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Abstract: Based on the theory of planned behavior (TPB), augmented by the concept of self-
concordance (derived from self-determination theory, SDT), we conducted a study to identify the
key determinants of physical activity in older adults. We applied structural equation modeling of
telephone survey data from a random sample of adults aged 65 years and older living in Germany
(N = 865). Relations of attitude, subjective norms, and perceived behavioral control (PBC) with inten-
tion strength and self-concordance of intention to be physically active were tested. Habit strength
was analyzed as a moderator. Data analysis showed this model to be well-suited for explaining the
intention to be physically active—especially for people with a weak habit. The influence of TPB
components on intention would have been underestimated if we had investigated intention strength
only, without considering the self-concordance of intention. While attitude and PBC had positive
relations with a strong and self-determined intention, the subjective norm showed no relation with
intention strength but, rather, with non-self-determined regulation forms. We conclude that the
combined model provides a better theoretical foundation from which to explain physical activity
intentions than does just one of the theories.

Keywords: physical activity; older adults; theory of planned behavior; self-concordance; self-
determination theory; habitual behavior

1. Introduction

While the proportion of the German population over 67 years of age accounted
for 19% of the total population in 2018, it will increase to a proportion of 24 to 30% in
2060 [1]. Against the backdrop of this demographic change, health promotion will become
more relevant to the older adult population. Prevalence and incidence rates of most
diseases—e.g., cardiovascular diseases, diseases of the musculoskeletal system, diabetes,
and malignant growth—are higher among older adults than they are among younger
adults. Moreover, multimorbidity increases with age [2].

A moderate increase in physical activity can prevent or at least delay many of those
diseases and reduce mortality [3–5]. Simultaneously, it can promote mobility and participa-
tion in social life. Consequently, the promotion of physical activity is a promising strategy
for increasing the number of healthy years for older adults and for preventing diseases and
their associated constraints [6].

However, commonly, physical activity levels are too low [7]. Therefore, health promo-
tion strategies are needed that can effectively increase physical activity behavior. People’s
physical activity is influenced by individual, social environmental, and physical environ-
mental factors [8]. Accordingly, interventions can be classified into informational (e.g.,
mass media campaigns), behavioral and social (e.g., social support in community settings),
and environmental and policy interventions [9]. This paper focuses on informational
and behavioral approaches addressing the individuum. An important prerequisite for
effective health campaigning is to identify the determinants driving health behavior [10,11].
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Numerous studies refer to the theory of planned behavior (TPB; [12]) in order to explain
(health) behavior and its determinants as a background for theory-based campaigning.
Several meta-analyses confirm most assumptions of TPB in the health domain as well
as in other contexts [13–16] (for an overview, see [12,17]). However, in the context of
physical activity among older adults, research often finds significant effects of attitude
and perceived behavioral control (PBC) on intention, but no effect of the subjective norm
on intention [18,19]. This indicates that it might be fruitful to complement the theory to
improve the predictability of this specific behavior. While subjective norms are only weakly
related to behavioral intention, studies show that they are related to another antecedent of
behavior—the self-determination of motivation [20]. In a similar direction, psychologists
argued that behavioral intention is composed of two aspects: the strength of the intention
and its self-concordance [21]. “Whereas intention strength refers to the degree of firmness a
person expresses toward an intended action, intention self-concordance denotes the extent to
which a specific goal intention is congruent with the basic needs, interests and values of
the person” [21] (pp. 2–3, emphases in original). Their study already showed that physical
activity can be explained by strength of intention as well as by its self-concordance [21].
However, it is an open question as to whether TPB components can be used to explain not
only intention strength but also its self-concordance. Therefore, to better explain physical
activity behavior, this paper proposes and tests a model that extends TPB by integrating
self-concordance. Moreover, we investigate the potential moderating role of habit strength,
assuming that TPB is more suited to explain nonhabitual than habitual behavior [22]. Thus,
the paper contributes to the existing research both theoretically (by testing an enhanced
model) and practically (by identifying salient behavioral determinants to inform a health
promotion strategy in an increasingly important target group).

1.1. Theory of Planned Behavior and Physical Activity

The key assumption of TPB is that a person’s behavior (e.g., physical activity) is
determined and best predicted by intention [23,24]. Accordingly, the stronger a person’s
intention, the more likely a specific behavior will be performed. In turn, intention is
determined by three components: a person’s attitude toward the behavior, the subjective
norm, and PBC—the latter may also have a direct influence on behavior. Attitude is
best described as the evaluation of a specific behavior and its perceived consequences.
Subjective norm describes the perceived social pressure from important others to perform a
behavior. Finally, PBC addresses the control beliefs, which include barriers and facilitators
of performing a behavior. Other variables such as demographic attributes and general
values are assumed to indirectly influence intention and behavior through a person’s
behavioral beliefs [23].

Various meta-analyses confirmed that TPB can explain physical activity [25–27]. A
more recent review of 11 studies concluded that TPB is also suited to explaining the physical
activity of individuals with disabilities [28]. For older adults, it was found that those who
held a positive attitude toward exercising had a high PBC and that those who perceived
pressure from important others had a higher intention to exercise [29]. However, recent
results on TPB in the context of older adults’ physical activity are mixed. While PBC and
attitude are found to influence the intention to perform physical activity and the behavior
itself, no effect was found for the influence of the subjective norm [18,19]. Therefore, our
hypotheses concerning TPB components and intention strength are a positive relation for
attitude (H1a) and PBC (H2a), and no relation for subjective norm (H3a) (see Figure 1).
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Figure 1. Proposed Research Model.

TPB conceptualizes how people consciously deliberate attitudes, subjective norms,
and PBC when forming intentions and deciding to engage in specific behaviors. Thus,
habitual behaviors resulting from the repeated performance of a behavior and performed
automatically without deliberating cognitions are beyond the scope of the theory [30].
However, it can be argued that habitual behaviors, as well, are the result of a rational
behavioral decision in advance, indicating that they are based on the same cognitions as
nonhabitual behaviors [12]. Thus, the influence of the cognitive determinants on habitual
behavior will not vanish completely but will be weaker. Accordingly, research shows that
the relation between the intention to engage in physical activity and the actual performance
of physical activity is considerably stronger when people are not used to being physically
active than when people have a strong habit of being physically active [31–33]. As research
in other contexts shows, the same holds true for the relation between intention and its
antecedents (e.g., [34]). Therefore, we hypothesize that the positive relation between
attitude and intention strength (H1b) as well as PBC and intention strength, respectively
(H2b), is stronger for people with a weak habit than for those with a strong habit, while
there is no difference for subjective norm (H3b), as we do not expect any relation between
the subjective norm and intention strength (see Figure 1).

1.2. Self-Determination Theory and Physical Activity

Another reason for the inconsistent findings may be that TPB does not distinguish
between different qualities of intentions. Behavior may be driven by the strength of an in-
tention, as defined in TPB, but also by the type of motivation (intrinsic or extrinsic) behind
it [21,35]. Self-determination theory (SDT) provides a theoretical framework for explaining
this motivation and its relation to behavior. It conceptualizes a motivation continuum of dif-
ferent forms of extrinsic motivation and intrinsic motivation [36]. Each type of motivation
includes a specific type of regulation and perceived locus of causality. These characteristics
determine whether a behavior is non-self-determined, self-determined, or located between
these two forms. On one end of the continuum, intrinsic motivation is characterized by
an inherent pleasure to perform an activity and is highly autonomous. On the other end
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of the continuum, four types of extrinsically motivated behaviors can be distinguished,
varying with respect to the extent to which their regulation is autonomous [36]. When
behaviors are performed solely because of external pressures, like reward, punishment, or
social influences, they are completely externally regulated. Introjected regulation describes
behaviors that are performed due to an inner pressure and to avoid negative feelings such
as guilt and shame [37]. A third type of extrinsic motivation is labeled identified regulation,
which is a more autonomous and self-determined form of extrinsic motivation. Here, an
individual perceives an action as personally important. Finally, integrated regulation is the
most autonomous form of extrinsic motivation and is characterized by regulations that are
consonant with one’s convictions. They differ from intrinsic motivation with regard to the
question of whether they are performed to attain a certain outcome rather than for pure
enjoyment [36].

