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Abstract: Implementation intentions (II) have demonstrated their efficacy in promoting physical
activity (PA) among various populations, including adults, the general population, and those with
chronic conditions. However, there is a dearth of meta-analyses examining this efficacy among
university students. This meta-analysis aims to determine the effectiveness of II interventions in
improving PA among university students. Six online databases (PubMed, Embase, Web of Science,
Cochrane Central, PsycINFO, and PsycArticle) were comprehensively searched. Recursive searching
and grey literature collection strategies were employed to identify relevant studies. The meta-analysis
employed a random-effects model to combine effect sizes for different PA outcomes. The Cochrane
Risk of Bias tool was used to assess the quality of the included studies, and sensitivity analysis
was performed to assess the robustness of the results. Twelve studies involving 1916 participants
met the inclusion criteria. The findings indicated that II interventions significantly increased PA
among university students compared to control groups (standardized mean difference [SMD] = 0.31,
95% confidence interval [CI]: 0.12, 0.50, p < 0.001). Subgroup analyses revealed larger effect sizes in
the following groups: publication year after 2013, inactive university students, the reinforcement
group, the action planning group, and the intervention period of fewer than six weeks. The above
findings offer compelling evidence that II interventions can effectively promote PA among university
students. The integration of IIs with e-health platforms and the implementation of individualized
and multifaceted intervention models exhibit promising sustainability for promoting PA on campus.

Keywords: action planning; coping planning; implementation intentions; meta-analysis; physical
activity; university students

1. Introduction

Physical activity (PA) is widely recognized as a crucial element in preventing chronic
diseases and enhancing physical and psychological well-being [1]. Despite these well-
established health benefits of PA, a significant proportion of individuals aged 10–24 years
fail to meet the PA recommendations of WTO [2]. According to the survey, more than
81% of adolescents worldwide are considered physically inactive [3]. More alarmingly,
participation in PA tends to decline with age [4], with a particularly sharp decrease during
late adolescence and early adulthood, including among university students [5]. As such,
promoting PA has become a top priority for university health agencies, and there is an
urgent need for effective interventions to enhance the PA levels of university students.

Although many interventions have been employed to promote PA among university
students, the synthesized results of previous systematic reviews and meta-analyses are
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promising but inconsistent. For example, after combining the results of multiple types of PA
interventions among university students, Plotnikoff et al. [6] found significant intervention
effects and small effect sizes from the pooled results of 18 trials only for moderate PA,
while no significant intervention effects were found for total PA. Favieri et al. [7] conducted
a meta-analysis of 18 experiments that employed a range of interventions, including
educational messages, brochures, motivational incentive courses, social media campaigns,
and wearable tracking devices to promote PA. While the results of these interventions did
not reach statistical significance, they did demonstrate a medium effect size. Based on
information and communication technology (ICT), E-health has emerged as a promising
measure for PA interventions. The behavior change techniques (BCTs) inherently embedded
in e-health, such as goal setting, monitoring, and feedback mechanisms, are direct predictors
of behavior change [8,9]. In this area, McIntosh et al. [10] conducted a systematic review,
revealing that e-health has the potential to effectively improve PA in young adults. This
finding is further supported by a recent meta-analysis conducted by Peng et al. [11],
which demonstrates a marginally medium effect, particularly among university students.
Additionally, a review advocated that PA interventions among university students should
target their behavioral determinants and take an individualized approach with a model
of session intervention [12]. Based on the above analysis, it is evident that BCT elements
display a strong potential as effective and promising strategies for promoting PA among
university students.

Implementation intentions (IIs), one of the crucial BCTs, is an explicit form of planning
for a specific behavioral response to a target intention by developing the situational content
that triggers the target behavior [13]. The conceptual framework of IIs is an if-then model
that emphasizes that behaviors are triggered based on certain conditions, i.e., cues, but are
inherently manifested in the form of action planning (AP) and coping planning (CP) [14].
AP pertains to an explicit mapping of when, where, and how to take action on a goal, while
CP refers to the responses to possible obstacles that may arise in goal achievement [15].
Previous studies have revealed that IIs are determinants of behavior change [16,17] and
that there is a definite mediating relationship between intentions and behavior [18,19], and
some studies have verified that IIs can even have a moderating effect on the relationship
between intentions and behavior as well [20,21]. The theory of planned behavior considers
intentions as the most proximal predictor of behavior [22]. However, previous studies have
identified a gap between intentions and behavior for certain complex behaviors [23,24],
such as engaging in regular PA [25]. To fill the gap between intention and behavior, IIs
have been proposed as a potential bridge, providing a rationale for their applications in
facilitating behavior change [26].

Whilst previous meta-analyses have provided compelling evidence for the efficacy of
IIs in promoting behavioral change [24,27–29], the translation of this approach to the context
of PA has yielded disparate outcomes. For instance, a meta-analysis by Belanger et al. [30]
revealed a significant small-to-medium effect size of IIs in promoting PA among adults.
Similar findings have been reported recently in a general population [31]. Nevertheless,
Carraro and Gaudreau [32] conducted a meta-analysis, which uniquely combined all
relevant studies without restrictions on participant characteristics as both simultaneous
and experimental elements, and found a smaller effect size in the pooled experimental data.
These studies focused on populations with a wide age span, and such a combination method
may contribute to high heterogeneity. A recent meta-analysis examining the effects of
planning intervention on PA in a chronic disease population yielded positive results, but the
pooled effect size was small [33]. Although the mixed findings mentioned above, IIs have
been demonstrated to be a cost-efficient, feasible, and sustainable strategy for promoting
PA across various populations [30,32,33]. This approach may be particularly suitable for
university students who are at a crucial stage for developing healthy lifestyle habits [34].
However, there is a dearth of meta-analyses evaluating the effects of II intervention for
increasing PA in university students, and no reports of subgroup analyses in this population
have emerged from other relevant studies.
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Therefore, this study has twofold purposes: first, to synthesize the effect sizes of
implementation intentions on promoting PA among university students; second, to inves-
tigate the differences in intervention efficacy across moderators. The primary research
question guiding this study is as follows: What is the effect of implementation intentions
on promoting PA among university students, and to what extent does the intervention
efficacy differ across various moderators?

2. Methods

This review was guided by the Cochrane Handbook [35] and PRISMA reports [36].
A preliminary search was conducted to determine the feasibility of this study based on three
key inclusion elements, “implementation intentions”, “physical activity”, and “university
students”, and on this basis, registration was performed on the PROSPERO platform
(CRD42023424579).

