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Objective: Planning has been hypothesized to operate as a mediator linking intentions to health behaviors. To
explore the temporal variation of these constructs and their interrelationships, a long-term study of intentions,
planning, and physical activity was conducted. Method: A sample of 328 individuals in orthopedic rehabil-
itation provided data at five measurement occasions over 3 years after their discharge from rehabilitation. A
process-oriented approach combining mediation analysis and latent growth curve (LGC) modeling was
applied. Results: The orthopedic rehabilitation led to an initial increase in planning and behavior, followed by
a decrease after 6 months and stabilization for the next 2.5 years. Intention revealed a slight but constant
decrease for 6 months and remained stable up to 3 years after rehabilitation. The mediation model confirmed
planning as mediator between intention and physical activity in former rehabilitation participants. Conclu-
sions: Prior evidence on the mediating role of planning in the intention-behavior relation is corroborated and
extended by the present findings at the level of long-term processes. Planning can and should be integrated in
rehabilitation treatment programs to facilitate sustainable recovery.
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Regular physical activity is helpful to preserve rehabilitation
outcomes and improve health. Physical activity reduces the risk for
some of the most frequent causes of death, which are diabetes,
heart problems, stroke, and some kinds of cancer. Moreover, it is
beneficial for several chronic conditions and for preventing health
limitations because physical activity helps to control weight and
facilitate healthy bones, muscles, and joints (Woolf, 2003). Fol-
lowing an accident or surgery, or as part of treatment of chronic
pain conditions, engaging in regular exercise is a recommended
approach to rehabilitation and secondary prevention, as it is asso-
ciated with many health benefits, such as reduced morbidity and
mortality, increased functional capacity, and improved quality of
life (Russell & Bray, 2009). As a result, orthopedic rehabilitation
not only encourages individuals to perform physical exercise dur-
ing the rehabilitation treatment, but it motivates persons to main-
tain their activity after discharge (Russell & Bray, 2009). Studies
have shown that different social-cognitive variables predict exer-
cise intention (Blanchard, Courneya, Rodgers, Daub, & Knapik,
2002; Courneya, Keats, & Turner, 2000; Russell & Bray, 2009;
Sullivan et al., 2008) and behavior (Blanchard et al., 2002; Reid et
al., 2007). Until now, however, after discharge from rehabilitation,

little is known about (a) the long-term trajectories of behavior and
its predictors, that is, whether changes occur similarly across
individuals with different motivational prerequisites, and (b) how
different predictors operate to change behavior. This is important
to know as this has implications for patient education during the
rehabilitation, theoretical understanding of behavior change, and
methodological application. Therefore, this study makes an at-
tempt to close this gap.

Change in physical activity and its predictors, such as intention
and planning, can be very different across individuals and needs to
be researched in detail. The vast majority of prospective studies
investigating exercise adherence after rehabilitation focus on ex-
amining individual differences based on longitudinal data with two
waves of measurement and short follow-up periods of a few weeks
or months (Sutton, 2004). Furthermore, behavior is often modeled
in a static fashion, meaning that individual differences in previous
or baseline levels of predictor variables are used to predict indi-
vidual differences in behavior at later measurement occasions
(e.g., Lippke & Plotnikoff, 2009). The complex manner in which
these factors change cannot be well understood by using these
static analysis approaches. Advances in methods for the analysis of
change such as latent growth curve (LGC) modeling allow re-
searchers to describe intraindividual change and individual differ-
ences in change across multiple occasions of measurement (Bryk
& Raudenbush, 1992; McArdle, 1988; Meredith & Tisak, 1990;
Singer & Willett, 2003). The current study aims at applying this
approach in a rehabilitation setting.

The present study addresses the question of the relationship of
changes in social-cognitive variables (such as intention formation
and planning) to behavior change and demonstrates an approach
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for advancing from common static models of behavior to truly
examining the dynamic features implicitly inherent in most theo-
ries of behavior adherence. As noted by Weston, Gore, Chan, and
Catalano (2008), structural equation modeling (SEM) is a suitable
statistical technique for testing complex theories in rehabilitation
psychology. Applying SEM to longitudinal data in the LGC mod-
eling framework, we aim at contributing to a better understanding
of change mechanisms by modeling how changes over time in
relevant predictors of behavior predict changes in physical activity.

