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Abstract 

Background Worldwide, physical inactivity (PIA) and sedentary behavior (SB) are recognized as significant challenges 
hindering the achievement of the United Nations (UN) sustainable development goals (SDGs). PIA and SB are respon-
sible for 1.6 million deaths attributed to non-communicable diseases (NCDs). The World Health Organization (WHO) 
has urged governments to implement interventions informed by behavioral theories aimed at reducing PIA and SB. 
However, limited attention has been given to the range of theories, techniques, and contextual conditions underlying 
the design of behavioral theories. To this end, we set out to map these interventions, their levels of action, their mode 
of delivery, and how extensively they apply behavioral theories, constructs, and techniques.

Methods Following the scoping review methodology of Arksey and O’Malley (2005), we included peer-reviewed 
articles on behavioral theories interventions centered on PIA and SB, published between 2010 and 2023 in Arabic, 
French, and English in four databases (Scopus, Web of Science [WoS], PubMed, and Google Scholar). We adopted 
a framework thematic analysis based on the upper-level ontology of behavior theories interventions, Behavioral theo-
ries taxonomies, and the first version (V1) taxonomy of behavior change techniques(BCTs).

Results We included 29 studies out of 1,173 that were initially screened/searched. The majority of interventions were 
individually focused (n = 15). Few studies have addressed interpersonal levels (n = 6) or organizational levels (n = 6). 
Only two interventions can be described as systemic (i.e., addressing the individual, interpersonal, organizational, 
and institutional factors)(n = 2). Most behavior change interventions use four theories: The Social cognitive theory 
(SCT), the socioecological model (SEM), SDT, and the transtheoretical model (TTM). Most behavior change interven-
tions (BCIS) involve goal setting, social support, and action planning with various degrees of theoretical use (intensive 
[n = 15], moderate [n = 11], or low [n = 3]).

Discussion and conclusion Our review suggests the need to develop systemic and complementary interventions 
that entail the micro-, meso- and macro-level barriers to behavioral changes. Theory informed BCI need to integrate 
synergistic BCTs into models that use micro-, meso- and macro-level theories to determine behavioral change. 
Future interventions need to appropriately use a mix of behavioral theories and BCTs to address the systemic nature 
of behavioral change as well as the heterogeneity of contexts and targeted populations.
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Background
Currently, physical inactivity (PIA) and sedentary 
behavior (SB) are considered global health challenges 
hampering the achievement of the United Nations’ 
(UN) third sustainable development goal (SDG). PIA 
and SB are responsible for 1.6 million deaths per year 
(27% due to diabetes and 20% due to cardiovascular 
disease [CVD]) [1]. More than 31% of premature deaths 
attributed to non-communicable diseases (NCDs) 
occur in physically inactive populations and are respon-
sible for US $54 billion per year of direct care costs and 
US $14 billion per year of indirect costs (i.e., a loss of 
productivity) [1].

It is important to differentiate between three unique 
concepts: physical activity (PA), PIA, and SB. The 
WHO defines PA as “any bodily movement produced by 
skeletal muscles that requires energy expenditure.” The 
WHO defines PIA as any activity below the threshold 
of 150 min per week of moderate or vigorous PA. SB is 
defined as any waking behavior that leads a person to 
consume 1.5 metabolic equivalents or less (e.g., sitting, 
reclining, or lying down) [2].

A recent meta-analysis revealed that prolonged SB is 
associated with an elevated risk of morbidity and mor-
tality from NCDs. This risk can be reduced or even 
eliminated by engaging in PA. However, if SB is very 
high (SB time exceeding 7 h) the risk of mortality and 
morbidity from NCDs is independent of the level of PA 
[3]. Both PIA and SB carry a high risk of developing an 
NCD. PIA is a major risk factor for CVD [4], type 2 dia-
betes [5], high blood pressure [6], cancer [7] and drug 
use [8]. However, SB is associated with a 30% increase 
in CVD [9] as well as a 55% increase in the risk of endo-
metrial cancer [10] and elevated blood pressure [11]. 
These risks are exacerbated when combined with insuf-
ficient PA [12]. Thus, interventions aimed at reducing 
PIA and SB are estimated to reduce the risk of CVD, 
type 2 diabetes, depression, and cancer by 35%, 40%, 
and 35%, respectively [1].

In recent years, increased attention has been given to 
designing combined interventions, targeting both PIA 
and SB, to appropriately prevent and contribute to the 
management of NCDs for better health and well-being 
outcomes [13]. These interventions need to involve 
behavioral changes and to be informed by behavioral 
theories according to the WHO and other global health 
institutions, communities of researchers, practitioners, 
and policymakers [14–17].

Behavioral theories and Behavior Change Techniques (BCT)
Behavioral theories explain why, when, and how an 
individual behavior does (or does not) occur. They 
highlight that the mechanism of change at play, if tar-
geted, will alter the behavior at the individual, inter-
personal, or community level. These mechanisms are 
central to the design of theory-informed behavior 
change interventions (BCI) [19], which are complex 
social adaptive systems (e.g., multiple health behavioral 
change interventions (BCIs) targeting simultaneously 
or sequentially two or more health behaviors, that com-
prise interacting components and sensitivity to context, 
with emergent intended and unintended effects at dif-
ferent levels: the individual, interpersonal, community 
(organizational, environmental, national, and global) 
levels [20–23].

