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Review of Computer-generated
Outpatient Health Behavior
Interventions:

Clinical Encounters “in Absentia”
DEBRA REVERE, MA, MLIS, PETER J. DUNBAR, MB, CHB

Abstract objective: To evaluate evidence of the effectiveness of computer-generated
health behavior interventions—clinical encounters “in absentia”—as extensions of face-to-face
patient care in an ambulatory setting.

Data Sources: Systematic electronic database and manual searches of multiple sources (1996-1999)
plus search for gray literature were conducted to identify clinical trials using computer-generated
health behavior interventions to motivate individuals to adopt treatment regimens, focusing on
patient-interactive interventions and use of health behavior models.

Study Selection: Eligibility criteria included randomized controlled studies with some evidence
of instrument reliability and validity; use of at least one patient-interactive targeted or tailored
feedback, reminder, or educational intervention intended to influence or improve a stated health
behavior; and an association between one intervention variable and a health behavior.

Data Extraction: Studies were described by delivery device (print, automated telephone, computer,
and mobile communication) and intervention type (personalized, targeted, and tailored). We
employed qualitative methods to analyze the retrieval set and explore the issue of patient-
interactive computer-generated behavioral intervention systems.

Data Synthesis: Studies varied widely in methodology, quality, subject number, and
characteristics, measurement of effects and health behavior focus. Of 37 eligible trials, 34

(91.9 percent) reported either statistically significant or improved outcomes. Fourteen studies
used targeted interventions; 23 used tailored. Of the 14 targeted intervention studies, 13 (92.9
percent) reported improved outcomes. Of the 23 tailored intervention studies, 21 (91.3 percent)
reported improved outcomes.

Conclusions: The literature indicates that computer-generated health behavior interventions are
effective. While there is evidence that tailored interventions can more positively affect health behavior
change than can targeted, personalized or generic interventions, there is little research comparing dif-
ferent tailoring protocols with one another. Only those studies using print and telephone devices
reported a theoretic basis for their methodology. Future studies need to identify which models are
best suited to which health behavior, whether certain delivery devices are more appropriate for dif-
ferent health behaviors, and how ambulatory care can benefit from patients” use of portable devices.
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interest in using technology to augment patient-
physician interactions has increased in the last
decade. Recently, a JAMIA article recommended that
telemedical services and information systems
address behavior change, individual risk factors, and
patient education, and further predicted that “the
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Table 1 =

63

Summary of Reviews and Analyses of Personalized, Targeted, and Tailored Interventions

Author

Intervention Focus

Method

Delivery Device

Skinner et al., 1993 71
Alemi and Stephens, 199672
Shea et al., 1996 73

Balas et al., 1997 ES
Piette, 199774

Balas et al., 1998 75
Marcus et al., 1998
Wagner, 1998 77
Bental et al., 1999 12

Brug et al,, 199918

Kristal et al., 1999 78
McBride and Rimer, 1999 79
Strecher, 199922

76

Patient education

Preventive care, ambulatory
setting; patient education

Preventive care, ambulatory
setting

Distance medicine technology

Diabetes management

Diabetes management
Physical exercise
Mammography screening
Patient information systems
Nutrition

Nutrition
Telephone-delivery

Smoking cessation

Overview, 31 articles and reviews
Overview, 4 projects
Meta-analysis, 16 trials

Literature review, 61 trials

Literature review, 33 studies

Literature review, 15 studies
Literature review, 28 studies
Meta-analysis, 16 articles
Overview, 15 projects
Overview, 8 studies

Review, 10 studies
Literature review, 74 trials

Literature review, 10 studies

Computer-assisted instruction,
telephone

Telephone, print materials
Computer-generated reminders

Computer systems, telephone

Telephone using AVM (automated
voice messaging)

Computer systems, print materials
Mass media-based interventions
Print materials

Computer systems, print materials
Print materials

Print materials

Telephone

Print materials

trend is toward delivery of care in an ambulatory set-
ting or by interaction with a patient directly at home,
and telemedicine services and information systems
provide the necessary communication links.”!

The purpose of this study is to report the current
state of the peer-reviewed evidence for patient-inter-
active computer-generated health behavior interven-
tions—clinical encounters “in absentia”—as exten-
sions of face-to-face patient care. We were interested
in two specific areas: the health behavior models
used in these interventions and the devices used for
patient education, counseling, and reminder systems
aimed at improving patient health behaviors.

Background
Other Reviews

Other reviews have focused on a specific delivery
method (e.g., telephone-delivered interventions) or a
particular health behavior focus (e.g., smoking cessa-
tion). To our knowledge, this is the first review to sum-
marize findings across all interventions that involve
devices that communicate or interact directly with the
patient, regardless of technology, health behaviors, or
medical conditions. Intervention types are also
defined more narrowly and more consistently than in
previous literature reviews (as discussed under
Methods). While other reviews describe the growing

role of telecommunication in health care, this review
specifically examines the state of computer-generated
or computer-operated therapeutic communications.
Table 1 summarizes previous review papers.

Theoretic Models

Patients are increasingly involved in managing their
health care,? and health care providers are chal-
lenged to motivate, educate, and help people adhere
to healthy behaviors and medication regimens in the
ambulatory setting.> Understanding why people
behave the way they do and identifying the factors
underlying behavioral change help in the develop-
ment and evaluation of effective health behavior
interventions.* Although a review of theories is out-
side the scope of this paper, we mention the four cog-
nitive-behavioral models used most frequently in the
studies reviewed.

Cognitive-behavioral theories focus on the individual
level and use two key concepts—behavior (as mediat-
ed through cognitions) and knowledge (which is nec-
essary but not sufficient to produce behavior change).
These theories focus on intrapersonal factors such as
an individual’'s knowledge, beliefs, motivation,
attitudes, developmental history, experience, skills,
self-concept, and behavior. Models using an intra-
personal approach are the stages of change, or trans-
theoretic, model (TM), the health belief model (HBM),
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Models and Concepts for Health Behavior Change

Concept

Definition

Application

Health Belief Model:
Perceived susceptibility

Perceived severity
Perceived benefits
Perceived barriers
Cues to action

Self-efficacy
Stages-of-Change Model:

Pre-contemplation

Contemplation

Preparation
Action

Maintenance

One’s opinion of chances of getting a condition Personalize risk based on a person’s features or behavior.

One’s opinion of how serious a condition
and its consequences are

One’s opinion of the efficacy of the advised

action to reduce risk or seriousness of impact

One’s opinion of the tangible and psycho-
logical costs of the action

Strategies to activate “readiness”

Confidence in one’s ability to take action

Unaware of problem, hasn’t thought
about changes

Thinking about change, in the near future.

Making a plan to change
Implementation of specific action plans

Continuation of desirable actions, or
repeating periodic recommended step(s)

Theory of Planned Behavior and Theory of Reasoned Action:

Behavioral intention
Attitude

Behavioral belief
Normative belief

Subjective norm

Perceived behavioral
control (Theory of
Reasoned Action only)

Social Cognitive Theory:

Reciprocal determinism

Behavioral capability

Expectations
Self-efficacy

Observational learning

Reinforcement

Perceived likelihood of performing the
behavior; prerequisite for action

One’s favorable or unfavorable evaluation
of the behavior

Belief that behavioral performance is asso-
ciated with certain attributes or outcomes

Subjective belief regarding approval or
disapproval of the behavior

Influence of perceived social pressure;
weighted by one’s motivation to comply
with perceived expectations

One’s perception of how easy or difficult
it will be to act

Behavior changes result from interaction
between individual and environment

Knowledge and skills to influence behavior

Beliefs about likely results of action

Confidence in ability to take action and
persist in action

Beliefs based on observing others

Responses to a person’s behavior that
increase or decrease chances of recurrence

Specify consequences of the risk and the condition.