2.1. Search Strategy

A study examining the effects of implementation intentions on PA among university
students was considered, without language restrictions and incorporating randomized
controlled trials (RCTs). An exhaustive and comprehensive search was conducted in several
databases, including PubMed, Embase, Cochrane Library, Web of Science, PsycINFO, and
PsycArticle. The search process was performed using a combination of Medical Subject
Headings (MeSH) and free terms with Boolean logical operators. The leading search
terms included participants (university students, undergraduate, higher education stu-
dents), intervention methods (implementation intentions, action planning, coping planning,
planning), outcomes (physical activity, exercise), and study design (RCTs). In addition, a re-
cursive manual search was performed by tracking references of similar systematic reviews
or meta-analyses and reviewing studies presented at professional conferences to ensure
comprehensive coverage and avoid missing crucial studies. Furthermore, unpublished
grey literature was searched through specialized thesis databases to prevent the omission
of essential studies. The supplementary material provides detailed information on the
search strategies and search processes for all databases. All records collected above were
imported into Endnote software for further compiling and management.

2.2. Eligibility Criteria

The primary inclusion criteria were as follows: (1) Enrolled university students were
included as subjects in this study without other conditions. (2) Trials in which the interven-
tion group received the implementation intentions interventions to promote any form of
PA were included, whether step counting, moderate PA, vigorous PA, or total PA. (3) The
outcomes of PA could be any form of measurement, including but not limited to indicators
such as step count, energy expenditure, exercise time, number, and frequency. (4) The study
design was an RCT, including pilot and cluster RCTs.

The exclusion criteria were: (1) Participants included university students with dis-
abilities or mentally incompetent college students. (2) Specific measures and elements for
the implementation intentions interventions were not specified in the study. (3) Studies
with multiple interventions and a separate II intervention group could not be extracted.
(4) Studies without control groups.

2.3. Data Extraction

After importing the retrieved data into Endnote 20 software (Thomson ISI Research
Soft, Philadelphia, PA, USA), the duplicated records were first removed through an auto-
mated process, and the titles and abstracts of the remaining records were independently
reviewed by the two authors (PSY and YF) of the study to determine the literature for
full-text reading and inconsistencies and uncertainties were resolved by consulting a third
reviewer (ATO). The following information was extracted from the included literature:
(1) characteristics of the studies, including authors, publication year, sample size and
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distribution, and region in which the trials were conducted; (2) information about the par-
ticipants, including age, the proportion of females, and baseline PA level; (3) interventions
details, including the specific model, intervention content, reinforcement, and duration;
(4) information on outcomes, including the measurement instruments of PA and different
outcomes of PA.

2.4. Quality Assessment

The risk of bias (ROB) for all included studies was assessed and classified using the
2nd version of Cochrane Risk of Bias tool [35], which consists of seven components: random
sequence generation, allocation concealment, blinding of participants and personnel, blind-
ing of outcome assessments, incomplete reporting of outcome data, selective reporting,
and other biases. Review Manager (Version 5.4; The Cochrane Collaboration, The Nordic
Cochrane Centre, Copenhagen, Denmark) was used for ROB evaluations. Each of the
seven domains was evaluated independently, and the risk of bias was rated as high, low, or
unclear for each of the included studies. In addition, funnel plots [37] and Egger tests [38]
were employed to assess the presence of publication bias. The two authors (PSY and YF) of
this review independently completed the quality assessment of each study according to the
criteria guidelines. Disagreements and uncertainties in the assessment were adjudicated by
consulting the other author.

2.5. Statistical Analysis

In light of the fact that the outcomes of included studies were continuous variables,
and the units were inconsistent, standardized mean differences (SMDs) with 95% confi-
dence intervals (CIs) were employed as the estimated effect sizes of meta-analysis [35].
Means and standard deviations of the comparison groups were extracted to calculate
SMD. When other transformable values (e.g., standard errors) were reported in the study,
they were transformed by statistical methods. The meta-analysis used a random effects
model based on the inverse variance (DerSimonian–Laird method). p-values of Cochran’s
Q-test and I2 were used to determine whether there was heterogeneity among the included
studies, with p < 0.1 considered as significant heterogeneity, and values of I2 statistics at
25%, 50%, and 75% considered as low, medium, and high heterogeneity of the cut-off
values [39]. In addition, to explore the crucial influences of heterogeneity and to investigate
whether the effect of II interventions varies across different contexts, subgroup analyses
were performed in the following groups: Publication year (Publication year ≥ 2013 vs.
Publication years < 2013); Participants (General vs. Inactive); Intervention strategy (AP vs.
AP + CP); Reinforcement (Yes vs. No); and Duration (≥6 weeks vs. <6 weeks). Sensitivity
analyses based on stepwise elimination were used to assess the robustness of the pooled
effect sizes. Data analysis was performed independently by the two authors, and disagree-
ments and uncertainties were resolved through discussion and retrieval of the original
studies. All calculations and analyses of the data above were conducted in STATA16 (Stata
Corp, College Station, TX, USA).

3. Results

A comprehensive search was conducted across multiple databases, identifying a total
of 3253 records for further evaluation. Following removing duplicates and incomplete trial
records, 2675 articles were screened by title and abstract, with an additional 32 records
identified through recursive search. From this process, 139 studies were selected for full-text
reading screening, with an additional five Ph.D. theses retrieved through grey literature
searching, yielding 144 studies for full-text review. Upon conducting a thorough full-
text reading, 12 studies [40–51] were deemed suitable for quantitative meta-analysis after
excluding non-RCT literature, studies that did not report reliable data, and studies that did
not have outcomes aligned with the study topic. The entire process of literature screening
is illustrated in Figure 1.
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3.1. Studies’ Characteristics

Essential study characteristics comprised the authors, year of publication, sample size
and distribution, and the region where the experiment was conducted. Three studies [49–51]
were conducted within the last decade, and the other nine studies [40–48] were conducted
ten years ago. All studies were conducted in developed countries, with half of the stud-
ies [40,41,45–48] being undertaken in the UK. There were four studies [42,44,50,51] con-
ducted in North America, three [42,50,51] in the United States and one [44] in Canada. Two
studies [43,49] were conducted in Asia, one each in Singapore [43] and Korea [49].
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Information about the participants was represented by age, the proportion of females,
and baseline PA characteristics of the participants. The mean age of the university students
tested ranged from 18.2 to 23.76, the majority of the sample [40–47,49,50] (10/12) had a
female proportion higher than 50%, four studies [43,45,50,51] targeted inactive university
students who did not meet the PA recommendations, and the other studies did not have
baseline requirements for the PA level of participants.

Details of the intervention implementation are as follows: first, most studies [40–46,49,50]
used a single intervention model of AP, while only three studies [47,48,51] used a mixed
intervention model of AP and CP. Then, all but two of the interventions were delivered in
face-to-face sessions, except for two [47,51] that were delivered online. Finally, the follow-up
period for the last measurement in the included studies spanned from 2 weeks to 11 months,
during which five studies [44,45,49–51] applied reinforcement strategies in the form of mobile
phone or email reminders and repeats of interventions session through face-to-face sessions.