According to Hayden [24], behavioral theories can 
be classified into three categories based on their levels 
of action: 1) Intrapersonal or individual-level theories 
focus on personal determinants that influence behav-
ior (e.g., knowledge, attitudes, beliefs, and motiva-
tion). Examples include the health belief model (HBM) 
(Hoch, Baum 1958; [25], the theory of planned behavior 
(TPB) [26], and self-determination theory (SDT) [27]. 
2) Interpersonal level theories highlight the influence of 
others in shaping one’s behavior; social cognitive theory 
(SCT) [28] is the most commonly used interpersonal-
level theory. 3) Community-level theories aim to affect 
or modify the social systems within which actors inter-
act. These social systems include organizations institu-
tions, and public policies, among others. Examples of 
community-level theories include diffusion of innova-
tion theory (Valente & Rogers, 1995) [29] and the social 
ecological model (SEM) [30].

In practice, behavioral theories are translated into 
BCIs; these are implemented through the use of BCTs, 
which are interactive, reproducible elements of an 
intervention that facilitate the alteration of the mech-
anism of change or the causal pathway toward the 
intended behavioral outcome [31, 32].

Recent research has urged scholars to place more 
emphasis on understanding how and in which con-
text a BCI addressing PIA or SB will lead to desired or 
unexpected outcomes and impacts [33]. However, the 
answer remains elusive. To close this gap, we aimed to 
map out the different types of BCIs geared toward PIA 
and SB and their underlying theories and techniques. 
We focused on mapping out different interventions to 
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reduce PIA and SB and identified the underlying behav-
ioral theories and BCTs used. We also aimed to assess 
the extent of behavioral theories use in the design of 
BCIs. Our review will provide decision-makers and 
behavioral designers with a unique systematic and com-
prehensive mapping of BCI targeting PA and SB using 
behavioral change theories, tools, and techniques.

Methods
We adopted the scoping review methodology as defined 
by Arksey and O’Malley [34] and refined by the Joanna 
Briggs Institute (JBI) [35].

Specifying the review question
During different research team meetings, we iteratively 
refined our review question as follows: What are the 
different behavioral theories and BCTs used in theory-
informed interventions focused on PIA and SB? To con-
struct a suitable search strategy, we employed the health 
behavior, health context, exclusion, models, and theories 
(BeHEMoth) framework [36, 37] (see Table  1), which is 
especially relevant for identifying interventions based 
on behavioral theories. We then followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) reporting guidelines to report the results 
of our scoping review [38].

We included only interventions addressing PIA and 
SB or both. We excluded interventions adressing other 
health behaviors such as,nutrition, smoking, and sleep 
(see Table 2).

Search strategy
We searched four databases (Scopus, Web of Science 
[WoS], PubMed, and Google Scholar) (see Supple-
mentary file 1 and Table  2). We manually searched for 
gray literature on institutional sites and used reference 
tracking to identify additional papers. We combined 
search terms for theories (“Logic model” OR “Theory of 
change” OR “Outcome of change” OR “Program* the-
ory” OR "Program*logic" OR “Logical framework” AND 

“Behavioral change intervention”) with search terms 
addressing BCIs: “Behavioral change interventions” 
AND keywords for “physical activity” OR “sedentary” OR 
“physical inactivity” OR “exercise” OR “fitness.”

Study selection
The study selection was carried out by two researchers, 
HK and ZB. We included only empirical studies of inter-
ventions addressing SB, PIA, or PA that explicitly used 
behavioral theories in the context of healthcare. Table 2 
guided the definition of our inclusion criteria using the 
PCC (population, concept, context) framework (JBI) [35]. 
We included papers published in French, English, and 
Arabic between January 2010 and November 2023. All 
study designs were included. We excluded reviews, study 
protocols, feasibility studies, books, book chapters, com-
mentaries, and letters to editors (See supplementary file 
2).

Data charting
Data extraction was guided by, and adapted from the 
Cochrane Handbook of Systematic Review of Interventions 
for describing the characteristics of interventions [39] 
(see Table  3). We first extracted data about the general 
characteristics of the included studies (author, year, coun-
try, type of article, study population). Then, we extracted 
data about the following characteristics of behavioral 
theories -informed interventions: 1) theories, models 
or conceptual frameworks; 2) types of interventions; 3) 

Table 1 The BeHEMoth framework

Health behavior Sedentary behavior OR Physical inactivity

Health context "Behavioral change intervention" OR "best buys" OR "best practices" OR "behavioral change"

Exclusion Clinical interventions (primary use of medication and clinical treatment), interventions 
addressing other types of health behaviors such as nutrition, smoking, and sleep)

Moth models and theories "Logic model"
"Theory of change"
"Outcome of change"
“Program* theory”
“Program*logic”
"Logical framework"

Table 2 Inclusion criteria for the population, concept, and 
context models

Population General population, including 
healthy and unhealthy children, 
adults, women, and elderly people

Concept Theory based Behavioral change 
interventions implemented in real-
world settings addressing SB, PIA/PA, 
or both

Context Healthcare
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behavioral theories; 4) BCTs; 5) targeted behavior (SB, 
PIA, PA, or both); and 6) level of intervention (individual, 
interpersonal, and environmental) (see supplementary 
file 3).