Predictors of Behavior Change

Behavioral Intentions

Leading theories on human behavior consider behavioral inten-
tions as the most immediate and important predictor of behavior
(e.g., Theory of Reasoned Action; Fishbein & Ajzen, 1975). Al-
though the construct of intention is indispensable in explaining
behavior adherence, its predictive value is limited. Motivation
alone does not suffice to change behavior. When trying to translate
intentions into behavior, people are faced with various obstacles,
such as distractions, forgetfulness, or conflicting bad habits. Inten-
tion measures often leave substantial variance in behavior unex-
plained (Orbell & Sheeran, 1998; Sheeran, 2002). As a result,
research has identified additional postintentional, volitional pro-
cesses that moderate or mediate the intention-behavior relationship
(Abraham, Sheeran, Conner, de Vries, & Otten, 1999). In contrast
to motivational models that mainly focus on behavioral intentions
as the most proximal antecedents of behavior, volitional models
propose self-regulation strategies and cognitions that facilitate the
translation of intentions into actual behavior. A self-regulation
strategy that facilitates the successful translation of intentions into
action is planning the desired behavior.

Planning Behavior Adherence

Planning when, where, and how to act can facilitate behavior
change; people are more likely to act upon their intentions when
generating such a plan. To understand the working mechanisms of
planning, one can refer to laboratory research on implementation
intentions (cf. Gollwitzer & Sheeran, 2006, for a review). Plans
and implementation intentions are very similar and represent a
mental “if-then” association that links the when and where of a
situation (if-condition) to a specific action (then-condition; Goll-
witzer, 1999). Holding an “if-then” cognition in a critical situation
is assumed to lead to an immediate behavioral response without
much conscious awareness. It is mediated by increased informa-
tion processing in terms of enhanced accessibility, detection, and
discrimination of critical cues (Webb & Sheeran, 2007).

Implementation Intentions and Planning

To date, research has accumulated abundant evidence for the
effectiveness of planning when the experimenter provided plans as
well as when the plans were generated by the participant (for an
overview, see Gollwitzer & Sheeran, 2006). Evidence suggests
that implementation intentions have only a weak effect on long-
term changes in exercise adherence among rehabilitation partici-
pants (cf. Jackson et al., 2005). However, in another study, self-

generated plans predicted physical activity over and above goal
intentions for an extensive period of time (up to 12 months;
Ziegelmann, Luszczynska, Lippke, & Schwarzer, 2007). Overall,
implementation intentions have been demonstrated to be of sub-
stantial importance for physical activity after rehabilitation, medi-
ating the effect of intentions on behavior (Blanchard, 2008;
Latimer, Martin Ginis, & Arbour, 2006).

Sniehotta (2009) argues that self-generated plans, that is, real-
life planning, are more complex than plans provided by the re-
searcher in the classic implementation intention paradigm. There-
fore, it is not only vital to ask participants whether they had formed
a plan or not (e.g., in a study by Orbell and Sheeran, 2000), but it
is also important to assess whether self-generated plans may differ
in terms of content and/or quality. Especially in longitudinal stud-
ies, it is valuable to assess the degree of elaboration of plans for
predicting behavior change (for a study in the context of orthope-
dic rehabilitation, cf. Ziegelmann, Lippke, & Schwarzer, 2006).
Plans may become more complex and detailed over time (e.g., in
terms of when, where, how, and with whom to perform the desired
behavior) as individuals become more experienced with that be-
havior. Despite the assumed importance of planning, the hidden
assumption that self-regulated behavior change includes intraindi-
vidual changes in intention and self-generated planning, which
affect exercise adherence, has rarely been examined (cf. Sutton,
2002).