Outcome information included the measurement instrument and the format of the
results. The outcome measurement instruments were all self-reported questionnaires or
items, except for one study [50] that used a pedometer when reporting baseline PA levels.
The PA outcomes were presented in various forms, including the number of moderate-to-
vigorous PA (MVPA) for a given time, the number of workouts, the frequency of movements,
the number of hours of exercise per week, and energy expenditure.

The studies’ characteristics are presented in Table 1.

3.2. Quality of Included Studies

All included studies were assessed as low risk on both selection and reporting bias.
Three [40,41,45] were rated as high risk on performance bias, and two studies [47,48] were
ranked as high risk on attribution bias. Most studies [40–50] were identified as an unclear
risk for detection bias and other biases. Based on the risk evaluation criteria, one study [42]
was identified as an unclear risk, and all other studies were identified as low risk. Quality
summary for each item and the overall risk of bias for individual studies are shown in
Figures 2 and 3.
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Table 1. Characteristics of included studies.

Publication
Sample Size Country

Sample Characteristics Intervention Characteristics Outcomes

Age Female
(%)

Participant Intervention
Content

Delivery
Mode

Duration Reinforcement Instruments Indicators
IG CG IG CG

Milne et al.,
2002 [40] 79 93 UK 20.04 ± 2.23 73 General AP Session 2 W No Items

(not validated)

No. times
MVPA > 20 min/

week

Prestwich et al.,
2009 [45] 29 34 UK 23.76 ± 4.64 58.06 Inactive AP Session 4 W

Reminder by
Mobile phone

(not mentioned
times)

Item
(not validated)

No. times of
MVPA > 30 min/

week

Zhang and
Cooke, 2012

[48]
22 21 UK 20.56 ± 1.62 48.81 General AP + CP Session 4 W No Items

(not validated)

No. times
MVPA > 20 min/

week

Murray et al.,
2009 [44] 29 23 Canada 30.5 ± 9.8 100 General AP Session 11 W Three times

repetition

Checklist at the
gym

(not validated)

No.
sessions/week

Prestwich et al.,
2003 [41] 18 18 UK 21.31 ± 4.39 51.2 General AP Session 4 W No Items not

validated
No.

sessions/week

Skår et al.,
2011 [47] 335 315 UK 22.8 ± 6.7 63.4 General AP + CP Online 6 W No Items

(validated)

Scores
expressing
frequency

Chatzisarantis
et al., 2008

[43]
92 35 Singapore 20.71 ± 6.95 72.44 Inactive AP Session 5 W No LTEQ

Scores
expressing
frequency

Kim et al.,
2019 [49] 51 52 Korea 22.59 ± 1.77 56.3 General AP Session 5 W Repetition

every week
Items

(not validated)

Scores
expressing
frequency

Conner et al.,
2010 [46] 180 176 UK 20.7 ± 2.99 69 General AP Session 2 W No Items

(validated)
Frequency of

exercise
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Table 1. Cont.

Publication
Sample Size Country

Sample Characteristics Intervention Characteristics Outcomes

Age Female
(%)

Participant Intervention
Content

Delivery
Mode

Duration Reinforcement Instruments Indicators
IG CG IG CG

Waters, 2007
[42] 54 60 USA 18.2 ± 2.0 100 General AP Session 6 W No Items

(not validated)
Mins of

exercise/week

Bogg and Vo,
2022 [50] 73 74 USA 20.56 ± 2.04 60 Inactive AP Session 2 M

Three times by
email,

reminding

Pedometer +
Items

(not validated)
METs Exercise

Sur, 2022
[51] 24 29 USA 19 N/R Inactive AP + CP Online 2 W Repetition every

day IPAQ Mins of
MVPA/week

Notes: AP: action planning; CG: controlled group; CP: coping planning; IG: intervention group; IPAQ: International Physical Activity Questionnaire; LTEQ: Leisure Time-Exercise
Questionnaire; LTPA: leisure-time physical activity; M: month; METs: metabolic equivalents; MVPA: moderate to vigorous physical activity; W: week.
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3.3. Primary Outcomes

The results of the meta-analysis by pooling 12 studies using a random effects model
showed that II intervention groups had a significant increase in PA compared to the control
groups (SMD = 0.31, 95% CI: 0.12, 0.50, p < 0.001) (see Figure 4). The effect sizes for
individual studies ranged from 0 to 1. The value of I2 showed the presence of moderate
heterogeneity. Figure 4 presents the results of the meta-analysis. From the funnel plot (see
Figure S1), we can see the asymmetry, but according to the results of the Egger test (p > 0.1),
showing that no significant small sample bias event occurred.
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Figure 4. Meta-analysis of Effects of Implementation Intentions Interventions on PA among University
Students Versus Control [40–51].

3.4. Subgroup Analysis

The results of the predetermined exploratory subgroup analyses based on the role
of the five moderating variables are presented in Table 2. Interestingly in the subgroups
of publication years, participants, and reinforcement, consistent findings were observed
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that the intervention groups in each group of these subgroups significantly increased
university students’ PA compared to their respective control groups. However, the groups
with publication years after 2013, inactive university students, and with reinforcement
had larger effect sizes. In addition, in subgroup analyses of the intervention strategy, and
duration, it was observed that only a single group in the subgroup with II interventions
significantly enhanced university students’ PA compared to the control group: the AP
group, the group with reinforcement, and the group with an intervention period of less
than six weeks, respectively.

Table 2. Subgroup Analysis.

Moderators Category Studies
Heterogeneity Test

SMD and 95%CI p
p I2 (%)

Publish Year

≥2013 3 0.004 82.2 0.60 (0.02, 1.17) 0.042
<2013 9 0.020 55.9 0.22 (0.04, 0.39) 0.015

Overall 12 <0.001 70.1 0.31 (0.12, 0.50) 0.001
Between 0.216

Participant

General 8 <0.001 73.7 0.27 (0.04, 0.50) 0.023
Inactive 4 0.053 61.0 0.40 (0.05, 0.74) 0.025
Overall 12 <0.001 70.1 0.31 (0.12, 0.50) 0.001
Between 0.550

Intervention
Strategy

AP 9 0.004 64.9 0.36 (0.14, 0.57) 0.001
AP + CP 3 0.099 56.7 0.15 (−0.22, 0.52) 0.418
Overall 12 <0.001 70.1 0.31 (0.12, 0.50) 0.001
Between 0.349

Reinforcement

Yes 5 0.008 71.1 0.45 (0.08, 0.83) 0.019
No 7 0.008 65.5 0.22 (0.01, 0.42) 0.036

Overall 12 <0.001 70.1 0.31 (0.12, 0.50) 0.001
Between 0.285

Duration

≥6 weeks 4 0.550 0.0 0.05 (−0.07, 0.18) 0.407
<6 weeks 8 0.004 66.0 0.42 (0.17, 0.67) 0.001
Overall 12 <0.001 70.1 0.31 (0.12, 0.50) 0.001
Between 0.010

Notes: Significance at p < 0.05.

