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Abstract

Background: Theintegration of body-worn sensorswith mobile devices presents atremendous opportunity toimprove just-in-time
behavioral interventions by enhancing bidirectional communication between investigators and their participants. This approach
can be used to deliver supportive feedback at critical moments to optimize the attainment of health behavior goals.

Objective: The goals of this systematic review were to summarize data on the content characteristics of feedback messaging
used in diet and physical activity (PA) interventions and to develop a practical framework for designing just-in-time feedback
for behaviora interventions.

Methods: Interventions that included just-in-time feedback on PA, sedentary behavior, or dietary intake were eligible for
inclusion. Feedback content and efficacy data were synthesized descriptively.

Results: The review included 31 studies (15/31, 48%, targeting PA or sedentary behavior only; 13/31, 42%, targeting diet and
PA; and 3/31, 10%, targeting diet only). All studies used just-in-time feedback, 30 (97%, 30/31) used personalized feedback, and
24 (78%, 24/31) used goal-oriented feedback, but only 5 (16%, 5/31) used actionable feedback. Of the 9 studies that tested the
efficacy of providing feedback to promote behavior change, 4 reported significant improvementsin health behavior. In 3 of these
4 studies, feedback was continuously available, goal-oriented, or actionable.

Conclusions: Feedback that was continuously available, personalized, and actionable relative to a known behavioral objective
was prominent in intervention studies with significant behavior change outcomes. Future research should determine whether all
or some of these characteristics are needed to optimize the effect of feedback in just-in-time interventions.
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Introduction

Recent advancements in technology, particularly the advent of
activity monitors and other wearable body sensors, have the
potential to influence innovations in diet and physical activity
(PA) assessment and interventions. According to 2013 Pew
statistics[1], 7 in 10 US adultsreport tracking at least one health
indicator (eg, weight, diet, exercise, blood pressure, blood sugar,
or sleep patterns), and of people who track a health indicator,
46% report that such tracking has changed their approach to
health maintenance, 40% say it has led them to engage with
health care providers, and 34% say it has affected adecision on
how to treat an illness or condition. However, only 21% of
people who track a health indicator say that they used some
form of technology to assist their tracking efforts. These data
highlight that health-tracking technology is surprisingly
underutilized as aresource to motivate health behavior change.
However, studies testing the efficacy of health-tracking
technology to motivate behavior change alone or as part of a
theory-based behavioral intervention have shown that such
technol ogy-based approaches produce null to modest short-term
improvementsin health behaviors or weight loss compared with
traditional approaches (eg, in-person coaching and telephone
coaching) [2-4]. One potential reason for these lackluster
findingsisthat our current behavioral theories have not yet been
adapted to leverage the advantages of health-tracking
technologies.

Wearable sensors, particularly Internet-connected sensors, can
dramatically enrich the temporality and frequency of health
behavior data collection by facilitating self-monitoring and
reducing self-report biases. Another important but lessrealized
advantage of wearable sensor technology is its bidirectional
communication capability. The latest health trackers are
equipped with interactive software apps housing algorithms that
allow data to be processed in real time to deliver actionable
feedback at critical momentsin aperson’sdaily lifeto facilitate
the attainment of predetermined health behavior goals. These
features are likely to enhance bidirectional communication
between investigators and their study participants or between
patients and their health care providers, thereby improving the
users engagement with the technology and subsequently
facilitating intervention adherence and improving health
outcomes. Technology-enhanced interventions are likely the
future of behavior change research; however, the use of
fast-advancing technologies that enable just-in-time
interventions is outpacing the adaptation of theory-based
intervention design [5].

Performance feedback is a key, theory-based behavior change
strategy [5] that has not been optimally adapted for
technology-enhanced interventions. Performance feedback is
historically defined as actions taken by (an) external agent(s)
to provide information regarding some aspect(s) of one's
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task-specific performance [ 6]. Several behavior changetheories,
including control theory [7,8], goal-setting theory [9], and social
cognitive theory (SCT) [10], deem feedback to be an important
component of successful behavior change. Although the
rationale for using feedback varies across these theories, each
characterizes feedback as a self-regulation strategy that reveals
to people their progress in relation to their goal(s) [7-10]. In
addition, the feedback intervention theory (FIT) posits that
feedback, asacomponent of behavioral interventions, motivates
behavior change by focusing one's attention on the behavioral
task itself [6], which introduces theimportance of timing in the
delivery of feedback messages. Collectively, these theories
indicate that feedback should be personalized and goal -oriented
and presented when attention could be refocused to improve
the likelihood of goal attainment. These characteristics are
consistent with the strategy of using feedback in just-in-time
behavior change interventions [5,11,12]. Just-in-time
interventions are those which are delivered when there is an
opportunity for positive change. Performance feedback
represents a type of support that can be delivered at important
decision pointsrel ative to a specific behavior and the attainment
of related behavioral goals. However, the use of feedback and
its content varies widely within behavioral domains, such as
learning, professional care practice, and employee performance
[13]. Furthermore, there is limited systematic analysis of the
characteristics and use of feedback in heath behavior
interventions. The paucity of literature in the area of health
behavior change might be limiting our ability to optimize
feedback content to obtain the greatest intervention effect.

Severa studies have reviewed the efficacy of digital health
technology to promote weight control, PA, and healthy diets.
These reviews generally support the use of technology for
self-monitoring and intervention delivery, but they also
acknowledge that the content and design of futureinterventions
will need more rigorous evaluation to optimize their effects
[12,14-16]. In ahistorical perspective and meta-analysis, Kluger
and Denisi [6] found that feedback interventions significantly
improved performance. The authors concluded that feedback
that is more likely to have a positive effect on behavior change
is specific to a familiar task (ie, personalized) and attracts
attention to discrepancies between current performance and a
desired goal or target at the task level (ie, goal-oriented). They
further suggested that feedback should contain cuesthat support
one’s performance of the task (ie, should be action-oriented).
In a more recent systematic review and meta-anaysis,
Sherrington and colleagues [17] showed that participants
enrolled in weight lossinterventionsthat provided personalized
feedback lost on average 2.13 kg (P<.001) more weight than
those in control groups who received no feedback. Although
their review provided evidence that feedback was an effective
behavior change strategy in weight lossinterventions, it lacked
an in-depth characterization of effective feedback components
to be applied in future studies. Collectively, these reviews
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support the use of feedback to motivate health behavior change,
particularly in the context of diet and PA, and point to key
characteristics of potentially effective feedback. To date,
however, there has been no framework developed for designing
feedback to be wused technology-enhanced behaviora
interventions.

The primary goal of thisreview wasto (1) Provide areview of
diet and physical activity (PA) interventionsthat usejust-in-time
feedback as a behavior change technique (BCT); (2)
Characterize key aspects of the reviewed studies feedback
content characteristics, prompting style, and delivery methods;
and (3) describe how the implementation of these key aspects
differed by studies that found significant effects of using
feedback to motivate behavior change (intervention efficacy).
Our secondary goal was to develop a practical framework for
designing feedback that could be incorporated into
technology-enhanced just-in-time interventions. We focused
on feedback characteristics inferred from the theoretical and
historical foundations of the use of performance feedback as a
health behavior change strategy: timeliness, personalization,
action orientation, and goal orientation.

Methods

Literature Search

Two authors (SMS and YL) with the assistance of a medical
librarian (RSH) devised systematic strategiesto search the Ovid
MEDLINE, Ovid EMBASE, PubMed, Cochrane Library,
Scopus, and Psychinfo databases for al relevant literature
published through December 2016. Searches were limited
articles written in the English language and conducted in
humans. Database search strategies included the use of
controlled vocabulary (eg, Medica Subject Headings and
Emtree) and keywords to identify studies addressing PA or diet
in conjunction with feedback. Keywords included physical
activity, exercise, diet, eating, intervention, and feedback.
Additionally, the bibliographies of topically relevant review
papers and al included studies were examined to identify any
additional studies.

