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Physical activity (PA) has various posi-
tive impacts on health and well-being. It
reduces the risk for several diseases and
promotes health resources (Beauchamp,
Puterman, & Lubans, 2018; Lubans
et al., 2016; Warburton & Bredin, 2017).
However, if individuals want to initi-
ate and maintain PA in a way that is
effective for their health and well-be-
ing, they face diverse challenges. To
overcome these challenges individuals
need to have a complex set of abili-
ties, skills, knowledge, motivation and
willingness. In Germany, diverse mod-
els have been developed to systematise
these required competences (Pfeifer,
Sudeck, Geidl, & Tallner, 2013; Topfer
& Sygusch, 2014). The domain-specific
models were inspired by concepts of
health literacy (Serensen et al., 2012)
and physical literacy (Edwards, Bryant,
Keegan, Morgan, & Jones, 2017; Giblin,
Collins, & Button, 2014), which are in-
ternationally recognised in research and
practice (Serensen et al., 2012; World
Health Organization, 2018). One of
the aforementioned approaches is the
PA-related health competence model
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(PAHCO; Pfeifer et al., 2013; Sudeck &
Pfeifer, 2016). Based on a functional
pragmatic understanding of competence
(Klieme, Hartig, & Rauch, 2008), the
researchers differentiated three areas in
this model: (1) Movement competence,
(2) control competence for PA and (3) PA-
specific self-regulation competence.

(1) Movement competence enables in-
dividuals to meet the movement-related
requirements of physical activities (e.g.
motor abilities, motor skills for cycling
or gymnastics). (2) Control competence
for PA allows people to gear their own ac-
tivity to achieve positive effects in health
and well-being. Two facets were em-
pirically differentiated here: (a) Control
competence for physical training reflects
a persons ability to apply training-spe-
cific knowledge in a targeted manner and
thus effectively select and structure ac-
tivities (e.g. the use of body signals to
gauge physical strain in strength train-
ing in a situation-specific manner). In
contrast, (b) PA-specific affect regulation
reflects a person’s ability to steer their ac-
tivity in order to optimise psychological
health benefits (e.g. to choose jogging
in the forest to reduce stress). Finally,
(3) PA-specific self-regulation competence
enables individuals to be regularly active.
It involves both motivational and voli-
tional factors. On the motivational side,
having (a) a self-determined intention to
integrate PA into everyday life is crucial.
Self-determination refers to the degree of
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internalisation of abehaviour. Itisseenas
a continuum, ranging from a person’s in-
trinsic motivation mode, where the PA is
inherently interesting, to an external mo-
tivation mode, where the person wants to
be active due to external pressure or pos-
itive consequences (Deci & Ryan, 2000).
On the volitional side, having (b) self-
control to translate intentions into actual
PA behaviour is important. Self-control
includes cognitive strategies, such as de-
veloping action and coping plans (Goll-
witzer & Oettingen, 2016).

Two assumptions of the PAHCO
model were relevant for the present ar-
ticle: Firstly, Sudeck and Pfeifer (2016)
hypothesised that PAHCO influences the
quantity of PA. In fact, they were able
to show that the individual competence
facets were linked to the habitual amount
of exercise in leisure time. In line with
social cognitive models of health be-
haviour (e.g. Biddle & Fuchs, 2009), the
strongest effect was found for PA-specific
self-regulation. Secondly, Sudeck and
Pfeifer (2016) assumed that it is both
the quantity and quality of PA that is
important for optimal effects on health
and well-being. Put differently, it not
only matters how many times or for how
long a person engages in strength train-
ing, for instance, but also which specific
exercise the person chooses and if it is
appropriate to their psychophysiological
precondition (e.g. vitality). Conse-
quently, especially control competence
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for PA should be linked with health ben-
efits and well-being (Sudeck & Pfeifer,
2016). So far, two empirical studies sup-
port these associations: On the one hand,
Sudeck and Pfeifer (2016) showed that
control competence for physical training
is (in)directly related to physical fitness.
On the other hand, Sudeck, Jeckel and
Schubert (2018) demonstrated that PA-
specific affect regulation moderated the
association between PA and affective
well-being; individuals with higher PA-
specific affect regulation showed more
positive affective well-being after PA
in everyday life. Taken together, ini-
tial findings underline the relevance of
PAHCO. Moreover, they support in-
terventions that focus on competences
required for a healthy, physically ac-
tive lifestyle (Geidl et al., 2017; Haible
et al., 2019). However, further empirical
research is indicated. Firstly, it is impor-
tant to know which patterns of PAHCO
exist (Cairney, Dudle, Kwan, Bulten,
& Kriellaars, 2019). Only by focusing
on such configurations can one learn
how competence facets interact within
individuals. Secondly, it is important
to understand how stable PAHCO pro-
files are over time. Addressing these
questions is relevant for research and
practice, since it might result in more
effective promotion of PA. When one
is informed about both the pattern and
development of PAHCO areas, one can
address them with more individually
tailored programs.