3.5. Sensitivity Analysis

In assessing the reliability of the results of the meta-analysis, the method of examining
the variations in effect sizes by excluding the literature one by one was adopted in the
STATA16 software. The analysis showed that the variation in effect size was insignificant,
indicating that the synthesized results were robust (see Figure S2).

4. Discussion

This study represents the first systematic review and meta-analysis to comprehensively
evaluate the effects of IIs to promote PA among university students. In light of the incon-
sistent findings reported in the literature regarding the efficacy of II interventions on PA
among university students, this study conducted a meta-analysis of 12 high-quality studies.
The results revealed that II interventions positively impacted PA among university students,
with small to medium effect sizes according to Cohen’s criteria [52]. Exploratory subgroup
analyses were conducted to determine the impact of various moderating variables. These
analyses revealed significant intervention effects across all groups in the subgroups of
publication year, participant characteristics, and reinforcement. However, significant effects
were only observed in the AP group of the intervention strategy subgroup and the group
with less than six weeks of follow of the duration subgroup.

The results of this study provide compelling evidence supporting the effectiveness of
II interventions in promoting PA among university students. These findings are consistent



Sustainability 2023, 15, 12457 11 of 16

with previous studies conducted in the general population [30–32] and chronic disease
groups [33], which have also reported significant positive effects of II interventions on PA.
Another similarity with these studies is the observation of small to medium effect sizes for
the significant effects.

In contrast to the current study’s findings, the earlier meta-analysis conducted by
Gollwitzer and Sheeran [24] reported a medium to large, pooled effect size after combining
the effect sizes of 96 studies that investigated the application of II interventions for various
health behaviors. A possible reason for this gap is the variation in the effects of II interven-
tions across different health behavior changes. Another possible explanation is that PA is
a complex behavior, and the role of self-regulatory variables from intention to behavior
occurrence may be more susceptible to other covariates, such as goal multiplicity, emotional
status, and exercise habituation [53]. The initiation of PA is an inherently intricate process,
where individuals navigate positive outcome expectancies, such as improved functional
status and weight loss, and negative outcome expectancies, such as fatigue, physical stress
response, and time costs, during the process of forming intentions to implementing be-
havior [54,55]. While self-regulatory variables such as IIs can mediate and moderate this
process, their effectiveness may be reduced when the strategies lack sufficient specificity
and detail, such as neglecting to specify when, where, and how to implement the behavior,
or fails to address obstacles encountered during the formation of the behavior [56]. Further-
more, the results of the present study are inconsistent with the findings of Silva et al. [57],
whose study did not observe a significant improving effect of II interventions on PA. The
more rigorous quality control of the literature and the lower heterogeneity reflected by I2

in the present study may provide strong support for the reliability of the current findings.
Implementation intentions are a psychological process that involves planning the

details of prospective behavior [13]. The applications of II interventions typically involve
sessions of planning, reinforcement, and outcome measurement [26]. As II interventions are
commonly implemented in a single session at the beginning, with subsequent repetitions
serving as reinforcements, it is more appropriate to use the results of the last measurement
point after the interventions as the values for combined effect sizes in this study. This
pooling approach provides valuable insights for assessing II interventions’ long-term
and sustainable effectiveness for PA. The small to medium effect sizes combined in this
review may provide strong evidence that II interventions can consistently improve PA in
university students.

This study conducted a five-group subgroup analysis and yielded valuable findings to
investigate the factors that influence heterogeneity and examine the variability of physical
activity in different scenarios and contexts following II interventions. Unlike previous
reviews that have addressed a broader range of participants, this study focused exclu-
sively on university students. Subgroup analysis based on the recruitment criteria for
participants in the included studies identified general and inactive groups. The results
showed significant improvements in PA for both groups, with II interventions having
a larger effect size in the inactive university student group. This finding suggests that
II interventions may be particularly effective for inactive university students. Previous
studies have identified factors such as lack of interest (insufficient motivation) [58], low
self-efficacy [12], time management barriers [59], and lack of persistence [60] as the main
reasons that affect university students’ participation in PA. The intrinsic mechanism of IIs
is a psychological simulation process that involves planning and responding to the details
of prospective physical activity participation [61,62]. This pre-set psychological process can
facilitate the simulation of initiating, implementing, and maintaining a perceived goal [63].
Self-efficacy has long been considered an essential psychological determinant of partici-
pation in PA [64,65], and its improvement is often highly correlated with past experience
(including both direct and vicarious experiences) [66]. The pre-setting and responding to
scenarios (If-then) in II intervention is an implementation of this experience [14]. Thus, the
improvement of PA in inactive university students under II interventions may be closely
related to the enhancement of self-efficacy.
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Surprisingly, in the subgroup analysis of interventions, only the AP group showed
a significant intervention effect, while the combined interventions of AP and CP did not
show a significant impact. One possible reason for this phenomenon is that II intervention,
as one of BCTs, may be more effective when the content is focused on a single point to fully
activate the behavioral “switch” [67]. Too much intervention content may cause confusion
and distraction. Many studies included in this review mentioned the original “If-then”
concept of IIs, which is most consistent with the core elements of CP based on conditional
triggering. However, none of the studies included in this review designed interventions
around this concept, which may also suggest that the specific planning strategy of AP
may be more effective. Nevertheless, combined intervention with multiple measures is
very promising for behavior change [68]. During the implementation of interventions,
how CP measures can be combined with AP to achieve the effectiveness of the combined
intervention is a question worth exploring.

As expected, the subgroup analysis of intervention duration identified larger effect
sizes for shorter follow-up periods and insignificant effects for follow-up periods longer
than six weeks. This finding suggests that the effects of II interventions on PA in uni-
versity students’ relapse over time. Relapse is a potential occurrence in health behavior
change over time [69], and continuous reinforcement is vital to maintaining intervention
effects [70]. This principle was confirmed in the subgroup analysis of groups with and
without reinforcement measures, where the effect size of intervention effects was larger
in groups with reinforcement measures after the intervention. Unfortunately, although
some studies have observed better intervention effects under high-frequency reinforce-
ment measures [51], the relationship between the frequency and mode of intervention
reinforcement and intervention effects cannot be determined due to the limited number of
included studies.

An interesting observation was made in the subgroup analysis of publication year:
studies published after 2013 had larger effect sizes, reaching medium to high levels. This
finding suggests that the effectiveness of II interventions for PA among university students
is improving over time, indicating that this approach is maturing and has broad application
prospects on university campuses.

