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Abstract 

Self-monitoring of dietary intake, physical activity, and weight is a key strategy in behavioral interventions, and some 
interventions provide self-monitoring feedback to facilitate goal setting and promote engagement. This systematic 
review aimed to evaluate whether feedback increases intervention effectiveness, and which forms of feedback presen-
tation (e.g., personalized vs. not personalized) and generation (i.e., human vs. algorithm-generated) are most effec-
tive. To achieve this aim, 5 electronic databases (PubMed/MEDLINE, Web of Science, CINAHL, PsycINFO, and Google 
Scholar) were searched in April 2022 and yielded 694 unique records, out of which 24 articles reporting on 19 studies 
were included (with a total of 3261 participants). Two reviewers independently screened titles and abstracts and then 
full texts and categorized articles as eligible or excluded according to the pre-registered criteria (i.e., availability of full 
text, peer reviewed manuscript in English; adult participants in a randomized controlled trial that included both self-
monitoring and feedback; comparisons of different forms of feedback or comparisons of feedback vs. no feedback; 
primary outcomes of diet, physical activity, self-monitoring behavior, and/or weight). All included studies were assessed 
for methodological quality independently by two reviewers using the revised Cochrane risk-of-bias tool for randomized 
studies (version 2). Ten studies compared feedback to no feedback, 5 compared human- vs. algorithm-generated 
feedback, and the remaining 4 studies compared formats of feedback presentation (e.g., frequency, richness). A ran-
dom effects meta-analysis indicated that physical activity interventions with feedback provision were more effective 
than physical activity interventions without feedback (d=0.29, 95% CI [0.16;0.43]). No meta-analysis could be conducted 
for other comparisons due to heterogeneity of study designs and outcomes. There were mixed results regarding which 
form of feedback generation and presentation is superior. Limitations of the evidence included in this review were: lack 
of details about feedback provided, the brevity of most interventions, the exclusion of studies that did not isolate feed-
back when testing intervention packages, and the high risk of bias in many studies. This systematic review underlines 
the importance of including feedback in behavioral interventions; however, more research is needed to identify most 
effective forms of feedback generation and presentation to maximize intervention effectiveness.
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Background
Overweight and obesity remains a substantial public 
health challenge worldwide and particularly in higher 
income countries [1]. Behavioral weight management 
programs, which use behavioral skills training to help 
individuals make changes in their eating and activity hab-
its, remain the first-line strategy for overweight and obe-
sity management [2]. Self-monitoring of dietary intake, 
physical activity, and weight plays a key role in these pro-
grams [3, 4], and greater adherence to self-monitoring 
has been demonstrated to be the best predictor of weight 
loss success [5–8]. In particular, early and consistent 
engagement in self-monitoring is important for weight 
management success [9, 10]. In order to both support 
greater adherence to self-monitoring and to help individ-
uals interpret the data collected from self-monitoring to 
set effective behavioral goals, participants in weight man-
agement programs are typically provided feedback based 
on their self-monitoring [11].

Within Social Cognitive Theory, provision of feedback 
is postulated to provide positive reinforcement for suc-
cessful goal attainment, insight into potential barriers 
and challenges, and support for problem-solving and 
effective development of future goals [12, 13]. Moreover, 
Supportive Accountability Theory [14, 15] posits that 
interventionist support is essential for promoting engage-
ment with health behavior change interventions, which 
often takes the form of feedback. However, beyond these 
basic theoretical principles, surprisingly little empirical 
evidence exists to guide the crafting of feedback mes-
sages for weight management as well as improvements in 
dietary intake and physical activity [16].

Feedback has been recognized as a potentially essen-
tial ingredient in the behavioral change technique tax-
onomy [17], and while self-monitoring has been the 
focus of many systematic reviews/meta-analyses [5, 7, 18, 
19], feedback has received less attention [20, 21]. Sher-
rington and colleagues [20] focused on the personaliza-
tion of feedback (i.e., individualization of feedback either 
by a human or an algorithm) in internet-based weight 
management studies, and they found that personalized 
feedback may confer approximately a 2  kg benefit over 
interventions that did not provide personalized feed-
back. Schembre et  al. [21] concentrated on just-in-time 
feedback in diet and physical activity-focused interven-
tions and was unable to conduct a meta-analysis due to 
the variability in targeted behaviors, study duration, and 
feedback types. Thus, it is essential to identify and evalu-
ate feedback types that may optimize this intervention 
component, given the widespread use of feedback in 
behavioral interventions for weight management, dietary 
change and physical activity change, the personnel costs 
of human-generated feedback [22], as well as the various 

forms in which feedback may be presented (e.g., positive 
reinforcement messages vs. areas for change [23]; numer-
ical displays [24, 25] vs. vibrations [26] vs. text [27–29]).

The primary aim of the current study was to systemati-
cally review and, if possible, meta-analyze self-monitor-
ing interventions that use feedback as a behavior change 
technique (BCT), to determine the impact of feedback 
on diet and physical activity behaviors, weight, and self-
monitoring behaviors (i.e., diet or physical activity, or 
weight). The secondary aims were to evaluate aspects 
of feedback (e.g., how different types of feedback are 
perceived by participants, how feedback impacts reten-
tion, what types of feedback are typically provided, how 
frequently feedback is provided, the length of feedback) 
to determine whether there are potentially feedback ele-
ments that are associated with superior outcomes.

Methods
The review proposal was submitted to PROSPERO prior 
to data extraction; it was accepted on April 11, 2022, reg-
istration number: CRD42022316206. The search strategy, 
raw data, and analysis scripts are provided on the Open 
Science Framework (OSF; https:// osf. io/ j9duf/).