PAHCO patterns and their
stability

When investigating patterns of PAHCO
areas within individuals, the person-
oriented approach could be relevant
(Bergman & Lundh, 2015; Bergman
& Magnusson, 1997). This approach
assumes that various factors of an in-
dividual’s behaviour do not develop
independently of one another, but rather
in a complex reciprocal interplay. Con-
sequently, statistical procedures which
allow inferences about single individuals
should be used for the investigation.
Variable-oriented methods do not usu-
ally fulfil this requirement, as variables
are analysed on an aggregated group

level. To give an example: the relatively
high correlation coefficient found be-
tween control competence for physical
training and PA-specific affect regulation
in a sample (0.48<r<0.59; Sudeck &
Pfeifer, 2016) does not mean that the
correlation is the same for every sin-
gle person (Bergman & Lundh, 2015).
Rather, it is conceivable that an individ-
ual may have high control competence
for physical training and low PA-specific
affect regulation or vice versa.

When examining the stability of
PAHCO patterns using a person-ori-
ented approach, two different types
of stability need to be distinguished:
(a) Structural stability refers to the
similarity of PAHCO patterns found at
different measurement points on a group
level. The structural stability is high if
patterns were replicated in similar forms
(i.e. indicator means of the PAHCO
patterns are more or less the same). In
contrast, (b) individual stability refers
to development paths between PAHCO
patterns on an individual level. Indi-
vidual stability is given if the majority
of individuals of a certain pattern at
the first measurement point belong to
approximately the same pattern at the
second measurement point (Bergman,
Magnusson, & El-Khouri, 2003).

The present study

The present study aimed to examine
PAHCO patterns, their stability over
time and their associations with subjec-
tive health indicators. Examining these
aspects is important, since it helps to de-
velop tailored interventions to promote
PAHCO. Compared to existing research,
the longitudinal design of this investiga-
tion adds value. Previous studies were
based mostly on cross-sectional data
(Sudeck & Pfeifer, 2016). By focussing
on PAHCO patterns, this study helps
to clarify how PAHCO areas interact
within individuals. In contrast to the
current variable-oriented research, these
person-oriented results allow us (to some
extent) to make inferences pertaining
to individuals rather than the group as
a whole.

The following three research questions
were posed:
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1. Which PAHCO patterns exist in peo-
ple engaging in exercise in a primary
prevention setting?

Here the aim was to identify pat-
terns from two facets of control
competence (control competence for
physical training, PA-specific affect-
regulation) and two facets of self-reg-
ulation competence (self-determined
motivation for exercise, PA-specific
self-control). The focus was on two
competence areas, since there was
no validated instrument available at
the time of data collection to assess
movement competence. Of particular
interest was whether there are only
level patterns, or whether shape pat-
terns also exist. Level patterns have
overall low, medium or high values
across the PAHCO variables, and can
therefore be placed on a continuum.
In contrast, shape patterns have dif-
fering ratings across the variables
(Morin, Boudrias, Marsh, Madore,
& Desrumaux, 2016a). The detected
patterns were then compared in terms
of exercise behaviour. There were no
hypotheses about the existence of
specific patterns; however, there was
a general assumption regarding the
link between the PAHCO patterns
and exercise behaviour. Individuals
in patterns with high levels of PA-
specific self-regulation competence
were expected to be more physically
active than people with low levels in
these factors. Although all PAHCO
areas are theoretically and empirically
linked to exercise volume, it is the PA-
specific self-regulation competence
which should be particularly closely
related, since it refers to the regularity
of behaviour (Sudeck & Pfeifer, 2016).

2. How stable are the PAHCO patterns

over several months?