Define action to take; how, where, when; clarify the
positive effects to be expected.

Identify and reduce barriers through reassurance,
incentives, assistance.

Provide how-to information, promote awareness,
provide reminders.

Provide training, guidance in performing action.

Increase awareness of need for change, personalize
information on risks and benefits.

Motivate, encourage to make specific plans.

Assist in developing concrete action plans, setting
gradual goals.

Assist with feedback, problem solving, social support,
reinforcement.

Assist in coping, reminders, finding alternatives,
avoiding slips/relapses (as applicable).

Define action; identify how much effort one is planning
to exert to reach goal.

Identify outcomes of action.

Provide information about outcomes; clarify positive
effects to be expected.

Identify barriers and advantages of behavior.

Identify specific groups or individuals of influence;
identify how much their approval or disapproval
affects action.

Incorporate information about likely results of action
in advice.

Work to change environment.

Provide information and training about action.

Incorporate information about likely results of action into
advice.

Point out strengths; use persuasion and encouragement;
approach behavior change in small steps.

Point out others’ experience; identify role models.

Provide incentives, rewards, praise; encourage
self-reward.

SOURCES: Bandura,8 Glanz et al.,4 Prochaska et al.,7’41 Rhodes et al.,5 and Skinner and Kreuter.
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and the theory of reasoned action/theory of planned
behavior (TRA).>® The TM is concerned with an indi-
vidual’s readiness to change.®” The HBM focuses on
an individual’s perception of the threat of a health
problem.* The TRA focuses on an individual’s inten-
tion to perform a behavior.® Social-cognitive theory
incorporates intrapersonal and interpersonal factors;
as in the HBM and TRA, the benefits of a behavior
must outweigh the costs; also, a person must have a
sense of self-efficacy or personal agency about the
behavior.8® Personal empowerment, an individual’s
ability to cope with situations and perceived sense of
control over them, is emphasized.&10 Table 2 summa-
rizes the concepts of each theory.

An appropriate theoretic framework applied to
development of health behavior messages can great-
ly enhance a patient’s motivation to comply with an
intervention.® Further enhancement can be achieved
using patient characteristics in conjunction with com-
puter production capabilities to approximate a face-
to-face clinical encounter.®

Another enhancement feature may be achieved by
using mobile devices rather than delivery methods
that tether ambulatory patients to a computer, tele-
phone, or mailbox. Mobile devices such as cell
phones or pagers are particularly suitable for out-
patient interventions, since patients can carry them
easily. These devices have received considerable
popular media and commercial attention,'™'® so we
made an effort to find papers that described their use.
The price of mobile communication devices has
dropped dramatically in the last decade, so the increas-
ing power and decreasing cost of communication may
provide opportunities for therapeutic interventions
that were not feasible before. In addition, their porta-
bility and convenience seem to create an attachment or
synergy between the user and the device, which can
bond the user to the intervention protocol.*

The literature that describes this area of investigation
is not indexed in a single database. We therefore
designed a search strategy that involved searching
across multiple databases using both free text and
appropriate specialized terminology.

Data Sources

Databases searched included MEDLINE (1966-99),
HealthSTAR (1981-99), CINAHL (1982-99), Current
Contents (1997-99), EMBASE (1990-1999), INSPEC
(1969-1999), PsycINFO (1967-1999), and Sociological

Table 3 =

Key Words Used in Literature Review

Key Words Additional Terms
Compliance Adherence
Motivation
Patient education Education
Decision making
Empowerment
Preventive health services Self-help
Health behavior

Ambulatory care

Reminder systems Drug monitoring
Intervention

Patient reminder
Tailored reminder
Targeted reminder
Tailored intervention

Targeted intervention

Computer Computer communication
networks
Computer systems
Telephone Telephone systems
Pager Paging technology
Print communication Letter
Postcard
Communication Counseling

Self-assessment

Abstracts (1986-1999). We also searched the Cochrane
Collaboration and Web of Science (Science Citation
Index Expanded and Social Sciences Index) databases.
To account for gray literature, we searched CRISP
(Computer Retrieval of Information on Scientific
Projects) and Dissertation Abstracts, contacted
authors, and conducted targeted Internet searches.
We also searched LEXIS-NEXIS for more popular litera-
ture on this subject.

Searches were limited to publications in English. A
summary of key terms and phrases is given in Table 3.

Study Selection

Eligibility for inclusion in the final set included:

= Controlled clinical trials and quasi-experimental
studies with some evidence of instrument reliabil-
ity and validity

= At least one patient-interactive feedback,
reminder, or educational intervention intended to
influence or improve a stated health behavior

=  An association between one intervention variable
and a health behavior
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Table 4 =

Rating System

Factor ~ Description Possible Points

Randomization  Assignment to different 2

interventions by chance

Control group Comparison made to group of 2
subjects not given the health

behavior intervention

Theory or model Theoretic basis for intervention 1
used design
Rationale for using chosen model
and rejecting other options
Sampling Sampling method described 3
Sample composition clearly
described
Sample of adequate size
Number and ratio of withdrawals
described

Analysis of main Clear definition for each variable 1
effect variables  Clear description of methods

and results

Numeric table presented for each

effect variable

Content Intervention clearly described and 1
replicable

Discussion of withdrawals
Discussion of study limitations

Eligible trials were evaluated using the rating system
described in Table 4. Ratings were based on recom-
mendations from the literature.'>'® Articles received
a score from 1 to 10; sampling and randomization
aspects and presence of a control group were weight-
ed most heavily (totaling 7 points). The minimum
score was set at 5 for inclusion.

The initial cross-database search yielded 1,404 publi-
cations; this was reduced to 519 after elimination of
duplicates. Review of the title and abstract of each
publication yielded 97 publications potentially meet-
ing eligibility criteria. After review of these articles, 49
publications were eliminated because they did not
meet the eligibility criteria (the primary cause was a
focus on physician reminders). Manual searches of
the bibliographies of remaining articles, reviews, key
journals in the appropriate fields, and key individuals
yielded another 6 articles, for a total of 55; multiple
reports of studies were collapsed to yield a final total
of 46 studies in this review. Nine of these are feasibil-
ity or quasi-experimental studies included because
they describe promising approaches. Figure 1
illustrates our selection process.

Data Extraction and Definitions

Each item was scored using the rating system
described in Table 1. Items were classified by inter-
vention type, delivery device, and use of synchro-
nous vs. asynchronous interaction.

We defined three intervention types according to fea-
tures accepted in the literature: personalized, targeted,
and tailored. Personalized messages have the person’s
name on the information he or she receives. The mes-
sage content is not adapted to the individual’s diag-
nostic, behavioral or motivational characteristics.!”
Personalized intervention studies were eliminated
unless a higher level intervention (i.e., targeted or tai-
lored, or both) was also a condition in the study.

Targeted message content is customized to reach a
specific subgroup of the general population, based on
the principles of market segmentation. Content is

Cross-database SEARCH = 1,404 documents
CINAHL (175 documents)
EMBASE (23 documents)
HealthSTAR (508 documents)
INSPEC (64 documents)
PsycINFO (120 documents)
MEDLINE (564 documents)
CRISP, Cochrane, Web of Science (10 documents)

\

| Removal of Duplicates = 519 documents

Y

Initial Eligibility Review = 97 documents

Titles and abstracts reviewed according to eligibility criteria,
eliminating 422 documents.

Y

Final Eligibility Review = 49 documents

Complete article reviewed according to eligibility criteria,
eliminating 48 documents.

\

Manual Searches = 55 documents, collapsed to 46 documents

Search of references, journals, authors, and gray literature added 6 more
documents.

\

Scoring = 37 items

Nine items received scores less than 5.