Search methods for identification of studies
A medical librarian (AD) searched PubMed/MED-
LINE, Web of Science, CINAHL, PsycINFO, and Google 
Scholar. The search was limited to articles published in 
the English language and published from 1970 through 
March 2022. Keywords included “self monitor” OR “self 
monitoring” OR “self monitored” OR “self directed” OR 
“self evaluate” OR “self regulate” OR “self regulated” OR 
“self track” OR “self tracking” OR “self weighing” AND 
obes* OR overweight OR weigh* OR “body mass” OR 
bmi OR calor* OR diet OR exercise* OR “physical fitness” 
OR “physical activity” OR walk* OR step OR steps OR 
pedometer* AND feedback AND behavior* OR behav-
iour*. Search strategies were modified for each database, 
utilizing controlled vocabularies (e.g., Medical Subject 
Headings) as appropriate. Complete search strategies 
are provided on the OSF website. In addition, searches 
of reference lists of identified studies and forward cita-
tion tracking using Google Scholar was performed by 
two authors (RAK and LK) to identify further eligible 
publications.

Screening
All potentially-eligible study records generated from 
the search strategy were imported into Covidence sys-
tematic review software (Veritas Health Innovation, 
Melbourne, Australia; available at  www. covid ence. org). 
Duplicates were removed before all titles and abstracts 

https://osf.io/j9duf/
http://www.covidence.org
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were screened independently by two authors (RAK and 
LK), categorizing articles as provisionally eligible or 
excluded according to the pre-registered eligibility crite-
ria (Table 1).

Specifically, articles were evaluated on the following 
criteria (in order) and categorized as excluded on the first 
criterion where they did not meet eligibility (if applica-
ble): 1) no full text, 2) not published in English, 3) not 
an empirical peer-reviewed paper, 4) participants were 
not adults, 5) not a randomized controlled trial, 6) not 
an intervention targeting diet, physical activity or self-
weighing, 7) BCTs did not include both self-monitor-
ing and feedback (of behavior or outcome of behavior), 
8) did not compare different forms of feedback or did 
not compare 2 or more interventions that only differ in 
whether feedback is provided, and 9) did not include pri-
mary outcomes of diet, physical activity, self-monitoring 
behavior and/or body weight. Conflicts were resolved 
by discussion. Afterwards, all full texts were screened 
independently by the same two authors and coded as eli-
gible or excluded. Again, conflicts were resolved by dis-
cussion. The flow of study records is documented in the 
PRISMA diagram (Fig. 1).

Feedback on behavior and outcomes was defined based 
on the behavior change technique taxonomy [30]. Spe-
cifically, feedback on behavior was defined as “Monitor 
and provide informative or evaluative feedback on per-
formance of the behavior (e.g., form, frequency, dura-
tion, intensity); e.g., inform the person of how many steps 
they walked each day (as recorded on a pedometer) or 
how many calories they ate each day (based on a food 
consumption questionnaire).” Feedback on outcomes 
was defined as “Monitor and provide  feedback on the 

outcome of performance of the behavior; e.g., inform the 
person of how much weight they have lost following the 
implementation of a new exercise regime.”

Data extraction and synthesis
Two reviewers (RAK and LK) extracted data into a struc-
tured coding form. The data extracted included study 
characteristics (i.e., target behavior(s), country where 
the intervention took place, inclusion/exclusion crite-
ria, study conditions, sample size, participant charac-
teristics), intervention characteristics (i.e., theoretical 
foundation, self-monitoring modality, feedback modal-
ity, intervention components, self-monitoring duration), 
feedback characteristics (i.e., frequency, length, type), 
outcome characteristics, and study results (i.e., effect size 
for targeted outcomes, overall study conclusions). We 
also extracted information about feedback perceptions 
and retention. All relevant study outcomes were included 
in the extraction and synthesis.

In addition, a meta-analysis was conducted if at least 
three studies using similar manipulations and reporting 
on the same outcome provided data on group means 
and standard deviations or standard errors that could 
be used to calculate Cohen’s d [31]. We used metafor 
3.8–1 [32] in R Studio 2021.09.2/ R version 4.1.2 to 
compute random effects models to calculate pooled 
effect sizes and to adjust for potential publication bias 
using the trim-and-fill method [33]. Heterogeneity 
was evaluated using  I2 as recommended by Higgins 
et  al. [34]. To account for multiple comparisons (i.e., 
when the control group was used for more than one 
comparison), the N of the control group was split, as 

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Type of study Randomized controlled trial; experimental study; peer-reviewed Literature that was not peer-reviewed (e.g., theses and disserta-
tions); reviews and meta-analyses; conference abstracts that were 
not published in a full manuscript

Condition 
or domain being 
studied

Diet, self-weighing and physical activity behaviors Exclusive focus on other behaviors

Participants Adult population (18 years and over; or a mean age within this 
range)

Children or adolescents under the age of 18

Intervention Interventions with at least two conditions engaged in self-mon-
itoring, for which feedback was provided related to behaviors 
or outcomes of behavior

Interventions not including self-monitoring and feedback based 
on the self-monitoring data

Comparator At least two experimental groups comparing different forms 
of self-monitoring feedback (e.g., written vs graphic feedback, 
different wordings of written feedback) or feedback provision 
vs. no feedback control that only differ in feedback provision

Groups differ in more aspects than the form of feedback provided 
or feedback provision

Outcomes At least one of the following outcomes: Dietary intake; physical 
activity; self-monitoring diet or physical activity or weight; 
or weight

Studies focusing exclusively on other outcomes
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recommended by Harrer et  al. [35]; this was only the 
case for one study [36].

Risk of bias assessment
All studies that were eligible for inclusion were assessed 
for methodological quality by two reviewers using the 
revised Cochrane risk-of-bias tool for randomized stud-
ies (version 2) [37]. Studies were evaluated related to 
6 types of bias: selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other sources 
of bias. Each type of bias is rated as 1) low risk of bias, 
2) some concerns, or 3) high risk of bias. For the overall 
rating, the category indicating the highest risk of bias for 
an individual component is used. In addition, Egger’s test 
was conducted to test for publication bias in the meta-
analyses [38, 39].