Data analysis, coding and synthesis
BCI
As we aimed to identify the underlying behavioral theo-
ries and BCTs used to inform the design of BCIs, we 
employed a BCI upper-level ontology [40] that coded 
different forms of BCIs. This taxonomy provides a help-
ful model for systematically and uniformly describing 
the upper-level components of BCIs; this enabled us to 
describe BCIs based on theory and to create a map of the 
different contexts, BCI content, mode of delivery, and 
BCI outcomes (see Table 4 and supplementary file 4).

Mode of delivery
We coded the different modes of delivery using the tax-
onomy developed by [41].

Behavioral theories
To comprehensively describe the theories used to inform 
the design of interventions, we used the taxonomy of 
behavioral theories developed by Michie [19] and we 
refined it based on Hayden [24]. This taxonomy outlines 
key behavioral theory constructs (definitions, interest, 
use, the context of theory development).

We further assessed the intensity and degree of the-
ory use in BCIs (an analysis of how interventions have 
actually been implemented according to the stated the-
ory) as developed by Michie, 2010 [42] and refined by 
Bluethmann, 2017 [43] to fit the context of PA. This tax-
onomy included the following criteria: 1) a theory was 

Table 3 Data charting form adapted from Higgins et al. (2019)

Author name(s), journal, year

Study design

Unit of analysis

Sampling method(s)

Types of interventions: organizational, professional, or educational

Participants’ characteristics: profession, administrative position, level of training, clinical specialty, age, time since graduation

Settings: location, country, district level primary or secondary level, rural of urban area

Intervention characteristics

 A. Country/Year/Duration of the program/Frequency

 B. Program components/Underlying theory of change/BCT used

Table 4 Thematic analysis, coding using different taxonomies of BCT interventions, theories, and techniques

Label Description Taxonomy used

Context An aggregate of entities that is independent of the inter-
vention but may influence the effect of a BCT interven-
tion on its outcome behavior

Intervention characteristics using the Cochrane Handbook 
of Systematic Reviews of Interventions

Mode of delivery An attribute of delivery that is the physical or informa-
tional medium through which a BCI is provided. This 
includes informational and environmental change 
versus somatic alteration (individual versus group-based, 
unit-directional versus interactional, synchronous ver-
sus asynchronous, push versus pull, gamification and arts 
features)

The ontology of modes of delivery developed by Marques  
[41]

Content of BCIs A planned process that is part of a BCI and is intended 
to be causally active in influencing the outcome behavior. 
This includes BCTs and behavioral change techniques

The upper-level ontology developed by Michie [40]

Behavioral theories This comprises a comprehensive description of the defi-
nition of a theories, interest, use, the context of theory 
development, and related constructs based on the ABC 
book of behavior theories

The taxonomy of behavior theories proposed by Michie 
et al. [19] and refined by JBI (2019)

Behavioral change techniques A behavioral change technique is described as an “observ-
able, replicable, and irreducible component of an interven-
tion designed to alter or redirect causal processes that 
regulate behavior, that is, a technique that is proposed to be 
an active ingredient” [104]

V1 taxonomy of behavioral change techniques developed 
by Michie et al. [104]
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mentioned, 2) relevant constructs were targeted, 3) each 
intervention technique was explicitly linked to at least 
one theoretical construct, 4) participants were selected or 
screened based on prespecified criteria (e.g., a construct 
or predictor), 5) interventions were tailored to different 
subgroups, 6) at least one construct or theory mentioned 
in relation to the intervention was measured post-inter-
vention, 7) all measures of theory were presented with 
some evidence of their reliability, and 8) the results were 
discussed in relation to the theory.

The most prevalent theories are the transtheoretical 
model (TTM) of change [44], the TPB [26], SCT [28], 
information motivation behavior (IMB) [45], the HBM 
[46], SDT [27], and the health action process approach 
(HAPA) [19, 47].

Behavioral change techniques (BCTs)
We finally coded the BCTs using the V1 taxonomy [31]. 
The taxonomy of BCTs synthesizes 93 BCTs classified 
into 16 domains: 1) goals and planning, 2) feedback and 
monitoring, 3) social support, 4) shaping knowledge, 5) 
natural consequences, 6) comparison of behavior, 7) asso-
ciations, 8) repetition and substitution, 9) comparison of 
outcomes, 10) rewards and threats, 11) regulation, 12) 

antecedents, 13) identity, 14) scheduled consequences, 
15) self-belief, and 16) covert learning.

Results
Search results
As indicated in Fig. 1, we identified a total of 1,173 stud-
ies during systematic searches in four electronic data-
bases. After removing duplicates (n = 165), we screened 
1,027 articles for eligibility. We excluded 945 studies dur-
ing the title and abstract screening. We extracted and 
analyzed 82 full-text studies for eligibility and excluded 
53 (see the reasons for exclusion in Fig.  1 and Supple-
mentary File 2). We screened the reference lists of the 
included studies for additional relevant articles (n = 19). 
We finally included a total of 29 articles.

In the following paragraphs, we describe the general 
characteristics of the included studies, the features of 
theory-informed BCIs (the intervention model, behavio-
ral theories, and BCTs), and the extent of theory use in 
the included studies.