Figure 1 Search and selection process.
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customized to “target” broad psychographic (i.e.,
activities, interests, and opinions) and sociodemograph-
ic groups. Targeted interventions do not account for
personal differences in intervention needs among indi-
viduals in the target population, but they may be
personalized.'

Tailored interventions are messages or a series of mes-
sages based on a specific individual’s characteristics,
as determined through historical records, replies to
questions, or replies to previous messages. Tailored
messages are generally based on published theoretic
models, and message content is specific to one indi-
vidual at one point in time. One of the goals of a tai-
lored intervention is for patients to perceive the infor-
mation as applying only to them.""*? An example
of a tailored intervention is delivering messages or
information contingent on a patient’s “stage of
change,” a model postulating that patients will
respond to and better remember messages presented
on cue. For instance, patients who have just quit
smoking will respond better to messages pitched to
the “action” phase than the “precontemplative”
phase.?!?> The actual messages are picked from a
large pool of potential responses either manually by
a therapist or through a largely automated process
designed by a therapist.

The primary distinction between targeted and tai-
lored interventions is that tailoring adapts content or
the way content is presented according to the needs
of the individual. Material is not fixed and feedback
is based on individual, not subgroup, characteristics.
Devices used for feedback range from the most sim-
plistic, such as tailored letters, to expert systems
incorporating behavior change models into an inter-
active messaging system.

Interventions can be distinguished along a continu-
um, from generic (or “one-size-fits-all”) to highly
individualized, tailored approaches as seen in Figure
2. Confusion between targeted and tailored interven-
tions is compounded by researchers’ inconsistent use
of the terminology.*

We grouped intervention delivery devices into cate-
gories adapted from Balas et al.?>: 1) mobile commu-
nication systems (use of a pager, mobile telephone, or
other wireless system for delivery), 2) computerized
communication systems (use of a computer, modem,
touch-sensitive screen, or other interfacing equip-
ment for delivery), 3) automated telephone commu-
nication (usually computer-generated messages
using a regular telephone line and telephone), and 4)
print communication (use of a letter, bulletin, fax
transmission, newsletter, postcard, or manual deliv-

generic |personalized| targeted | tailored

Figure 2 Intervention types continuum.

ery).

We also distinguished between synchronous and asyn-
chronous communication. Synchronous communica-
tion is like communication by telephone—dialog occurs
in real time. Asynchronous communication is like e-
mail—two parties carry on a dialog by leaving mes-
sages, but do not usually communicate in real time.

Results

Of the 46 studies meeting our inclusion criteria, 9
received scores below 5. These studies were excluded
from analysis but are included in Table 5 because they
illustrate promising approaches and merit discussion.

Lack of homogeneity among the remaining 37 stud-
ies precluded pooling of data; our findings, therefore,
form a descriptive literature review. Studies varied
by recruitment method, subject characteristics, study
design, time frame, setting, measurement of effects,
and health behavior focus. Many studies reported
multiple outcomes; several used targeted or tailored
interventions in conjunction with personalized or
generic interventions; some used more than one tar-
geted or tailored intervention.

Of 37 studies, 33 (89.2 percent) reported improved
outcomes and 20 of these (60.6 percent) were statisti-
cally significant. Fourteen studies used targeted
interventions; 23 used tailoring. Eleven of the target-
ed intervention studies (78.6 percent) reported
improved outcomes; 6 of these (54.5 percent) were
statistically significant. Of the 23 tailored interven-
tion studies, 22 (95.7 percent) reported improved out-
comes; 15 of these (68.2 percent) were statistically sig-
nificant. Table 5 lists the studies by delivery device.

No Intervention Benefits
Four studies®*®®-%® did not report statistically signifi-
cant or improved outcomes. Lack of effect was

explained by use of a limited, non-intensive one-time
feedback with no inclusion of psychosocial factors®®

Text continues on p. 76.



REVERE, DUNBAR, Review of Computer-generated Interventions

L, TnJasn wajsAs punoy,, spusneJ
‘mdur uenisAyd pue ‘suonsenb ‘suraduod
“PIODI [P S Judryed [enprarpur

U0 paseq UOLRULIOJUT JO UOHRIUISL]

ssiuaned £q paydeooe,, wiaysAg
‘mdur
uenisAyd pue ‘suonssnb ‘sureouod
“pI0da1 [edrpaut s juanjed [enprarpur
UO Paseq UOHPULIOJUL JO UOHFRUSII ]

yIP

oLIO[ED Uo joedwl OU ‘SIDWNSU0d

-I9pun ur axyejur ajerpAyoqred

UT 9SEAIOUTL ‘SISUWNSUOI-ISA0

UT 9YBJUI J€J UT 9SLaIdIP ‘SISJLaIdA0

UT SS90X3 DLIO[ED UT 9SLaIddP dWOS

‘93 papmowy] d1pa3RIp Ur JuswdAoxduur
JUEDTUSIS )M PIJRIDOSSE 3sN 032 eI(]

‘dnoi8 Arxerp

[euonper; 140 dnoid uorjuaarajur

WISPOW UI S[9A3] 3S00N[3 poo[q
paonpar ur juswasoxdur yuedyudig

‘waysAs urded jo aoueydadoe ySny
pajrodar suonedIpauwr ATH UO SJUSneJ

-asn 1aded Surmp
%96 03 %9G WoIy 9501 dueIdwod UL

‘Aderay) noyym sAep jo raquunu
€103 pue sKLeprjoy 3nip,, Jo roqunu
paonpaz ‘eduaiaype pasoxdurr reded )xa],

91

91

(0] 8

0¢

9¢

¥

saurei3nu
jo Surpuejsiopun
aaoxdur :aurei3m

sauresSnu
jo Surpuejsiapun
aaoxduur :ourer3mn

dILD-J[3S S} RIP

paaoxdwr pue aZpapmouy
O1}9JIIP ISLAIDUI :SIJGRI(]

S[2A9[ 3s0oN[3 poorq
20npar :$a3qeI(]

souerdwod aseardur
1DOURIDYPE UOTJeITPIN

douerdwod asearour
:90UBIdYPe UOLRIIPIN

sAeprjoy Snip sonpar
:9dURIS PR UOLRIIPIN

(anauer3A)

SnouoIYdOULS ‘parofre],

wdyshs uonpeue[dxo aanORINU]
[ejuawLadxa-1seng)

(urea3i)

SNOUOIYOULS ‘patofre]

wd)sAs uoryeuedxs danoRIAIU]
reyuawrradxa-1sengd)

(03qeI)
SNOUOIYDUAS ‘patofre],

asn 039qeI(] OU "SA (UOTONIISUT
papre-rondwod) asn 03aqer 11D

SNOUOIYDULS ‘pajadie],

s)nsax Arerp piepuejs

"SA Y99M B 9DUO WAPOW LIA S}[NSI
1919W0ON[3 JO UoIssnusuer], (1Y

(aAepDIRD)

SNOUOIYDUAS ‘pajadie],
WI9)SAS I9PUILIDI dAT)ORIDIU]
reyuawrradxa-1seng)

(98edomap])
snouoIypuLse ‘pajadre]
asn 1aded Sunmp pue

(potrad [o1u0D) 910J9q 3SN UOT)LIIPIA
[ejuawLadxa-1seng)

(pIoMIdN Jopurway uondrosar :NYd)
snouoIypusse “pajodie]

[OTIU0D "SA WRISAS IopUTY

[eL1} PA[[OIIU0d [ejudwLIddXa-15eng)

1oV661 " 39 TuIIRIeD

099661 5'€661

“Te 30 ueueydng

gg U661 ‘WuInL

,T66L T8 12 ZANYS

sweysAg 1omdwo))