Study Inclusion and Exclusion Criteria

Eligible studies included (1) Just-in-time feedback as an
intervention component and (2) Targeted behavior changes that
included PA, sedentary behavior, or dietary intake. Just-in-time
feedback was defined on a case-by-case basis as any feedback
that focused on participants daily PA, sedentary behavior, or
dietary intake and that was provided within 1 min to 1 day of
assessing current performance, as appropriate to each
intervention or behavior change goal. Studies with multiple
feedback components were included, but at least one type of
delivered feedback must have met this definition of just-in-time
feedback.

Studieswere excluded if (1) theintervention-targeted behaviors
were off-topic (eg, studies of clinical education, personnel,
management, medication adherence, blood glucose
self-monitoring, and symptom management); (2) no intervention
outcome results were reported (eg, protocol papers); (3) the
time frame for providing feedback was greater than 1 day (eg,
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weekly performance summaries); (4) no or inadequate feedback
was provided (eg, studies of performance tracking without
evaluation); or (5) they reported the secondary outcomes of an
included intervention.

Data Extraction and M anagement

Datawere extracted into a structured coding form according to
Preferred Reporting of Systematic Reviewsand Meta-Analyses
(PRISMA) guidelines [18] and the Cochrane Handbook for
Systematic Reviewsof Interventions[19]. Fivereviewers (SMS,
YL, MCR, MEH, and TB) extracted characteristics and
outcomes from all studies using a standardized data extraction
form. The following information was extracted: (1) genera
study characteristics (ie, country of study, study type, participant
population, participant demographics, and study sample size);
(2) intervention characteristics (ie, intervention name, study
design, intervention duration, behavioral theories used, and
intervention goals); (3) just-in-time feedback characteristics
(eg, content, delivery frequency, and delivery mode); and (4)
intervention results (ie, within-group changes and between-group
comparisons in targeted behaviors and weight outcomes). A
copy of the data extraction form is provided as Multimedia
Appendix 1. A comparison of the extracted dataacrossreviewers
was conducted (SMSand YL ). Differencesin the extracted data
were resolved by a discussion between the expert reviewers
(SMSand YL) to complete the dataset.

Assessing each study for risk of bias was performed using the
2010 version of the Quality Assessment Tool for Quantitative
Studies [20]. An overal quality score for each study was
assigned based on theratingsfor six domains: (1) selection bias,
(2) study design, (3) confounders, (4) blinding, (5) data
collection methods, and (6) withdrawals and dropouts. The
information extraction and quality assessment for each study
was performed independently by two reviewers (YL and MCR).
Discrepancies between reviewers' ratings were resolved through
discussions that led to aconsensus (YL, MCR, and SMS).
Analysis

A meta-analysis was not possible owing to substantial
heterogeneity in study design, study quality, intervention type,
and outcome measures, aswell asalack of studiesthat explicitly
tested the efficacy of using feedback as a BCT. Furthermore,
the primary and secondary outcomes of the studies varied
widely. We limited our summary of results to primary and
secondary study outcomes that were specific to changesin PA,
dietary intake, or body weight or body composition. Consistent
with the design of a previous review [6], two key criteria were
used to determine whether a study explicitly tested feedback:
(1) the study had at least one treatment group that received
feedback that was not confounded with other manipulations
(not matched in the control group) and (2) the study included
at least one control group or quasi-control group that received
no feedback. Data were synthesized narratively rather than
guantitatively.
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Results

Literature Search

The literature search yielded 4239 studies, of which 909 were
duplicates, leaving 3330 articles to be screened for digibility.
A total of 3083 articles were excluded upon title or abstract
screening because they were unrelated to diet or PA, had no
reported outcomes, were nonintervention studies, or had
ineligible feedback features. Thus, 246 full-text articles were
assessed for eligibility. After 215 articles that did not meet the
inclusion criteriawere excluded, 31 studieswith atotal of 6623
participantswereincludedin thereview (see PRISMA diagram,
Figure 1).

Characteristics of Included Studies

The studies characteristics are summarized in Multimedia
Appendix 2. Studies varied by the behavior about which
feedback was provided and by their sample size, population,
design, and duration. Of the 31 studies, 3 focused on diet- or
nutrition-related behavior only [21-23], 15 focused on PA or
sedentary behavior only [24-38], and 13 focused on both diet
and PA [39-51]. The median number of study participants was
83 (range=10-1488). Studies were conducted in the United
States, the United Kingdom, the Netherlands, Australia,
Belgium, Denmark, Hong Kong, Ireland, Japan, Portugal, and
South Korea and included adults (=18 years), children (<18
years), or young adults (17-26 years). The participants weight
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statuses were not consistently reported, but at least 11 studies
enrolled only overweight or obese individuals
[21,22,24,25,39,40,43,47,49-51]. A total of 28 studies were
randomized controlled trials (level of evidence 1)
[21-24,26,27,29-41,43-50], 5 of which used -clustered
randomization [23,31,32,35,36] (level of evidence I). The 4
remaining studies used within-subjects single-arm [28,42,51]
or counterbalanced designs [25] (level of evidence I1). Study
duration ranged from 2 weeks to 24 months. Four studies
[31,32,35,41] had postintervention follow-up periodsthat ranged
from 4 weeks to 6 months.

Risk of Bias

The 31 studies' risks of bias are summarized in Multimedia
Appendix 3. Using the current Quality Assessment Tool for
Quantitative Studies [20], we determined that 18 studies had a
moderate global rating, 9 had a weak global rating, and 4 had
astrong global rating. All but 4 studies received a strong study
design rating for being randomized controlled trials. A total of
25 studies received strong scores for controlling for potentially
confounding variables, 23 studies used data coll ection measures
with demonstrated reliability and validity, and 19 studies had
retention rates of 280% across conditions. Therisk of selection
bias posed the greatest threat to validity; 22 studies received a
weak score in this domain. Blinding was rated as weak in 4
studies;, however, the assessment tool we used may have
underestimated this bias [52]. Most studies did not describe
blinding procedures for research staff or participants.
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Figure 1. Preferred Reporting of Systematic Reviews and Meta-Analyses (PRISMA) diagram.
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Feedback Features of Included Studies

The 31 studies varied in the content, frequency, timing, and
delivery of feedback, aswell asin the methods used to monitor
targeted behaviors and the theoretical foundations that guided
the feedback content. Multimedia Appendix 4 provides a full
description of the feedback features the studies used and a
summary of the key features described bel ow.

Theoretical Foundation

In 24 studies [22-24,26,27,29-31,33-44,46,48-50], behavior
change theories or guiding principles were used as the
foundation for the use of feedback as a BCT. The most
frequently endorsed behavior change theories was the SCT (9
studies) [23,27,29,31,39-41,48,49]. Other theories that were
endorsed by at least two studies included the control theory
[33,34], the hedlth belief model [31], and the transtheoretical
model or Stages of Change [38,49]. A total of 8 studies
[22,30,31,35-37,42,43] reported using a combination of three
or more theories or guiding principles. A total of 7 studies
[21,25,28,32,45,47,51] did not specify aguiding theory.