SDT has been successfully used to investigate behavior in many fields, including
physical activity [38–43]. Some studies have already shown its relevance to the physical
activity of older adults. One study found that older women who dropped out of a physical
activity program showed lower levels of self-determined motivations than did persistent
woman [44]. In investigating the physical activity of older adults, another study also
found significant differences in intrinsic and extrinsic motivations between exercisers and
nonexercisers [45]. In general, self-determination is highly relevant for our specific target
group. While current research underlines the importance of self-determination for older
adults’ well-being [46,47], aging accompanies distinct challenges that threaten people’s
self-determination [48]. Thus, integrating SDT with TPB may improve our understanding
of older adults’ motives associated with starting and maintaining physical activity.

1.3. Integration of Self-Concordance (SDT) into TPB

Previously, attempts have been made to integrate TPB and SDT in order to gain a better
understanding of various health behaviors. A meta-analysis of 36 studies that integrated
TPB and SDT variables to explain health behavior showed that self-determined motivation
predicts behavioral intention, partially mediated by the predictors of TPB: attitude, the
subjective norm, and PBC [35]. A row of studies with children and university students
showed that the intention to be physically active was better explained when aspects of SDT
were integrated into TPB-based models [49–52].

The idea behind integrating both theories is that general motives of SDT serve as
sources of information for the formation of specific belief-based constructs of TPB that
are set on a situational level [49]. However, integrating SDT and TPB constructs creates
the risk of overlaps or redundancies, especially when one takes behavioral beliefs into
account [26]. According to TPB, attitude, subjective norm, and PBC are influenced by a
corresponding set of beliefs, namely (a) behavioral consequences and their evaluation, (b)
social expectations of important others toward the behavior and the motivation to comply
with these expectations, and (c) perceived control factors and their power to facilitate or
inhibit the performance of the behavior [12]. These beliefs are set on a more general level
and partially overlap with general motivations of SDT. For example, having fun while
being physically active may be an indicator of intrinsic motivation as well as a positive
behavioral consequence.

Therefore, we suggest another possibility related to the integration of self-determined
motivation into TPB by drawing on the concept of self-concordance. Self-concordance
describes the extent to which the behavioral intention is self-determined. This concept
extends SDT by “focusing on people’s broad personal goal statements, rather than fo-
cusing on domain-specific motivations and situational factors that can influence it” [53]
(p. 152). According to theory, self-concordance describes the extent to which an individ-
ual’s goal reflects enduring interests and personal values [54]. Transferring the idea of
goal self-concordance to intention self-concordance, people’s voluntary choices, beliefs,
and intentions can be addressed [21]. Accordingly, self-concordant goal intentions are
pursued because of an intrinsic drive, while non-self-concordant goal intentions are pur-
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sued because people feel that they must engage in a certain behavior [55]. In general,
there are four types of intention self-concordance: external, introjected, identified, and
intrinsic. Both external and introjected goal intentions are defined as non-self-concordant,
as they are pursued either with a feeling of external pressure or in consideration of spe-
cific norms that do not correspond with the individual’s personal beliefs. Identified and
intrinsic goal intentions, on the other hand, are associated with free choice and the belief
in a relevant outcome as well as an inherent interest in, and challenge within, an activ-
ity [54]. These self-concordant goal intentions are associated with a greater probability
of goal attainment [56]. Accordingly, two dimensions of intentions can be differentiated:
(a) intention strength, which is usually measured in TPB studies, and b) intention quality,
which refers to self-concordance [21]. Within a short time frame of two to three weeks,
one study with students did not find any influence of self-determined intention on their
physical activity [20]. However, in a study with adults that investigated the prediction of
physical activity through the interplay of intention strength and intention self-concordance,
researchers found both intention strength and intention self-concordance to be significant
and independent predictors of changes in physical activity over the period of one year [21].
However, it is still an open question as to whether TPB components can explain both
aspects of behavioral intention. Accordingly, we integrate self-concordance of intention
into our TPB-based model and hypothesize the following relations with attitude, PBC, and
the subjective norm (see Figure 1).

We argue that a positive attitude and a high PBC imply self-determined regulations.
Assuming positive behavioral consequences of being physically active and therefore hold-
ing a positive attitude will facilitate the experience of inherent pleasure in the activity and
its perception as being personally important. Therefore, we hypothesize positive relations
between attitude and intrinsic (H4a) and identified regulation, respectively (H7a). Similarly,
the perception that there are no barriers to being physically active and the maintenance of
a high PBC will increase the likelihood of being physically active for its inherent pleasure
and personal importance. Hence, we assume positive relations between PBC and intrinsic
(H5a) and identified regulation, respectively (H8a). Subjective norms, on the other hand,
symbolize external pressure and may, therefore, inhibit self-determined regulations. Thus,
we hypothesize negative relations between the subjective norm and intrinsic (H6a), as well
as identified, regulation (H9a).

On the other hand, we assume that a negative attitude toward being physically active
will result in non-self-determined intentions. If an individual holds a negative attitude,
his or her intention to be physically active may rather be motivated by inner pressure or
external sanctions. Therefore, we hypothesize negative relations between attitude and
introjected (H10a) and external regulation, respectively (H13a). As stated above, we assume
a positive relation between PBC and intrinsic, as well as identified, regulations, because the
perception of the existence of strong barriers may undermine the notion of being physically
active for its inherent pleasure. However, we do not assume any relationship between PBC
and an inner pressure or the anticipation of external sanctions. Hence, we hypothesize
no relation between PBC and introjected (H11a) and external regulation, respectively
(H14a). As subjective norms symbolize this extrinsic pressure, we assume positive relations
between the subjective norm and introjected (H12a), as well as external, regulation (H15a)
(see Figure 1).

As TPB components may be better suited to explaining behavior with a weak habit
(see above), we hypothesize that the expected relations are stronger for people with a
weak habit than for people with a strong habit (H1b, H2b, H4b to H10b, H12b, H13b,
and H15b) and that there is no difference for the nonexpected relation between PBC and
introjected/external regulation (H3b, H11b, and H14b).
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2. Methods
2.1. Design and Procedure

To test our proposed research model (see Figure 1), we conducted a standardized
computer-assisted telephone interview (CATI) in October 2018. This study followed the
Declaration of Helsinki [57] and was approved by the Advisory Board on Ethical Issues
of the University of Erfurt. The basic population of this survey consisted of people 65
years and older living in Germany. Participants were selected by random digit dialing.
If more than one person aged 65 years or older lived in a household, participants were
chosen by the next-birthday method. Participation was voluntary and not incentivized.
Participants gave consent prior to anonymously answering the survey. Data collection
process was certified according to ISO 20252. Only anonymized data was stored and
analyzed. The average interview length was 30 min. The minimum sample size for 80%
test power on a significant level of 5% with a minimum R2 of 0.10 and three independent
variables would have been 103 [58] (p. 22). In total, 1001 participants finished the survey.
Participants who did not answer a minimum number of the model-relevant questions
(n = 40) were excluded. In addition, those having a very low behavioral intention to be
physically active (below 3 on a scale from 1 = “no, not at all” to 5 = “yes, of course”) could
not be considered in the analysis, because, due to a filter in the questionnaire, they did not
answer the self-concordance questions (n = 96). Thus, the final sample size was N = 865.

2.2. Measures

TPB constructs were measured according to the recommendations of Ajzen [59], while
self-concordance of behavioral intention was assessed using a scale developed by Seelig and
Fuchs [60] in the context of physical activity. For most questions, answers were captured on
a five-point Likert scale from 1 = “no, in no case” to 5 = “yes, in any case”. Participants were
given the following definition of physical activity: “Generally speaking, all activities that
make the heart beat faster and require more air, resulting in faster breathing, e.g., classic
sports, but also gymnastics, walking, climbing stairs, vigorous housework, gardening, etc.”
For intention strength, we asked, “Do you intend to be physically active several days a week
in the near future?” with “being physically active several days a week” taking into account
that many older adults suffer from physical limitations that make it difficult to exercise.
Participants who indicated at least 3, “partly”, also responded to the self-concordance
scale. This scale included three items for each of the four regulations that were introduced
with “In the near future, I intend to be physically active several days a week because . . . ”.
Examples are “ . . . I simply enjoy it” (intrinsic), “ . . . I have good reasons” (identified), “
. . . otherwise I would have to blame myself” (introjected), and “ . . . other people tell me to
be physically active” (external).