9000 e 30 2EqUNQ

599661718 12 WA

9866149661
“UBWLIOY 39 TOUIYDIR,]

:SUOTJEDTUNUIWIO)) IO

3100 S)Nsay

To1ARYDg [ATeH]

SPOYRIN

[sJoyny

1] A1AT[R(] Aq PazLI033)E)) “‘SUOTJUSAISIU] PaIO[Ie] pue pajadie] jo Arewrung

= G|qr],



Journal of the American Medical Informatics Association Volume 8 Number1 Jan / Feb 2001

— a8vd Suimojjof uo panuijuod —

. paseq-aseasip,,

9IOM SUOISSNISIP :dN04S 49IUVI JSvalg
*(S9SN JO IaqUINU PUE SUIL) U0

2IOWI Pasn IDIAISS UOISSNISIP :dnois ATH

*0) UL} UOLRULIOJUT ST} 9Sn
03 Ao 910U J ‘PIMIIA UOT}LULIOJUT
jo synojurid juas osfe sdnoid o pue J
‘d B0L ™D %LS
‘g %€Q :PUIOY Je 3SN UOTJRULIOFUT PIJULL]
“PaIWI] Sem UoTjeULIOJUT JYSnoy
o) pue J ' 10 J Uey} U0 eWLIOJul
£q pawI[ayMI2A0 [99§ 0} AJoI] aI0W g
“MU SUTYISUIOS PIUILS] PUE JULAI[I
SeM UOTJRULIOJUT SN0} “UOLLULIOJUT
M uorpoeysiyes oySny payrodar g

‘nyday suoras

Borerp punoy 98¢ ‘myday A12a

IO JEYMIWOS SUOTIULOP PUnoy %1/

/S}S9IDJUT 1131} O} PIIO[IL} UOL}LULIOJUT
[eorpawr Suraey ayI| s1asn sSurpuly LY

-1aded 03

wdysAs auruo xeya1d 9, /g ‘suonenyead

pajardwod s1asn Jo /g :dIreuuorisanb
SUIUO BIA PAINSEIUT UOHORSI)ES I9S()

‘asn 0y Asea pue nydpy
wd)SAS PuNoy Jjels [edIPau pue sjuseJ
"SI9puTWLI pazieuosiad sapnpour
{PI0031 [eDTPaW YINOIY} Pajds[[0d
UOTJEULIOJUT $3}9qEIP JO UOLILISUID)

*A319ud JO [9A9] parrodax

10 Suruonouny reorsAyd ‘uorssaidap 10y
sdno18 usamiaq sedURIAIP JULdYIUSIS ON

"SUOT}OID 9AT}EZU JO S[OAJ] PISLIIIP

pue axed yjpeay ur uoredonred arow

pazxodan ‘o531 aanoR 210w pue “4roddns

[BI20s JO asuas “Guruonouny sARTU30d
paaoxdwr payrodar s1osn GGHHD

01

14

519

08

¥0¢

9y Jo Ayrenb pue poowr
410ddns [eos aaoxdur
:310ddns pue uoneurioyuy

UO[JRULIOJUT IDURD JO
Surpuejsiopun aseasour
:310ddns pue uoneuriojuy

jusunjear) pue
SUOT}IPUOD [EIIPAW JO

Surpuejsiapun aseaour
:3upye) A103S1Y [EIIPIA

EERBIET
sajaqerp aaoxdwr :sa3pqer

9y11 Jo Ayrenb pue “poowr
110ddns [eros aaoxdur
:310ddns pue uonyeuLIOjU]

(SSHHD)
SNOUOIYDUAS “pajadie]

(I90ued 3s83Iq 10 ATH IoY3e 0}
Pa3e[aI 00q € SUIATEIAI papn[our)
98N SGHHO OU "SA 98N SSHHD *1.0d

SNOUOIYOULS “parofre ],
dnoid uoneuroyur (q)
19][00(] IDUED "SA (D) ,UOT}}[NSU0D
1ndwod,, era ndino uonewioyur
I9DUED [LI2USS “SA (J) UOLjeULIOfuT
I9DUED PIZITeUuosId g 1Y

(WIO] UOLIRATOY
pue uoneonpy uewie] yaT)
SNOUOIYIULS “parofre ]
aur[uo pajarduwod
sarreuuonsanb uonoeysies 19s)
suonjeue[dxa [edIpaw pue s[eLIyew
[EUOI}EdNPS PIZIWO)STD JO UOIJLIIUID)
reyuawnadxe-1sengd)

(1%L

K1oyeuerdxy apnry jo 10jeIaUID)
uaSiEIu] pazIfeuosing (1A 1OLd)
SNOUOIYDULS “PaIofre],
wRysAs uoreue[dxa dATORIIU]
[eyuswradxe-1seng)

(urais£g 3r0ddng Jusuredueyuyg
y3eaL] aarsuayardwo)) :SSHIID)
SNOUOIYDUAS “paIofIe],

9sN SSHHD OU 'SA 3N SSHHD 1D

56661 “T¢ 1 O[Oy

296661
159661 “T€ 39 souof

g 8661 "€ 32 A0

035661 “Te 32 pajsurg

956661
o V661 e 32 uosyeisno



REVERE, DUNBAR, Review of Computer-generated Interventions

70

*94,79 [OIIU0D

Aiande

aduep jo sadess [PpoN
SNOUOIDUAS “PIIO[TE],

/ ‘9,88 D11 :@3ueyd jo ade)s ur aseardu] e 9SLAIOUT :9SIDIIXD [LIISAY] [OI3U0d 'sA 1L :1DY Ly L661 T 39 stare(
A1091) [RIOTARYR,, ([PPOIN
SNOUOIYDUAS “paIofre],
(MAI) 9suodsar 20104 dATIORISIUT
, paaoxdur Apeais, wrex8oxd Aderoyy Sursn (5qa1S 1g) weidoxd Aderay
a19Mm suorssas auoyd arow IOTARYD( 0} DUDISYPE I01ARYaq pasdjsiunupe-randuo))
4 10 0M) Pa3a1dwod oYM SjuLTe ] 59 9SELAIOUI 1[I [RIUSIA [eyuswiadxa-1seng) pgL661 IS1PD pue 1oeg
"S[OTU0d pue s[ejudWILIddXd
U99M}9q SOUSIJIP JULdYIUSIS ON snouonPu4s ‘pajasie],
‘wexdoxd ja1p pue [eroraeyaq ySrom £poq ([01U0D) [ed ou
[OI91SATOD oM~ & pajarduod pue [9A3] [019)SIOYD "SA JYS1omM pue [0I9)SIOLD [e)0) 91
6 OUM 3SOY} WOy PajInIdal s30alqng GII 9SBIIDBP YI[LIY SAUSAIL] [1e2 auoyd sanoerdjur-ndwo)) 11 )y 059661 “1¢ 3 uewALy
‘sdnoid yjoq ur
paseadap amssaid poorq drjoiserp
pue o1[03sAS ueawr :aunssaid poojg
“[OTU0d %97 ‘1L yuduwraaoxduur K109y 2A131US0D [€1D0S [PPOA
9%9¢ :PUIPSE] JE JUIISPLUoU J| aimssaxd poojq 1omof pue (axe)) payur-auoydar L :DT1L)
“[OTYUOD UL % 71~%/ 11 “D1L Ul %81 ouerdwod uonedpaw SNOUOIYDUAS “parofre], Gy L661
01 —9/° /1 PRAOIAWI :20U2.421{py UOLBILPIN /9T aseadur :uorsuaad Ay ([OIIU0D) 3sn )], OU 'SA asn T :I1DW 5y 9661 ¥ 32 UPWIPALLY
[OTU0d % ¢ TF
“UOTJUSAIINUT % GG :SUOT)RZIUNUIT ‘snouonuise ‘pajadre],
awn-uQ "dno1d uonuLAISIUI UT SajeI 9Jel UOIjeZIunuIuiy [OI)UOD "SA SISPUIWL UOL}eZIUNUIWIT
6 UOTJRZIUNUIWI Ul JudwaAoxdwr %91 ] e 9SLAIDUL :J[LIY SATIUSAIL] pauoydapa) pajerouad-rendwo)) ;1Y oy 661 USID-IY3S
"S9J9qeIp noqe 98 paymouy
[erouRs pue Jusureeurw-§[os
I0J UOIBAT}OW “[OIJU0D 9s0on[
-poo[q jo SurpuejsIapun paseaIdur
passardxe dnoig rejuswrrodxa snouoIypuise ‘pajadre]
jo spany) om) Arewnrxorddy SYooMm 9
'sdnoig reyuswrradxo K199 Synsax Axerp prepuess ‘sa
NOOM-Z] PUB YOIM-9 UM} S[OA] s[eAd] asoon[3 Soom e aouo suoyds[e) era symnsax
9 asoon[3 poo[q ur duIIp yuedyrudig W PpOO[q padnpai :$339qeI(] I9}9w0oN|8 JO uoIsSIwsueI] 11 )Y 1 T661 183 Suryy
:suonedrunuwo)) auoydafa ], pajewomy
9100g synsay N IOTARYDg YI[ed SPOUIRN [SJroyny