Processes of Behavior Change

Mediation of the Intention-Behavior Relation

When the relationship between two variables is partially or
totally accounted for by an intervening variable, this variable is
called a mediator. Mediation analysis helps to identify intervening
variables in the relationship between two variables, such as inten-
tion and behavior. Planning is seen as a mediator of the intention-
behavior relationship (e.g., Schwarzer, Luszczynska, Ziegelmann,
Scholz, & Lippke, 2008). This implies that individuals who form
an intention will be more likely to engage in planning, and those
who do plan will be more likely to engage in the desired behavior.
There is ambiguous evidence for the mediating role of planning in
the intention-behavior association. Whereas some studies find me-
diating effects (Norman & Conner, 2005, Study 2; Schwarzer et
al., 2008), others do not (Norman & Conner, 2005, Study 1; White,
Terry, & Hogg, 1994). However, most studies investigated only
cross-sectional or short-term longitudinal relations between inten-
tion, planning, and behavior.

To strengthen our understanding of long-term exercise adher-
ence after rehabilitation, more research is needed on social-cogni-
tive predictors and behavior over extended time periods. Models of
behavior change suggest that change in behavior can be achieved
by changes in cognitions, but such change-change associations are
rarely tested (cf. Sutton, 2002). The present study aims at inves-
tigating the long-term relations between changes in intention and
planning for physical activity adherence after rehabilitation. Fur-
thermore, this study applies LGC modeling for testing the hypoth-
esis that planning mediates the intention-behavior relation.
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Latent Growth Curve Modeling

Compared to more static analysis techniques, LGC modeling
has several advantages. With LGC, intraindividual change can be
analyzed regarding its particular trajectory shape, that is, whether
the shape is linear, quadratic, or exponential. In addition, LGC is
able to examine change without measurement error as it uses only
latent variables.

Only a few studies have modeled intraindividual processes with
the aim of gaining more insight into how people can be supported
to translate their intentions into action. Using LGC models, Snie-
hotta, Nagy, Scholz, and Schwarzer (2006) found that level and
change of volitional self-regulation (action control) were distinct
predictors of changes in intentions and physical exercise. Further-
more, Scholz, Nagy, Göhner, Luszczynska, and Kliegel (2009)
examined how changes in motivational and volitional predictors
are associated with change in dietary and smoking behaviors and
their respective intentions. Change in self-efficacy was crucial for
change in intention and partly for change in behavior. Change in
planning was also partly associated with change in behavior.
Change in action control was consistently associated with changes
in behavior. These first results give promising insights into indi-
vidual change-change associations, but the results need to be
replicated in different behavioral contexts as well as over longer
periods of time (e.g., adopting exercise behavior instead of reduc-
ing risk behaviors). Also, they should take into account method-
ology that allows for interindividual differences in intraindividual
change processes. Furthermore and most importantly, to our
knowledge no study using LGC was applied to the rehabilitation
context so far.

Aims of the Present Study

A longitudinal study was conducted in which the independent
variable, the mediator, and the dependent variables were mea-
sured five times over a 3-year period. Latent growth modeling
was employed to investigate mediating mechanisms (Cheong,
MacKinnon, & Khoo, 2003). The growth of the independent
variable, the growth of the mediator, and the growth of the depen-
dent variable can be viewed as distinctive parallel processes. The
growth of intention (independent variable) is hypothesized to
predict the growth of planning (mediating variable), which, in turn,
predicts the growth of physical activity (outcome variable).

Method

Participants and Procedure

The study was performed in accordance with the Helsinki Dec-
laration and according to the Proposals for Safeguarding Good
Scientific Practice by the German Research Foundation. Study
participants were recruited at the reception desk of an orthopaedic
rehabilitation center. Individuals with musculoskeletal afflictions
such as joint diseases and injuries were admitted to a 3-week
rehabilitation outpatient program. Rehabilitation included exercise
therapy supervised by sport therapists and the medical team as well
as exercise counseling. Individuals were recommended to engage
in regular physical activity after discharge and received informa-

tion about the benefits of physical activity. Initially, 585 individ-
uals signed up for a study that was advertised to examine exercise
adherence and self-regulatory problems. After providing in-
formed consent, participants were assessed at five measurement
occasions after discharge: two telephone follow-up assessments
at 2 weeks, Time 1 (T1), n � 585, and 4 weeks, Time 2 (T2),
n � 572, 97.8%, and three postal follow-ups at 6 months, Time 3
(T3), n � 495, 84.6%, 12 months, Time 4 (T4), n � 371, 63.4%,
and 36 months, Time 5 (T5), n � 328, 56.1%. Mean age was 45.9
years, SD � 11.8; range 18–80 years, and there were more
women, 61.5%, than men. Of the participants, 68.8% were living
with a partner, and 69.2% were employed.