Feedback Content

By its design, this review included only studies that delivered
just-in-time  feedback. In 10 studies [21,25,30,31,
33,35-37,43,49], feedback was available continuoudly, in 3
[27,45,46], feedback was provided at multiple times daily, and
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in 18[22-24,26,28,29,32,34,38-42,44,47,48,50,51,53], feedback
was provided once daily. All but one study [32], which provided
team-based feedback, gave personalized feedback that reflected
the person’s own performance. Feedback also often included
performance summary information; however, not al feedback
was goal-oriented. A total of 24 studies [21-25,27-30,
33-35,37-41,44-48,50,51] provided graphical or other visual or
verbal feedback on performance relative to known goals or
targets, and 8 studies[26,31,32,36,42,43,49] incorporated only
raw performance summariesinto the feedback. Of the 24 studies
that provided goal-oriented feedback, 12 [21-25,27-29,
33,38,45,46] had either self-selected, incremental, or adaptive
goals, and 12 [30,34,35,37,39-41,44,47,48,50,51] utilized static
goals, targets, or published recommendations (eg, 10,000 steps
per day). Goal-oriented feedback that referenced standardized
or adaptive thresholds or recommendations was either
cumulative (eg, progress toward daily goals) [22-24,28-30,
34,37-41,44,46-48,50,51] or amed a  motivating
health-promoting behavior within the day to achieve or maintain
a specific behavioral target or threshold throughout that day
(eg, achieving daily dietary fat goals) [21,25,27,33,35,45]. In
only 5 studies [21,25,30,39,45], the feedback was actionable,
meaning that it incorporated instructions that explicitly
communicated when, where, and how to enact a goal-directed
behavior.
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Feedback Prompting and Delivery Modes

A total of 17 studies[22-24,26,27,29,34,39-42,44,46-48,50,51]
used user-initiated feedback, in which the user initiated feedback
delivery by providing hisor her self-monitoring data; 11 studies
[21,25,28,30-33,35-38] used a passive form of feedback
prompting that did not require user interaction to initiate
feedback delivery; and 3 studies [43,45,49] employed both
methods. Nearly al the studies used an automated form of
feedback delivery. All but one of the 17 studies that
implemented user-initiated feedback relied on self-reported
data. A total of 9 studies [22,23,34,39,42,44,46,47,51] based
feedback on measures of behavior that were self-reported via
diaries or Web-based self-monitoring tools, 4 studies
[24,26,27,29] relied on self-reported measures from activity
monitors (eg, pedometers); and 4 studies [40,41,48,50] used a
combination self-reported dietary intake and self-reported
measures from an activity monitor. All 11 studies
[21,25,28,30-33,35-38] that employed a passive form of
feedback prompting used objectively assessed data. Nine studies
[25,28,30,32,33,35-38] used Internet- or Wi-Fi-connected
activity monitors, and 2 studies [21,31] used a mandometer, a
Bluetooth-connected scal e that measures eating rate, or a heart
rate monitor. The remaining 3 studies [43,45,49] used a
combination of user-initiated and passive feedback methods.
One study [45] used a glucometer.

Efficacy of Feedback Interventions

The studies’ outcomes are described in Multimedia Appendix
5. We determined that 9 studies explicitly tested the use of
feedback to motivate behavior change or significantly modul ate
body weight or body composition or glycated hemoglobin. Of
the 9 studies that tested feedback efficacy, 1 was in the area of
diet- or nutrition-related behavior [21], 5 focused on PA or
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sedentary behavior [26,27,30,34,37], and 3 focused on diet and
PA or sedentary behavior [39,45,49]. Most of the remaining
studies tested a comprehensive intervention in which feedback
was implemented as one of the multiple behavior change
strategies. Of the 9 studies that tested the efficacy of feedback,
4 had significant findings [21,30,37,45] and 5 did not
[26,27,34,39,49].

Regarding feedback content, 3 of the 4 studies with significant
findings [21,30,45] and 3 of the 5 studies without significant
findings[27,34,39] used both goal- or target-oriented feedback
and actionable feedback. In addition, feedback was provided
continuously in 3 of the 4 studies with significant findings
[21,30,37] and in only 1 of the 5 studies without significant
findings[49]. Concerning feedback prompting, 3 of the4 studies
with significant findings used objectively collected data and
passive feedback delivery methods [21,30,37], and the fourth
[45] used both passive and user-initiated assessment and
feedback methods.

Practical Framework for Just-in-Time Feedback
Design

On the basis of the results of our review, we developed a
practical framework (Figure 2) that highlights key factorsto be
considered when developing just-in-time feedback for
technology-enhanced diet and PA interventions. We suggest
that behavioral objectives (goals or targets) serveastheguiding
context for just-in-time feedback and that the selected method
of behavioral assessment is the foundation that determines the
level of interaction between auser or participant and an external
agent or researcher. We propose three characteristics of feedback
to take into account: timeliness, personalization, and action
orientation.
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Figure 2. Practical framework for designing just-in-time feedback.
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Behavioral Objectives

Most behaviora theories posit that setting a goal is a key
behavior change strategy. Behavioral objectives can be framed
as goals or targets. Behavioral goals reflect a desired outcome
that is achieved incrementally (eg, over a day); can be static
(eg, 10,000 steps per day), or adaptive (adjusted incrementally
based on performance achievements) and can be self-selected
or assigned by an interventionist or health care professional.
Comparatively, behavioral targets can be considered
intermediate markers or behavioral mediators of achieving a
goal that may be explicitly stated or implicitly understood. For
example, a behaviora target could be to take a 5-min activity
break after sitting for an hour (ie, reduce sedentary behavior)
in an effort to achieve a 10,000-steps-per-day goal (ie, increase
PA). Thus, behavioral targets are often set at shorter intervals
(ie, within the day) than are goals to keep individuals on track
for goal attainment. Behavioral targets can also refer to
maintaining a continuously assessed marker within a certain
predefined range from moment to moment (ie, blood glucose
levels) and can be set at moment-to-moment level to achieve
an often implicitly understood distal goal (ie, glycemic control).
The chosen behavioral objective determines the context for
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which the feedback content is designed, as well as the
appropriate time frame in which it is delivered.

Behavioral Assessment

The method used to measure the behavior on which feedback
is being provided is an important factor for interventions that
incorporate just-in-time feedback. The assessment method
determines the cognitive load of self-monitoring, the quality of
the data, and the frequency and timeliness with which feedback
is delivered. Advancements in wearable sensor technology
influence these aspects of data collection, particularly in the
area of PA behavior. Newer activity monitors can not only
objectively and continuously measure movement (eg, steps)
and estimate energy expenditures but also transfer data to
another device (eg, mobile phones) or servers wirelessly. This
enables the generation and delivery of feedback without any
user-initiated input.

Timeliness

Just-in-time feedback is defined as providing the right support
at the right moment and in the right amount [5,11,12]. In
just-in-time adaptive interventions, the right moment might
consider the person’s state of vulnerability or opportunity or

receptivity. Consistent with the FIT, just-in-time feedback
reflects recent behavior and provides guidance at a critical
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moment when a person’s attention might need to be refocused
on the goa-directed behavior. The intent of delivering
just-in-time feedback is to proactively motivate behavioral
adjustments to limit or reverse the widening of discrepancies
between current performance and a behavioral goal or target to
facilitate the attainment of that goal or target. As such,
just-in-time feedback considers the time frame during which
goal achievement is specified to occur. For example, if one has
a goal to achieve 10,000 steps per day, just-in-time feedback
would be provided before the end of the day to increase the
likelihood of achieving that day’s step goal.

Personalization

Rather than being generic or group-based, personalized feedback
is based on an individual’s own performance and goa. The
intent of personalizing feedback isto inform aperson about his
or her current performancerelative to his or her behavioral goal
or target (ie, the discrepancy). This message can be
communicated visually as graphs or charts (eg, a progress bar)
or quantified as text (eg, 3000 more steps to meet your goal) to
meet the research needs or the user’s preference.