(panu13u09) 30143 ARAIPR( Aq PazrI08aje)) ‘SUOJUSAISIU] PaIO[Ie] pue pajadie] Jo Areurung

= GIQV],



n

Journal of the American Medical Informatics Association Volume 8 Number1 Jan / Feb 2001

— a8vd Suimopjof uo panujuod —

‘sdnoig
I930 uey sajer duaunsqe paduoroxd
12yS1y pajensuowsp pue jurod n/y
8 Yora JB SUOHIPUOD IS0 pauriojadino 111

‘sansst Juswadeuew sayaqerp xa[dwod

JO SJISIA DIUI[D UI 9SESIDSP P[OJ-OM],

‘dnoi8 DT ur erwadA[3odAY 10 sasLd
P1R[21-S932qRIP JO ISLAIIIP P[OJ-991Y ],
g NDE pasn syuanyed oI Jo 9,86

DLI07
ueyy) sajer uonezunuwI oySny

8 Apueoyrudis 03 pa[ DL+ Pue T+OL

“[OTu0d
UT Y99M /UTW ()f "SA oM /UTu
11 0} SuDj[em Pasesndur YL \LOV
“[O1U0d U d3UBYD OU "SA [0I9)SIA[OYD
[€30) ueaW PadNPar DL :PIVILIQ
“[o13u0d ur SE ww §°() *sA S ww 7°g
uonpnpar arnssaxd pooq dIjojserp
1L ‘[OTUO0D %[ "SA SIdSN )L Ul
01 juswaAoxdwl SdUBIDYPE UBW %8 YA

‘sadessawu axed aanuaAald
03 Ud)SI[ 0} SUI[[IM dI9M %1/
‘sura[qoxd yjreay snowas A[renuajod
AJmuapt pnod waisAs NAY ‘sorronb
WAV 03 Surpuodsax pue Surpuess
z -1opun Aymoyjip ou pajyrodar 9,86

94L

01

8%9

£9¢

9

000eq0}
Supjows woiy duULUISqe
:uopessad Junjowrg

SYISIA W00 AduaSIourd
pue sast drwadA3od Ay
IO S9)AqRIP JOMO] :S933qRI(]

9jel UOHeZIUNUIWI
9SEaIDUT :[JBaY dANULAI]

Ananoe
9SELAIDUI :9SIDIIXD [BIISAYJ
arnssaxd
poo[q Iomo[ pue
SDURIAYPE UOT}edIpaut
aseanur :uorsuaired ALy

aIed-J[3s
onaqerp aaoxdwir :sa3eqeI(]

a3ueyd Jo sade)s :PpoN
snouonpuAse ‘parofre],
(LLId) ¥odax snid renuew
a3eys snd s[reo 10[PsUN0d
INoj SA (IL]) [eNUEW PIZI[eNnpPIAIPUL
snid yrodoax soinduwod aandeISIUT "SA
(LLL) 93e1s 03 paydjew [enuew ‘sa
(+V1V) renuew dppy-jes paziprepuelg
a8ueyd
30 93e3s er1A JUaWUSISSE PAZIOPUERY

(198eueA aseD) dTUONI[H ADH)
snouoIyou4s ‘pajedie],

asn JADH Ou ‘SA

w)sAs auoyd 9A1}ORISIUI-DTIOA BIA

swojdwids oruraoA[Sod Ay 10 sppasy
as0on[3 painseauwr-jas jo y10dax Afreq
[eL1) PI[[OLU0D)

JOIRq YAeaY [[PPON

snouoxypuise ‘payadre]
(QL+7) D1 4Aq pamor[oy 7 'sa
(T+D1) T 4q PaMmO[[0F DL '$A (T)
Aquo 191197 'sa (D) [1e0 duoydapay

parewrony :[eL pazruopuey

a8ueyp jo
saeys “A1091) 9ATTUS0D [BID0S [S[PPOIN
SNOUOIDUAS “patofre],
(Jo1uod) asn YL, Ou "SA asn 1L
(LDV) 9SDIaXd
“(prv191(1) uonedyIpow A1earp (V)
DURIAYPE UOT)edIpaut UoIsuaradAy
:$a1pMIs 1, 9913 JO Hoday 11

snouoIyouAs ‘pajedie],

S[[ed Ou ‘sA
S[[ed (JNAV) 8essaur 9010 pajewioiny
Apmys Liqrseay

1661 “Te 1 BYseyd0I]

ISUOTEITUNUWIWO)) JULL]

28661 "1 rurySous

gp 8661 "€ 39 NI

48661 ‘UWIPOLL]

¢gL661 “UBIN PUe 9391



REVERE, DUNBAR, Review of Computer-generated Interventions

72

‘s1oxows IS 03 SjeISPOW 10§
A[UO S1939] PAIO[Ie] JO S309JJ JULIYIUSIS
01 ymb 03 Ax1[ 210w s1x0WS 1PFUNO X

“JULju0d ur 3sa1ajur jrodax
03 AJOI] SS9 USWOM Pa3eINPI-ISYSIL]
SI9NI[ prepue)s uey) pear A[y3noroy)
2IOW pUB PAIdqUISWDI 19}}3q
9I9M SI9JI[ PIZI[ENPIAIPUI ‘[[EIDAQ
“URTIRWY-UedLY I 10 000°97$>
awoout J1 dn-mofo§ wrerdowrurewr
Y3m pajenosse Ay3ny arowr
01 a1om syuardioar 10)3a] pazifenpIATpuy

*S[OIU0D
ueyy sanbruyoajuononpal aunodIu
asn pue ajep 3mb e 395 03 AXI]
a10w 919Mm ‘sanbruyoay Summb pasn
0 pue D9 3oq jo uonrodoxd 1oySry
") JO %71 "SA UOJUSAIDIUL J9)E SYJUOW
21 Supyouwus jou pajrodar D)o Jo %07
‘uoryerndod jmpe 1ap[o 03
8 PpaI0[Ie)} 9PINS) SUOZLIOL] e[ pasn Do)

‘Anjus Apnys uo spqerauna
3sowr padpnf syuaryed 10§ suorssiuape
6 e3dsoy ur uononpar Yim pajernosse [q

“[OIYU0D y3im paredurod
SaMBJUI Jej PajeInjes pue jej [ejo}
paonpax Apueoyrudrs dnoid parofre]
“UOTJEULIOJUT SUTATIIAT JOQUIDUIDI
0} dnoi3 paiofre;-uou se A1
01 se 901m) ueyy arow sem dnoid paiofre],