Recent studies have achieved positive intervention effects by integrating II interven-
tions with other BCTs [71,72], such as MCII [73]. Undoubtedly, as a necessary “bridge”
between intention and behavior [13], IIs have broader application value in the field of PA.
The application of e-health for promoting PA has emerged as a recent research hotspot
in the field of health promotion [74,75]. However, there is limited research focused on
improving PA through the integration of II interventions and ICTs. Although face-to-face
pen-based records are commonly employed to carry out IIs, delivery modes such as mobile
phone text messaging, social media, email, and websites in the field of e-health might offer
enhanced convenience and efficiency of II intervention without incurring additional costs.
Furthermore, university campuses are recognized as highly technologically advanced envi-
ronments, and university students are inherently digital natives [76]. Hence, combining IIs
with digital technology to promote PA and other healthy behaviors holds significant and
sustainable prospects within university campuses and is a field worth exploring for health
practitioners and education professionals [77].

Although this study included high-quality RCT literature in determining the effective-
ness of IIs in promoting PA among university students for the first time, several limitations
need to be addressed in future research. First, although the number of included studies
exceeded the threshold for meta-regression, the number of studies is still relatively small. To
avoid statistical bias, only exploratory subgroup analysis was performed when investigat-
ing the role of moderators. Second, all included studies used self-reported questionnaires
or items to measure PA, which may result in varying results. It is hoped that more objective
measurement tools, such as pedometers and accelerometers, will be applied in future PA
research. Third, the delivery modes of II interventions may significantly impact the results.
However, as only two studies used online self-management interventions and the other ten
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used interviewer-assisted interventions in sessions, we did not conduct a subgroup analysis
in this regard. It is anticipated that more high-quality studies will be included in future
meta-analyses. Fourth, this study focused on a single population of university students
to reduce heterogeneity due to participants. However, combining multiple types of PA
outcomes poses a challenge to accurately interpreting the results. It is expected that more
trials will focus on this field and adopt a standardized approach to measure PA, ensuring
the stability and reliability of the evidence.

5. Conclusions

This study confirmed that II interventions could significantly promote PA among
university students, particularly for inactive university students, when using a single AP in-
tervention, with reinforcement and when the follow-up period is less than six weeks. These
findings provide theoretical support and targeted intervention guidance for improving PA
among university students. II interventions are cost-effective and easy to implement within
university campuses, contributing to the generation of more sustainable effects. Future
research should focus on combining IIs with technology, integrating the psychological de-
terminants of behavior change inherent in IIs with ICT’s media and presentation methods
to achieve more refined planning interventions. In addition, personalized and multiple
intervention models are also worth exploring and implementing in future research.

Supplementary Materials: The following materials are available online at https://www.mdpi.com/
article/10.3390/su151612457/s1, search strategy; Figure S1: funnel plot; Figure S2: sensitivity analysis;
and PRISM checklist.

Author Contributions: Conceptualization, S.P. and A.T.O.; methodology, S.P., J.L. and Z.Z.; formal
analysis, S.P. and A.Z.K.; investigation, S.P. and F.Y.; writing—original draft preparation, S.P.; writing—
review and editing, S.P. and X.Z.; supervision, A.T.O. and A.Z.K.; project administration, S.P.; funding
acquisition, S.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research is supported by funding from the Discipline Building Reserve Project of
Hohai University (2023). This research was also supported by the Fundamental Research Funds for
the Central Universities (Hohai University, B230207048).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data generated or analyzed during this study are included in this
published article or in the data repositories listed in the references.

Acknowledgments: We would like to thank the School of Educational Studies of Universiti Sains
Malaysia (USM) for facilitating this study. We would also like to thank all the authors of the literature
included in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Physical Activity. 2022. Available online: https://www.who.int/health-topics/physical-activity#

tab=tab_1 (accessed on 18 April 2023).
2. World Health Organization. Global Status Report on Physical Activity. 2022. Available online: https://www.who.int/teams/

health-promotion/physical-activity/global-status-report-on-physical-activity-2022 (accessed on 18 April 2023).
3. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Worldwide trends in insufficient physical activity from 2001 to 2016: A pooled

analysis of 358 population-based surveys with 1.9 million participants. Lancet Glob. Health 2018, 6, e1077–e1086. [CrossRef]
4. Corder, K.; Winpenny, E.; Love, R.; Brown, H.E.; White, M.; Sluijs, E.V. Change in physical activity from adolescence to early

adulthood: A systematic review and meta-analysis of longitudinal cohort studies. Br. J. Sports Med. 2019, 53, 496–503. [CrossRef]
5. Lu, C.C.; Stolk, R.P.; Sauer, P.J.J.; Sijtsma, A.; Wiersma, R.; Huang, G.W.; Corpeleijn, E. Factors of physical activity among Chinese

children and adolescents: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 36. [CrossRef]
6. Plotnikoff, R.C.; Costigan, S.A.; Williams, R.L.; Hutchesson, M.J.; Kennedy, S.G.; Robards, S.L.; Allen, J.; Collins, C.E.; Callister,

R.; Germov, J. Effectiveness of interventions targeting physical activity, nutrition and healthy weight for university and college
students: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 45. [CrossRef]

https://www.mdpi.com/article/10.3390/su151612457/s1
https://www.mdpi.com/article/10.3390/su151612457/s1
https://www.who.int/health-topics/physical-activity#tab=tab_1
https://www.who.int/health-topics/physical-activity#tab=tab_1
https://www.who.int/teams/health-promotion/physical-activity/global-status-report-on-physical-activity-2022
https://www.who.int/teams/health-promotion/physical-activity/global-status-report-on-physical-activity-2022
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1136/bjsports-2016-097330
https://doi.org/10.1186/s12966-017-0486-y
https://doi.org/10.1186/s12966-015-0203-7


Sustainability 2023, 15, 12457 14 of 16

7. Favieri, F.; French, M.N.; Casagrande, M.; Chen, E.Y. Physical activity interventions have a moderate effect in increasing physical
activity in university students-a meta-analysis. J. Am. Coll. Health 2022, 1–12. [CrossRef]

8. Schroe, H.; Van Dyck, D.; De Paepe, A.; Poppe, L.; Loh, W.W.; Verloigne, M.; Loeys, T.; De Bourdeaudhuij, I.; Crombez, G. Which
behaviour change techniques are effective to promote physical activity and reduce sedentary behaviour in adults: A factorial
randomized trial of an e- and m-health intervention. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 127. [CrossRef]

9. Duff, O.M.; Walsh, D.M.; Furlong, B.A.; O’Connor, N.E.; Moran, K.A.; Woods, C.B. Behavior Change Techniques in Physical
Activity eHealth Interventions for People With Cardiovascular Disease: Systematic Review. J. Med. Internet Res. 2017, 19, e281.
[CrossRef]

10. McIntosh, J.R.D.; Jay, S.; Hadden, N.; Whittaker, P.J. Do E-health interventions improve physical activity in young people: A
systematic review. Public Health 2017, 148, 140–148. [CrossRef]

11. Peng, S.; Yuan, F.; Othman, A.T.; Zhou, X.; Shen, G.; Liang, J. The Effectiveness of E-Health Interventions Promoting Physical
Activity and Reducing Sedentary Behavior in College Students: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Int. J. Environ. Res. Public Health 2022, 20, 318. [CrossRef]

12. Maselli, M.; Ward, P.B.; Gobbi, E.; Carraro, A. Promoting Physical Activity Among University Students: A Systematic Review of
Controlled Trials. Am. J. Health Promot. 2018, 32, 1602–1612. [CrossRef]

13. Gollwitzer, P.M.; Oettingen, G. Implementation Intentions. In Encyclopedia of Behavioral Medicine; Gellman, M.D., Turner, J.R., Eds.;
Springer: New York, NY, USA, 2013; pp. 1043–1048.

