaction ratings indicate that the 

intervention has high usability. 

Analyses revealed moderate to strong 

clinical benefits predicted by the subject’s 

frequency of utilization of the SMART system.  

Specifically, higher utilization was associated 

with significantly greater positive change over 

the use period in anxiety, physical functioning 

and health locus of control.  These effects were 

stable in jackknife validity analysis, indicating 

they are likely to cross-generalize to indepen-

dent random patient samples.  Discussed earlier, 

impaired physical functioning and emotional 

well-being are central aspects of the disease 

burden of FM, and increased health locus of 

control is essential to patients taking an active 

role in self-management.   

An important qualitative finding was 

that subjects reported the systematic and regular 

use of SMART Log raised their awareness of 

the impacts of daily behaviors independently 

from the feedback they received from SMART 

Profile.  Focus groups revealed instances where 

subjects became aware of impacts and changed 

behavior even though their SMART Profile had 

not yet provided feedback about that issue.  

Thus, one mechanism of benefit of using the 

SMART system may be a heightened sense of 

self-awareness that it engenders.  This is 

important because subjects are not guaranteed 

that a given SMART Profile will present signifi-

cant associations, as there may not always be 

enough submissions, sufficient variability, or 

actual underlying association within their sub-

mitted data to show reliable associations.  It thus 

appears that the success of the SMART Log 

program does not derive exclusively from 

contents of SMART Profile. 

 Preliminary findings reveal the SMART 

system is a user-friendly, structured and system-

atic approach to self-management of a chronic 

illness affecting 6 to 12 million Americans.  The 

success of the alpha project motivated a beta test 

using a substantially larger sample of FM pa-

tients, which is currently underway in our lab-

oratory. 
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