Action Orientation

Feedback that is actionable aims to instruct a patient or
participant to engage in behaviors that will improve the
likelihood of goa attainment. Action plans are designed to
promote small or large behavior changes with ahigh likelihood
of success and should indicate when, where, and how to enact
a goa-directed behavior [54]. Actionable feedback provides
behavioral guidance aimed at reducing the discrepancy between
current performance and a behavioral goal or target. In
just-in-time interventions, action planning varies from its
traditional sense of intention formation [54] such that it can be
communicated explicitly as instructions for behaviors to be
enacted at critical moments [55,56]. These instructions act as
behavioral triggers and can be communicated through prompts
(eg, Try going for a30-min walk after dinner tonight to get the
2500 more steps you need to meet your 10,000 step goal today).

Discussion

Summary of Key Findings

Our comprehensive literature search yielded 31 studiesthat met
our eligibility criteria. Most of these studies provided feedback
that wasjust-in-time (100%, 31/31), goal-oriented (75%, 23/31),
and personalized (97%, 30/31); however, only 5 studies (15%,
5/31) provided actionable feedback. Interventions with
significant effects featured continuously available and
personalized feedback that was actionable or goal-oriented and
used objectively assessed data and passively initiated feedback
delivery methods. On the basis of these findings, we have
proposed aframework for designing just-in-time feedback that
incorporates three key content characteristics (timeliness,
personalization, and action orientation) relative to a known
behavioral goal or target and highlightsimportant considerations
regarding the quality and frequency of the behavioral assessment
from which just-in-time feedback is derived.
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Comparison With Previous Literature

To our knowledge, our review isunique in that its primary goal
was to examine the use of just-in-time feedback in diet and PA
interventions. Only one other similar systematic review has
been conducted. In that review [17], the authors concluded that
the use of personalized feedback was an effective BCT in
weight-loss interventions after demonstrating that individuals
receiving Internet-delivered personalized feedback lost on
average 2 kg more than those receiving no personalized
feedback; however, the authors did not analyze the effectiveness
of other feedback characteristics. In another review, Michieand
colleagues[56] demonstrated through ameta-regression analysis
that healthy eating and PA interventions that implemented
behavioral monitoring plus one BCT (eg, action planning,
prompting specific goal setting, providing feedback on
performance, and prompting review of behavioral goals) were
more effective than those that did not. However, the authors
acknowledged the need to experimentally test the most effective
combination of BCTs[56]. Furthermore, only one other known
model for developing feedback exists. Hysong and colleagues
[57] examined the use of feedback for improving clinical
practice guideline adherence and developed the model of
actionable feedback. The model positsthat an optimal effect on
clinical performance can be achieved by providing feedback
that is timely, individualized, nonpunitive, and based on
customi zable performance data. Action wasanimplied outcome
of providing optimal feedback in the model. These previous
studies highlight some potentially effective components of
feedback that can motivate goal-directed behavior change and
that overlap with those put forth in this review.

Another key finding of our review was that only a few of the
reviewed studies provided goal-oriented feedback that was
actionable. Of the 31 studies included in the review, 23
incorporated behavioral goals, however, only 5[21,25,30,39,45]
gave actionabl e suggestions on when, where, and how to achieve
those goals. In theory, intention precedes action [58]; however,
research shows that the intention alone does not often result in
actual behavior change [59-61]. Action planning or intention
implementation is one strategy to help people transform their
intention into action [54]. Traditionally, individuals conceive
action plans before acting as their commitment to perform
behaviorswhen opportunities arise [54] and can reeva uate these
plans weekly [62]. Such plans often describe where, when, or
how frequently to perform the behavior (eg, | intend go to the
gym 3 days per week) [55]. Individuals may or may not receive
feedback regarding their action plans. In this study actionable
or actionable feedback refers more specifically to information
in the form of suggestions an external agent provides to an
individual about where and when to perform the behavior and
instructions on how to perform the behavior. Examples of
actionable feedback in the reviewed studies included multiple,
daily behavioral prompts to perform PA breaks of specific
durations [25], daily booster messages with exercise
prescriptions to achieve the current day’s step goal [30], and
just-in-time dietary recommendations (eg, Be aware of high fat
snacks tonight) [39]. Our definition of actionable feedback is
consistent with Michie and colleagues’ Coventry, Aberdeen,
and London-Refined (CALO-RE) taxonomy of BCTs [55]. It
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is also consistent with the concept of providing supportive
information, advice, and feedback at critical moments in
just-in-time adaptive interventions [5,11]. This review
demonstrates that the provision of actionable feedback in diet
and PA interventions is an underutilized behavior change
strategy. Relatedly, reviews of seven wearable activity trackers
and 40 top-rated diet and PA mobile phone apps found that the
integration of BCTs related to action planning and providing
instructions consistent with CALO-RE taxonomy was not
uncommon [63,64]. However, only two activity trackers hel ped
users identify where and when to perform PA. Given the
increased bidirectional communication capabilities offered by
the technol ogy being used to facilitate behavioral interventions,
actionable feedback as defined here will likely be more
frequently incorporated into interventions as a supportive
behavior change strategy. One example of such an intervention
is the MyBehavior mobile app. MyBehavior is based on the
Fogg behaviora model that applies theoretical principles to
technology design by creating toolsto prompt low-effort actions
that can be triggered even when motivation is low [65].
MyBehavior was designed to generate personalized, actionable
insights on when, where, and how to achieve the set goals[66].
The behavioral outcomes from the MyBehavior trial have not
yet been published. Future research to determine the efficacy
of actionable versus nonactionable feedback as a behavior
change strategy will be needed.

Strengths and Limitations

Our review is strengthened by its focus on key theory-based
characteristics of feedback delivered as behavior change
interventions. We focused on only diet and PA interventions
rather than looking more broadly across additional health
behaviors. We did this in part because it is unclear how
generalizable our findings might be to other behaviors or
health-related outcomes. In addition, studies eligible for
inclusion could have included multiple types of feedback, but
at least one form of feedback had to meet our definition of
just-in-time feedback. We believe this approach strengthens
this review by enabling us to make conclusions that facilitate
the progress of intervention science into a future in which
feedback can be generated and delivered just in time, thereby
preparing researchersfor continued advancementsin technol ogy.
Finally, our synthesis of the avail able data enabled usto develop
a framework for designing just-in-time feedback for health
behavior change interventions.
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Despite these strengths, we were unable to conduct a
meta-analysis primarily because of the variability in targeted
behavior and study outcomes. Additionally, because it was not
clear whether the included studies monitored the delivery,
receipt or viewing, or comprehension of the provided feedback,
wewere not ableto conclusively determine the efficacy of using
feedback or which feedback feature(s) might be more effective
than others. However, we found that feedback was continuously
available, goa-oriented, or actionablein 3 of the 4 studieswith
significant intervention effects. In addition, the sample sizes,
intervention durations, and interventions outcomes of studies
with significant findings ranged widely. I nterventions of longer
duration could have been more likely to have significant
findings. However, the duration of studies with significant
findings was generally shorter than studies with nonsignificant
findings (4 weeks to 12 months vs 2 weeks to 24 months).
Excluding studies for providing feedback more than 24 hours
after aperson performed the target behavior limited the number
of eligible studies; however, we believe that it was consistent
with the advancement of body sensor technology and therefore
important to the context of the review. Another important
limitation to consider is that most of the included studies did
not recruit participants from arepresentative, diverse population,
thus limiting the generalizability of the findings. Finaly, the
cost of wearable body sensors and wireless devices could be a
potential limitation for scaling up the technology-based
interventions.