General characteristics of the included studies
Most of the included studies were carried out in high-
income countries (n = 23): the US (n = 5) [48–52], the 

Fig. 1 PRISMA flowchart
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UK (n = 5) [53–56], Australia (n = 3) [57–59], Belgium 
(n = 3) [60–62], the Netherlands (n = 2) [63, 64], Canada 
(n = 2) [65, 66], Jordan (n = 2) [67, 68], Iran (n = 2) [69, 
70], Italy (n = 1) [71], Qatar (n = 1) [72], Portugal (n = 1) 
[73], Spain (n = 1) [74], and Germany (n = 1) [75].

Intervention duration
The duration of the BCIs varied from six weeks to three 
years. Most interventions were carried out in a short 
period, ranging from one to four months (n = 14); others 
lasted five to six months (n = 7). Only six interventions 
lasted over twelve months (n = 6) (see Table 5).

Table 5 Generals characteristics of included studies

a QES quasi-experimental study bRCT Randomized control trial cM-RCT  Multicentric RCTs

Types of  interventions First Author’s, year Study type Country Targeted populations Duration

Physical activity intervention Alsaleh 2016 [68] M-RCT c Jordan Jordanian outpatients 
with CHD

6 months

Alsaleh, 2023 [67] RCT Jordan Students at a Jordanian 
University

6 months

Corella,2019 [74] QES Spain University students 20 Weeks

Krebs, 2020 [75] RCT Germany Employees German automo-
tive industry

09 weeks (Follow up 10 W, 
6,12 M)

Liu JYW, 2023 [55] Cluster RCT UK Frail older adults 16-weeks

Mahmoudi, 2020 [70] QES Iran Airport Employees 10 months

Plotnikoff, RC, 2013 [65] RCT Canada Adults wtith T2DM 18 months

Prestwich, A, 2012 [56] RCT UK Public Sector Employees 15 
city councils

6 months

Seghers et al,2014 [62] RCT Belgium Sedentary adult aged 18 
to 65 Years

12 weeks

Shamizadeh T, 2019 [69] Cluster RCT Iran Prediabetic rural people 4 months

Van Dyck D, 2016 [60] RCT Belgium Recently retired adults 1 month

Van Hoye K,2018 [53] RCT UK Adults with low physical 
activity

4 weeks + follow up one year

Van Nimwegen,2013 [64] Multicentric RCT Netherlands Patients with Parkinson’s 
disease

2 years

Vildeira Silva, 2021 [73] QES Portugal Overweighted adolescents 
aged 12–17

12 months

Yeom, HA, 2014 [76] QES US community-dwelling older 12 weeks

Combined PA & SB Balducci, 2017 [71] RCT Italy Patient with diabetes type II Once annually, 3 years

Lynch,2019 [59] RCT b Australia Breast cancer survivors 6 months

O’Dwyer,2013 [54] Cluster RCT UK Pre-schoolers under the age 
of 5 years old

6 weeks

Single SB interventions Adams,2013 [48] QES US Obese women 6 weeks

Ashe, 2015 [66] RCT Canada Retired women 6 months

Biddle,,2015 [18] RCT UK Adult at risk of diabetes 
type II

12 months

Brakenridge, 2016 [58] Cluster RCT Australia International Company 
Employees

3 months

Carr,,2013 [77] RCT US University Employees Over-
weighted

12-week

Cocker, 2016 [78] RCT Belgium University & Environmental 
agency Employees

3 months

Hadgraft, 2017 [57] Cluster-RCT Australia Government department 
Employees

12 Months

Ismail,2022 [72] QES Qatar Different sectors Employees 66 days

Mendoza2016 [51], Cluster RCT US Pre-schoolers 3–5 years 7–8 weeks

VanDantzig2011 [63] QES Netherlands Office workers at different 
companies

6 weeks

Yan 2009, [52] QESa US Community-dwelling older 
adults > 50 years

6 months
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Study design, context, and participants
All studies used experimental designs, including ran-
domized controlled trials (n = 13), cluster randomized 
trials (n = 6), and multisite RCTs (n = 2) and quasi-experi-
mental studies (n = 8). These studies took place in diverse 
settings and targeted various populations (see Table 5).

Nine studies were conducted in the workplace [50, 56–
58, 61, 63, 70, 72, 75]. Seven studies reported interven-
tions for people with chronic illnesses, diabetes (n = 3) 
[65, 69, 71], obesity (n = 1) [48], cardiovascular disease 
(n = 1) [68], and Parkinson’s disease (n = 1) [64] as well as 
for survivors of breast cancer (n = 1) [59]. Other studies 
included different groups such as older adults (n = 4) [52, 
55, 66, 76], healthy adults (n = 2) (53. 62), university stu-
dents (n = 2) [67, 74], and preschool children (n = 2) [51, 
54] (see Table 5).

Description of theory based BCI
In our scoping review, we identified 29 articles describ-
ing interventions informed by behavioral theories target-
ing SB and PIA. Among these, fifteen articles aimed to 
address PIA to meet guideline recommendations, while 
eleven focused on reducing SB. Three articles combined 
interventions to reduce SB and increase PA (see Table 6).

In the following, we will describe the content of BCIs, 
levels of interventions, mode of delivery and reported 
outcomes (see Table 6).