14. Gollwitzer, P.M. Implementation intentions—Strong effects of simple plans. Am. Psychol. 1999, 54, 493–503. [CrossRef]
15. Schwarzer, R. Modeling health behavior change: How to predict and modify the adoption and maintenance of health behaviors.

Appl. Psychol. 2008, 57, 1–29. [CrossRef]
16. Prestwich, A.; Sheeran, P.; Webb, T.; Gollwitzer, P. Implementation Intentions. In Predicting and Changing Health Behaviour: Research

and Practice with Social Cognition Models; McGraw-Hill Education: London, UK, 2015; pp. 321–357.
17. Pirolli, P.; Mohan, S.; Venkatakrishnan, A.; Nelson, L.; Silva, M.; Springer, A. Implementation Intention and Reminder Effects on

Behavior Change in a Mobile Health System: A Predictive Cognitive Model. J. Med. Internet Res. 2017, 19, e397. [CrossRef]
18. Sheeran, P. Intention—Behavior Relations: A Conceptual and Empirical Review. Eur. Rev. Social. Psychol. 2002, 12, 1–36.

[CrossRef]
19. Bieleke, M.; Martarelli, C.S.; Wolff, W. If-then planning, self-control, and boredom as predictors of adherence to social distancing

guidelines: Evidence from a two-wave longitudinal study with a behavioral intervention. Curr. Psychol. 2021, 32, 9095–9108.
[CrossRef]

20. Norman, P.; Conner, M. The theory of planned behavior and exercise: Evidence for the mediating and moderating roles of
planning on intention-behavior relationships. J. Sport. Exerc. Psychol. 2005, 27, 488–504. [CrossRef]

21. Schwarzer, R.; Lippke, S.; Luszczynska, A. Mechanisms of health behavior change in persons with chronic illness or disability:
The Health Action Process Approach (HAPA). Rehabil. Psychol. 2011, 56, 161–170. [CrossRef]

22. Sussman, R.; Gifford, R. Causality in the Theory of Planned Behavior. Pers. Soc. Psychol. Bull. 2019, 45, 920–933. [CrossRef]
23. Sheeran, P.; Webb, T.L. The Intention-Behavior Gap. Soc. Personal. Psychol. Compass 2016, 10, 503–518. [CrossRef]
24. Gollwitzer, P.M.; Sheeran, P. Implementation Intentions and Goal Achievement: A Meta-analysis of Effects and Processes. Adv.

Exp. Soc. Psychol. 2006, 38, 69–119.
25. Rhodes, R.E.; Dickau, L. Experimental evidence for the intention-behavior relationship in the physical activity domain: A

meta-analysis. Health Psychol. 2012, 31, 724–727. [CrossRef]
26. Hagger, M.S.; Luszczynska, A. Implementation intention and action planning interventions in health contexts: State of the

research and proposals for the way forward. Appl. Psychol. Health Well Being 2014, 6, 1–47. [CrossRef]
27. Vila, I.; Carrero, I.; Redondo, R. Reducing fat intake using implementation intentions: A meta-analytic review. Br. J. Health Psychol.

2017, 22, 281–294. [CrossRef]
28. Adriaanse, M.A.; Vinkers, C.D.; De Ridder, D.T.; Hox, J.J.; De Wit, J.B. Do implementation intentions help to eat a healthy diet? A

systematic review and meta-analysis of the empirical evidence. Appetite 2011, 56, 183–193. [CrossRef]
29. McWilliams, L.; Bellhouse, S.; Yorke, J.; Lloyd, K.; Armitage, C.J. Beyond “planning”: A meta-analysis of implementation

intentions to support smoking cessation. Health Psychol. 2019, 38, 1059–1068. [CrossRef]
30. Belanger-Gravel, A.; Godin, G.; Amireault, S. A meta-analytic review of the effect of implementation intentions on physical

activity. Health Psychol. Rev. 2013, 7, 23–54. [CrossRef]
31. Peng, S.; Othman, A.T.; Yuan, F.; Liang, J. The Effectiveness of Planning Interventions for Improving Physical Activity in the

General Population: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Int. J. Environ. Res. Public. Health
2022, 19, 7337. [CrossRef]

32. Carraro, N.; Gaudreau, P. Spontaneous and experimentally induced action planning and coping planning for physical activity: A
meta-analysis. Psychol. Sport. Exerc. 2013, 14, 228–248. [CrossRef]

33. Lin, H.; Yu, P.; Yang, M.; Wu, D.; Wang, Z.; An, J.; Duan, H.; Deng, N. Making Specific Plan Improves Physical Activity and
Healthy Eating for Community-Dwelling Patients With Chronic Conditions: A Systematic Review and Meta-Analysis. Front.
Public Health 2022, 10, 721223. [CrossRef]

34. Ferreira Silva, R.M.; Mendonca, C.R.; Azevedo, V.D.; Raoof Memon, A.; Noll, P.; Noll, M. Barriers to high school and university
students’ physical activity: A systematic review. PLoS ONE 2022, 17, e0265913. [CrossRef] [PubMed]

https://doi.org/10.1080/07448481.2021.1998070
https://doi.org/10.1186/s12966-020-01001-x
https://doi.org/10.2196/jmir.7782
https://doi.org/10.1016/j.puhe.2017.04.001
https://doi.org/10.3390/ijerph20010318
https://doi.org/10.1177/0890117117753798
https://doi.org/10.1037/0003-066X.54.7.493
https://doi.org/10.1111/j.1464-0597.2007.00325.x
https://doi.org/10.2196/jmir.8217
https://doi.org/10.1080/14792772143000003
https://doi.org/10.1007/s12144-021-02106-7
https://doi.org/10.1123/jsep.27.4.488
https://doi.org/10.1037/a0024509
https://doi.org/10.1177/0146167218801363
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1037/a0027290
https://doi.org/10.1111/aphw.12017
https://doi.org/10.1111/bjhp.12230
https://doi.org/10.1016/j.appet.2010.10.012
https://doi.org/10.1037/hea0000768
https://doi.org/10.1080/17437199.2011.560095
https://doi.org/10.3390/ijerph19127337
https://doi.org/10.1016/j.psychsport.2012.10.004
https://doi.org/10.3389/fpubh.2022.721223
https://doi.org/10.1371/journal.pone.0265913
https://www.ncbi.nlm.nih.gov/pubmed/35377905


Sustainability 2023, 15, 12457 15 of 16

35. Higgins, J.P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. Cochrane Handbook for Systematic Reviews of
Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2019.

36. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Int. J. Surg. 2021, 88, 105906.
[CrossRef]

37. Sterne, J.A.; Sutton, A.J.; Ioannidis, J.P.; Terrin, N.; Jones, D.R.; Lau, J.; Carpenter, J.; Rucker, G.; Harbord, R.M.; Schmid, C.H.; et al.
Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomized controlled trials. BMJ
2011, 343, d4002. [CrossRef] [PubMed]

38. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,
629–634. [CrossRef] [PubMed]

39. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560.
[CrossRef]

40. Milne, S.; Orbell, S.; Sheeran, P. Combining motivational and volitional interventions to promote exercise participation: Protection
motivation theory and implementation intentions. Br. J. Health Psychol. 2002, 7, 163–184. [CrossRef]

41. Prestwich, A.; Lawton, R.; Conner, M. The use of implementation intentions and the decision balance sheet in promoting exercise
behaviour. Psychol. Health 2003, 18, 707–721. [CrossRef]

42. Waters, E.A. Increasing Physical Activity in Female College Students: A Possible Selves Intervention; ProQuest: Ann Arbor, MI, USA,
2007.

43. Chatzisarantis, N.L.; Hagger, M.S.; Thøgersen-Ntoumani, C. The Effects of Self-Discordance, Self-Concordance, and Implementa-
tion Intentions on Health Behavior. J. Appl. Biobehav. Res. 2008, 13, 198–214. [CrossRef]

44. Murray, T.C.; Rodgers, W.M.; Fraser, S.N. Examining implementation intentions in an exercise intervention: The effects on
adherence and self-efficacy in a naturalistic setting. J. Appl. Social. Psychol. 2009, 39, 2303–2320. [CrossRef]

45. Prestwich, A.; Perugini, M.; Hurling, R. Can the effects of implementation intentions on exercise be enhanced using text messages?
Psychol. Health 2009, 24, 677–687. [CrossRef]

46. Conner, M.; Sandberg, T.; Norman, P. Using action planning to promote exercise behavior. Ann. Behav. Med. 2010, 40, 65–76.
[CrossRef]

47. Skar, S.; Sniehotta, F.F.; Molloy, G.J.; Prestwich, A.; Araujo-Soares, V. Do brief online planning interventions increase physical
activity amongst university students? A randomized controlled trial. Psychol. Health 2011, 26, 399–417. [CrossRef] [PubMed]

48. Zhang, Y.; Cooke, R. Using a combined motivational and volitional intervention to promote exercise and healthy dietary behaviour
among undergraduates. Diabetes Res. Clin. Pract. 2012, 95, 215–223. [CrossRef] [PubMed]

49. Kim, S.H.; Kim, M.J.; Kim, S.H.; Kim, S.Y.; Park, C.Y.; Bang, J.Y. Effectiveness of Health Promotion Program Using Action Planning
Strategy for Young Adults. J. Korean Acad. Nurs. 2019, 49, 461–471. [CrossRef] [PubMed]

50. Bogg, T.; Vo, P.T. Realistic effort action plans (REAP) for exercise among underactive and inactive university students: A
randomized trial. J. Am. Coll. Health 2022, 1–10. [CrossRef]

51. Sur, B. The Road to Health is Paved with Good Intentions: Mental Contrasting and Implementation Intentions as Potential
Mechanisms for the Adoption of Physical Activity in College Students. Ph.D. Thesis, The University of Arizona, Tucson, AZ,
USA, 2022.

52. Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155. [CrossRef] [PubMed]
53. Pfeffer, I.; Strobach, T. Predicting Physical Activity Behavior by Automatic and Reflective Self-Regulatory Processes. Front.

Psychol. 2021, 12, 714608. [CrossRef]
54. Ungar, N.; Rupprecht, F.S.; Steindorf, K.; Wiskemann, J.; Sieverding, M. Worse or even better than expected? Outcome expectancies

and behavioral experiences in the context of physical activity among cancer patients. J. Health Psychol. 2021, 26, 659–671. [CrossRef]
55. Williams, D.M.; Anderson, E.S.; Winett, R.A. A review of the outcome expectancy construct in physical activity research. Ann.

Behav. Med. 2005, 29, 70–79. [CrossRef]
56. Rhodes, R.E.; Grant, S.; de Bruijn, G.-J. Planning and Implementation Intention Interventions. In The Handbook of Behavior Change;

Hamilton, K., Cameron, L.D., Hagger, M.S., Hankonen, N., Lintunen, T., Eds.; Cambridge Handbooks in Psychology; Cambridge
University Press: Cambridge, UK, 2020; pp. 572–585.

57. Silva, M.; Sao-Joao, T.M.; Brizon, V.C.; Franco, D.H.; Mialhe, F.L. Impact of implementation intentions on physical activity practice
in adults: A systematic review and meta-analysis of randomized clinical trials. PLoS ONE 2018, 13, e0206294. [CrossRef]

58. Murphy, J.J.; MacDonncha, C.; Murphy, M.H.; Murphy, N.; Nevill, A.M.; Woods, C.B. What Psychosocial Factors Determine the
Physical Activity Patterns of University Students? J. Phys. Act. Health 2019, 16, 325–332. [CrossRef]

59. Carballo-Fazanes, A.; Rico-Diaz, J.; Barcala-Furelos, R.; Rey, E.; Rodriguez-Fernandez, J.E.; Varela-Casal, C.; Abelairas-Gomez, C.
Physical Activity Habits and Determinants, Sedentary Behaviour and Lifestyle in University Students. Int. J. Environ. Res. Public
Health 2020, 17, 3272. [CrossRef]

60. Keating, X.D.; Guan, J.; Pinero, J.C.; Bridges, D.M. A meta-analysis of college students’ physical activity behaviors. J. Am. Coll.
Health 2005, 54, 116–125. [CrossRef]