'sdnoi8 presysod
pUe 1939 Ud9MJDq SDUSIJJIP ON
(Aanpadsal ‘9,6 /9 pue ‘% /¢
“04(0°G/) S9YeI [0IJU0D uey) JySIy
0L ApueoyruSrs sajer paedjsod pue 10139

61 0d0eqo) Sunjours
3 woly adusunsqe
15 :uonessad Sunjowg
el
urerSoururewr asea Ul
sep “UHEIY SATUDAL]
000870}
Sunjowrs woyy dULULSqE
106 :uopessad Junyowrg
suorssTuupe
108 rendsoy aseardap reunyisy
866 IBIUT JBJ JI9MO[ [UOHLINN

djeI UOTJeZIUNUIWI
866 JSLAIDUT (I[N DAUIAII]

a8ued Jo sa8ess ‘Joreq YIesY SPPON
snouosyu4se ‘parofre],

[OTU0D "SA
19339] DLIBURS "SA JOJI] PAIO[IEL, 11 DY

a8ueyd Jo sade)s ;PpoN
SNOUOIYOUASE “paIore],

I9139]

PIepUE)S "SA SI9})9] UOT)EPUSUIIOdDI
wrerdouruuew pazZIenpIAIpuy (LY

SNOUOIPUASE ‘PaIo[Te],

(OD) 101u0>

‘SA (D) apmS prepue)s ‘sa (DO)
S[[> I0[aSUNOD pue PG paiofre],
[eL1} PAY[OIIU0D)

SNOUOIYOUASE “paIore],
(JOI3u0d) UoIIEdINPI [RIO plepue)s
‘SA (Ig) 1I9P[00q UOTedNPd eUIYISE
paiorre; pajeraudd-rondwo)) (1Y

a8ueyd
3o soe)s ‘[opowt JO13q YI[edY S[PPOA
snouoxpu4se ‘parofre],

[013u0D s 3a3ped palo[Ie}-Uuou ‘SA
1ooed UORWLIONUT UOKLIINU PaIO[Ie],
*Apr3s 13U NN 1N

[opow Ja1[aq Yiresy [PPON
snouoIyousse “pajadie]

[onuod ‘sa predjsod ‘sa
191391 yudunurodde pp-[eM 1Y

cr 7661 “Te 12 IoYdang

52 7661 “T¢ 12 1ouuDS

mwﬁamﬁ \mﬁmmﬁho pue Jowry

g3 7661 ¢ 30 uewsO

1 P661 “T€ 39 [Pqdwed

477661 1€ 32 [Pqdwre)

9100g S)NSAY

N I01ARYDg [ITeIH

SPOUIRIN

[s]roymy

(panu13u09) 301A3(] AIRAIPR(] Aq PazLI08aje)) ‘SUOIJUSAISU] PaIO[Ie] pue pajedie] Jo Areuwrwng

= GIqr],



73

Journal of the American Medical Informatics Association Volume 8 Number1 Jan / Feb 2001

— a8vd Suimogjof uo panuijuoo —

0L

0L

0L

‘symb

moy-¢ paduwajje SUOLUdAIdIUI S + O
pue ‘gg ‘O Ul s1osjows axow Ajjuedyrudig

"UOTJUDAIIUIT

HS wouy 3sow pajyauaq b oy

Suruuerd asoy) ‘UoniULAISIUL S + O WOLY
Jsowr pajyyauRq d8ued SurIepIsuod spalqng

‘uonuaAI UL predjsod
ISUJIO UBY) DATIOJJO SIOW J9339] pajadie]
'sdnoig
paesjsod pauIquuIod % 6¢ SA SISPUILIDI
parequaurax dnoid 1039 pajediey jo % %9

"SYIUOW 9 XU Y} Ul 3593 deJ

© 9ARY 0} A 9I0W,, JI9M S}[NS3I
POAISDRI OUM PIO SIBIA ()/ 03 0G UDWOAA
'sdno18 usamjiaq SOUDISYJIP [LONSHE)S ON

"9SIDIDXD

pUe “UoLoNpal ey ‘3593 [019)SA[OYD 10§

s30ay39 Juedyruis A[[eonsne)s Apresu
10 Areonsnyess 0 pa] VH pasueyug
‘Aereredas pazAreue 1oraeyaq yoeq

"9 BJUI JBy 20N PaI 0} SurzeArow
pue jueas[a1 Ajjeuosiod se usss
‘peal aq 0} A[PYI[ I0W YDeqpPIdy [LIO0S
-oypAsd pue Arejarp pazieuosisg 96661
-a3ueyd a[qejedon
O "9SBIDUI IBIUT JINIJ UBSJA] "DI0DS
JeJ ULSW UI UOT)ONPAI JULdYIUSIS 16661
'sdnoid 71 pue [ usomiaq SOUDIJJIP
JuedyIuSIs ON QD) UBY) SI100S 3[qe}
-93aa ueaw 1oy31y 1 pue [1, ‘O ueyy
S9I00S JeJ ULdW J9MO] T, PU® IL 9661
“ayejur a[qeIadaa pue
JIILIY UO 309J3 JuUedYIUSIS ON “Oejul
ymuy pue 9[qe3adaa noqe suorurdo
pue ayejur jey uo sadessawr parofre}
JO 109539 ULIS}-}I0YS JUedYIUSIG (9661

[4°74

(57 74

11y

L1€T

qale

V6661

9L
‘8661
VA%

‘46661

‘9661

000eq03 Sunjows
woly adudunsqe
‘uoryessad Junjourg

ajer
UOTJRZIUNUIWIT BZUSNJUT
SSLAIDUIL :YJ[L3Y SAUIAILJ

ayer 3s9) deg
9SEBAIDUI ([} BOY SATIUSAI]

Aj1amoe aseardur pue
[0191S9[OYD pue LU JeJ
9SLAIDIP :I[EIY JANUIAIIL]

EN 1N EE] ((lHEYETN
pue Iy aseadur
‘9YEJUL JBJ JIOMO] UOTLIN]

a8ued jo sageys [9poN
SNOuOIYOUASE “patofre],

(OD) uoneurIOyur

ou I0 ‘G + O ‘(4S) uorjeurioyur

Sunueyue-4Aoedyye-jes {(O) Summb
JO SOUIODINO UO UOTeWLIONU] T DY

snouoIyduise “pajadie],
[onuod ‘sA predxsod
ouuag 'sa uenIsAyd woiy predsod
pazireuosiad ‘sa uensAyd woiy 193391
IOPUIWRI Pa3adIe) pazifeuosid g (LY

snouoIyduise “pajadre],
[OIIUO0D "SA SOeqPady JNSI STy 1Y

a3uep Jo sadess ‘Jar[aq Yiredy S[PPOA
SNOUOIDUASE ‘PaIo[re],

[OIU0D “SA WY H pIepuels 'sa (VIH)

JUSWISSASSE NSLI [3[eay paosueyuy 1Y

Ioraeyaq pauuerd jo
10913 “A10013 9ATTUS0D [BIDOS S[APOIN
SNOUOIDUASE ‘paIO[re],
19)139] UOTJEWLIOJUT
[emosoydAsd pue speqpasy
PaIO[Te] *SA XDeqPad) PaIOIe], 6661
(OD) 1919 [eroudS 'sA
('11) Tond[ paIo[rey 'sa (I1) Peqpasy
9ATJRID) pUR 19139 PIIO[IR], (8661
UOTJEULIOJUT UOTLIINU
[e1oU93 "SA PIIOICL, 46661 PUY 9661
PpaI0[Ie}-uUoU ‘SA paIofre] (LY