Implications for Future Research

Before this study, few reviews had critically examined the use
of feedback in diet and PA interventions. As advancementsin
technology continue to improve bidirectional communication
between investigators and their participants, optimizing feedback
messages will be key to future interventions. The systematic
review and the framework we propose represent a foundation
for designing feedback messagesfor futurejust-in-time diet- or
PA-based interventions. Investigators may use the framework
to ensure feedback developed for their interventions contain
content that is theoretically and empirically supported to have
a positive effect on behavior change. However, it is unclear
from this review how many of the proposed components are
needed to effectively motivate behavior change. Empirical
research will be needed to determine the optimal combination
of feedback components.

The authors acknowledge Catalina Malinowski for her assistance with article review and data extraction. The preparation of this
manuscript was supported in part by NIH grants R21CA215415, RO1HL119255, RO1CA186700, R25ECA056452, and
P30CA016672; a Janice Davis Gordon Memorial Postdoctoral Fellowship in Colorectal Cancer Prevention; an Institutional
Research Grant from The University of Texas MD Anderson Cancer Center; the Chandler Cox Foundation; the Duncan Family
Institute for Cancer Prevention and Risk Assessment; and the Center for Energy Balance in Cancer Prevention and Survivorship.
The supporting sources had no involvement in the study design; collection, analysis, and interpretation of data; writing the report;

or the decision to submit the report for publication.

Conflictsof I nterest
None declared.

http://www.jmir.org/2018/3/e106/

JMed Internet Res 2018 | vol. 20 | iss. 3| €106 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schembre et al

Multimedia Appendix 1
Data extraction form.

[PDE File (Adobe PDF File), 21K B-Multimedia Appendix 1]

Multimedia Appendix 2
Characteristics of included intervention studies.

[PDE File (Adobe PDF File), 58KB-Multimedia Appendix 2]

Multimedia Appendix 3
Risk of bias summaries for included intervention studies.

[PDFE File (Adobe PDF File), 51KB-Multimedia Appendix 3]

Multimedia Appendix 4
Descriptions and summaries of feedback features in included intervention studies.

[PDE File (Adobe PDF Fil€), 75K B-Multimedia Appendix 4]

Multimedia Appendix 5
Summaries of outcomes and feedback efficacy for included intervention studies.

[PDF File (Adobe PDF File), 97KB-Multimedia Appendix 5]

References

1.

10.

11.

12.

Fox S, Duggan M. Pew Internet. Washington, DC: Pew Research Center’s Internet & American Life Project; 2013 Jan 28.
Tracking for health URL: http://www.pewinternet.org/2013/01/28/tracking-for-health/ [accessed 2017-05-01] [WebCite
Cache |D 6upaSFP3u]

Gualtieri L, Rosenbluth S, Phillips J. Can afree wearable activity tracker change behavior? Theimpact of trackers on adults
inaphysician-led wellnessgroup. IMIR Res Protoc 2016;5(4):€237 [FREE Full text] [doi: 10.2196/resprot.6534] [Medline:
27903490]

Pourzanjani A, Quisel T, Foschini L. Adherent use of digital health trackers is associated with weight loss. PLoS One
2016;11(4):e0152504 [FREE Full text] [doi: 10.1371/journal.pone.0152504] [Medline: 27049859]

Pellegrini CA, Verba SD, Otto AD, Helsel DL, DavisKK, Jakicic JM. The comparison of a technology-based system and
anin-person behavioral weight lossintervention. Obesity (Silver Spring) 2012 Feb;20(2):356-363. [doi: 10.1038/0by.2011.13]
[Medline: 21311506]

Nahum-Shani I, Smith SN, Spring BJ, CollinsLM, Witkiewitz K, Tewari A, et a. Just-in-time adaptiveinterventions (jitais)
in mobile health: key components and design principles for ongoing health behavior support. Ann Behav Med 2016 Sep
23:1-17 (forthcoming)(forthcoming). [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]

Kluger AN, DeNisi A. The effects of feedback interventions on performance: a historical review, a meta-analysis, and a
preliminary feedback intervention theory. Psychol Bull 1996;119(2):254-284. [doi: 10.1037/0033-2909.119.2.254]
Carver CS, Scheier MF. Attention and self-regulation: a Control Theory approach to human behavior. New York: Springer;
1982.

Carver CS, Scheier MF. Control theory: auseful conceptual framework for personality-social, clinical, and health psychology.
Psychol Bull 1982 Jul;92(1):111-135. [Medline: 7134324]

Locke EA, Latham GP. Building a practically useful theory of goal setting and task motivation. A 35-year odyssey. Am
Psychol 2002 Sep;57(9):705-717. [Medline: 12237980]

Bandura A. The evolution of social cognitive theory. In: Smith KG, Hitt MA, editors. Great minds in management: The
process of theory development. New York: Oxford University Press; 2005:9-35.

Nahum-Shani |, Hekler EB, Spruijt-Metz D. Building health behavior models to guide the development of just-in-time
adaptive interventions: apragmatic framework. Health Psychol 2015 Dec;34 Suppl:1209-1219. [doi: 10.1037/hea0000306]
[Medline: 26651462]

Spruijt-Metz D, Wen CK, O'Reilly G, Li M, Lee S, Emken BA, et a. Innovations in the use of interactive technology to
support weight management. Curr Obes Rep 2015 Dec;4(4):510-519 [FREE Full text] [doi: 10.1007/s13679-015-0183-6]
[Medline: 26364308]

http://www.jmir.org/2018/3/e106/ JMed Internet Res 2018 | vol. 20 | iss. 3| €106 | p. 10

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v20i3e106_app1.pdf&filename=e731d28c85256310cfc2b3f8f7ca95d9.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app1.pdf&filename=e731d28c85256310cfc2b3f8f7ca95d9.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app2.pdf&filename=ecfbada63eb5196de46786dd079af31a.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app2.pdf&filename=ecfbada63eb5196de46786dd079af31a.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app3.pdf&filename=0b4e1d38e41ea9ea14c0357e029596df.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app3.pdf&filename=0b4e1d38e41ea9ea14c0357e029596df.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app4.pdf&filename=e96f437c44a5db8eb6ac81eb1ed87c1d.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app4.pdf&filename=e96f437c44a5db8eb6ac81eb1ed87c1d.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app5.pdf&filename=444777d1d436ba423358d3905764870c.pdf
https://jmir.org/api/download?alt_name=jmir_v20i3e106_app5.pdf&filename=444777d1d436ba423358d3905764870c.pdf
http://www.pewinternet.org/2013/01/28/tracking-for-health/
http://www.webcitation.org/

                                            6upaSFP3u
http://www.webcitation.org/

                                            6upaSFP3u
http://www.researchprotocols.org/2016/4/e237/
http://dx.doi.org/10.2196/resprot.6534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27903490&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0152504
http://dx.doi.org/10.1371/journal.pone.0152504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27049859&dopt=Abstract
http://dx.doi.org/10.1038/oby.2011.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21311506&dopt=Abstract
http://dx.doi.org/10.1007/s12160-016-9830-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27663578&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.119.2.254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7134324&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12237980&dopt=Abstract
http://dx.doi.org/10.1037/hea0000306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26651462&dopt=Abstract
http://europepmc.org/abstract/MED/26364308
http://dx.doi.org/10.1007/s13679-015-0183-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26364308&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schembre et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gardner B, Whittington C, McAteer J, Eccles MP, Michie S. Using theory to synthesise evidence from behaviour change
interventions: the example of audit and feedback. Soc Sci Med 2010 May;70(10):1618-1625. [doi:
10.1016/j.socscimed.2010.01.039] [Medline: 20207464]