Perceived behavioral control was measured with one question about capacity (“Do
you think you will be able to be physically active several days a week in the near future?”)
and one question about autonomy (“It is in my power to be physically active several days
a week in the near future”). To avoid sequence effects, other questions about the subjective
norm and attitude were placed between these two. The measurement of the subjective norm
included descriptive aspects (“People who are important to me are physically active several
days a week”) and injunctive aspects (“People who are important to me think I should be
physically active several days a week in the near future”). Attitude was operationalized
with the affirmation of five attributes including both instrumental and experiential aspects
of the behavior and the overall evaluation. In addition, three items on habit strength [61,62]
were included—for example, “I feel weird if I don’t get to exercise”.

2.3. Data Analysis

To test the hypotheses of our conceptual research model simultaneously, we used
structural equation modeling (SEM). Particularly, we chose Wold’s partial least squares
(PLS) approach [63,64], because it is less stringent about the distribution assumption
as compared to the alternative linear structural relationships approach (LISREL [65]).
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Moreover, PLS is recommended for novel theoretical models that have not been tested thus
far [66]. The gradual statistical analysis was conducted with SmartPLS 3 (SmartPLS GmbH,
Bönningstedt, Germany).

Initially, we evaluated the internal consistency of the reflective measurement models
by reviewing the indicator reliability (factor loading ≥0.70; [67]) and the composite reli-
ability (≥0.60; [58,68]). Within this process, two indicator variables of the constructs of
attitude and external regulation had to be removed because of insufficient factor loadings
and internal reliability. All other constructs showed satisfactory results (see Table S1 in the
Supplementary Material). To evaluate the convergent validity, we tested the average vari-
ance extracted (AVE). All constructs met the minimum value of AVE ≥ 0.50 [58,66]. Third,
we ensured the discriminant validity of the reflective measurement models by controlling
for the Fornell–Larcker criterion [66]. Additionally, we checked for multicollinearity among
variables. VIF values were within the acceptable thresholds [58]. After validation of the
quality criteria of the measurement models, we computed the actual structural model
to determine its explanatory power (explained variance R2, effect size f2), explanatory
contribution (path coefficient), and predictive relevance (Stone–Geisser’s Q2). For the
statistical analysis of the group comparison, we followed Hair et al.’s [58] recommendation
for the PLS approach and chose the permutation test in SmartPLS (SmartPLS GmbH, Bön-
ningstedt, Germany). This test randomly exchanges observations between two groups and
re-estimates the model for each permutation [58]. From the statistical significance of the
differences between the group-specific path coefficients, we can deduce whether there are
distinctions in the connections of our research model between older adults with a weak
and strong habit.

3. Results
3.1. Descriptive Results
3.1.1. Full Sample

Participants were between 65 and 96 years old (M = 74.53, SD = 6.06). Half of them
were female (50.5%), one in ten was still employed (9.6%), and most had earned a good
education (13.2% university degree; 39.3% general qualification for university entrance;
24.0% general certificate of secondary education; 18.2% certificate of secondary education).
Every second respondent had a chronic condition (49.1%). Nonetheless, their self-evaluated
health status was quite good (M = 3.24, SD = 0.85, 1 = “bad” to 5 = “excellent”), and most
of them did not feel notably restricted in their physical activity because of their health
status (M = 2.27, SD = 1.20, 1 = “not restricted at all” to 5 = “very restricted”). This was also
reflected in the active lifestyle of our respondents: On average, they had nearly six “active”
days per week (M = 5.89, SD = 1.80) and had a strong habit of being physically active
(M = 4.36, SD = 0.79, α = 0.71, 1 = “strongly disagree” to 5 = “strongly agree”).

Further, participants had a strong intention to stay physically active (M = 4.62,
SD = 0.68) and felt quite self-determined in their motivation (intrinsic regulation:
M = 4.15, SD = 0.90, α = 0.69, identified regulation: M = 4.51, SD = 0.72, α = 0.71). By
contrast, the internal pressure (introjected regulation: M = 2.90, SD = 1.21, α = 0.69) and
external pressure (external regulation: M = 1.65, SD = 0.99, α = 0.64) to be physically
active were perceived as being notably weaker. Additionally, respondents had a positive
attitude toward physical activity (M = 4.66, SD = 0.50, α = 0.72) and a high PBC to be active
(M = 4.64, SD = 0.61, α = 0.51). The subjective norm (M = 3.28, SD = 1.20, α = 0.42) was the
least pronounced TPB component.

3.1.2. Subsamples

To evaluate the influence of habit strength on physical activity, we distinguished
between respondents with a relatively weak habit (M = 1.00 to 4.22, n = 284, 33.3%);
respondents with a very strong habit, who answered all three questions on the habit scale
with the highest score (M = 5.00, n = 375, 44.0%); and respondents with an average habit
(M = 4.23 to 4.99, n = 194, 22.7%). To test our hypotheses regarding differences between
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those with a rather weak and strong habit, we compared the two extreme groups (see
Section 3.3). Participants in the two groups are comparable regarding age (weak habit: M
= 74.05 years, SD = 6.07; strong habit: M = 74.74, SD = 6.00) and the proportion of men
and women (weak habit: 44.0% female; strong habit: 42.9% female). However, among
respondents with a weak habit, a higher percentage pronounced to have chronic diseases
(53.9%) than among those with a strong habit (44.3%). This is also reflected in a significant
difference in the self-evaluated health status (t(651) = −7.49, p < 0.001): older adults with
a strong habit of physical activity evaluated their health status better (M = 3.48, SD =
0.84) than those with a weak habit (M = 2.99, SD = 0.82). Regarding the constructs of
the theoretical model, respondents with a strong habit scored significantly higher on the
measurements of attitude, perceived behavioral control, intention strength, intrinsic and
identified regulations, and lower on external regulations than respondents with a weak
habit (see Table S2 in the Supplementary Material).

3.2. Main SEM Analysis

The results of the main SEM analysis can be seen in Figure 2 and, in more detail,
in Table S3 in the Supplementary Material. Of all endogenous variables in our model,
intrinsic regulation (fun and enjoyment of being physically active) could be explained best
(R2 = 0.430), though, also, one third of the variance of identified regulation (R2 = 0.320) and
intention strength (R2 = 0.313) were predicted through attitude, PBC, and the subjective
norm. However, for introjected and external regulation, the explained variances were
considerably lower: 15.6% and 7.7%, respectively.

Figure 2. Results of the Main SEM Analysis.

3.2.1. Intention Strength

To test our hypotheses, we examined the relationships between the predictors and
various dimensions of intention. As postulated in H1a and H2a, intention strength was
positively influenced by attitude (H1a, path coefficient = 0.135 ***, f2 = 0.023) and PBC
(H2a, path coefficient = 0.496 ***, f2 = 0.305). However, the subjective norm did not have
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a significant influence on intention strength, supporting H3a (path coefficient = −0.059,
f2 = 0.005).

3.2.2. Intrinsic and Identified Regulation

A similar pattern is revealed for the two self-concordant regulation forms. Attitude
plays, by far, the most important role in the predicting of both intrinsic regulation (H4a,
path coefficient = 0.536 ***, f2 = 0.432) and identified regulation (H7a, path coefficient =
0.390 ***, f2 = 0.192). Furthermore, PBC positively affected intrinsic regulation (H5a, path
coefficient = 0.226 ***, f2 = 0.076) and identified regulation (H8a, path coefficient = 0.275
***, f2 = 0.095). However, the subjective norm did not have the expected negative impact
on intrinsic regulation (H6a, path coefficient = 0.008, f2 = 0.000) and identified regulation
(H9a, path coefficient = 0.081 **, f2 = 0.010). In sum, an individual with a positive attitude
toward physical activity and a high PBC is very likely to feel self-determined and find
the reason for his or her active behavior within himself or herself. Accordingly, these four
hypotheses (H4a, H5a, H7a, H8a) were accepted. However, feeling pressured by other
people to become physically active (the subjective norm) did not negatively affect the
self-determined motivation forms. Thus, H6a and H9a had to be rejected.