We examined differences on T1 measures between those per-
sons who withdrew from the study versus those remained across
all measurement occasions. No significant differences were found
in terms of sex, physical activity, behavioral intention, and plan-
ning. For age, a small difference was found t(632) � 4.72, p � .05,
effect size d � .17, indicating that remaining participants were
slightly older than those who were lost to follow-up, Mremaining �
47.22, SDremaining � 11.63 vs. Mdropouts � 45.19, SDdropouts �
11.87.

Measures

All scales were tested in several prior studies with respect to
psychometric properties (see Schwarzer et al., 2008; Ziegelmann
et al., 2007). The scores of each measure were averaged to indicate
a single composite score.

Intention to perform physical activities was assessed with one
item: “I intend to exercise for 20 minutes or longer on at least two
days per week on a regular basis.” Answers were assessed on a
four-point scale from 1 (not at all true), 2 (not true), 3 (a little
true), to 4 (absolutely true).

Planning was measured with five items. Following the question
“How precisely did you plan your twice weekly (or more) exercise
lasting at least 20 minutes?” participants rated five statements, e.g.,
“I have already planned precisely when to exercise,” “I have
already planned precisely where to exercise,” and “I have already
planned precisely how to continue exercising even when I feel
limited by poor health.” The answers ranged from 1 (not at all
true), 2 (not true), 3 (a little true), to 4 (absolutely true).

Physical activity was assessed with a modified version of the
Godin Leisure-Time Exercise Questionnaire (GLTEQ, Godin &
Shephard, 1985). Three domains of physical activity were taken
into consideration: (a) fitness activities, (b) activities to train mus-
cle strength, and (c) game sports, such as volleyball or golf. We
assessed (a) how many days did an individual perform the activity
in question during the last week, and (b) how many hours and
minutes per session did he or she perform the activity. For each
domain, physical activity amount was computed by multiplying
exercise days per week by minutes per physical activity episode
(e.g., Bernstein et al., 1998). The three domains were averaged to
a composite score. To deal with the issue of floor effects in count
data (Wang, Zhang, McArdle, & Salthouse, 2008), we categorized
the number of minutes per week of strenuous and moderate activ-
ity in each activity in five categories (1 � 0 min/week; 2 � 1 to 30
min/week; 3 � 31 to 90 min/week; 4 � 91 to 150 min/week; 5 �
151 and more min/week).
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Analytic Procedure

LGC modeling describes pattern of time-ordered observations in
an individual with a parsimonious set of parameters (Singer &
Willett, 2003). In such longitudinal models, intraindividual change
(e.g., in behavior) may be described by two parameters: an inter-
cept factor that indicates a person’s initial level of behavior and a
slope parameter indicating the rate of increase or decline in be-
havior across measurement occasions. LGC models can be used to
model a particular shape or form of the change trajectory (e.g.,
linear, quadratic, exponential) that is assumed to underlie the
observed data.

In a growth curve model the same shape of change is invoked
for all people; individual differences in intraindividual change are
modeled via “random” latent parameters (intercept and slope) that
may vary between individuals. This modeling procedure allows
examining how people differ in their initial levels of behavior
(intercept) or rates of growth or decline over time.

Mediation analysis was conducted following the parallel process
LGC modeling procedure proposed by Cheong et al. (2003). In a
first step, we investigated how each construct changes over time in
separate latent basis LGC models. In a next step, a mediation LGC
model was applied to model the long-term relation between the
independent variable (intention), the mediator (planning), and the
outcome (physical activity). The analyses were conducted using
Mplus 5 (Muthén & Muthén, 2007).

Results

In a first step, we investigated how each construct changes over
time in distinct LGC models. In contrast to the basic (linear) LGC
model and its nonlinear extensions (e.g., quadratic, exponential) in
which a particular shape of intraindividual change is invoked, the
latent basis LGC approach allows modeling the optimal shape of
the change trajectories from the observed data (Meredith & Tisak,
1990).