Content of BCIs
Most BCI interventions adopted educational methods 
(n = 20) aimed at raising awareness of the importance of 
meeting PA recommendations and breaking the vicious 
cycle of SB [18, 48, 51, 53–56, 59, 62, 64–67, 69–71, 73, 
75, 76, 79]. These interventions also included communi-
cation strategies (n = 14): motivational interviews (n = 4) 
[68, 75, 76, 80], and coaching (n = 10) (face-to-face con-
sultations or phone calls) [18, 53, 57, 59, 62, 64, 65, 67, 
71, 73]. Social support to implement interventions was 
used nine times [51, 52, 56, 57, 62, 66, 69, 76, 79], and 
physical exercise training was used 8 times [52, 54, 64, 66, 
70, 71, 73–76, 80]. Finally, digital interventions (devices, 
desktops, m-health) were used in most interventions 
(n = 16)0.2

Levels of interventions
The majority of interventions involved individual-level 
BCIs (n = 15). Few studies combined the individual level 
of the interpersonal level (e.g., peer support) (n = 6) [52, 
56, 62, 66, 69, 76], and six studies combined the individ-
ual level with organizational-level interventions (n = 6) 
[50, 51, 54, 63, 71, 72]. Only two studies can be described 
as systemic BCIs addressing the individual, interpersonal, 
and organizational levels (n = 2) [57, 79] (see Table 6).

Heterogeneity of modes of delivery
The modes of delivery of BCIs were often mixed. BCIs 
included face-to-face delivery in most cases (n = 24) with 
single individuals (n = 6) [57, 59, 64, 65, 68, 73] or with 
groups of people (n = 10) [18, 48, 51, 54, 56, 69–71, 74, 
76] or a combination of both modes of delivery (n = 8) 
[52, 53, 55, 58, 62, 66, 67, 75]. The electronic mode of 
delivery was often employed (n = 15), including messag-
ing (n = 3) [67, 68, 70], computer-based delivery (n = 6) 
[48, 61, 63, 72, 74, 77], and digital devices (wearable or 
mobile devices) (n = 13) [18, 48, 50, 53, 58, 59, 61, 63, 65–
67, 71, 74]. The printing mode of delivery was also uti-
lized less frequently (n = 10).

Reported outcomes
Twenty-five of the 29 interventions mentioned a decrease 
in PIA and SB, while four studies [18, 54, 65, 74] found 
no changes in SB or PIA. These four interventions spe-
cifically targeted preschool children, school-age students, 
and adults at risk of diabetes. Four studies reported 
mixed results and inconclusive evidence. One study 
showed a significant decline in SB without any change in 
the level of PA [72] (see Table 6).

Behavioral theories
Our scoping review showed that the authors of the 
included studies referred to 15 behavioral theories 
(n = 15) (see Table 7 and Supplementary file 5). Most of 
the included studies used at least one of the four follow-
ing theories: SCT (n = 14), SDT (n = 6), the TTM (n = 6), 
the TPB (n = 6), the SEM (n = 5), and the HBM (n = 5). 
Most interventions used either a single theory (n = 13) or 
a combination of two BCTs (n = 12). Only two interven-
tions did not explicitly define the theoretical constructs 
guiding the development of the BCIs.

The SCT was the most commonly used theory. Five 
interventions used SCT as a single theory (n = 5) [48, 
50, 51, 62, 69], whereas eight employed a combination 
of other behavioral theories: SDT [65], TPB [6, 68, 65], 
TTM [64, 65], HBM, SEM [57, 64–66, 79], behavioral 
choice theory [18], and protection motivation theory 
(PMT) [65]. Interventions rooted in SCT addressed spe-
cific psychological and social constructs ranging from 
one to four constructs per intervention. The most fre-
quently used constructs were self-efficacy, self-regula-
tion, observational learning, and positive reinforcement 
(see Table 5). SCT was used almost equally to reduce SB 
and PIA.

PA interventions mostly involved individual behavio-
ral theories (SDT, SRT, TPB, TTM, HAPA), with a focus 
on reducing the intention-to-action gap. Conversely, 
the theories employed to reduce SB are primarily inter-
personal (SCT, SET, SiS) and environmental (SEM). 
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Table 7 Behavioral change theories and key constructs used in the design of BC interventions

Targeted Behavior Physical activity [68]; [67, 74, 75, 
55, 70, 65, 56, 62, 69, 60, 53, 64, 
73, 76]

PA & SB  
[54, 59, 
71]

SB [48, 66, 18, 58, 77, 
78, 57, 72, 51, 63, 52]Key theoretical constructs

Social Cognitive Theory Self-efficacy  [68, 67, 65, 62, 69]  [71]  [48, 66, 18, 58, 77, 57]

Expectations  [65, 69]

Expectancies  [69]  [58, 57]

Self-regulation  [67, 69]  [66, 18, 58, 57]

Observational learning/Modeling  [67]  [71]  [48, 66, 51]

Reinforcement rewards/punish-
ments

 [68]  [71]  [66, 51]

Behavioral capability  [67]  [18]

Social Ecological Model Intrapersonal level factors  [66, 58, 57, 72]

Interpersonal level factors  [54]  [66]

Institutional level factors  [54]  [66, 58, 57, 72]

Community level factors  [66, 58, 7, 72]

Societal level factors  [66, 72]

Health belief model Perceived susceptibility  [71]

Perceived benefits  [71]

Perceived barriers  [71]

Perceived seriousness

Modifying variable

Cues to action  [71]