3.2.3. Introjected and External Regulation

While attitude did not affect introjected regulation (H10a, path coefficient = 0.022,
f2 = 0.000), it negatively influenced external regulation (H13a, path coefficient = −0.133 ***,
f2 = 0.018). Thus, people with a highly positive attitude toward being physically active
will perceive external pressures to a lesser extent. Accordingly, H13a was supported, and
H10a was rejected. We further assumed that PBC does not have a notable influence on both
non-self-concordant regulation forms. This holds true in the case of introjected regulation
(H11a, path coefficient = −0.023, f2 = 0.000). However, PBC had an unexpected negative
influence on external regulation (H14a, path coefficient = −0.080 *, f2 = 0.007). Thus,
feeling in control of one’s own behavior (PBC) reduces the perception of external pressures
(external regulation) to be physically active. Again, one hypothesis was supported (H11a),
whereas the other (H14a) had to be rejected.

Lastly, when one looks at the two non-self-concordant regulation forms, the impor-
tance of the subjective norm becomes visible. The subjective norm had the strongest
influence on both introjected regulation (H12a, path coefficient = 0.278 ***, f2 = 0.083) and
external regulation (H15a, path coefficient = 0.361 ***, f2 = 0.154). Accordingly, older adults
who feel strong social expectations to be physically active also perceive intense internal and
external pressures in their motivational regulation. Thus, H12a and H15a were supported.

3.2.4. Preliminary Summary

Overall, 11 of 15 hypotheses could be accepted (H2a, H3a, H4a, H5a, H7a, H8a, H11a,
H12a, H14a) or—due to relatively small path coefficients and effect sizes (see Table S3 in
the Supplementary Material)—at least partly accepted (H1a, H13a). These were mainly
the supported relationships between attitude and PBC and intention strength, as well as
the two self-concordant regulations (intrinsic and identified). For explaining the non-self-
concordant regulations (introjected and external), the subjective norm came into play and
proved to be a strong and significant predictor. Nevertheless, four hypotheses had to be
rejected, because they either did not explain more variance (H6a, H10a) or—in the case of
H9a and H14a—supported an opposite connection. These include mainly the connections
between the subjective norm and intrinsic and identified regulation, where we could not
find significant influences.

3.3. Group Comparison

In the second part of our analysis, we examined the influence of habit strength on
the relationships between the model components. Therefore, we split the participants into
three groups and selected the two extreme groups (very strong vs. weak habit) for further
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analyses (see Section 3.1.2). The results of the group comparison can be seen in Table 1 and
are visualized in Figure S1 in the Supplementary Material.

Table 1. Results of the group differences in the structural model.

Target Construct

Impact Direction

Path
Coefficient

Group 1
(Weak Habit)

Path
Coefficient

Group 2
(Strong Habit)

Path
Coefficient
Difference

R2

Group 1
(Weak Habit)

R2

Group 2
(Strong Habit)

Hypothesis
Testing

Intention Strength 0.269 0.175
H1b: G1 (+) > G2 0.032 0.092 −0.060 x
H2b: G1 (+) > G2 0.513 0.393 0.120 (*) (

√
)

H3b: G1 (o) = G2 −0.050 −0.093 0.043
√

Intrinsic Regulation 0.388 0.101
H4b: G1 (+) > G2 0.526 0.273 0.253 ***

√

H5b: G1 (+) > G2 0.227 0.103 0.123 x
H6b: G1 (−) > G2 −0.048 0.093 −0.141 *

√

Identified Regulation 0.281 0.063
H7b: G1 (+) > G2 0.334 0.137 0.198 *

√

H8b: G1 (+) > G2 0.303 0.171 0.132 x
H9b: G1 (−) > G2 0.097 0.089 0.008 x

Introjected Regulation 0.067 0.060
H10b: G1 (−) > G2 0.028 −0.053 0.080 x
H11b: G1 (o) = G2 −0.023 −0.016 −0.007

√

H12b: G1 (+) > G2 0.258 0.239 0.018 x

External Regulation 0.179 0.114
H13b: G1 (−) > G2 −0.115 −0.113 −0.003 x
H14b: G1 (o) = G2 −0.084 −0.089 0.005

√

H15b: G1 (+) > G2 0.414 0.307 0.106 (*) (
√

)

Note. Explanation of hypotheses: G1 (+) > G2 positive relation that is stronger for G1; G1 (−) > G2 negative relation that is stronger for G1;
G1 (o) = G2 no relation and no difference between groups. (*)/*/*** The path coefficient difference is unilaterally significant at the level of
0.10/0.05/0.001.

All endogenous constructs could be explained notably better when considering only
people with a weak habit to be physically active. This was especially the case for their
intrinsic regulation (R2

weak habit = 0.388 vs. R2
strong habit = 0.101) and identified regulation

(R2
weak habit = 0.281 vs. R2

strong habit = 0.063), as well as for the strength of their intention
(R2

weak habit = 0.269 vs. R2
strong habit = 0.175). In addition, the explained variance in introjected

regulation (R2
weak habit = 0.067 vs. R2

strong habit = 0.060) and external regulation (R2
weak habit =

0.179 vs. R2
strong habit = 0.114) was larger for less active people than it was for agile ones.

However, this disparity was less pronounced for the introjected and external regulation
than for the first three endogenous variables. This large difference in explained variances
revealed that our research model worked better for those who did not have a strong habit
of being physically active.

3.3.1. Habit Strength and the Relation between Attitude and Intrinsic/
Identified Regulation

A closer look at the differences between the path coefficients in the two groups reveals
details with regard to the various predictor variables. We found the strongest difference
between the two groups in the influence of attitude on intrinsic regulation (H4b). The
path coefficient was notably higher for people with a weak habit (path coefficient = 0.526)
than for those with strong habitual behavior (path coefficient = 0.273). We found a similar,
though less pronounced, pattern between attitude and identified regulation (H7b, path
coefficient weak habit = 0.334 vs. path coefficient strong habit = 0.137). This difference was
significant on the 5% level. Based on these results, we can assume that self-concordant
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motivations to become physically active can be better predicted by a positive attitude
among people with a weak habit than for those with a strong habit. For these very active
individuals who have already implemented the target behavior into their daily routines,
the impact of a positive attitude on a self-determined intention is limited.

3.3.2. Habit Strength and the Relation between Subjective Norm and Intrinsic Regulation

In the main SEM analysis, we could not find evidence that the subjective norm had
the expected negative impact on intrinsic regulation (H6a). We further assumed that
this negative effect would be stronger for people with a weak habit (H6b). Interestingly,
though we had to reject our first assumption, we found a significant difference between
both groups. While, for people with a strong habit, the subjective norm had a small but
positive impact on the intrinsic motivation to be physically active (path coefficient = 0.093),
this effect took a negative direction in the weak habit group (path coefficient = −0.048).
As very active individuals will be surrounded by equally active people, the subjective
norm—instead of exerting pressure to become more active—might have a positive impact
on their self-determination. On the other hand, the perceived expectations of others might
influence the self-determination of less active elderly. This statistical difference between
both groups became visible only through the permutation test. Otherwise, it would have
been overlooked.

3.3.3. Other Findings/Tendencies

Lastly, we found two close-to-significant differences between both groups that can
be regarded solely as tendencies (H2b, H15b). The first shows that the influence of the
subjective norm on external regulation is greater for people with a weak habit (path
coefficient = 0.414) than for those with a strong habit (path coefficient = 0.307). As assumed
previously, these less active individuals might feel more pressure from their social peers,
which leads to a more controlled, externally regulated motivation to enhance their activity
behavior as compared to their agile counterparts.