Table 1 displays estimated parameters from fitting the univariate
latent basis LGC models using the Full Informaiton Maximum
Likelihood (FIML) method that adjusts for missing data. We
assessed the model fit by examining the �2 test, the comparative fit
index (CFI), and the root-mean-square error of approximation
(RMSEA). A satisfactory model fit is indicated by a low �2 value
relative to its degrees of freedom (df), a high CFI (�.95), and a low
RMSEA value (�.05; Schermelleh-Engel, Moosbrugger, & Mül-
ler, 2003). The overall fit of each of the three univariate models
was good. The �2 statistics were nonsignificant for planning and
physical activity, and the CFI as well as the RMSEA were good for
intention, �2(7) � 21.9, p � .01, CFI � .97, RMSEA � .06 with
90% CI � (.03, .09), planning, �2(7) � 8.2, p � .32, CFI � .99,
RMSEA � .02 with 90% CI � (.00, .07), and physical activity,
�2(7) � 10.1, p � .18; CFI � .99, RMSEA � .03 with 90% CI �
(.00, .08). The predicted average (bold line) and individual curves
are plotted for physical activity (Figure 1), intention (Figure 2),
and planning (Figure 3).

The mean intercept levels and the variances of the growth rate
factor were found to be significant. The mean intercept levels of
intention, planning, and physical activity were 3.66, 3.57, and
3.50, respectively, indicating that, on average, individual change in
these variables proceeded from these initial baseline levels, mea-
sured 2 weeks after discharge from rehabilitation. For physical
activity, the basis coefficients of the intraindividual change vectors
were estimated as A1[t] � [0, �0.27, 0.92, 1.23, 1]. The values for
T1 and T5 were constrained to 0 and 1, respectively. The basis
coefficients suggest an intraindividual change pattern character-
ized by an increase followed by a decrease at 6 months after
discharge, and finally a relative stability during the remaining two
measurement occasions 1 and 3 years after discharge. The average
total amount of growth is given by the mean value of g1 � �0.16.
Thus, the “prototypical” nonlinear intraindividual change pattern is
characterized by physical activity levels of 3.5 at the outset, a rise
to [(3.50) � 0.27�(�0.16)] � 3.54 on the second occasion, and a

Table 1
Growth Processes of Intention, Planning, and Behavior

Variable

Intention Planning Physical activity

Initial status Growth rate Initial status Growth rate Initial status Growth rate

Factor loadings on growth factors
Time 1 1a 0a 1a 0a 1a 0a

Time 2 1a 0.13 (0.07)b 1a 0.02 (0.06)b 1a �0.27 (0.62)b

Time 3 1a 0.80 (0.09)b 1a 0.71 (0.08)b 1a 0.92 (0.31)b

Time 4 1a 0.98 (0.11)b 1a 0.77 (0.08)b 1a 1.23 (0.44)b

Time 5 1a 1a 1a 1a 1a 1a

M Variance M Variance M Variance

Growth factors
Initial status 3.66 0.36 3.57 0.26 3.50 1.15
Growth rate �0.30 0.53 �0.65 0.56 �0.16 0.52

Covariance between growth factors �0.19 (0.05)b �0.11 (0.05)b �0.38 (0.25)b

Residual variances
Time 1 0.26 (0.04)b 0.27 (0.04)b 1.40 (0.25)b

Time 2 0.34 (0.03)b 0.39 (0.04)b 0.98 (0.38)b

Time 3 0.37 (0.04)b 0.48 (0.06)b 1.74 (0.20)b

Time 4 0.39 (0.05)b 0.42 (0.06)b 1.53 (0.26)b

Time 5 0.50 (0.06)b 0.50 (0.09)b 2.13 (0.27)b

a Parameter fixed in the model. b Unstandardized parameter estimate with the standard error of estimate in parentheses.
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decrease and leveling off after 3 years [3.50 � 0.16] � 3.34. For
an illustration, this pattern of intraindividual change, as well as the
predicted trajectories for 20 randomly drawn individuals, are plot-
ted in Figure 1. The functional form of intraindividual change was

expected to be the same for all participants. This assumption
implies that all participants’ physical activity levels increase and
decrease over time in the same way, only the degree of the increase
and decrease as well as the baseline level may differ between

Figure 1. Predicted average (bold lines) and predicted intraindividual changes for 20 randomly selected
individuals in physical activity derived from a fitted latent growth curve (LGC) model.