Self-efficacy

Theory of Planned Behavior Attitude  [68, 67, 65]  [71]  [78]

Subjective norms  [68, 67, 65]  [78]

Volitional control  [68, 75]  [78]

Behavioral control  [68, 67, 65]  [78]

Self Determination Theory Motivation  [74, 75, 73] NA  [78]

Cognitive evaluation theory

Organismic integration theory

Causality Orientation Theory  [74]  [78]

Basic psychological needs theory  [74, 75, 53, 73]  [78]

Goal contents theory  [53]

Self-Regulation Theory Sources of Control

Automatic processing

Controlled processing  [60]

Self-Regulation/ self-regulatory  [60]

Stage of self-regulatory processes  [75]

Attributional process

Transtheoretical Model Stages of 
Change

Stage of change  [74, 70, 65, 73]  [52]

Decisional balance  [74]

Process of change  [65]

Self-efficacy  [74, 70, 65, 73]

Self-efficacy Theory Mastery experience

Vicarious experience

Verbal persuasion  [72]

Somatic and emotional States
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They seek to make behavior more socially acceptable, 
encouraging and influencing the behavior of others. 
Additionally, restructuring the environment is a central 
component of interventions aimed at reducing SB in 
the workplace.

Our scoping review showed that most interventions 
targetted the following individual-level constructs: self-
efficacy (n = 16), motivation (n = 10), self-regulation [9], 
and the interpersonal level illustrated by using subjec-
tive norms (n = 5) and basic psychological needs (n = 4). 
Few studies have addressed environmental factors (e.g., 
institutional, community, society) (n = 7). The SB inter-
ventions used essentially socioecological constructs 
(n = 4) and enhanced self-efficacy (n = 6), self-regulation 
(n = 5), and modeling (n = 4). PIA BCI interventions 

were more centered on individual-level constructs such 
as motivation (n = 10), intention (n = 5), and controlled 
volition (n = 6) (see Table  8 and Supplementary file 
number 2).

Our scoping review revealed some discrepancies in the 
characteristics of PIA interventions compared with those 
of SB interventions. The latter were considered systemic 
interventions based on SCT and SEM. They combined 
multilayered actions at the macro-level (environmen-
tal restructuring), the meso-level (social and peer pres-
sure) and the micro-level (by activating intrapersonal 
and interpersonal mechanisms of change). In contrast, 
BCI targeting PIA were mostly focused on the individual 
level of change by using individual intrapersonal theories 
(SDT, TTM, TPB, HAPA, and PMT).

Table 7 (continued)

Targeted Behavior Physical activity [68]; [67, 74, 75, 
55, 70, 65, 56, 62, 69, 60, 53, 64, 
73, 76]

PA & SB  
[54, 59, 
71]

SB [48, 66, 18, 58, 77, 
78, 57, 72, 51, 63, 52]Key theoretical constructs

Social influence strategies Authority  [63]

Commitment  [63]

Consensus  [63]

Liking

Reciprocity

Scarcity  [63]

Health Action Process Approach Risk perception  [55]

Outcome expectancies  [55]

Perceived self-efficacy  [55]

Intention  [55, 60]

Action control  [55, 60]

Protection Motivation Theory Response efficacy  [65, 56]

Self-efficacy

Perceived Severity  [65, 56]

Vulnerability  [65]

Response costs

Implementation Intention 
model(volitional),

Intention elaboration  [56]

Intention viability

Intention activation  [56]

Contextual threats

Wellness Motivation Theory Empowering education  [76]

Motivational support  [76]

Social support  [76]

Mobility training  [76]

MoVo process model Goal intention  [75]

Self-efficacy  [75]

Self-concordance  [75]

Outcomes expectation  [75]

Action planning (75
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Behavior change techniques
All interventions were designed as multicomponent 
interventions integrating various behavior change tech-
niques (see Table 7).

Our scoping review revealed that the scholars of the 
included studies used a set of 25 BCTs. On average, six to 
nine BCTs were used in an intervention (a minimum of 5 
and a maximum of 12).

Social support, which is unspecified, was the most 
commonly used type of BCTs and involved targeting the 
interpersonal level (social influence) (n = 28), followed 
by goal setting, targeting the individual level (goal and 
intention) (n = 24); solving problems and identifying bar-
riers at the individual level (belief capability) (n = 18); 
instruction on how to perform behavior at the individual 
level; self-monitoring of behavior (n = 17); feedback on 
the outcome of behavior at the individual level (n = 14); 
information about health consequences at the individual 
level (n = 14); social rewards targeting the interpersonal 
level (reinforcement and social influence) (n = 9); restruc-
turing the physical environment targeting the environ-
mental level (n = 6); and materiel rewards, targeting the 
interpersonal level (reinforcement) (n = 4). In our scoping 
review, most BCTs targeted the interpersonal level and 
the individual level followed by the environmental level.

Common characteristics of BCI with no modifications 
to PIA or SB
These interventions were based on educational, self-
monitoring and the use of a coaching strategy involving 
distinct connected devices that targeted adults at risk of 
metabolic diseases or diabetes type 2) [18, 65] or pre-
school children, students, and adults at risk of metabolic 
diseases [54, 74], or a single individual level of behavio-
ral change. They used face-to-face training sessions. Key 
contextual conditions that prevent the effectiveness of 
theory-informed interventions include the absence of 
parental involvement in BCTs targeting children [54], a 
lack of peer support in interventions involving students 
[74], and the absence of illness in interventions targeting 
adults [18, 65].