The second tendency is revealed when one looks at the impact of PBC on intention
strength, which is, again, larger for those with a weak habit (path coefficient = 0.513) than
for those with a strong habit (path coefficient = 0.393). This indicates that people with a
less active lifestyle can be more influenced to become physically active by improving their
PBC as compared to people who are already active.

3.3.4. Preliminary Summary

The analysis of group differences revealed five significant disparities between both
groups (H2b, H4b, H6b, H7b, H15b). First, we found that the overall model worked best for
less active people with a weak habit. In particular, self-concordant motivations to become
physically active could be better predicted by a positive attitude among less active people
than among agile ones (H4b, H7b). In addition, being in control of one’s own movement
behavior (PBC) was an important predictor of the intention to become active in the future,
in particular for people with a weak habit (H2b). Furthermore, while people with strong
habitual behavior felt a slightly positive influence of the subjective norm on the enjoyment
of physical activity, people with a weak habit perceived the subjective as being more of a
hindrance to intrinsic motivation (H6b). Congruently, the influence of the subjective norm
on external regulation was greater for less active people than it was for agile ones (H15b).

Lastly, the three hypotheses assuming no statistical differences in the path coefficients
of both groups, regarding the impact of the subjective norm on intention strength (H3b),
PBC on introjected regulation (H11b), and PBC on external regulation (H14b), could be
supported. However, the seven remaining hypotheses had to be rejected, because there
were no significant differences.
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4. Discussion

Previous research on physical activity has already shown that it can be fruitful to
combine TPB and SDT to fully understand the antecedents of this behavior [35,49–52]. Yet,
this combination bears the risk of redundancies, as motivations and underlying beliefs of
TPB constructs may overlap [26]. Accordingly, we chose another possibility to combine
both theories. As described in chapter 1.3., Fuchs et al. [21] stated that two aspects of
behavioral intention can be distinguished: strength and self-concordance, both of which
showed a significant influence on physical activity. Accordingly, to promote physical
activity in older adults, we must target a strong and self-concordant intention. However,
they did not investigate TBP components as potential antecedents of both intention strength
and its self-concordance. Therefore, we examined an innovative combination of TPB and
SDT by integrating self-concordance of intention into a TPB-based model. This model
was well-suited to explain the strength and self-concordance of older adults’ intention
to be physically active. The influence of TPB components on intention would have been
underestimated if we had investigated only its strength. Our results show that TPB
components can and should be used to explain not only intention strength but also its
self-concordance—not just because both predict actual behavior (as was shown in [21]) but
also because intention strength and self-concordance differ in their relations with attitude,
PBC, and the subjective norm.

In detail, the results of our study showed that the influence of attitude on intention
would have been underestimated if we had focused only on intention strength. While
the relation between attitude and intention strength was rather weak, there was a strong
relationship with self-concordant intention, specifically self-determined regulations (in-
trinsic and identified) and especially for people with a weak habit. PBC had the strongest
influence on intention strength. In addition, its positive relation with self-determined
regulations and negative relation with external regulation underlined the high relevance
of PBC for the intention to be physically active. The subjective norm was not related to
intention strength—a result in line with those studies using TPB to explain the physical
activity of older adults we already described in chapter 1.1. [18,19]. Thus, considering only
intention strength would mask the role of the subjective norm as a predictor of physical ac-
tivity. Taking self-concordance into account showed that the subjective norm had a strong
positive relation with non-self-determined regulations (external and introjected). This
means that high perceptions of subjective norms may undermine the self-determination
of the intention to be physically active and, therefore, reduce the probability of the actual
behavior.

Moreover, we took into account the habitualization of physical activity by comparing
individuals with a weak vs. strong habit and, thus, found our model to be especially
well-suited for people with a weak habit. This is an important finding both theoretically
and practically. First, it is in line with the assumption that TPB is better suited to explain
nonhabitual than habitual behavior [22,30]. Second, people with a weak habit are a relevant
target group with an especially high potential to increase their physical activity. In this
study, those with a weak habit also showed a larger proportion of chronic diseases and
a lower self-evaluated health status. As multimorbidity increases with age [2], older
adults with health constraints are an important target group and face specific challenges
with regard to physical activity [69]. In addition, older adults are a very heterogeneous
population [70]. Hence, target group-specific interventions should consider differences
between subpopulations [71]. However, these differences may not only be based on
sociodemographic characteristics but also on lifestyle segmentation [72,73].

5. Limitations

There are a few limitations. The first is the fact that our analysis was based on cross-
sectional data. Hence, we were unable to predict actual (future) behavior. This means
that we could not assess the relationship between behavioral intention and actual physical
activity in older adults. However, Fuchs et al. [21] already showed that both intention
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strength and intention self-concordance significantly contribute to the prediction of future
physical activity. Therefore, we can assume that the same holds true for our sample.
Another limitation of our study is that our respondents, on average, had comparably active
lifestyles. This can be explained by three aspects. Firstly, we assume a self-selection bias
of respondents with a healthier lifestyle. Secondly, people with a very low intention to be
physically active had to be excluded from the analyses, because they did not have to answer
the self-concordance questions. Thirdly, although we selected respondents by random digit
dialing, a greater number of well-educated and health-conscious people agreed to take
part, which reduces the representativeness of our sample.

6. Conclusions

Our research yields important theoretical implications. We conclude that—when
explaining intention to be physically active by attitude, PBC, and the subjective norm—
not just intention strength but also its self-concordance should be examined. Combining
SDT and TPB by integrating self-concordance into the level of behavioral intention in a
TPB-based model provides a theoretical foundation that is better suited to explaining the
intention to be physically active than does the use of only one of the theories. It would be
interesting to investigate whether this holds true for other (health-related) behaviors, as
well.

This study also provides important practical implications. Our results suggest that
a high PBC and a positive attitude are key factors in the formation of a strong and self-
determined intention. Accordingly, to promote physical activity among older adults,
a high PBC and a positive attitude should be targeted. To foster a positive attitude,
interventions should communicate those positive consequences older adults associate
with being physically active. These may not only be physical health benefits but also
psychological and social aspects of exercising such as increased psychological well-being
and feeling related to other people [74]. To strengthen older adults’ PBC, their specific
barriers and facilitators for being physically active should be addressed such as (lack of)
exercise partners or social support [75,76]. Moreover, the potential negative impact of the
subjective norm must be considered, as it may increase non-self-determined motivations
that undermine the probability of being active in the long-term. Hence, messages promoting
physical activity should support older adults’ perceived autonomy by providing choices,
explaining the importance of the behavior and acknowledging conflicting personal feelings
and perspectives [52].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18115759/s1, Table S1: Quality assessment of the reflective measurement models,
Table S2: Differences between those with a weak and a strong habit, Table S3: Results of the
hypothesis testing of the main structural model, Figure S1: Results of the Group Comparison.

Author Contributions: Conceptualization, P.S. and C.R.; methodology, P.S., C.R. and T.K.; validation,
P.S., C.R., T.K. and J.G.; formal analysis, T.K.; investigation, P.S., C.R., T.K. and J.G.; resources, P.S.,
C.R., T.K. and J.G.; data curation, P.S. and T.K.; writing—original draft preparation, P.S., T.K. and J.G.;
writing—review and editing, P.S., C.R., T.K. and J.G.; visualization, T.K.; supervision, C.R.; project
administration, P.S. and C.R.; funding acquisition, C.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded as part of “Ageing in Balance”, a project initiated and executed
by the “Federal Centre for Health Education (BZgA)” and financially supported by the “Association
of German private healthcare insurers (PKV)”.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Advisory Board on Ethical Issues of the University of
Erfurt (27 March 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

https://www.mdpi.com/article/10.3390/ijerph18115759/s1
https://www.mdpi.com/article/10.3390/ijerph18115759/s1


Int. J. Environ. Res. Public Health 2021, 18, 5759 14 of 16

Data Availability Statement: The data presented in this study are openly available in OSF at
https://osf.io/e856u/ (uploaded on 23 April 2021) with doi:10.17605/OSF.IO/E856U.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Federal Statistical Office. Bevölkerung im Wandel [Changing Population]: Annahmen und Ergebnisse der 14. Koordinierten

Bevölkerungsvorausberechnung [Assumptions and Results of the 14th Coordinated Population Projection]. 2019. Available
online: https://www.destatis.de/DE/Presse/Pressekonferenzen/2019/Bevoelkerung/pressebroschuere-bevoelkerung.pdf;
jsessionid=018DFAE48C510FA2489E542FBB5F56FD.internet8732?__blob=publicationFile (accessed on 26 May 2021).