61. McDaniel, M.A.; Scullin, M.K. Implementation intention encoding does not automatize prospective memory responding. Mem.
Cogn. 2010, 38, 221–232. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1136/bmj.d4002
https://www.ncbi.nlm.nih.gov/pubmed/21784880
https://doi.org/10.1136/bmj.315.7109.629
https://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1348/135910702169420
https://doi.org/10.1080/08870440310001594493
https://doi.org/10.1111/j.1751-9861.2008.00035.x
https://doi.org/10.1111/j.1559-1816.2009.00527.x
https://doi.org/10.1080/08870440802040715
https://doi.org/10.1007/s12160-010-9190-8
https://doi.org/10.1080/08870440903456877
https://www.ncbi.nlm.nih.gov/pubmed/20830646
https://doi.org/10.1016/j.diabres.2011.10.006
https://www.ncbi.nlm.nih.gov/pubmed/22055834
https://doi.org/10.4040/jkan.2019.49.4.461
https://www.ncbi.nlm.nih.gov/pubmed/31477675
https://doi.org/10.1080/07448481.2022.2103382
https://doi.org/10.1037/0033-2909.112.1.155
https://www.ncbi.nlm.nih.gov/pubmed/19565683
https://doi.org/10.3389/fpsyg.2021.714608
https://doi.org/10.1177/1359105319832345
https://doi.org/10.1207/s15324796abm2901_10
https://doi.org/10.1371/journal.pone.0206294
https://doi.org/10.1123/jpah.2018-0205
https://doi.org/10.3390/ijerph17093272
https://doi.org/10.3200/JACH.54.2.116-126
https://doi.org/10.3758/MC.38.2.221
https://www.ncbi.nlm.nih.gov/pubmed/20173194


Sustainability 2023, 15, 12457 16 of 16

62. Kompf, J. Implementation Intentions for Exercise and Physical Activity: Who Do They Work For? A Systematic Review. J. Phys.
Act. Health 2020, 17, 349–359. [CrossRef] [PubMed]

63. Meslot, C.; Gauchet, A.; Allenet, B.; Francois, O.; Hagger, M.S. Theory-Based Interventions Combining Mental Simulation and
Planning Techniques to Improve Physical Activity: Null Results from Two Randomized Controlled Trials. Front. Psychol. 2016, 7,
1789. [CrossRef] [PubMed]

64. McAuley, E.; Blissmer, B. Self-efficacy determinants and consequences of physical activity. Exerc. Sport. Sci. Rev. 2000, 28, 85–88.
65. Pekmezi, D.; Jennings, E.; Marcus, B.H. Evaluating and Enhancing Self-Efficacy for Physical Activity. ACSMs Health Fit. J. 2009,

13, 16–21. [CrossRef]
66. Bandura, A.; Freeman, W.H.; Lightsey, R. Self-Efficacy: The Exercise of Control; Springer: Berlin/Heidelberg, Germany, 1999.
67. Michie, S.; West, R.; Sheals, K.; Godinho, C.A. Evaluating the effectiveness of behavior change techniques in health-related

behavior: A scoping review of methods used. Transl. Behav. Med. 2018, 8, 212–224. [CrossRef]
68. Ajzen, I.; Schmidt, P. Changing Behavior Using the Theory of Planned Behavior. In The Handbook of Behavior Change; Hamilton, K.,

Cameron, L.D., Hagger, M.S., Hankonen, N., Lintunen, T., Eds.; Cambridge Handbooks in Psychology; Cambridge University
Press: Cambridge, UK, 2020; pp. 17–31.

69. Skarin, F.; Wastlund, E.; Gustafsson, H. Maintaining or Losing Intervention-Induced Health-Related Behavior Change. A Mixed
Methods Field Study. Front. Psychol. 2021, 12, 688192. [CrossRef]

70. Hooker, S.; Punjabi, A.; Justesen, K.; Boyle, L.; Sherman, M.D. Encouraging Health Behavior Change: Eight Evidence-Based
Strategies. Fam. Pract. Manag. 2018, 25, 31–36.

71. Malaguti, A.; Ciocanel, O.; Sani, F.; Dillon, J.F.; Eriksen, A.; Power, K. Effectiveness of the use of implementation intentions on
reduction of substance use: A meta-analysis. Drug Alcohol. Depend. 2020, 214, 108120. [CrossRef] [PubMed]

72. Gonzalez Salas Duhne, P.; Horan, A.J.; Ross, C.; Webb, T.L.; Hardy, G.E. Assessing and promoting the use of implementation
intentions in clinical practice. Soc. Sci. Med. 2020, 265, 113490. [CrossRef] [PubMed]

73. Oettingen, G.; Gollwitzer, P.M. Health behavior change by self-regulation of goal pursuit: Mental contrasting with implementation
intentions. In Routledge International Handbook of Self-Control in Health and Well-Being; Routledge: Abingdon-on-Thames, UK, 2018.

74. Kohler, S.; Dippon, L.; Helsper, N.; Rutten, A.; Abu-Omar, K.; Birkholz, L.; Pfeifer, K.; Weber, P.; Semrau, J. Population-based
physical activity promotion with a focus on health equity: A review of reviews. Int. J. Equity Health 2023, 22, 18. [CrossRef]
[PubMed]

75. Till, M.; Abu-Omar, K.; Ferschl, S.; Abel, T.; Pfeifer, K.; Gelius, P.; Capital4Health, c. Implementing the capability approach in
health promotion projects: Recommendations for implementation based on empirical evidence. Eval. Program Plann. 2022, 95,
102149. [CrossRef]

76. Deloitte. Smart Campus: The Next-Generation Connected Campus. Available online: https://www2.deloitte.com/content/
dam/Deloitte/us/Documents/strategy/the-next-generation-connected-campus-deloitte.pdf (accessed on 18 April 2023).

77. Walsh, J.C.; Groarke, J.M. Integrating Behavioral Science With Mobile (mHealth) Technology to Optimise Health Behavior Change
Interventions. Eur. Psychol. 2019, 24, 38–48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1123/jpah.2018-0720
https://www.ncbi.nlm.nih.gov/pubmed/31923898
https://doi.org/10.3389/fpsyg.2016.01789
https://www.ncbi.nlm.nih.gov/pubmed/27899904
https://doi.org/10.1249/FIT.0b013e3181996571
https://doi.org/10.1093/tbm/ibx019
https://doi.org/10.3389/fpsyg.2021.688192
https://doi.org/10.1016/j.drugalcdep.2020.108120
https://www.ncbi.nlm.nih.gov/pubmed/32622228
https://doi.org/10.1016/j.socscimed.2020.113490
https://www.ncbi.nlm.nih.gov/pubmed/33261903
https://doi.org/10.1186/s12939-023-01834-5
https://www.ncbi.nlm.nih.gov/pubmed/36703145
https://doi.org/10.1016/j.evalprogplan.2022.102149
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/strategy/the-next-generation-connected-campus-deloitte.pdf
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/strategy/the-next-generation-connected-campus-deloitte.pdf
https://doi.org/10.1027/1016-9040/a000351

	Introduction 
	Methods 
	Search Strategy 
	Eligibility Criteria 
	Data Extraction 
	Quality Assessment 
	Statistical Analysis 

	Results 
	Studies’ Characteristics 
	Quality of Included Studies 
	Primary Outcomes 
	Subgroup Analysis 
	Sensitivity Analysis 

	Discussion 
	Conclusions 
	References