Results
The literature search yielded 1,396 studies, of which 
647 were duplicate citations, 21 were books or chap-
ters and 34 were reviews or meta-analyses, leaving 694 
articles to be screened for eligibility. 544 articles were 
excluded upon title or abstract screening because the 
study did not meet the inclusion criteria. Thus, 138 
full-text articles were assessed for eligibility. After 120 
articles that did not meet the inclusion criteria were 
excluded, there were 18 included publications. An 
additional 6 studies were identified through forward 
and backward citation searches. A total of 24 publi-
cations reporting on 19 studies were included in the 

review (see PRISMA diagram, Fig.  1), with a total of 
3,261 participants.

Characteristics of included studies
Of the 19 studies, 6 focused on diet [27, 28, 40–43], 14 
focused on physical activity [24–26, 36, 41, 43–52], 3 
focused on sedentary behaviors [24, 26, 53], and 9 focused 
on weight management [24, 27–29, 40–43, 51] (with some 
studies focusing on more than one of these behaviors) 
(Table 2). Outcomes for the different behaviors, however, 
varied widely between studies. Dietary behaviors reported 
comprised energy intake [27, 41, 47, 54], percent carbo-
hydrates, protein, fat, and saturated fat from total daily 
energy intake, sodium intake, total fiber, added sugar [54], 
percent saturated, monounsaturated and polyunsaturated 
fats from daily energy intake [27], daily vegetable and fruit 
portions, weekly consumption of sweetened beverages 
and ultraprocessed foods [43], and achievement of diet 
goals [40]. Regarding physical activity, studies investigated 
total minutes of physical activity [50], daily minutes of 
moderate to vigorous physical activity [43, 51], steps [25, 
26, 36, 46], walking lengths [47], physical activity energy 
expenditure [41, 44], metabolic equivalents [24, 48], accel-
erometer counts [52], activity data [45], time spend stand-
ing [26], sedentary time [26, 53], achievement of physical 
activity goals [50] (see raw data provided on the OSF).

The median number of study participants was 80 
(range: 17–828). The majority of studies included samples 

Fig. 1 PRISMA Flow Chart



Page 5 of 18Krukowski et al. Int J Behav Nutr Phys Act  (2024) 21:3 

Ta
bl

e 
2 

St
ud

y 
C

ha
ra

ct
er

is
tic

s 
by

 C
om

pa
ris

on
 C

at
eg

or
y

Fe
ed

ba
ck

 V
er

su
s 

N
o 

Fe
ed

ba
ck

In
cl

ud
ed

 
Sa

m
pl

e
In

cl
ud

ed
 C

on
di

tio
ns

St
ud

y
Ta

rg
et

 
Be

ha
vi

or
(s

)
Co

un
tr

y
C

ha
ra

ct
er

is
tic

s
A

ge
 (M

(S
D

))
%

 F
em

al
e/

 
W

om
en

Et
hn

ic
ity

N
#

D
es

cr
ip

tio
n

M
od

e 
of

 S
el

f-
M

on
ito

rin
g

D
ur

at
io

n

Bl
an

so
n 

H
en

ke
-

m
an

s 
et

 a
l., 

20
09

 
[4

0]

W
ei

gh
t, 

di
et

, 
ph

ys
ic

al
 a

ct
iv

ity
Th

e 
N

et
he

r-
la

nd
s

A
du

lts
 

w
ith

 o
ve

rw
ei

gh
t

43
.2

4 
(1

1.
55

)
82

%
N

/A
11

8
2

1)
 F

ee
db

ac
k;

 2
) 

N
o 

fe
ed

ba
ck

D
ie

et
In

zi
ch

t 
w

eb
si

te
4 

w
ee

ks

Bu
rk

e 
et

 a
l., 

20
17

 
[4

2]
W

ei
gh

t
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

44
.8

5 
(1

2.
75

)
87

.1
8%

84
.6

2%
 W

hi
te

26
2

1)
 F

ee
db

ac
k;

 2
) 

N
o 

fe
ed

ba
ck

St
ud

y-
de

si
gn

ed
 

ap
p

12
 w

ee
ks

Bu
rk

e 
et

 a
l., 

20
22

 
[2

7]
W

ei
gh

t
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

45
.0

 (1
4.

4)
79

.5
0%

84
.3

%
 W

hi
te

50
2

2
1)

 F
ee

db
ac

k;
 2

) 
N

o 
fe

ed
ba

ck
St

ud
y-

de
si

gn
ed

 
ap

p
6 

m
on

th
s

Fa
nn

in
g 

et
 a

l., 
20

17
 [5

1]
Ph

ys
ic

al
 a

ct
iv

ity
U

SA
In

ac
tiv

e 
m

id
dl

e-
ag

ed
 a

du
lts

41
.3

8 
(7

.5
7)

80
%

87
%

 W
hi

te
11

6
4

1)
 G

oa
l-s

et
-

tin
g 

+
 Fe

ed
ba

ck
 

po
in

ts
; 2

) G
oa

l 
se

tt
in

g 
on

ly
; 3

) 
Fe

ed
ba

ck
 p

oi
nt

s 
on

ly
; 4

) N
on

e

A
ct

ig
ra

ph
 

ac
ce

le
ro

m
et

er
, 

st
ud

y-
de

si
gn

ed
 

ap
p

12
 w

ee
ks

Ja
uh

o 
et

 a
l., 

20
15

 [2
4]

Ph
ys

ic
al

 a
ct

iv
ity

, 
w

ei
gh

t
Fi

nl
an

d
Yo

un
g 

m
en

 
in

 th
e 

m
ili

ta
ry

17
.9

 (0
.7

)
0%

N
/A

27
6

2
1)