2. Robert Koch-Institut. Gesundheit in Deutschland. Gesundheitsberichterstattung des Bundes [Health in Germany. Federal Health
Reporting]; Robert Koch-Institut: Berlin, Germany, 2015.

3. Ekelund, U.; Steene-Johannessen, J.; Brown, W.J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.; Lee, I.-M. Does physical
activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of
data from more than 1 million men and women. Lancet 2016, 388, 1302–1310. [CrossRef]

4. Lee, I.-M. Dose-response relation between physical activity and fitness: Even a little is good; more is better. J. Am. Med. Assoc.
2007, 297, 2137–2139. [CrossRef]

5. Woodcock, J.; Franco, O.H.; Orsini, N.; Roberts, I. Non-vigorous physical activity and all-cause mortality: Systematic review and
meta-analysis of cohort studies. Int. J. Epidemiol. 2010, 40, 121–138. [CrossRef]

6. Löllgen, H. Bedeutung und Evidenz der körperlichen Aktivität zur Prävention und Therapie von Erkrankungen [Relevance and
evidence of physical activity in prevention and therapy of diseases]. Dtsch. Med. Wochenschr. 2013, 138, 2253–2259. [CrossRef]

7. 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]

8. McNeill, L.H.; Wyrwich, K.W.; Brownson, R.C.; Clark, E.M.; Kreuter, M.W. Individual, social environmental, and physical
environmental influences on physical activity among black and white adults: A structural equation analysis. Ann. Behav. Med.
2006, 31, 36–44. [CrossRef] [PubMed]

9. Kahn, E.B.; Ramsey, L.T.; Brownson, R.C.; Heath, G.W.; Howze, E.H.; Powell, K.E.; Stone, E.J.; Rajab, M.W.; Corso, P. The
effectiveness of interventions to increase physical activity: A systematic review. Am. J. Prev. Med. 2002, 22, 73–107. [CrossRef]

10. Rossmann, C. Strategic health communication: Theory- and evidence-based campaign development. In The Routledge Handbook of
Strategic Communication; Holtzhausen, D., Zerfass, A., Eds.; Routledge: New York, NY, USA, 2015; pp. 409–423.

11. Rossmann, C. Content effects: Health campaign communication. In The International Encyclopedia of Media Effects; Rössler, P., Ed.;
Wiley: New York, NY, USA, 2017; pp. 187–197.

12. Fishbein, M.; Ajzen, I. Predicting and Changing Behavior. The Reasoned Action Approach; Taylor & Francis: New York, NY, USA, 2010.
13. Albarracín, D.; Johnson, B.T.; Fishbein, M.; Muellerleile, P.A. Theories of reasoned action and planned behavior as models of

condom use: A meta-analysis. Psychol. Bull. 2001, 127, 142–161. [CrossRef] [PubMed]
14. Armitage, C.J.; Conner, M. Efficacy of the Theory of Planned Behaviour: A meta-analytic review. Br. J. Soc. Psychol. 2001, 40,

471–499. [CrossRef]
15. Sheeran, P.; Taylor, S. Predicting intentions to use condoms: A meta-analysis and comparison of the Theories of Reasoned Action

and Planned Behavior. J. Appl. Soc. Psychol. 1999, 29, 1624–1675. [CrossRef]
16. Sheppard, B.H.; Hartwick, J.; Warshaw, P.R. The Theory of Reasoned Action: A meta-analysis of past research with recommenda-

tions for modifications and future research. J. Consum. Res. 1988, 15, 325–343. [CrossRef]
17. Rossmann, C. Theories of reasoned action and planned behavior. In The International Encyclopedia of Media Psychology; van den

Bulck, J., Ed.; Wiley Blackwell: Hoboken, NJ, USA, 2020; pp. 1–14.
18. Alexandris, K.; Barkoukis, V.; Tsormpatzoudis, C. Does the theory of planned behavior elements mediate the relationship between

perceived constraints and intention to participate in physical activities? A study among older individuals. Eur. Rev. Aging Phys.
Act. 2007, 4, 39–48. [CrossRef]

19. Gretebeck, K.A.; Black, D.R.; Blue, C.L.; Glickman, L.T.; Huston, S.A.; Gretebeck, R.J. Physical activity and function in older
adults: Theory of Planned Behavior. Am. J. Health Behav. 2007, 31, 203–214. [CrossRef] [PubMed]

20. Brickell, T.A.; Chatzisarantis, N.L.D.; Pretty, G.M. Autonomy and control: Augmenting the validity of the theory of planned
behaviour in predicting exercise. J. Health Psychol. 2006, 11, 51–63. [CrossRef]

21. Fuchs, R.; Seelig, H.; Göhner, W.; Schlatterer, M.; Ntoumanis, N. The two sides of goal intentions: Intention self-concordance and
intention strength as predictors of physical activity. Psychol. Health 2016, 32, 110–126. [CrossRef] [PubMed]

22. Aarts, H.H.; Verplanken, B.B.; Van Knippenberg, A. Predicting behavior from actions in the past: Repeated decision making or a
matter of habit? J. Appl. Soc. Psychol. 1998, 28, 1355–1374. [CrossRef]

23. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
24. Ajzen, I.; Fishbein, M. Understanding Attitudes and Predicting Social Behavior; Prentice-Hall: Englewood Cliffs, NJ, USA, 1980.

ISBN 0139364439.

https://osf.io/e856u/
https://osf.io/e856u/
https://www.destatis.de/DE/Presse/Pressekonferenzen/2019/Bevoelkerung/pressebroschuere-bevoelkerung.pdf;jsessionid=018DFAE48C510FA2489E542FBB5F56FD.internet8732?__blob=publicationFile
https://www.destatis.de/DE/Presse/Pressekonferenzen/2019/Bevoelkerung/pressebroschuere-bevoelkerung.pdf;jsessionid=018DFAE48C510FA2489E542FBB5F56FD.internet8732?__blob=publicationFile
http://doi.org/10.1016/S0140-6736(16)30370-1
http://doi.org/10.1001/jama.297.19.2137
http://doi.org/10.1093/ije/dyq104
http://doi.org/10.1055/s-0033-1349606
http://doi.org/10.1016/S2214-109X(18)30357-7
http://doi.org/10.1207/s15324796abm3101_7
http://www.ncbi.nlm.nih.gov/pubmed/16472037
http://doi.org/10.1016/S0749-3797(02)00434-8
http://doi.org/10.1037/0033-2909.127.1.142
http://www.ncbi.nlm.nih.gov/pubmed/11271752
http://doi.org/10.1348/014466601164939
http://doi.org/10.1111/j.1559-1816.1999.tb02045.x
http://doi.org/10.1086/209170
http://doi.org/10.1007/s11556-007-0014-1
http://doi.org/10.5993/AJHB.31.2.9
http://www.ncbi.nlm.nih.gov/pubmed/17269910
http://doi.org/10.1177/1359105306058847
http://doi.org/10.1080/08870446.2016.1247840
http://www.ncbi.nlm.nih.gov/pubmed/27775430
http://doi.org/10.1111/j.1559-1816.1998.tb01681.x
http://doi.org/10.1016/0749-5978(91)90020-T


Int. J. Environ. Res. Public Health 2021, 18, 5759 15 of 16

25. Downs, D.S.; Hausenblas, H.A. The theories of reasoned action and planned behavior applied to exercise: A meta-analytic update.
J. Phys. Act. Health 2005, 2, 76–97. [CrossRef]

26. Hagger, M.S.; Chatzisarantis, N.L.D.; Biddle, S.J.H. A meta-analytic review of the theories of reasoned action and planned
behaviour in physical activity: Predictive validity and the contribution of additional variables. J. Sport Exerc. Psychol. 2002, 24,
3–32. [CrossRef]

27. Hausenblas, H.A.; Carron, A.V.; Mack, D.E. Application of the theories of reasoned action and planned behavior to exercise
behavior: A meta-analysis. J. Sport Exerc. Psychol. 1997, 19, 36–51. [CrossRef]

28. Kirk, T.N.; Haegele, J.A. Theory of planned behavior in research examining physical activity factors among individuals with
disabilities: A Review. Adapt. Phys. Act. Q. 2019, 36, 164–182. [CrossRef]

29. Courneya, K.S.; Nigg, C.R.; Estabrooks, P.A. Relationships among the theory of planned behavior, stages of change, and exercise
behavior in older persons over a three year period. Psychol. Health 1998, 13, 355–367. [CrossRef]

30. Hartmann, T. Media Choice: A Theoretical and Empirical Overview, 1st ed.; Routledge: New York, NY, USA, 2009; ISBN 978-0-203-
93865-2.