Bardus M, Smith JR, Samahal, Abraham C. Maobile phone and web 2.0 technol ogies for weight management: a systematic
scoping review. JMed Internet Res 2015 Nov 16;17(11):e259 [ FREE Full text] [doi: 10.2196/jmir.5129] [Medline: 26573984]
Miller AM, Alley S, Schoeppe S, Vandelanotte C. The effectiveness of e-& mHealth interventions to promote physical
activity and healthy diets in developing countries: a systematic review. Int J Behav Nutr Phys Act 2016 Oct 10;13(1):109
[FREE Full text] [doi: 10.1186/s12966-016-0434-2] [Medline: 27724911]

Thomas JG, Bond DS. Review of innovations in digital health technology to promote weight control. Curr Diab Rep
2014;14(5):485. [doi: 10.1007/s11892-014-0485-1] [Medline: 24664797]

Sherrington A, Newham JJ, Bell R, Adamson A, McColl E, Araujo-Soares V. Systematic review and meta-analysis of
internet-delivered interventions providing personalized feedback for weight loss in overweight and obese adults. Obes Rev
2016 Jun;17(6):541-551 [FREE Full text] [doi: 10.1111/0br.12396] [Medline: 26948257]

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-anal yses of studiesthat evaluate health care interventions: explanation and elaboration. JClin
Epidemiol 2009 Oct;62(10):e1-34 [FREE Full text] [doi: 10.1016/].jclinepi.2009.06.006] [Medline: 19631507]

Higgins J, Green S. Cochrane handbook for systematic reviews of interventions: Cochrane book series. Chichester, UK:
Wiley-Blackwell; Sep 2008.

ThomasBH, CiliskaD, DobbinsM, Micucci S. A processfor systematically reviewing theliterature: providing the research
evidence for public health nursing interventions. Worldviews Evid Based Nurs 2004;1(3):176-184. [doi:
10.1111/j.1524-475X.2004.04006.x] [Medline: 17163895]

Ford AL, Bergh C, Sodersten B, Sabin MA, Hollinghurst S, Hunt LP, et al. Treatment of childhood obesity by retraining
eating behaviour: randomised controlled trial. Br Med J 2009 Jan 05;340:b5388. [doi: 10.1136/bmj.b5388] [Medline:
20051465]

Mummah SA, Mathur M, King AC, Gardner CD, Sutton S. Mobile technology for vegetable consumption: a randomized
controlled pilot study in overweight adults. IMIR Mhealth Uhealth 2016 May;4(2):e51 [FREE Full text] [doi:
10.2196/mhesalth.5146] [Medline: 27193036]

Pedersen S, Gragnhgj A, Thagersen J. Texting your way to healthier eating? Effects of participating in afeedback intervention
using text messaging on adolescents' fruit and vegetable intake. Health Educ Res 2016 Apr;31(2):171-184. [doi:
10.1093/her/cyv104] [Medline: 26850061]

AdamsMA, SallisJF, Norman GJ, Hovell MF, Hekler EB, Perata E. An adaptive physical activity intervention for overweight
adults: arandomized controlled trial. PLoS One 2013;8(12):e82901 [FREE Full text] [doi: 10.1371/journal.pone.0082901]
[Medline: 24349392]

Bond DS, Thomas JG, Raynor HA, Moon J, Sieling J, Trautvetter J, et al. B-MOBILE--a smartphone-based intervention
to reduce sedentary timein overweight/obese individual s: awithin-subjects experimental trial. PLoS One 2014;9(6):€100821
[EREE Full text] [doi: 10.1371/journal.pone.0100821] [Medline: 24964010]

Chapman GB, Colby H, Convery K, Coups EJ. Goalsand social comparisons promote walking behavior. Med DecisMaking
2016 May;36(4):472-478. [doi: 10.1177/0272989X 15592156] [Medline: 26139447)

Choai J, Lee JH, Vittinghoff E, Fukuoka Y. mHealth physical activity intervention: arandomized pilot study in physically
inactive pregnant women. Matern Child Health 2016 May;20(5):1091-1101. [doi: 10.1007/s10995-015-1895-7] [Medline:
26649879]

Hooke MC, Gilchrist L, Tanner L, Hart N, Withycombe JS. Use of afitnesstracker to promote physical activity in children
with acute lymphoblastic leukemia. Pediatr Blood Cancer 2016 Apr;63(4):684-689. [doi: 10.1002/pbc.25860] [Medline:
26756736]

King AC, Ahn DK, OliveiraBM, Atienza AA, Castro CM, Gardner CD. Promoting physical activity through hand-held
computer technology. Am J Prev Med 2008 Feb;34(2):138-142 [FREE Full text] [doi: 10.1016/j.amepre.2007.09.025]
[Medline: 18201644]

Martin SS, Feldman DI, Blumenthal RS, Jones SR, Post WS, McKibben RA, et a. Mactive: arandomized clinical trial of
an automated mHealth intervention for physical activity promotion. JAm Heart Assoc 2015 Nov 09;4(11):1-9 [FREE Full
text] [doi: 10.1161/JAHA.115.002239] [Medline: 26553211]

McManus AM, Masters RS, Laukkanen RM, Yu CC, Sit CH, Ling FC. Using heart-rate feedback to increase physical
activity in children. Prev Med 2008 Oct;47(4):402-408. [doi: 10.1016/j.ypmed.2008.06.001] [Medline: 18590757]

Patel MS, VolppKG, RosinR, Bellamy SL, Small DS, Fletcher MA, et al. A randomized trial of social comparison feedback
and financial incentives to increase physical activity. Am JHealth Promot 2016 Jul;30(6):416-424. [doi:
10.1177/0890117116658195] [Medline: 27422252]

Paul L, Wyke S, Brewster S, Sattar N, Gill IM, Alexander G, et al. Increasing physical activity in stroke survivors using
STARFISH, an interactive mobile phone application: a pilot study. Top Stroke Rehabil 2016 Jun;23(3):170-177. [doi:
10.1080/10749357.2015.1122266] [Medline: 27077973]

http://www.jmir.org/2018/3/e106/ JMed Internet Res 2018 | vol. 20 | iss. 3| €106 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.socscimed.2010.01.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20207464&dopt=Abstract
http://www.jmir.org/2015/11/e259/
http://dx.doi.org/10.2196/jmir.5129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26573984&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0434-2
http://dx.doi.org/10.1186/s12966-016-0434-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27724911&dopt=Abstract
http://dx.doi.org/10.1007/s11892-014-0485-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24664797&dopt=Abstract
http://europepmc.org/abstract/MED/26948257
http://dx.doi.org/10.1111/obr.12396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26948257&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0895-4356(09)00180-2
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631507&dopt=Abstract
http://dx.doi.org/10.1111/j.1524-475X.2004.04006.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17163895&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b5388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20051465&dopt=Abstract
http://mhealth.jmir.org/2016/2/e51/
http://dx.doi.org/10.2196/mhealth.5146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27193036&dopt=Abstract
http://dx.doi.org/10.1093/her/cyv104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26850061&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0082901
http://dx.doi.org/10.1371/journal.pone.0082901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24349392&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0100821
http://dx.doi.org/10.1371/journal.pone.0100821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24964010&dopt=Abstract
http://dx.doi.org/10.1177/0272989X15592156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26139447&dopt=Abstract
http://dx.doi.org/10.1007/s10995-015-1895-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26649879&dopt=Abstract
http://dx.doi.org/10.1002/pbc.25860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26756736&dopt=Abstract
http://europepmc.org/abstract/MED/18201644
http://dx.doi.org/10.1016/j.amepre.2007.09.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18201644&dopt=Abstract
http://jaha.ahajournals.org/cgi/pmidlookup?view=long&pmid=26553211
http://jaha.ahajournals.org/cgi/pmidlookup?view=long&pmid=26553211
http://dx.doi.org/10.1161/JAHA.115.002239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26553211&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2008.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18590757&dopt=Abstract
http://dx.doi.org/10.1177/0890117116658195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27422252&dopt=Abstract
http://dx.doi.org/10.1080/10749357.2015.1122266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27077973&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schembre et al