Description of studies reporting positive changes in PIA 
and SB
The included studies, mostly carried out in the work-
place (n = 9), used a combination of education, training, 
and communication strategies (motivational interviews 
or coaching), along with social support and environmen-
tal restructuring. The included studies emphasized the 
importance of systemic-level interventions combining 
actions at the individual (face-to-face and digital inter-
ventions using wearable devices, desktops, and apps) and 
interpersonal (social support and group interventions) 

levels with macro-level environmental restructuring. 
Environmental restructuring encompasses interventions 
such as installing pedals and workstations, sending email 
reminders, and even using digital health apps [50, 57, 
58, 63, 72]; it also focuses on reinforcing the knowledge 
and skills of actors and providing social support through 
group interventions. In contrast, other studies reported 
that BCIs targeting individuals with chronic diseases 
(e.g., CVD [68], diabetes [65, 69, 71], Parkinson’s disease 
[64], obesity [48], and cancer survivors [59] are essentially 
individually focused and underwent substantive changes 
in PIA and SB. These studies suggest that patients with 
NCDs are more committed to education and that coach-
ing interventions intrinsically motivate people to follow 
PA recommendations [59, 64, 68, 71].

Intensity of theory use
We found heterogeneous use of theory in the imple-
mented interventions. Fifteen interventions involved an 
intensive degree of theory use (level 3). Eleven interven-
tions entailed moderate levels of theory (Level 2), and 
three interventions utilized a low level of theory (Level 1) 
(see Table 9).

Discussion
In sum, our scoping review showed that most interven-
tions used a combination of similar modes of delivery, 
design, and components (education, training/coaching, 
regulation, and the use of connected devices), and BCIs 
were mostly individually focused and based, in most 
cases, on education and self-monitoring.

Most interventions were focused on individual levels 
of behavior changes and involved a multitude of intrap-
ersonal behavioral theories and wearable devices for 
monitoring, using diverse BCTs with a focus on social 
support and goal setting. Only two studies can be con-
sidered systemic level theory informed BCIs addressing 
both individual intrapersonal drivers (e.g., motivation, 
attitude, perceived norms, self-efficacy, etc.) combined 
with interpersonal interventions (group and social sup-
port interventions) and macro-level interventions, such 
as environmental restructuring in the workplace.

Our scoping review indicated that single digital tech-
nology-based web apps informed by intrapersonal theo-
ries, such as the TPB, self-regulation, and SDT, had no 
significant effects. Hence, there is a need to combine 
intrapersonal theories with interpersonal and environ-
mental interventions for better adherence to interven-
tions and the adoption of a desired behavior [81, 82]. 
Indeed, interventions informed by the HBM, aimed at 
addressing an individual’s perceptions of PA and increas-
ing one’s level of PA, have shown no significant effect 
[83].
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The relevance of systemic theory informed BCIs stems 
from the complexity of causal processes underlying SB 
and PIA, which are considered a consequence of intricate 
interactions between intertwined levels of structure and 
agency [16, 18]. PIA and SB are influenced by individual, 
interpersonal, and organizational and broader contex-
tual factors [84] (Heath et  al., 2012). At the individual 
level, behavior is defined by people’s awareness, cogni-
tion, beliefs, and skills. At the interpersonal level, behav-
ior is impacted by the extent to which social support is 
received from family and friends. At the organizational 
level, behaviors are constrained by cultural norms and 
practices in the workplace. At the broader level, behav-
iors are constrained by contextual factors at the national 
and global levels, such as legal frameworks, environmen-
tal restructuring, political and socioecological factors 
shaping individuals’ architecture of choice, and their day-
to-day decision-making [16, 18].

This suggests the importance of considering the notion 
of “reciprocal determinism,” which refers to the dynamic 
interaction between personal social, and environment 
factors and behavior [24]. The environment plays a sig-
nificant role in the acquisition of PA behaviors and, con-
sequently, in behavioral change [85]; it can encompass 
the immediate environment around the individual (one’s 
parents, workplace, neighbors, and community) as well 
as the interpersonal environment of the community. As 
such, PA is conditioned by the individual’s motivation 
(which can be intrinsic or extrinsic) [86], physical ability, 
social support, the availability of wearable device pedom-
eters or accelerometers [87]  and the existence of an ena-
bling living environment (sport fields, space, resources), 
and regulatory enabling policies (breaks/leave from work, 
health insurance) [16].

At the national and global levels, individual behav-
iors are often constrained or facilitated by national legal 
contexts and restructuring policies of the built environ-
ment, including public transit, green spaces, parks, and 
recreational facilities [88]. Thus, environmental restruc-
turing can be a good example of the complementarity 
and synergies of interventions, as shown by Dugdill, who 
highlighted the relevance of macro-level interventions 
to alter the workplace, where people spend a great deal 
of time. Systemic interventions, in line with those used 
by [89, 90], that combine multiple levels of interventions 
(individual, interpersonal, and environmental) may have 
synergistic effects on behavioral changes compared with 
individually focused interventions (face-to-face and digi-
tal interventions).