31. De Bruijn, G.J.; Rhodes, R.E. Exploring exercise behavior, intention and habit strength relationships. Scand. J. Med. Sci. Sports
2010, 21, 482–491. [CrossRef] [PubMed]

32. Hashim, H.; Jawis, M.; Wahat, A.; Grove, J. Children’s exercise behavior: The moderating role of habit processes within the theory
of planned behavior. Psychol. Health Med. 2014, 19, 335–343. [CrossRef] [PubMed]

33. Van Bree, R.J.; Van Stralen, M.M.; Bolman, C.; Mudde, A.N.; De Vries, H.; Lechner, L. Habit as moderator of the intention–physical
activity relationship in older adults: A longitudinal study. Psychol. Health 2013, 28, 514–532. [CrossRef] [PubMed]

34. Lange, R. Understanding Media Habits: The Role of Habit in the Theory of Planned Behavior. Ph.D. Thesis, Michigan State
University, East Lansing, MI, USA, 2009.

35. Hagger, M.S.; Chatzisarantis, N.L.D. Integrating the theory of planned behaviour and self-determination theory in health
behaviour: A meta-analysis. Br. J. Health Psychol. 2009, 14, 275–302. [CrossRef] [PubMed]

36. Deci, E.L.; Ryan, R.M. The “what” and “why” of goal pursuits: Human needs and the self-determination of behavior. Psychol. Inq.
2000, 11, 227–268. [CrossRef]

37. Lonsdale, C.; Hodge, K.; Rose, E.A. The Behavioral Regulation in Sport Questionnaire (BRSQ): Instrument development and
initial validity evidence. J. Sport Exerc. Psychol. 2008, 30, 323–355. [CrossRef]

38. Biddle, S.; Soos, I.; Chatzisarantis, N. Predicting physical activity intentions using goal perspectives and self-determination theory
approaches. Eur. Psychol. 1999, 4, 7. [CrossRef]

39. D’Angelo, M.S.; Reid, R.D.; Pelletier, L.G. A model for exercise behavior change regulation in patients with heart disease. J. Sport
Exerc. Psychol. 2007, 29, 208–224. [CrossRef]

40. Edmunds, J.; Ntoumanis, N.; Duda, J.L. Testing a self-determination theory-based teaching style intervention in the exercise
domain. Eur. J. Soc. Psychol. 2008, 38, 375–388. [CrossRef]

41. Russell, K.L.; Bray, S.R. Self-determined motivation predicts independent, home-based exercise following cardiac rehabilitation.
Rehabil. Psychol. 2009, 54, 150–156. [CrossRef]

42. Springer, J.B.; Lamborn, S.D.; Pollard, D.M. Maintaining physical activity over time: The importance of basic psychological need
satisfaction in developing the physically active self. Am. J. Health Promot. 2013, 27, 284–293. [CrossRef]

43. Wilson, P.M.; Mack, D.E.; Grattan, K.P. Understanding motivation for exercise: A self-determination theory perspective. Can.
Psychol. Can. 2008, 49, 250–256. [CrossRef]

44. Stephan, Y.; Boiché, J.; Le Scanff, C. Motivation and physical activity behaviors among older women: A self-determination
perspective. Psychol. Women Q. 2010, 34, 339–348. [CrossRef]

45. Kirkland, R.A.; Karlin, N.J.; Stellino, M.B.; Pulos, S. Basic psychological needs satisfaction, motivation, and exercise in older
adults. Act. Adapt. Aging 2011, 35, 181–196. [CrossRef]

46. MacKenzie, C.S.; Karaoylas, E.C.; Starzyk, K.B. Lifespan differences in a self determination theory model of Eudaimonia: A
cross-sectional survey of younger, middle-aged, and older adults. J. Happiness Stud. 2017, 19, 2465–2487. [CrossRef]

47. Tang, M.; Wang, D.; Guerrien, A. A systematic review and meta-analysis on basic psychological need satisfaction, motivation,
and well-being in later life: Contributions of self-determination theory. PsyCh J. 2020, 9, 5–33. [CrossRef] [PubMed]

48. McCallion, P.; Ferretti, L.A. Understanding, supporting and safeguarding self-determination as we age. In Development of
Self-Determination through the Life-Course; Wehmeyer, M.L., Shogren, K.A., Little, T.D., Lopez, S.J., Eds.; Springer Science &
Business Media: New York, NY, USA, 2017; pp. 145–158. ISBN 978-94-024-1040-2.

49. Hagger, M.S.; Chatzisarantis, N.L.D.; Barkoukis, V.; Wang, C.K.J.; Baranowski, J. Perceived autonomy support in physical
education and leisure-time physical activity: A cross-cultural evaluation of the trans-contextual model. J. Educ. Psychol. 2005, 97,
376–390. [CrossRef]

50. Hagger, M.S.; Chatzisarantis, N.L.D.; Biddle, S.J.H. The influence of autonomous and controlling motives on physical activity
intentions within the Theory of Planned Behaviour. Br. J. Health Psychol. 2002, 7, 283–297. [CrossRef] [PubMed]

51. Chatzisarantis, N.L.D.; Hagger, M.S.; Biddle, S.J.H.; Karageorghis, C. The cognitive processes by which perceived locus of
causality predicts participation in physical activity. J. Health Psychol. 2002, 7, 685–699. [CrossRef]

52. Chatzisarantis, N.L.D.; Hagger, M.S.; Smith, B. Influences of perceived autonomy support on physical activity within the theory
of planned behavior. Eur. J. Soc. Psychol. 2006, 37, 934–954. [CrossRef]

http://doi.org/10.1123/jpah.2.1.76
http://doi.org/10.1123/jsep.24.1.3
http://doi.org/10.1123/jsep.19.1.36
http://doi.org/10.1123/apaq.2018-0065
http://doi.org/10.1080/08870449808406756
http://doi.org/10.1111/j.1600-0838.2009.01064.x
http://www.ncbi.nlm.nih.gov/pubmed/20136755
http://doi.org/10.1080/13548506.2013.808751
http://www.ncbi.nlm.nih.gov/pubmed/23796233
http://doi.org/10.1080/08870446.2012.749476
http://www.ncbi.nlm.nih.gov/pubmed/23244776
http://doi.org/10.1348/135910708X373959
http://www.ncbi.nlm.nih.gov/pubmed/18926008
http://doi.org/10.1207/S15327965PLI1104_01
http://doi.org/10.1123/jsep.30.3.323
http://doi.org/10.1027//1016-9040.4.4.83
http://doi.org/10.1123/jsep.29.2.208
http://doi.org/10.1002/ejsp.463
http://doi.org/10.1037/a0015595
http://doi.org/10.4278/ajhp.110211-QUAL-62
http://doi.org/10.1037/a0012762
http://doi.org/10.1111/j.1471-6402.2010.01579.x
http://doi.org/10.1080/01924788.2011.596764
http://doi.org/10.1007/s10902-017-9932-4
http://doi.org/10.1002/pchj.293
http://www.ncbi.nlm.nih.gov/pubmed/31177644
http://doi.org/10.1037/0022-0663.97.3.376
http://doi.org/10.1348/135910702760213689
http://www.ncbi.nlm.nih.gov/pubmed/12614501
http://doi.org/10.1177/1359105302007006872
http://doi.org/10.1002/ejsp.407