65 3061
“Te 30 ensiq

8661 “T€ 3 1vpeg

4o L661 “Te 3 [Pqdwed

gg 9661
‘I9Da1IG pue Iajnary

ged6661 586661 cc'8661
29661 ‘Te 30 Snig



REVERE, DUNBAR, Review of Computer-generated Interventions

Apueoyrudrs uondwnsuod uesw
dXH pue JIdS "dxd woy Apuesyrudis
TOJJIP JOU PIP VIS 2Yiu] 2|qujasaafjinid
TONU0D % ee

‘dXH %1€ IS %Sy Apqipaio ySiH
TOIU0D %9°8% ‘IXH %9°€S

IS %S"€9 :Ssautyjiomisiiy ySi
TO1U0d %7°8E “IXH %9FH9

ayejur a[qe3adaa pue
JINLIJ 9SLIIOUT “D¥ejul

adueyp jo sadess PPON
SNOUOIYDUASE “paIo[re],
pIepuess sa (J1dS)
pajuario-1ojsed pue remyuids ‘sa
(dIXH) yradxa 'SUOTjeJUSLIO-ULR[[NGg
UOTUSAIS)UT

ot IS %6°TL u42]1nq Suiatasad (poay 657 1} 19MO[ :UOHLINN Jupuodwod-pnu ‘PA-HINA 1LY 446661 “Te 19 [Pqdue)
a8ueyp jo sadess PPON
snouonu4se ‘paiofre],
[ouod ‘sa jopydured
Ayanpe prepuess ‘sa jopydured paroprel
01 'sdnoid usemiaq saduIRHIP JuedYIUIIS ON €9/, 9SBAIDUI :9SIDIIXD [BIISAYJ [BLL} P[[OIIUO0D [edTUID) 96661 “[¢ 32 1Ing
-8k jo sxeak g snouoIyouLse “paiofre],
I9PUN USWOM UI 309JJ0 UOTJUSAISIUI ON] I9)39] MSI j[eay
“UOT)UDAISJUT Gurusans wrerSowrurewr pazieuosiad pue jap00q [eUO EINPH
o1 1ay3e AyderSowrurewr ur aseaour %8 106 9SBAIDUI :[}[LIY SAIJUDAILJ uSsop dnoi8-g paznuopuey /76661 e 32 Tueseq
‘uondope Ljranoe eorsAyd Jo119q Yareay “@3ueyp jo sade)s [SPPON
10§ SSOUIPEAI [EUOIBATIOW JO o3e)s snouoIyouise ‘pajadie]
uonoe Yoear 0} A[PXI[ 10w ‘SUISIDISXd (LS) s1epiooq doy-jos
awry payrodai-j[as pue spom yoed Ayanoe piepuess ‘A (L]) sytodar parofrey
oL Ayanpoe reorsAyd ur aseamour juedyrudis I P61 9SLAIDUI :3SIDIAXD [BIISAYJ -A[reuoneAnow [enpIAIpuy (1Y g8661 “Te 39 SNOIey
a8uey jo sadeys ;PPoN
‘syoalqns snouoxduise ‘pajadre],
payIssepun 9,03 ‘spoalqns adeis syjuow
uonjeredad 93¢ 98e)s uoryerdurejuod 81 pue ‘gI ‘9 ‘0 Je sjuswssasse
10 uoneidwajuodaid ur spalgns jo a8ueyp-jo-a8e)s pue ayeIuI Je]
9%21~%6 Ul pUnoj sem syjuowr g| “[OIJUOD "SA S[ELISJEW [EUOI}LdINPd
oL Aq a8e3s uorpe 03 uorssardoid jo ayey 96¢ IYBIUI JJ IOMO] [UOHLINN pue yx0dax yoeqpasy Arejarp 1 11N 9g 8661 TSSO pue SULID
‘0D 10 a8ued jo safess [PpoN
‘1 ‘S ueyy Sumymb axow 03 pesy jou snouonPuAse ‘parofre],
prp sodessawr paIo[re) ‘s1axouwrs AAesy uf (OD) UoHULAI)UT
‘0D Pue [ UdaMIdq IDUSIJIP ON paIo[re}-uou “sa (1) A[Uo 1013]
"0OD ueyy Jo1aeyaq Sumpmb arowr 03 pay 5L, paIoqre) [ “sa (L) opmS djoy-jos
‘1 10 G, uey) 000eq0) Sunjows pue 1939 paIofrey | ‘sA (1g) ATuo
joedwr 1aySry ‘0D ueyy b 03 uouayur woly ddusdunsqe SI9}39] PAIO[IL} ¢ SA (SLE) oapm3
o1 1oy 31y ‘uonisuer) a8e)s 10w ;I ¢ pue GI¢ 28/ ‘uonessad Jupjowg doy-jies pue s1op9[ patofie; ¢ 11 Y 08661 183 ensyliq
2100G Ssynsay N IOTARYD(g YI[ed] SPOUIRIN [slTopny

T4

(panu1juo3) 3313 AIBAIPR( Aq Pazri0393e)) ‘SUOIUDAIIU] PIIO[IE], PUe pajadie] Jo Arewng

= GI|qr],



75

Journal of the American Medical Informatics Association Volume 8 Number1 Jan / Feb 2001

‘[eLI} TEDTUI[D PI[OJU0D PIZIWOPURI S91edIpul 1Y SHION

8 %97—%TT :S9YI UOTILSSI))

‘uswom parrrewr Juoure Ayderd
-OWIUIEW JOJ ATIIJID JSOW DI I+DJIL
., WY} JOJ JULdUI,, SB SUOTJUSAIIIUT
pamala oym asoyj pue Aed 10y payIom
oym uowom Juowre deJ U0 9139530
IsoW DI+ :sSutputf dnosdqns
"SUIURaIDS JOOUED [[RISAO pUE S)S9)
de 105 aseandur 905—%S€ DLL+DdL
8 d wey )29 wiograd j0u prp DLI+DdL

8 'sdnoI3 UsaMIdq SDUBISJJIP [€3I ON

"dUdIAPE
parpaxd swoydwiLs jo adussqe ayy
ur wrexe uonodjep Afes ue Suraey
ur Jor[ag dIape 0} A[XI[ 2IOW U
PALLIEA "90URISYPE [}IM PIJeIDOSSse
01 Aeantsod 1apjo 10 s1eak (g jo a8y

'sdnox8 rena[smau parorre; Suoure
saduRIYJIp JuedyIudIs A[[eonsne)s oN

‘LN uay3 ‘1, sem

JXaU ‘D) UT }S91eI3 9IoM UOTJUSAIIUT
-3s0d 03 aur[eseq woiy sadULIAYYI]

sdnoig 1opa[smau ¢ [re 105 1oy31y
01 sem axeul a[qeadaa pue jmuy Areq

‘0D Uey) 109539 dI0W pey IS
01 IS 10 DHS ey 3050 210w pey LN

“dIXH %Sy
“A1dS %8S ‘siopyduivd Jo povduiy ySipy
‘[onu0d ueyy ry3ny

a7 000eqo}
0 Supjows woly adUdUTISqE
96/, :uoryessad Junjowg

sajer Surusaids
werdowwrew pue deJ
81¢'T 9SELAIDUI )] SAUSAIL]

L1 I¥BIUT J€J JOMO] :UOTILINN

9yer Suruoaids
120ued Jjeysoxd aseanur
Iy eI SAIJUDAILJ

[ox3u0d y3m paredurod
o¥eIUI 3[qrIa8aA pue
012 JILIY SLAIDUT {UOTLIINN]