 F
ee

db
ac

k;
 2

) 
N

o 
fe

ed
ba

ck
Po

la
r A

ct
iv

e 
ac

ce
le

ro
m

et
er

3 
m

on
th

s

La
w

rie
 e

t a
l., 

20
18

 [4
5]

Ph
ys

ic
al

 a
ct

iv
ity

C
hi

na
A

du
lts

 w
w

ith
 

re
ce

nt
 s

tr
ok

e
53

 (1
2 

vs
. 6

2 
(1

2)
23

%
N

/A
30

2
1)

 F
ee

db
ac

k;
 2

) 
N

o 
fe

ed
ba

ck
ZG

PA
X 

S8
 

A
nd

ro
id

™
 

sm
ar

tw
at

ch

21
 d

ay
s

Lu
kk

ah
at

ai
 e

t a
l., 

20
21

 [2
5]

Ph
ys

ic
al

 a
ct

iv
ity

Th
ai

la
nd

A
du

lts
 w

ith
 d

ia
-

be
te

s
56

.5
 (7

.2
)

70
.2

0%
Th

ai
 h

er
ita

ge
76

2
1)

 F
ee

db
ac

k;
 2

) 
N

o 
fe

ed
ba

ck
G

ar
m

in
 V

iv
ofi

t 
ac

ce
le

ro
m

et
er

2 
da

ys

Pa
sc

ha
li 

et
 a

l., 
20

05
 [5

2]
Ph

ys
ic

al
 a

ct
iv

ity
U

SA
A

du
lts

 w
ith

 o
be

-
si

ty
 &

 ty
pe

 2
 

di
ab

et
es

48
.8

 (6
.1

) v
s. 

27
.0

 
(7

.2
)

53
%

N
/A

30
2

1)
 F

ee
db

ac
k;

 2
) 

N
o 

fe
ed

ba
ck

Bi
oT

ra
in

er
 a

cc
el

-
er

om
et

er
3 

m
on

th
s

Pr
es

tw
ic

h 
et

 a
l., 

20
16

 [4
8]

Ph
ys

ic
al

 a
ct

iv
ity

U
K

In
ac

tiv
e 

ad
ul

ts
23

.8
1 

(1
1.

01
)

 >
 7

3.
4%

 (N
ot

 
re

po
rt

ed
: 

11
/1

24
)

N
/A

80
2

1)
 F

ee
db

ac
k;

 2
) 

N
o 

fe
ed

ba
ck

A
ct

ig
ra

ph
 

ac
ce

le
ro

m
et

er
, 

st
ud

y-
de

si
gn

ed
 

w
eb

si
te

2 
w

ee
ks

Pr
es

tw
ic

h 
et

 a
l., 

20
17

 [3
6]

Ph
ys

ic
al

 a
ct

iv
ity

U
K

In
ac

tiv
e 

ad
ul

ts
21

.9
8 

(5
.9

7)
 v

s. 
23

.0
9 

(6
.9

6)
74

.3
–7

7.
3%

N
/A

19
2

2
1)

 F
ee

db
ac

k;
 2

) 
N

o 
fe

ed
ba

ck
Ya

m
ax

 C
W

-3
00

 
pe

do
m

et
er

, 
st

ud
y-

de
si

gn
ed

 
w

eb
si

te

5 
w

ee
ks

H
um

an
- V

er
su

s 
A

lg
or

ith
m

 G
en

er
at

ed
 F

ee
db

ac
k

In
cl

ud
ed

 
Sa

m
pl

e
In

cl
ud

ed
 C

on
di

-
tio

ns

St
ud

y
Ta

rg
et

 
Be

ha
vi

or
(s

)
Co

un
tr

y
C

ha
ra

ct
er

is
tic

s
A

ge
 (M

(S
D

))
%

 F
em

al
e/

 
W

om
en

Et
hn

ic
ity

N
#

D
es

cr
ip

tio
n

M
od

e 
of

 S
el

f-
M

on
ito

rin
g

D
ur

at
io

n



Page 6 of 18Krukowski et al. Int J Behav Nutr Phys Act  (2024) 21:3

Ta
bl

e 
2 

(c
on

tin
ue

d)

Be
le

ig
ol

i e
t a

l., 
20

20
 [4

3]
W

ei
gh

t, 
di

et
, 

ph
ys

ic
al

 a
ct

iv
ity

Br
az

il
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

M
 =

 3
3.

0–
34

.4
75

.0
–7

8.
2%

N
/A

82
8

2
1)

 P
la

tfo
rm

-
on

ly
; 2

) P
la

t-
fo

rm
 +

 C
oa

ch
in

g

St
ud

y-
de

si
gn

ed
 

w
eb

si
te

24
 w

ee
ks

Ki
m

 e
t a

l., 
20

21
 

[5
3]

Ph
ys

ic
al

 a
ct

iv
ity

U
SA

A
du

lts
29

.7
 (1

0.
0)

41
%

55
.5

%
 W

hi
te

24
2

1)
 T

ai
lo

re
d 

fe
ed

-
ba

ck
 a

bo
ut

 s
ed

-
en

ta
ry

 ti
m

e;
 2

) 
N

on
-t

ai
lo

re
d 

fe
ed

ba
ck

A
ct

ig
ra

ph
 G

T3
X 

ac
ce

le
ro

m
et

er
, 

st
ud

y-
de

si
gn

ed
 

w
eb

si
te

2 
w

ee
ks

Ta
te

 e
t a

l., 
20

06
 

[4
1]

W
ei

gh
t, 

di
et

, 
ph

ys
ic

al
 a

ct
iv

ity
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

49
.2

 (9
.8

)
84

.3
8%

87
–9

0%
 W

hi
te

12
5

2
1)

 A
ut

om
at

ed
 

fe
ed

ba
ck

; 2
) 

H
um

an
-g

en
er

-
at

ed
 fe

ed
ba

ck

St
ud

y-
de

si
gn

ed
 

w
eb

si
te

6 
m

on
th

s

W
es

t e
t a

l., 
20

22
 

[2
9]

W
ei

gh
t, 

di
et

, 
ph

ys
ic

al
 a

ct
iv

ity
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

50
.5

 (1
1.