Figure 2. Predicted average (bold lines) and predicted intraindividual changes for 20 randomly selected
individuals in intention derived from a fitted latent growth curve (LGC) model.
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persons. Stated differently, from their individual baseline levels,
change in physical activity proceeds via the same nonlinear “pro-
cess” for all individuals, with individuals only differing in the
expansiveness of physical activity levels.

Mediation Growth Model

The latent growth model for intention (independent variable),
planning (mediating variable), and physical activity (dependent
variable) were combined into one latent growth model. This me-
diation or parallel process LGC model tests the long-term relation
among growth factors of the independent variable (intention),
the mediator (planning), and the outcome (physical activity). The
trajectory shapes were specified in the same manner as in the
distinct univariate growth models. The mediation process can be
modeled as the trajectory of intention predicting the trajectory of
planning, which, in turn, predicts the trajectory of physical activ-
ity. The direct path from the slope of intention was nonsignificant
and, therefore, was removed from the model. Residuals of the
measures intention, planning, and physical activity were allowed
to covary with each other at the same measurement occasion.
Residuals of the same measures collected repeatedly across time
were uncorrelated. For clarity, intercepts and residuals are not
depicted in the figure. The model depicted in Figure 4 fits the data

well, �2(76) � 97.7, p � .05, CFI � .98, RMSEA � .03 with 90%
CI � (.00, .04). Parameter estimates can be found in Table 2. The
model implies a mediational process in such a way that change in
intention led to positive change in planning over time, which, in
turn, led to positive change in physical activity over time. The
product of coefficients method (e.g., MacKinnon, Lockwood,
Hoffman, West, & Sheets, 2002) was used to obtain the point
estimate of the mediated effect, which was 0.60, and the estimated
standard error of the mediated effect based on the first-order
solution was 0.15, indicating a significant mediated effect, z �
4.02, p � .001.

Discussion

The aim of this study was to examine psychological mecha-
nisms in the long-term adherence of physical activity after reha-
bilitation. As prior research suggests that planning mediates be-
tween intentions and behavior, we have examined trajectories of
behavior and its most proximal predictors as well as their long-
term relations. This was tested by following up individuals for 3
years after rehabilitation. Combining mediation analysis and LGC
modeling we have demonstrated that planning can operate as a
mediator of the intention-behavior relationship not only on a

Figure 3. Predicted average (bold lines) and predicted intraindividual changes for 20 randomly selected
individuals in planning derived from a fitted latent growth curve (LGC) model.

Figure 4. Mediation latent growth curve (LGC) model with standardized parameter estimates. Circles represent
latent variables; one-headed arrows are regression paths. Note. ��� p � .001.
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short-term basis over a few weeks or months (e.g., Norman &
Conner, 2005, Study 2; Schwarzer et al., 2008), but also across 3
years. Therefore, the main contribution of the present study lies in
the extension of the mediator model into a mediation growth
model that models long-term changes in intention, planning, and
behavior and their interrelations over a 3-year time period.

Recent methodological advances of analyzing longitudinal data
allow examining some longstanding questions in health behavior
change theory about dynamic relationships (i.e., change-change
relationships) instead of static ones (i.e., status-status relation-
ships). In this way, intraindividual processes were identified as
well as interindividual differences in intraindividual change and
their predictors. Change can only be examined when the behav-
ioral phenomenon under study reveals substantive change vari-
ance. Therefore, the investigated sample was suitable for the study
of physical activity after discharge from rehabilitation. By inves-
tigating long-term change and long-term relations between behav-
ioral predictors and behavior itself, we follow Nesselroade, Stigler,
and Baltes, who “[. . .] believe that research on change processes
will best be served by theoretical concepts and empirical inquiry
extending beyond the two-occasion case [. . .]” (1980, p. 635).

Our change model included changes in intention and planning
that accounted for a significant amount of variance in behavior
change over and above differences in baseline levels. In line with
our assumptions, change in intention was an important predictor of
change in planning. Change in planning, in turn, predicted change
in physical activity. This is in line with previous research on the
mediating role of planning in the intention-behavior relation that
was found in rehabilitation settings before (e.g., Blanchard, 2008;
Schwarzer et al., 2008). The current study has the advantage of
employing a latent model that is specified without measurement
error.