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Prestwich A, Conner M, Hurling R, Ayres K, Morris B. An experimental test of control theory-based interventions for
physical activity. Br JHealth Psychol 2016 Nov;21(4):812-826. [doi: 10.1111/bjhp.12198] [Medline: 27169809]

van der Weegen S, Verwey R, Spreeuwenberg M, Tange H, van der Weijden T, de Witte L. It'slife! Mobile and web-based
monitoring and feedback tool embedded in primary care increases physical activity: a cluster randomized controlled trial.
JMed Internet Res 2015 Jul 24;17(7):e184 [FREE Full text] [doi: 10.2196/jmir.4579] [Medline: 26209025]

van Nimwegen M, Speelman AD, Overeem S, van de Warrenburg BP, SmuldersK, Dontje ML, et a. Promotion of physical
activity and fitnessin sedentary patientswith Parkinson's disease: randomised controlled trial. Br Med J2013 Mar 01;346:f576
[FREE Full text] [Medline: 23457213]

Walsh JC, Corbett T, Hogan M, Duggan J, McNamara A. An mhealth intervention using a smartphone app to increase
walking behavior in young adults: a pilot study. IMIR Mhealth Uhealth 2016 Sep 22;4(3):€109 [FREE Full text] [doi:
10.2196/mhealth.5227] [Medline: 27658677]

Wijsman CA, Westendorp RG, Verhagen EA, Catt M, Slagboom PE, de Craen AJ, et al. Effects of aweb-based intervention
on physical activity and metabolism in older adults: randomized controlled trial. J Med Internet Res 2013;15(11):e233
[FREE Full text] [doi: 10.2196/jmir.2843] [Medline: 24195965]

Burke LE, Styn MA, SereikaSM, Conroy MB, YeL, Glanz K, et al. Using mHealth technol ogy to enhance self-monitoring
for weight loss: arandomized trial. Am J Prev Med 2012 Jul;43(1):20-26 [FREE Full text] [doi:
10.1016/j.amepre.2012.03.016] [Medline: 22704741]

Callins CE, Morgan PJ, Jones P, Fletcher K, Martin J, Aguiar EJ, et al. A 12-week commercia web-based weight-loss
program for overweight and obese adults: randomized controlled trial comparing basic versus enhanced features. JMed
Internet Res 2012;14(2):e57 [FREE Full text] [doi: 10.2196/jmir.1980] [Medline: 22555246]

Fassnacht DB, Ali K, SilvaC, Gongalves S, Machado PP. Use of text messaging services to promote health behaviorsin
children. JNutr Educ Behav 2015;47(1):75-80. [doi: 10.1016/j.jneb.2014.08.006] [Medline: 25282200]

Fujii H, Nakade M, Haruyama Y, Fukuda H, Hashimoto M, Ikuyama T, et a. Evaluation of a computer-tailored lifestyle
modification support tool for employeesin Japan. Ind Health 2009 Jul;47(3):333-341 [FREE Full text] [Medline: 19531920]
Jakicic IM, Davis KK, Rogers RJ, King WC, Marcus MD, Helsel D, et al. Effect of wearable technology combined with
alifestyleintervention on long-term weight loss: the IDEA randomized clinical trial. JAm Med Assoc 2016 Sep
20;316(11):1161-1171. [doi: 10.1001/jama.2016.12858] [Medline: 27654602]

Khanna R, Stoddard PJ, Gonzales EN, Villagran-Flores M, Thomson J, Bayard P, et al. An automated tel ephone nutrition
support system for Spanish-speaking patients with diabetes. J Diabetes Sci Technol 2014 Nov;8(6):1115-1120 [FREE Full
text] [doi: 10.1177/1932296814550186] [Medline: 25239122]

Lim S, Kang SM, Kim KM, Moon JH, Choi SH, Hwang H, et al. Multifactorial intervention in diabetes care using rea -time
monitoring and tailored feedback in type 2 diabetes. Acta Diabetol 2015 Apr;53(2):189-198. [doi:
10.1007/s00592-015-0754-8] [Medline: 25936739]

Nollen NL, Mayo MS, Carlson SE, Rapoff MA, Goggin KJ, Ellerbeck EF. Mobile technology for obesity prevention: a
randomized pilot study in racial- and ethnic-minority girls. Am JPrev Med 2014 Apr;46(4):404-408 [FREE Full text] [doi:
10.1016/j.amepre.2013.12.011] [Medline: 24650843]

Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al. Comparison of weight-loss diets with different
compositions of fat, protein, and carbohydrates. N Engl JMed 2009 Feb 26;360(9):859-873 [FREE Full text] [doi:
10.1056/NEJM 0a0804748] [Medline: 19246357]

Shapiro JR, Bauer S, Hamer RM, Kordy H, Ward D, Bulik CM. Use of text messaging for monitoring sugar-sweetened
beverages, physical activity, and screen timein children: a pilot study. J Nutr Educ Behav 2008;40(6):385-391 [FREE Full
text] [doi: 10.1016/j.jneb.2007.09.014] [Medline: 18984496]

Shuger SL, Barry VW, Sui X, McClain A, Hand GA, Wilcox S, et al. Electronic feedback in adiet- and physical activity-based
lifestyle intervention for weight loss: arandomized controlled trial. Int J Behav Nutr Phys Act 2011 May 18;8:41 [FREE
Full text] [doi: 10.1186/1479-5868-8-41] [Medline: 21592351]

Steinberg DM, LevineEL, Askew S, Foley P, Bennett GG. Daily text messaging for weight control among racial and ethnic
minority women: randomized controlled pilot study. J Med Internet Res 2013;15(11):e244 [FREE Full text] [doi:
10.2196/jmir.2844] [Medline: 24246427]

Willey S, Walsh JK. Outcomes of a mobile health coaching platform: 12-week results of a single-arm longitudinal study.
JMIR Mhealth Uhealth 2016 Jan;4(1):e3 [FREE Full text] [doi: 10.2196/mhealth.4933] [Medline: 26747611]
Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assessment of study quality for systematic reviews:
acomparison of the cochrane collaboration risk of biastool and the effective public health practice project quality assessment
tool: methodological research. JEval Clin Pract 2012 Feb;18(1):12-18. [doi: 10.1111/j.1365-2753.2010.01516.x] [Medline:
20698919]

Richardson CR, Mehari KS, Mclntyre LG, Janney AW, Fortlage LA, Sen A, et al. A randomized trial comparing structured
and lifestyle goals in an internet-mediated walking program for people with type 2 diabetes. Int JBehav Nutr Phys Act
2007 Nov 16;4:59 [FREE Full text] [doi: 10.1186/1479-5868-4-59] [Medline: 18021411]