2)
90

.4
0%

83
.6

%
 W

hi
te

37
2

1)
 P

re
-s

cr
ip

te
d 

fe
ed

ba
ck

; 2
) 

H
um

an
-g

en
er

-
at

ed
 fe

ed
ba

ck

Fi
tb

it 
w

eb
si

te
/

ap
p,

 R
en

ph
o 

e-
sc

al
e

16
 w

ee
ks

O
th

er
 T

yp
es

 o
f F

ee
db

ac
k 

Co
m

pa
ris

on
s

In
cl

ud
ed

 
Sa

m
pl

e
In

cl
ud

ed
 C

on
di

-
tio

ns

St
ud

y
Ta

rg
et

 
Be

ha
vi

or
(s

)
Co

un
tr

y
C

ha
ra

ct
er

is
tic

s
A

ge
 (M

(S
D

))
%

 F
em

al
e/

 
W

om
en

Et
hn

ic
ity

N
#

D
es

cr
ip

tio
n

M
od

e 
of

 S
el

f-
M

on
ito

rin
g

D
ur

at
io

n

A
m

be
ba

 e
t a

l., 
20

15
; B

ur
ke

 
et

 a
l., 

20
11

; 
Bu

rk
e 

et
 a

l., 
20

12
; C

on
ro

y 
et

 a
l., 

20
11

; 
Tu

rk
 e

t a
l., 

20
13

; 
W

an
g 

et
 a

l., 
20

12
 [5

, 2
7,

 4
9,

 
50

, 5
4,

 5
5]

W
ei

gh
t, 

di
et

, 
ph

ys
ic

al
 a

ct
iv

ity
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

46
.8

 (9
.0

)
84

.8
0%

78
.1

0%
14

0
2

1)
 W

ee
kl

y 
hu

m
an

 
fe

ed
ba

ck
; 2

) 
W

ee
kl

y 
hu

m
an

 
fe

ed
ba

ck
 +

 D
ai

ly
 

PD
A

 fe
ed

ba
ck

Pe
rs

on
al

 d
ig

ita
l 

as
si

st
an

t
24

 m
on

th
s

G
od

in
o 

et
 a

l., 
20

13
 [4

4]
Ph

ys
ic

al
 a

ct
iv

ity
U

K
A

du
lts

47
.5

 (6
.8

)
53

.4
0%

98
.3

%
 W

hi
te

34
6

4
1)

 S
im

pl
e 

fe
ed

-
ba

ck
;

2)
 V

is
ua

l 
fe

ed
ba

ck
; 3

) 
Co

nt
ex

tu
al

is
ed

 
fe

ed
ba

ck

A
ct

ih
ea

rt
 d

ev
ic

e
6 

da
ys

M
ar

tin
 e

t a
l., 

20
15

 [2
6]

Ph
ys

ic
al

 a
ct

iv
-

ity
, s

ed
en

ta
ry

 
be

ha
vi

or

U
K

M
id

dl
e 

ag
ed

 
m

en
 w

ho
 w

er
e 

se
de

nt
ar

y

55
%

, 
30

–4
9 

ye
ar

s 
ol

d
0%

85
%

 W
hi

te
40

2
1)

 F
ee

db
ac

k 
on

 u
pr

ig
ht

 ti
m

e;
 

2)
 F

ee
db

ac
k 

on
 s

ed
en

ta
ry

 
tim

e

Si
tF

IT
 d

ev
ic

e
4 

w
ee

ks



Page 7 of 18Krukowski et al. Int J Behav Nutr Phys Act  (2024) 21:3 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ke
rr

ig
an

 e
t a

l., 
20

21
 [4

6]
Ph

ys
ic

al
 a

ct
iv

ity
U

SA
A

du
lts

 
w

ith
 o

ve
r-

w
ei

gh
t/

 o
be

si
ty

 
w

ho
 w

er
e 

in
ac

tiv
e

48
.9

5 
(1

4.
20

)
98

.2
0%

89
.3

%
 W

hi
te

31
2

1)
 D

ai
ly

 fe
ed

-
ba

ck
; 2

) W
ee

kl
y 

fe
ed

ba
ck

Fi
tb

it 
ac

tiv
ity

 
tr

ac
ke

r
6–

8 
w

ee
ks

Pr
es

tw
ic

h 
et

 a
l., 

20
17

 [3
6]

Ph
ys

ic
al

 a
ct

iv
ity

U
K

In
ac

tiv
e 

ad
ul

ts
21

.9
8 

(5
.9

7)
 v

s. 
23

.9
4 

(9
.1

6)
22

.7
–2

4.
4%

N
/A

28
1

2
1)

 B
as

ic
 

fe
ed

ba
ck

; 2
) 

Co
m

pe
tit

io
n 

Fe
ed

ba
ck

Ya
m

ax
 C

W
-3

00
 

pe
do

m
et

er
, 

st
ud

y-
de

si
gn

ed
 

w
eb

si
te

5 
w

ee
ks

Ra
bb

i e
t a

l., 
20

15
 

[4
7]

Ph
ys

ic
al

 a
ct

iv
ity

, 
di

et
U

SA
A

du
lts

 
w

ith
 a

 m
ob

ile
 

de
vi

ce

28
.3

 (6
.9

6)
47

%
N

/A
17

2
1)