Theories of behavior adherence are often not explicit in terms of
expected interindividual differences in intraindividual change in
intention, planning, and behavior. We have attempted to analyze
intraindividual change and interindividual differences in change in
behavior and its predictors. Expecting more changes in physical
activity taking place immediately after discharge from rehabilita-
tion, we used a research design with a high resolution shortly after
rehabilitation (2 and 4 weeks after discharge) and follow-ups 6, 12,
and 36 months after rehabilitation to study long-term changes in
physical activity and its predictors. We found that a life event such
as orthopedic rehabilitation leads to an initial increase in self-
regulation strategies and behavior that levels off after 6 months
and stabilizes over the next 2.5 years. Regarding the long-term
maintenance of behavior change, only those who were highly
motivated and employed self-regulation strategies such as plan-
ning after discharge kept up their physical activity levels.

There are limitations to the present study. Data on physical
activity were self-reported and thus might be biased. However, in a
meta-analysis of 147 studies, Prince et al. (2008) report an average
correlation of .47 between self-reported physical activity and direct
measures of activity (e.g., doubly labeled water, accelerometry). A
correlation of this size indicates that both self-reports and objective
data have their own limitations and tap different facets of the
phenomenon being measured (Prince et al., 2008). In future stud-
ies, enhancement of self-reported behavior by objective measures
is needed. Moreover, the present study is not experimental and
does not allow for causal inferences. Experimental causal chain
designs would be an option to examine the intention-behavior
mediation by planning (Reuter, Ziegelmann, Wiedemann, & Lip-
pke, 2008). Implementing experimental-causal-chain designs with
repeated measurement that allows analyzing change can open a
new conceptual and methodological door to the study of adherence

Table 2
Parameter Estimates in the Mediation Model

Variable

Intention (independent
variable) Planning (mediator)

Physical activity (dependent
variable)

Initial status Growth rate Initial status Growth rate Initial status Growth rate

Factor loadings on growth factors
Time 1 1a 0a 1a 0a 1a 0a

Time 2 1a 0.12 (0.09)b 1a �0.004 (0.06)b 1a �0.03 (0.17)b

Time 3 1a 0.72 (0.12)b 1a 0.68 (0.07)b 1a 0.42 (0.20)b

Time 4 1a 1.01 (0.15)b 1a 0.75 (0.08)b 1a 0.66 (0.23)b

Time 5 1a 1a 1a 1a 1a 1a

M Variance M Variance M Variance

Growth factors
Initial status 3.66 0.30 3.56 0.26 3.52 0.91
Growth rate �0.34 0.38 �0.27 0.18 0.09 0.30

Residual variances
Time 1 0.28 (0.03)b 0.28 (0.04)b 1.52 (0.14)b

Time 2 0.29 (0.03)b 0.37 (0.04)b 1.32 (0.14)b

Time 3 0.40 (0.04)b 0.48 (0.05)b 1.77 (0.18)b

Time 4 0.35 (0.06)b 0.43 (0.06)b 1.72 (0.22)b

Time 5 0.50 (0.06)b 0.47 (0.09)b 1.84 (0.30)b

Covariance between intercepts

Unstandardized regression coefficients
Growth physical activity on growth planning 0.71 (0.25)b Intention-Planning 0.24 (0.03) Intention-Physical activity 0.39 (0.05)
Growth planning on growth intention 1.07 (0.20)b Planning-Physical activity 0.34 (0.05)

a Parameter fixed in the model. b Unstandardized parameter estimate with the standard error of estimate in parentheses.
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after rehabilitation. The combination of experimental and longitu-
dinal data is ideal for examining temporal aspects of health be-
havior change.

Nevertheless, the present study is innovative because it extends
the well-known mediator model by a temporal and intraindividual
perspective. Planning was found to be a mediator of the intention-
behavior relation when examining differences in intraindividual
change across three years. This finding has implications for reha-
bilitation practice in the sense that planning has to be addressed
more explicitly during the rehabilitation program (Luszczynska,
2006). Only if individuals have planned when, where, and how to
exercise after discharge, they are more likely to act upon their
goals.
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