000eqo3 Sunjouwrs
w0y dusUnSqe
P8 :uopessad Junjowg

a8ueyd Jo sade)s ;opoN
SNOUOIYOUASE “paIore],

y10dar paiofre}

(UOT)UDAIS)UT WA)SAS J1adXa a8uey)
0} sAemje ) parerauad-ronduwo))
SaTpM3S § Jo 3roday

a3ueyd Jo sade)s :PpoN

SNouOIYdUASE ‘paIo[Ie],
(OLL+DdL)
Surpasunod suoyd parofre; pue s[eLLjew
jurrd parogre; pue Sunduoxd
1opraoxd 'sa (DJL) sreroyew jurid
pazorre; pue Sundwoid rapraoxd

'sA (1) duore Sundwoid praorg

[eL1} pazruopuey

Io1aeyaq pauueld jo L1091} :[PPOA
snouonpuAse ‘parofre],

SOBQPIDJ OU 'SA NOeqpPad) PaIO[re],
"Ten [edrurD

K109 2A1TUS0D TEI0S

pue ‘uorde pauosear Jo A109Y3

‘[Ppou Jor2q y3[esy Jo uoneurq
-wod e “yireay aanuasaid Ppon
SNOUOIYdUASE “paIo[re]

(IH) UOTJUSAISIUI PRDUBYUD
"SA ([JN) UOTJUSAISJUI [RUIIUIIA] LN

a8ued jo sadeys
“A109\} 9AT)TUSOD [EID0S S[OPOIN
SNOUOIYDUASE “paIo[Ie],

(OD) 1o1u0d

*SA (I,N) 19119[SMAU PaIO[Te}

-uou 'sA (1) yusuodurod Sumyes-reold

JNOYIIM J9)JO[SMIU PIIOTIE) "SA (D)

juauoduwod 3uryas-[eod paiofrey
LM I9JI3[SMAU PAIO[IE], 11 DY

a8ueyd Jo sade)s :PpoN
snouonpuAse ‘parofre],
(OD) Tomuod "sa (DHS) 2pmS dy
-J[3S pIepue)s ‘sa SI9NI[ (LS) PaIo[re)
a13urs 'sa (LIN) paIofrey aidnminl ;LM

066661
“eseydoJ pue IdIPA

gz 6661 “T€ 39 WDy

496661 "€ 32 S1eey

(£ 6661 ¢ 19 AN

46661 e @ 7N

0y 6661 1€ 30 ensiiia



76 REVERE, DUNBAR, Review of Computer-generated Interventions

Text continued from p. 67.

and use of similar messages for both control and
intervention protocols.®

Use of Models

Only 23 studies (62.2 percent) stated use of a theory
to guide the health behavior intervention: 19 were
print communications, 4 were telephone.

Comment on Emerging Technologies

Clinicians” use of pagers, personal digital assistants,
PalmPilots, and laptop computers as portable infor-
mation resource devices is a subject of numerous
studies.”” Just as clinicians have found that these
devices provide a greater sense of control, mastery,
and personal empowerment in the work setting, per-
haps patients may also find such devices advanta-
geous when managing their treatment regimens in
the outpatient setting. Portability of “always ready”
devices in combination with the messaging interven-
tions can create a synergistic feedback loop between
patient and device as evidenced by Milch’s finding®
that “several of the patients allowed that the pager
became a trusted friend” and Dunbar’s report® of
high patient engagement with a pager system.

Mobile systems may have clear advantages over com-
puter, telephone, or print communication systems for
delivery of tailored health behavior interventions,
because they offer the benefits of constancy—"any-
time, anywhere” messaging and communication capa-
bility'4; physical freedom—because the system is wire-
less and mobile, the patient is not restricted to one
physical environment to receive messages'*; privacy—
messages can be modified so that others cannot
observe or interact with them'; and temporal flexibil-
ity—users can interact with the content when avail-
able or postpone interaction if desired.?*

Yet a portable system is not without limitations and
disadvantages. Potential problems include accept-
ance—studies reporting general acceptance of com-
puterized and mobile delivery systems have had
small numbers of subjects, so we do not know
whether a selection bias or novelty variable is
involved in this outcome; intrusiveness—the “any-
time, anywhere” feature may be too intrusive for
long-term use; and economic consequences—we do
not know how a portable system may economically

* References 25-26, 44, 46, 49, 51-53, 55, 56, 63, 67,and 89.

affect a patient, a practitioner, or the health care sys-
tem. Only 13 studies in this review” considered cost
as a factor of a system’s feasibility or success.

Conclusion

Our review indicates that many studies demonstrate
the effectiveness of “clinical encounters in absentia,”
but few good studies incorporate leading edge com-
munication technologies. The studies reviewed here
represent the best available evidence to date of the
effectiveness of targeted and tailored health behavior
interventions across health behaviors.

An overwhelming majority (91.3 percent) of tailored
intervention studies reported improved outcomes, as
did 92.9 percent of those studies that used targeting;
however, little research compared tailored to target-
ed interventions. We therefore cannot conclude that
tailoring is more effective than targeting. One notable
exception is Prochaska et al.*! Using the stages of
change model to characterize readiness to quit smok-
ing, they compared two tailored interventions to a
targeted condition and general smoking cessation
materials. At the 18-month follow-up period, tailored
interventions outperformed both targeted and gener-
ic conditions and were associated with higher pro-
longed abstinence rates than other conditions. This
study offers evidence that tailored interventions can
more positively influence health behavior change
than targeted, personalized, or generic interventions,
but more studies like this need to be conducted.

There has also been little research comparing differ-
ent tailoring protocols to one another. One group of
smoking cessation studies compared three types of
tailored interventions matched to stage of change to
controls,*#2 four types of tailored interventions to a
nontailored intervention,®® and two types of tailored
interventions to generic material and controls.*® Two
patterns emerged: there was more forward stage
transition in the tailored groups compared with con-
trols, and multiple interventions were more effective
than single tailored interventions. Studies of this
kind must be conducted for health behaviors other
than smoking.

It is notable that only those studies using print and
telephone devices reported a theoretical basis for their
methodology. Future studies need to identify which
models are best suited to which health behaviors and
whether certain delivery devices are more appropri-
ate for different health behaviors. While “it is not
inconceivable to view computer technology for health
promotion and the delivery of services as a form of
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medical intervention with patient satisfaction, com-
pliance, and improved health status as the goals,”> we
need to know to what extent such interventions can
beneficially replace interpersonal health behavior rec-
ommendations. In addition, usability studies could
elucidate the complex process of human interaction
with technology—the interplay between interface
design and human cognition. The current research
shows that isolated paper, telephone, and computer-
delivered communications can cause health-enhanc-
ing behavior change. The communication of these
behavior change models over an integrated Internet
linked array of delivery devices, pagers, cell phones,
interactive television, and computers with portable
devices is technically feasible today.

Friedman et al.*® have stated that “in the future there
will be devices in general use that will incorporate
features of the current telephone, television, video,
and computer as well as wireless devices that people
will be able to carry with them.” That future is cur-
rently possible through the use of tetherless devices
such as pagers and personal digital assistants, but
research on these devices currently lags far behind
research on print, telephone, and computerized com-
munications.

In 1997, Balas et al.”® predicted that, “in the future,
application of distance technology may strengthen
the continuity of care between patient and clinician
by improving access and supporting the coordina-
tion of health care activities from a single source.”*
Technology has finally reached the point that health
behavior models can be integrated with computer-
generated interventions to provide consistent, con-
tinuous interactive ambulatory care. What is missing
is comprehensive measurement of the effectiveness
of these systems, which has the potential to not only
inform the organization and delivery of health care
but help move the science of medical informatics
toward the goal of achieving the status of a “mature
science.”

The authors thank Sherrilynne S. Fuller, PhD, and Rona L. Levy,
PhD, for helpful comments in the preparation of the manuscript.
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