This study investigated both struc-
tural and individual stability. How-
ever, since there is no research on this
topic, an explorative approach with
no prior assumption was pursued.

3. How is change in PAHCO patterns

associated with change in subjective
health indicators?



It was hypothesised that individuals
who moved from a low to a more
competent pattern would report
health gains over time.

Methods

Procedures and participants

Participants of the study were recruited
from university sport exercise courses.'
The first data collection (T1) was at the
beginning of the 2014 autumn semester.
Individuals were invited by email to fill
out an online questionnaire. If individu-
als completed the survey, they were eli-
gible to win one of ten free memberships
for a course in the paid university sports
programme or one of 15 book vouchers
worth €20. The second data collection
(T2) was 4 months later, at the end of the
2015 spring semester. All participants
received information about the general
purpose of the study, gave their written
informed consentand were free to decline
participation in line with the Declaration
of Helsinki.

Of the 3603 individuals contacted
(100.0%), 1374 completed the question-
naire at T1 (38.1%). Of these, 805 people
(22.3%) also filled out the questionnaire
at T2. In accordance with Wirtz (2004),
individuals with >50% missing data were
deleted. This was the case for 27 individ-
uals. Nine more individuals were deleted
due to the fact that they showed extreme
response bias or were identified as mul-
tivariate outliers (Mahalanobis distance
values as x* at p<0.001; Tabachnick &
Fidell, 2013). The analysis reported in
this article is based on a final sample
with data from 769 individuals (21.3%).

Characteristics of the final sample are
shown in @ Table 1. A study dropout
analysis was conducted by compar-
ing those who participated only at T1
(n=605) with those who completed
both questionnaire assessments and
were included in the longitudinal study
(n=769). Both the main study variables
and the socio-demographic variables
were examined. No differences were

! The sample described here is identical to
sample B in the study by Sudeck and Pfeifer
(2016).
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Abstract

Objective. If individuals want to integrate
health-enhancing physical activity in their
everyday life, they need specific competences.
This person-oriented study aimed to:

1) Identify patterns of physical activity-
related health competence, 2) examine how
structurally and individually stable these
patterns are over 4 months and 3) test how
changes in patterns are associated with
changes in subjective health indicators.
Materials and methods. A total of 769
individuals (82% women, Mage = 27 years)
were recruited from exercise courses offered
by university sport. Four facets of physical
activity-related health competence (control
competence for physical training, physical
activity-specific affect regulation, self-
determined motivation for exercise, physical
activity-specific self-control) and subjective
health (subjective vitality and perceived
fitness) were measured twice. Patterns were
identified using latent profile analysis. Their
stability and associations with subjective
health changes were examined with latent
transition analyses and a configural frequency
analysis.

Results. Seven patterns of physical activity-
related health competence were identified.
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Patterns of physical activity-related health competence: stability
over time and associations with subjective health indicators

Besides three level patterns, four shape
patterns were found with differing ratings
across the studied variables (e.g. average
values for control competence for physical
training, self-determined motivation and
physical activity-specific self-control, but

a high level in physical activity affect
regulation). These patterns proved to be
structurally stable over time. In all, 72% of
the individuals stayed in the same pattern,
whereas 20% moved to a more and 8% to
a less competent pattern. Changes in patterns
are linked to change in subjective vitality and
perceived fitness.

Conclusion. The results presented here
demonstrate the added value of using

a person-oriented approach to investigate
development of physical activity-related
health competence. Furthermore, they
generate knowledge for designing tailored
interventions.

Keywords

Health literacy - Physical literacy - Compe-
tence - Physical activity promotion - Person-
oriented approach

found for control competence for physi-
cal training, PA-related affect regulation,
perceived vitality, exercise behaviour
and sex. However, t-tests revealed
differences in PA-specific self-control
[t(1247) =-2.50, p=0.01, d=0.14], self-
determined motivation [t(1241)=-3.49,
p=0.01, d=0.19], perceived fitness
[t(1256) =-3.11, p<0.005, d=0.17], and
age [t(1247)=-2.81, p=0.01, d=0.15].
Individuals that were included in this
longitudinal study had higher PA-spe-
cific self-control, were more motivated,
reported a higher fitness level and were
older than those who participated only
in the questionnaire at T1.
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Measures