Int. J. Environ. Res. Public Health 2021, 18, 5759 16 of 16

53. Sheldon, K.M.; Houser-Marko, L. Self-concordance, goal attainment, and the pursuit of happiness: Can there be an upward
spiral? J. Personal. Soc. Psychol. 2001, 80, 152–165. [CrossRef]

54. Sheldon, K.M.; Elliot, A.J. Goal striving, need satisfaction, and longitudinal well-being: The self-concordance model. J. Personal.
Soc. Psychol. 1999, 76, 482–497. [CrossRef]

55. Sheldon, K.M.; Ryan, R.M.; Deci, E.L.; Kasser, T. The independent effects of goal contents and motives on well-being: It’s both
what you pursue and why you pursue it. Personal. Soc. Psychol. Bull. 2004, 30, 475–486. [CrossRef]

56. Ntoumanis, N.; Healy, L.C.; Sedikides, C.; Duda, J.L.; Stewart, B.D.; Smith, A.; Bond, J. When the going gets tough: The “why” of
goal striving matters. J. Personal. 2014, 82, 225–236. [CrossRef] [PubMed]

57. World Medical Association. WMA Declaration of Helsinki—Ethical Principles for Medical Research Involving Human Sub-
jects. 2018. Available online: https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/ (accessed on 19 March 2021).

58. Hair, J.F.; Hult, G.T.M.; Ringle, C.M.; Sarstedt, M.; Richter, N.F.; Hauff, S. Partial Least Squares Strukturgleichungsmodel-Lierung:
Eine Anwendungsorientierte Einführung [Partial Least Squares Structural Equation Modeling. A practical Introduction], 1st ed.; Vahlen:
München, Germany, 2017; ISBN 978-3-8006-5360-7.

59. Ajzen, I. TPB Questionnaire Construction. 2019. Available online: http://people.umass.edu/aizen/pdf/tpb.measurement.pdf
(accessed on 26 May 2021).

60. Seelig, H.; Fuchs, R. Messung der sport- und bewegungsbezogenen Selbstkonkordanz [Measurement of activity-related self-
concordance]. Z Sportpsychol. 2006, 13, 121–139. [CrossRef]

61. Rossmann, C. Identifying effective messages for the promotion of physical activity. Int. J. Commun. Health 2013, 2, 1–11.
62. Verplanken, B.; Orbell, S. Reflections on past behavior: A self-report index of habit strength. J. Appl. Soc. Psychol. 2003, 33,

1313–1330. [CrossRef]
63. Wold, H. Path models with latent variables: The NIPALS approach. In Quantitative Sociology: International Perspectives on

Mathematical and Statistical Modeling; Blalock, H.M., Aganbegian, A., Borodkin, F.M., Boudon, R., Capechi, V., Eds.; Capechi:
New York, NY, USA, 1975; pp. 307–357.

64. Wold, H. Model construction and evaluation when theoretical knowledge is scarce: Theory and application of partial least
squares. In Evaluation of Econometric Models; Kmenta, K., Ramsey, J.B., Eds.; Academic Press: New York, NY, USA, 1980; pp. 47–74.

65. Jöreskog, K.G. A general method for analysis of covariance structures. Biometrika 1970, 57, 239–251. [CrossRef]
66. Fuchs, A. Methodische Aspekte linearer Strukturgleichungsmodelle. Ein Vergleich von kovarianz- und varianzbasierten

Kausalanalyseverfahren [Methodological aspects of linear structural equation models. A comparison of covariance and vari-
ance-based causal analysis methods]. In Research Papers on Marketing Strategy; Meyer, M., Ed.; Julius-Maximilians-Universität
Würzburg: Würzburg, Germany, 2011; pp. 1–44.

67. Bagozzi, R.P.; Yi, Y. On the evaluation of structural equation models. J. Acad. Mark. Sci. 1988, 16, 74–94. [CrossRef]
68. Chin, W.W. The partial least squares approach for structural equation modeling. In Modern Methods for Business Research;

Marcoulides, G.A., Ed.; Lawrence Erlbaum: Mahwah, NJ, USA, 1998; pp. 295–336.
69. Desveaux, L.; Goldstein, R.; Mathur, S.; Brooks, D. Barriers to physical activity following rehabilitation: Perspectives of older

adults with chronic disease. J. Aging Phys. Act. 2016, 24, 223–233. [CrossRef] [PubMed]
70. Nimrod, G. Applying Gerontographics in the study of older Internet users. Particip. J. Audience Recept. Stud. 2013, 10, 46–64.
71. Slater, M.D. Theory and method in health audience segmentation. J. Health Commun. 1996, 1, 267–284. [CrossRef]
72. Weber, W.; Reinhardt, A.; Rossmann, C. Lifestyle segmentation to explain the online health information–seeking behavior of

older adults: Representative telephone survey. J. Med. Internet Res. 2020, 22, e15099. [CrossRef]
73. Slater, M.D.; Flora, J.A. Health lifestyles: Audience segmentation analysis for public health interventions. Health Educ. Q. 1991, 18,

221–233. [CrossRef] [PubMed]
74. Stehr, P.; Luetke Lanfer, H.; Rossmann, C. Beliefs and motivation regarding physical activity among older adults in Germany:

Results of a qualitative study. Int. J. Qual. Stud. Health Well-Being 2021. [CrossRef]
75. Kosteli, M.-C.; Williams, S.E.; Cumming, J. Investigating the psychosocial determinants of physical activity in older adults: A

qualitative approach. Psychol. Health 2016, 31, 730–749. [CrossRef]
76. Schmidt, L.; Rempel, G.; Murray, T.C.; McHugh, T.-L.; Vallance, J.K. Exploring beliefs around physical activity among older

adults in rural Canada. Int. J. Qual. Stud. Health Well-Being 2016, 11, 32914. [CrossRef]

http://doi.org/10.1037/0022-3514.80.1.152
http://doi.org/10.1037/0022-3514.76.3.482
http://doi.org/10.1177/0146167203261883
http://doi.org/10.1111/jopy.12047
http://www.ncbi.nlm.nih.gov/pubmed/23750603
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://people.umass.edu/aizen/pdf/tpb.measurement.pdf
http://doi.org/10.1026/1612-5010.13.4.121
http://doi.org/10.1111/j.1559-1816.2003.tb01951.x
http://doi.org/10.1093/biomet/57.2.239
http://doi.org/10.1007/BF02723327
http://doi.org/10.1123/japa.2015-0018
http://www.ncbi.nlm.nih.gov/pubmed/26372671
http://doi.org/10.1080/108107396128059
http://doi.org/10.2196/15099
http://doi.org/10.1177/109019819101800207
http://www.ncbi.nlm.nih.gov/pubmed/2055779
http://doi.org/10.1080/17482631.2021.1932025
http://doi.org/10.1080/08870446.2016.1143943
http://doi.org/10.3402/qhw.v11.32914

	Introduction 
	Theory of Planned Behavior and Physical Activity 
	Self-Determination Theory and Physical Activity 
	Integration of Self-Concordance (SDT) into TPB 

	Methods 
	Design and Procedure 
	Measures 
	Data Analysis 

	Results 
	Descriptive Results 
	Full Sample 
	Subsamples 

	Main SEM Analysis 
	Intention Strength 
	Intrinsic and Identified Regulation 
	Introjected and External Regulation 
	Preliminary Summary 

	Group Comparison 
	Habit Strength and the Relation between Attitude and Intrinsic/ Identified Regulation 
	Habit Strength and the Relation between Subjective Norm and Intrinsic Regulation 
	Other Findings/Tendencies 
	Preliminary Summary 


	Discussion 
	Limitations 
	Conclusions 
	References