 T
ai

lo
re

d 
fe

ed
-

ba
ck

; 2
) G

en
er

ic
 

fe
ed

ba
ck

St
ud

y-
de

si
gn

ed
 

M
yB

eh
av

io
r a

pp
3 

w
ee

ks



Page 8 of 18Krukowski et al. Int J Behav Nutr Phys Act  (2024) 21:3

with a mean age between 30 and 50 [27, 28, 40–42, 44, 
46, 51, 52] who were predominantly female [25, 27–29, 
36, 40–44, 46, 48, 51, 52] and White [26–29, 41, 42, 44, 
46, 51, 53] (although ethnicity or race was not reported 
in 7 publications). Studies were conducted in the United 
States (n = 10, 52.6%; [27–29, 41, 42, 46, 47, 51–53], Bra-
zil (n = 1, 5.3% [43]), the Netherlands (n = 1, 5.3% [40]), 
Finland (n = 1, 5.3% [24]), Thailand (n = 1, 5.3% [25]), 
China (n = 1, 5.3% [45]), and the United Kingdom (n = 4, 
21.1% [26, 36, 44, 48]. Study duration ranged from 2 days 
to 24  months, although most interventions (n = 11) 
were shorter than 12 weeks. The studies were published 
between 2005 and 2022.

Theoretical foundation
In total, 11 studies (57.9%) cited a theoretical foundation for 
the intervention. The most frequently cited theories were 
general Behavioral Theory (n = 2, 10.6%), Control Theory 
(n = 2, 10.6%), and Social Cognitive Theory (n = 4, 21.1%).

Retention
Retention rates were calculated by the number of partici-
pants who completed the final follow-up data collection 
visit (varying between studies from 2 days to 24 months). 
On average, retention was 76.3% (range: 48.0%-100%).

Feedback features of included studies
The 19 studies varied in the content, frequency, and the tim-
ing of the feedback, with often limited details provided about 
the feedback (Table 3). Feedback was often graphical, such as a 
history of physical activity data, or reduced to numerical indi-
cators for activity units or steps (e.g., [25, 48]). Some studies 
provided feedback on goal attainment (e.g., [43, 46]) or posi-
tive reinforcement (e.g., [29, 40]). Most studies, especially if 
published recently, provided feedback on digital devices such 
as PDAs (e.g., [27]), smartphone apps (e.g., [51]), or smart-
watches [45]. Frequency of feedback varied, the majority of 
studies provided feedback continuously (3 studies; [25, 26, 
45]), daily (or multiple times daily) (5 studies; [28, 29, 42, 47, 
48]), or weekly (3 studies; [36, 41, 53]). Other studies had var-
ied feedback frequency throughout the study (i.e., decreasing 
frequency) [27], randomization to different frequencies [46], 
or did not describe the frequency of feedback [24, 40, 43, 51].

Across the studies, 9 compared feedback to no feed-
back [24, 25, 28, 36, 40, 42, 45, 48, 51, 52] and 5 compared 
human- versus algorithm-generated feedback [29, 41, 43, 
47, 53]. The remaining 4 studies included other types of 
feedback comparisons, including feedback frequency (daily 
vs. weekly [27, 46]), richness of feedback (simple vs. visual 
vs. contextualized [44]), and the behavior on which feed-
back was provided (upright time vs. sedentary time [26]).

Impact of feedback on diet and physical activity behaviors, 
weight, and self‑monitoring behaviors
A file containing means and standard deviations for all 
group comparisons can be found on the OSF (https:// osf. 
io/ j9duf/).

Impact of feedback provision
Nine studies compared participants who received and 
did not receive feedback, allowing us to test whether 
providing feedback had a positive impact on behav-
iors or weight. Studies yielded mixed results. Six studies 
reported benefits of feedback such as reaching diet goals 
[40], self-monitoring diet and exercise more frequently 
[40], losing more weight [40], and being more physically 
active [24, 36, 45, 48, 52]. This positive impact, however, 
was not universally observed; other comparisons did not 
report an impact of feedback provision on physical activ-
ity [25, 52] or weight [24, 28, 42].

Due to the large heterogeneity of studies in terms of 
feedback provided and outcomes studied (e.g., report-
ing weight change in various ways), we were only able to 
conduct a random effects meta-analyses for differences 
in physical activity based on 9 comparisons reported in 6 
studies [25, 36, 45, 48, 51, 52]. The meta-analysis yielded 
a statistically significant pooled effect size of Cohen’s 
d = 0.29, 95% CI [0.16;0.43] (test for overall effect: Z = 
4.14, p < 0.001; see Fig.  2). Heterogeneity was low  (I2 
= 9.07,  Tau2 = 0.00,  H2 = 1.00, df = 9, p = 0.432 [56]). 
Results were unchanged when using trim-and-fill, indi-
cating no evidence for publication bias (see Fig. 3).

Impact of human vs. algorithm‑generated feedback
Five studies compared the impact of human- and algo-
rithm-generated feedback on behaviors and weight with 
mixed results. Studies reported significant group differ-
ences, including healthier diet composition in partici-
pants receiving human-generated feedback [43] and a 
reduction in sedentary time [53]. Conversely, West et al. 
[29] reported greater weight loss in participants who 
received algorithm-generated feedback, compared to 
participants who received human-generated feedback. 
Other studies did not report differences between groups 
for physical activity [41, 43], self-monitoring behaviors 
[43], or weight loss [41]. Due to the large heterogeneity 
of studies in terms of feedback provided and outcomes 
studied, we were unable to conduct any meta-analyses.