Our review underscores the importance of environ-
mental restructuring as a complementary intervention 
to individually focused BCIs. In the workplace, this can 
include promotion of managers’ leadership such that 

they serve as role models for employees, as suggested 
by [91–93]. As a consequence, employees may perceive 
strong social influence and peer pressure, which may 
increase their self-efficacy and self-regulated behaviors 
[94]. These interventions seem to foster social identi-
fication, social comparison, and socialization mecha-
nisms by increasing individuals’ adherence to BCIs in 
the workplace [91–93].

In addition, at the organizational level, employees’ 
behaviors are often influenced by organizational poli-
cies promoting PA in the workplace [87]. Moreover, the 
broader context plays a role in shaping the individuals’ 
behaviors. For instance, Davis [21] reported that behav-
ioral modeling is only effective if individuals see other 
active people in their social context. Other scholars 
have shown that a lack of perceived security (crimes, 
sexual harassment, incivility) may reduce people’s will-
ingness to carry out outdoor PA [95].

Our scoping review indicates that in the context of 
school BCIs, in line with other findings [96, 97], chil-
dren may also benefit from systemic interventions by 
reducing their screen time usage through school poli-
cies and receiving individual training sessions to enable 
them to reduce their SB while also engaging with their 
parents (interpersonal and social influence) through 
role modeling. However, more attention is needed to 
develop systemic BCIs based on multiple-level inter-
ventions, such as individual coaching, mentoring, inter-
personal social support, and altering the physical and 
cultural environment [98].

Our scoping review, in line with [82, 94, 99] and [100], 
has shown the usefulness of SCT in explaining how the 
training and empowerment of individuals enhance their 
self-efficacy, self-regulation, their perceived benefits, 
and risk and control volition, which may prove appro-
priate in the context of PA and SB interventions.

Our scoping review demonstrated, in line with previ-
ous systematic reviews [101], that using a combination 
of multiple behavioral change techniques is associ-
ated with an increased overall effect of the interven-
tion and the adoption of desired behavioral outcomes. 
Techniques include, for instance, social support, goal 
setting, and self-monitoring, in line with other studies 
[102, 103].

Figure  2 shows a tentative integrative framework that 
incorporates three levels of interventions (environmen-
tal, interpersonal, and intrapersonal) and may be useful 
for helping program designers to build theory informed 
BCIs on the basis of a multilayered theoretical model. 
For instance, at the intrapersonal level, one might use the 
HBM combined with the TTM and SDT. However, at the 
interpersonal level, program designers might use SCT 
and behavioral choice theory. At the environmental level, 
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one can use environmental theories such as social influ-
ence strategies ( see Fig. 2).

These constructs serve as mechanisms of action at the 
individual and interpersonal levels. This finding aligns 
with the results regarding the contribution of SCT and its 
constructs in predicting and adopting active behavior.

Study limitations and research gaps
In our review, we identified a lack of comprehensive 
reporting by scholars of key theoretical constructs under-
lying the design of BCI. We may have missed other rel-
evant literature, as we had to make some trade-offs 
between comprehensiveness, depth of analysis and feasi-
bility (Arksey, 2005). However, we performed a system-
atic, comprehensive search of four databases, including 
Google Scholar, to identify contextually rich gray litera-
ture. In addition, two reviewers screened the titles and 
abstracts, and extracted the data. Our findings also sug-
gest that many theory-informed interventions do not use 
theoretical constructs appropriately; however, a call for 
improving the reporting and quality of intervention fidel-
ity is needed while promoting the use of standardized 
tools such as Michie’s taxonomy of BCIs [40] and BCTs 
[104].

Our scoping review included only experimental stud-
ies that lacked sufficient descriptions of the role of con-
text in shaping the characteristics of interventions and 
their mechanisms of action. Thus, more attention should 

be paid to promoting evaluation using context-sensitive 
methods and approaching theory-based evaluation, real-
istic evaluation [105], qualitative comparative analysis 
[106], and contribution analysis [107]. Further research 
is needed to unpack the black box of behavioral theories 
-informed interventions by unraveling what works for 
whom and in what context.

Further studies are also needed to examine the role of 
individual and digital interventions, which we insuffi-
ciently explored in our review. More rigorous systematic 
and meta-analyses are needed to complement the results 
of this descriptive, explorative scoping review and to pro-
vide evidence of the effectiveness of Theory -informed 
BCI [85].

Conclusion
Our review offers an innovative approach to system-
atically categorize behavioral theories interventions 
using a set of appropriate behavioral theories tax-
onomies, tools, and techniques, and provides work-
ing examples of how these taxonomies can be applied 
to assess the theory use and the described charac-
teristics of BCT theory-informed interventions. Our 
study suggests an integrative framework to help pro-
gram designers develop interventions while imply-
ing that specific behavioral theories and BCTs can be 
used at every level of intervention (the individual, 
interpersonal and environmental, policy and global 

Fig. 2 Integrative framework of theories and constructs for effective BCT interventions
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levels). In sum, the congruence between behavioral 
theories, the implementation settings, and the char-
acteristics of the targeted subpopulations needs to be 
considered when designing behavioral theories inter-
ventions to reduce PIA and SB. One size does not fit 
all. We also recommend, in line with (Noar et  al., 
2008), that behavioral change practitioners select 
theories and techniques based on their congruence 
with participants’characteristics and the nature of the 
context.
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