Gollwitzer PM. Implementation intentions; strong effects of simple plans. Am Psychol 1999 Jul;54(7):493-503. [doi:
10.1037//0003-066x.54.7.493]

http://www.jmir.org/2018/3/e106/ JMed Internet Res 2018 | vol. 20 | iss. 3| €106 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1111/bjhp.12198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27169809&dopt=Abstract
http://www.jmir.org/2015/7/e184/
http://dx.doi.org/10.2196/jmir.4579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26209025&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=23457213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23457213&dopt=Abstract
http://mhealth.jmir.org/2016/3/e109/
http://dx.doi.org/10.2196/mhealth.5227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27658677&dopt=Abstract
http://www.jmir.org/2013/11/e233/
http://dx.doi.org/10.2196/jmir.2843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24195965&dopt=Abstract
http://europepmc.org/abstract/MED/22704741
http://dx.doi.org/10.1016/j.amepre.2012.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22704741&dopt=Abstract
http://www.jmir.org/2012/2/e57/
http://dx.doi.org/10.2196/jmir.1980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22555246&dopt=Abstract
http://dx.doi.org/10.1016/j.jneb.2014.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25282200&dopt=Abstract
http://joi.jlc.jst.go.jp/JST.JSTAGE/indhealth/47.333?from=PubMed
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19531920&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.12858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27654602&dopt=Abstract
http://europepmc.org/abstract/MED/25239122
http://europepmc.org/abstract/MED/25239122
http://dx.doi.org/10.1177/1932296814550186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25239122&dopt=Abstract
http://dx.doi.org/10.1007/s00592-015-0754-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25936739&dopt=Abstract
http://europepmc.org/abstract/MED/24650843
http://dx.doi.org/10.1016/j.amepre.2013.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24650843&dopt=Abstract
http://europepmc.org/abstract/MED/19246357
http://dx.doi.org/10.1056/NEJMoa0804748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19246357&dopt=Abstract
http://europepmc.org/abstract/MED/18984496
http://europepmc.org/abstract/MED/18984496
http://dx.doi.org/10.1016/j.jneb.2007.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18984496&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-41
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-41
http://dx.doi.org/10.1186/1479-5868-8-41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21592351&dopt=Abstract
http://www.jmir.org/2013/11/e244/
http://dx.doi.org/10.2196/jmir.2844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24246427&dopt=Abstract
http://mhealth.jmir.org/2016/1/e3/
http://dx.doi.org/10.2196/mhealth.4933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26747611&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2753.2010.01516.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20698919&dopt=Abstract
http://www.ijbnpa.org/content/4//59
http://dx.doi.org/10.1186/1479-5868-4-59
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18021411&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.54.7.493
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schembre et al

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A refined taxonomy of behaviour change
techniques to help people change their physical activity and healthy eating behaviours. the CAL O-RE taxonomy. Psychol
Health 2011 Nov;26(11):1479-1498. [doi: 10.1080/08870446.2010.540664] [Medline: 21678185]

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: ameta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Hysong SJ, Best RG, Pugh JA. Audit and feedback and clinical practice guideline adherence: making feedback actionable.
Implement Sci 2006 Apr 28;1:9 [FREE Full text] [doi: 10.1186/1748-5908-1-9] [Medline: 16722539]

Ajzen |. Thetheory of planned behavior. Organ Behav Hum Decis Process 1991 Dec;50(2):179-211. [doi:
10.1016/0749-5978(91)90020-T]

Rhodes RE, Dickau L. Experimental evidence for the intention-behavior relationship in the physical activity domain: a
meta-analysis. Health Psychol 2012 Nov;31(6):724-727. [doi: 10.1037/a0027290] [Medline: 22390739]

Hagger M, Chatzisarantis N, Biddle S. A meta-analytic review of the theories of reasoned action and planned behavior in
physical activity: predictive validity and the contribution of additional variables. J Sport Exerc Psychol 2002 Mar;24(1):3-32.
[doi: 10.1123/jsep.24.1.3]

Hagger M S, Luszczynska A. Implementation intention and action planning interventions in health contexts: state of the
research and proposalsfor theway forward. Appl Psychol Health Well Being 2014 Mar;6(1):1-47. [doi: 10.1111/aphw.12017]
[Medline: 24591064]

Lorig KR, Sobel DS, Stewart AL, Brown BW, Bandura A, Ritter P, et al. Evidence suggesting that a chronic disease
self-management program can improve health status while reducing hospitalization: arandomized trial. Med Care 1999
Jan;37(1):5-14. [Medline: 10413387]

Mercer K, Li M, Giangregorio L, Burns C, Grindrod K. Behavior change techniques present in wearable activity trackers:
acritical anaysis. IMIR Mhealth Uhealth 2016 Apr 27;4(2):e40 [FREE Full text] [doi: 10.2196/mhealth.4461] [Medline:
27122452]

Direito A, Dale LP, ShieldsE, Dobson R, Whittaker R, Maddison R. Do physical activity and dietary smartphone applications
incorporate evidence-based behaviour change techniques? BM C Public Health 2014 Jun 25;14(646):1-7 [FREE Full text]
[doi: 10.1186/1471-2458-14-646] [Medline: 24965805]

Fogg B. A behavior model for persuasive design. In: Proceedings of the 4th International Conference on Persuasive
Technology. New York, NY: Association for Computing Machinery; 2009 Apr Presented at: Persuasive '09; April 26-29,
2009; Claremont, CA. [doi: 10.1145/1541948.1541999]

Rabbi M, Pfammatter A, Zhang M, Spring B, Choudhury T. Automated personalized feedback for physical activity and
dietary behavior change with mobile phones: arandomized controlled trial on adults. IMIR Mhealth Uhealth 2015;3(2):e42
[FREE Full text] [doi: 10.2196/mhealth.4160] [Medline: 25977197]

Abbreviations

BCT: behavior change technique

FIT: feedback intervention theory

IG: intervention group

PA: physica activity

PDA: personal digital assistant

PRISMA: Preferred Reporting of Systematic Reviews and Meta-Analyses
SCT: social cognitive theory

Edited by G Eysenbach; submitted 10.08.17; peer-reviewed by B Turner-McGrievy, IN Gomez, comments to author 18.09.17; revised
version received 19.12.17; accepted 22.12.17; published 22.03.18

Please cite as:

Schembre SM, Liao Y, Robertson MC, Dunton GF, Kerr J, Haffey ME, Burnett T, Basen-Engquist K, Hicklen RS
Just-in-Time Feedback in Diet and Physical Activity Interventions. Systematic Review and Practical Design Framework
J Med Internet Res 2018;20(3): €106

URL: http://www.jmir.org/2018/3/e106/

doi: 10.2196/jmir.8701
PMID: 29567638

©Susan M Schembre, Yue Liao, Michael C Robertson, Genevieve Fridlund Dunton, Jacqueline Kerr, Meghan E Haffey, Taylor
Burnett, Karen Basen-Engquist, Rachel S Hicklen. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 22.03.2018. Thisisan open-access article distributed under the terms of the Creative Commons Attribution

http://www.jmir.org/2018/3/e106/ JMed Internet Res 2018 | vol. 20 | iss. 3| €106 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1080/08870446.2010.540664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21678185&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-1-9
http://dx.doi.org/10.1186/1748-5908-1-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16722539&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1037/a0027290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390739&dopt=Abstract
http://dx.doi.org/10.1123/jsep.24.1.3
http://dx.doi.org/10.1111/aphw.12017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24591064&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10413387&dopt=Abstract
http://mhealth.jmir.org/2016/2/e40/
http://dx.doi.org/10.2196/mhealth.4461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27122452&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/646
http://dx.doi.org/10.1186/1471-2458-14-646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965805&dopt=Abstract
http://dx.doi.org/10.1145/1541948.1541999
http://mhealth.jmir.org/2015/2/e42/
http://dx.doi.org/10.2196/mhealth.4160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25977197&dopt=Abstract
http://www.jmir.org/2018/3/e106/
http://dx.doi.org/10.2196/jmir.8701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29567638&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schembre et al

License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete

bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and licenseinformation
must be included.

http://www.jmir.org/2018/3/e106/

RenderX

JMed Internet Res 2018 | vol. 20 | iss. 3 | €106 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