Impact of other forms of feedback
Five studies investigated the impact of different forms of 
feedback on behaviors. Due to the large heterogeneity 
of studies in terms of feedback provided and outcomes 
studied, no meta-analysis could be conducted with 

https://osf.io/j9duf/
https://osf.io/j9duf/
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Fig. 2 Forest plot for the random effects meta-analysis comparing the impact of providing feedback vs not providing feedback on physical activity 
behaviors

Fig. 3 Funnel plot created using the trim-and-fill method. No studies were filled, indicating that publication bias is unlikely
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these studies. The impact of feedback frequency was 
tested in two studies, including the SMART trial that 
resulted in several publications (as described below). 
Kerrigan et  al. [46] reported that providing daily feed-
back increased step counts more than providing weekly 
feedback. This finding was not mirrored by the publica-
tions stemming from the SMART trial related to weight 
management (i.e., the primary SMART study outcome) 
[27, 49] or physical activity [27]; however, the SMART 
trial reported a greater reduction in energy consumed 
for participants who received daily vs. weekly feedback 
messages [54] and found greater adherence to self-mon-
itoring if daily feedback messages were provided [55]. 
Self-monitoring behaviors were then correlated with 
greater adherence to physical activity goals and weight 
loss [49, 50].

In a test of another type of feedback, Godino et al. [44] 
tested whether feedback richness (simple vs. visual vs. 
contextualized) impacted participants’ physical activity, 
and found no significant group differences. In addition, 
Rabbi et  al. [47] tested whether personalized feedback 
(personalized vs. non-personalized feedback, both gen-
erated by an algorithm) affected participants’ diet and 
physical activity. The authors reported that personalized 
feedback led to increased physical activity, but dietary 
behaviors were not different between the conditions. 
Finally, Martin et al. [26] investigated if the behavior on 
which feedback (i.e., sedentary time vs. upright time) was 
provided impacted participants’ physical activity. Again, 
no significant group differences were found.

Impact of feedback on participants’ perception 
of the intervention and retention
Seven of the included studies [25, 26, 36, 44, 47, 51, 52] 
reported on participants’ evaluation of the provided 
feedback. In all seven studies, evaluations were highly 
positive, with participants reporting that the feedback 
was motivating [26] and the main reason for using the 
intervention device [25, 52]. Fanning et al. [51] reported 
that participants asked for more frequent messages, and 
Paschali et  al. [52] noted that participants in the “no 
feedback” condition were disappointed that they did 
not receive any feedback. Feedback thus seems to be an 
integral component of interventions that participants 
expect and enjoy. Somewhat unexpectedly, participants 
even reported that they found the feedback motivating 
and enjoyable even if it was not related with objectively 
measured or even perceived changes in behavior (e.g., 
[26, 52]).

Three of the included studies explicitly compared 
retention rates between conditions. All three studies [29, 
41, 42] did not report differences in retention based on 

the condition, suggesting that feedback might not pre-
vent attrition.

Risk of bias assessment
We used the Cochrane Risk of Bias 2.0 tool to evaluate 
all of the studies. All studies were subject to significant 
risk of bias (see Table 4 for details), with 9 studies having 
the overall rating of some concern and 10 studies receiv-
ing the overall rating of high risk of bias. The high risk of 
bias largely resulted from lack of pre-registration of the 
analysis plan.

Discussion
Feedback is a core component of behavioral change 
interventions [17]; however, because feedback is rarely 
the focus of intervention and thus varied systematically, 
little is known about how feedback should ideally be for-
mulated and presented. The current systematic review 
aimed to compile the existing evidence about feedback 
on self-monitoring behaviors, dietary intake, physical 
activity, and weight. Overall, evidence for the effective-
ness of feedback was mixed. There was a significant effect 
for feedback (vs. no feedback) on physical activity, but 
this finding was driven by only half of the studies report-
ing a significant effect for including feedback (compared 
to no feedback). However, the effect of the presence or 
absence of feedback for outcomes other than physical 
activity has rarely been examined and thus we were una-
ble to conduct meta-analyses for these other outcomes.

Despite the popularity of digital interventions which 
often incorporate algorithm-generated feedback [57, 58], 
effects of providing human- vs algorithm-generated feed-
back is understudied. Interestingly, while results of four 
out of five included studies reported either no difference 
or human-generated feedback to be superior, findings by 
West et  al. [29]  suggest that algorithm-generated feed-
back may be more effective in certain circumstances. For 
example, algorithms consistently provide feedback on all 
of the desired behaviors, which may not happen with a 
human, and algorithms can provide more immediate 
feedback, without consideration for holidays, illness, or 
weekends. In addition, complex algorithms may detect 
patterns of behavior that may be beyond the capabilities 
of an interventionist. More research is urgently needed to 
understand which form of feedback generation are most 
effective under which circumstances, given that generat-
ing feedback automatically may improve the cost-effec-
tiveness and sustainability of behavioral interventions as 
well as their reach [20].

Available research regarding feedback frequency was 
especially limited. Two studies [46, 55] focused on the 
frequency of providing feedback, showing that daily 
feedback was associated with greater self-monitoring, 
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which was in turn associated with improved behavioral 
and health outcomes such as physical activity and weight 
loss. The link between self-monitoring and intervention 
effectiveness has been previously established; providing 
feedback frequently (but also not too frequently so that 
it may annoy users, especially when paired with a noti-
fication [59]) may thus be key for intervention effective-
ness. More research is needed to confirm these findings 
also for other behaviors and to determine potential dose–
response effects of feedback for the engagement with 
intervention components.

It is important to note that there are numerous char-
acteristics of within the design of each feedback pack-
age (e.g., frequency, behavioral vs. outcome focus, 
length, personalization, graphical vs. numerical vs. text 

vs. vibration modality, achievement vs. future behavior 
change valence). Due to the infrequency of each charac-
teristic of feedback and the lack of systematic manipula-
tion of some of these characteristics, we were not able to 
evaluate the independent effects of these characteristics, 
which may have led to the mixed outcomes in this review. 
It will be important to systematically vary these feedback 
characteristics to determine optimal combinations, as 
some of these characteristics may have small but poten-
tially additive effects.

This review only included studies that specifically com-
pared different feedback conditions and not interven-
tion packages, to isolate effects of feedback provision 
and different forms of feedback. However, different BCTs 
included in an intervention may interact since they link to 

Table 4 Risk of bias assessment for included studies

Study Bias arising from 
the randomization 
process

Bias due to 
deviations from 
the intended 
interventions

Bias due 
to missing 
outcome data

Bias in 
measurement of 
the outcome

Bias in selection of 
the reported result

Overall rating

Ambeba et al., 2015; 
Burke et al., 2011; 
Burke et al., 2012; 
Conroy et al., 2011; 
Turk et al., 2013; 
Wang et al., 2012 [5, 
27, 49, 50, 54, 55]

some concerns low risk low risk some concerns high risk high risk

Beleigoli et al., 2020 
[43]

low risk low risk some concerns some concerns some concerns some concerns

Burke et al., 2017 [42] some concerns low risk some concerns low risk some concerns some concerns

Burke et al., 2022 [28] some concern low risk low risk low risk low risk some concern

Blanson Henkemans 
et al., 2009 [40]

low risk some concerns high risk high risk high risk high risk

Fanning et al., 2017 
[51]

some concerns low risk some concerns low risk some concerns some concerns

Godino et al., 2013 
[44]

some concerns some concerns some concerns low risk some concerns some concerns

Jauho et al., 2015 [24] some concerns low risk some concerns low risk some concerns some concerns

Kerrigan et al., 2021 
[46]

some concerns some concerns some concerns some concerns high risk high risk

Kim et al., 2021 [53] some concerns some concerns some concerns low risk high risk high risk

Lawrie et al., 2018 [45] high risk some concerns some concerns low risk high risk high risk

Lukkahatai et al., 2021 
[25]

some concerns low risk low risk some concerns high risk high risk

Martin et al., 2015 [26] low risk low risk some concerns low risk some concerns some concerns

Paschali et al., 2005 
[52]

some concerns low risk some concerns low risk high risk high risk

Prestwich et al., 2016 
[48]

low risk some concerns some concerns low risk some concerns some concerns

Prestwich et al., 2017 
[36]

low risk low risk some concerns some concerns high risk high risk

Rabbi et al., 2015 [47] some concerns low risk low risk low risk high risk high risk

Tate et al., 2006 [41] some concerns some concerns low risk some concerns high risk high risk

West et al., 2021 [29] some concerns low risk low risk low risk some concerns some concerns
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or build on one another. For example, feedback provision 
may boost the effectiveness of other BCTs such as goal-
setting since it may allow participants to identify changes 
that are most urgently needed or easiest to achieve [60]. 
Potential interactions between BCTs may also explain 
why Fanning [51] (which also used goal-setting) reported 
relatively large effects of feedback on changes in physical 
activity, while other studies (which did not use goal-set-
ting) produced smaller effects.

Based on evaluations of feedback provision reported in 
a small number of included studies, it can be concluded 
that feedback provision is a desired and well-received 
study component, which mirrors previous research [59]. 
Surprisingly, in some of these studies, feedback provi-
sion did not improve intervention effectiveness despite 
the study participants reporting to find it useful, perhaps 
because feedback sometimes focuses on what the partici-
pant is doing well and maintains a human connection in 
some studies. On the other hand, previous research has 
pointed out that feedback may not always be beneficial; 
depending on the valence, it may also be seen as demo-
tivating and so promote disengagement – rather than 
engagement – with the intervention [61]. In addition, the 
studies that examined the effect of feedback on retention 
did not find benefits [29, 41, 42]. These findings under-
line that feedback needs to be carefully crafted to achieve 
its desired effects of promoting intervention engagement 
and effectiveness.

Despite the systematic approach to this review, 
there are limitations that are important to note. First, 
the details on feedback provided in studies was often 
unavailable, which complicates the interpretation of 
the findings. Second, some of the interventions were 
extremely short (i.e., 2  days [25]) and most interven-
tions were less than 12  weeks, so may not have been 
long enough to adequately test the feedback effect. In 
addition, some of the outcomes we examined were too 
different to include in additional meta-analyses. Fur-
thermore, many studies had to be excluded because 
they tested intervention packages, which makes it 
difficult to estimate effects of individual interven-
tion components. Third, the vast majority of included 
studies did not conduct sensitivity analyses to test 
for potential demographic differences in effects, and 
many included samples that were predominantly 
female, well educated, and white. This review thus 
cannot speak to the generalizability of the findings 
to deprived populations. Future research needs to 
address this issue, since engagement with and effec-
tiveness of behavioral interventions likely are not 
equal for all [62, 63]. Finally, there was a high risk of 

bias in the majority of the studies, reflecting changing 
trends in pre-registration of analyses. In the future, 
rigorous experimental research using appropriate 
study designs such as factorial trials are needed to 
examine optimal feedback components further.

However, there are also strengths of this study. The 
design and conduct of the literature searches by an 
experienced medical librarian, the inclusion of 5 liter-
ature databases, and the use of forward and backward 
citation searches, which led to a comprehensive set of 
literature upon which to perform the review. Addition-
ally, consistent with open science principles, we have 
reported the raw data on the OSF website. Finally, two 
reviewers independently coded all of the studies.

Conclusion
This review underlines the importance of feedback as 
a behavior change technique in interventions, but also 
clearly indicates that greater detail should be provided 
in scientific manuscripts regarding the feedback com-
ponents (including examples and potentially screen-
shots) and frequency. In addition, more research is 
needed on how feedback is best generated (i.e., what 
can be generated by an algorithm and what poten-
tially cannot) and presented to maximize intervention 
effectiveness.
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