Control competence for physical
training

Control competence for physical training
was assessed at T'1 and T2 with a six-item
scale developed by Sudeck and Pfeifer
(2016). Participants were asked to rate
statements such as “If I want to enhance
my health by strengthening trunk mus-
cles (back, stomach), I am confident that
I know the right exercises to do so” or
“I can use my body signals (pulse, breath-
ing speed) very well to gauge and reg-
ulate the amount of physical load”. The
response format was a four-point scale
ranging from 1 (“disagree completely”)
to 4 (“agree completely”). The internal
consistency of the scale was good (T1:
a=0.81; T2: a=0.83). See also the elec-
tronic supplementary material Table 1


https://doi.org/10.1007/s12662-020-00650-1

Table1 Sample characteristics

Characteristics
n
Sex Female
Male
Not available
Age (T1)
Status university sport Student
Employee
Guest
Not available
Habitual exercise and sport be- Baecke
haviour (T1) index

M mean, SD standard deviation

Full sample Longitudinal sample
T1 T1-T2

1374 769

1141 (83.0%) 633 (82.3%)

157 (11.4%) 90 (11.7%)

76 (5.5%) 46 (6.0%)

M=26.59, M=27.24,5D=10.36
SD=9.67

1070 (77.9%) 579 (75.3%)

108 (7.9%) 69 (9.0%)

174 (12.7%) 114 (14.8%)

22 (1.6%) 7 (0.9%)

M=3.06, M=3.08,5D=0.59
SD=0.58

and Table 2 for descriptive statistics of
the measures.

PA-related affect regulation

The competence for PA-related affect reg-
ulation was measured at T1 and T2 with
afour-item scale (Sudeck & Pfeifer, 2016).
Items included, for example “I am very
able to improve my depressed mood by
exercising” or “If I am feeling down,
I can distract myself well through phys-
ical activity”. The response format was
again a four-point scale ranging from 1
(“disagree completely”) to 4 (“agree com-
pletely”). The internal consistency of the
scale was rated as good (T1/T2: a=0.88).

PA-specific self-control

PA-specific self-control was assessed at
T1and T2 witha three-item scale (Sudeck
& Pfeifer, 2016). Individuals were asked
to rate statements such as “I stick with
my plan to exercise and am not easily
distracted from that plan” or “When I de-
cide to exercise more, I am very disci-
plined in implementing this plan” The
response format was again a four-point
scale ranging from 1 (“disagree com-
pletely”) to 4 (“agree completely”). The
internal consistency of the scale was good
(T1: a=0.80; T2: a=0.84).

Self-determined motivation for
exercising

Self-determined motivation was mea-
sured at T1 and T2 using the exercise-
related self-concordance scale by Seelig

and Fuchs (2006). In contrast to well-
known English scales, such as “the
behavioural regulation in exercise” ques-
tionnaire (Markland & Tobin, 2004),
this scale refers to the quality of inten-
tion, not the behaviour (Sheldon, 2014).
However, it was used, since it is the only
validated German questionnaire which
measures the degree of internalisation.
Previous research showed that the in-
trinsic and identified intentions correlate
consistently positively with exercise. In
contrast, findings for introjected and
external regulation as well as for amoti-
vation were somewhat mixed (Teixeira,
Carraca, Markland, Silva, & Ryan, 2012).
Consequently, it was focussed only on
these two subscales and it was calculated
a single score. By forming a composite
score, it was possible to ensure that
the PAHCO facets were represented in
a balanced way. Including two different
measures for self-determined motivation
would mean giving the facet a “double
weight” in relation to the other PAHCO
facets in the latent profile analyses. The
item stems of the subscales were: “I in-
tend to exercise regularly within the next
few weeks and months because ...” and
were followed by statements like “it’s just
fun for me” (intrinsic), and “I have good
reasons to be active” (identified). The
response format was a six-point scale
ranging from 1 (“not true”) to 6 (“exactly
true”). The internal consistency of the
score was rated satisfactory to good (T1:
a=0.73; T2: a=0.80).
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Subjective vitality

To assess subjective vitality at T1 and T2,
a German version of the vitality scale
with six items was used (Bostic, Mc-
Gartland Rubio, & Hood, 2000; Gold-
beck, Hautzinger, & Wolkenstein, 2019).
Items on the scale included, for example
“I feel energised” and “I feel alive and
vital”. Individuals were asked to indicate
to which degree the statements are true
for them and their life in general. The
seven-point rating scale ranged from 1
(“not at all true”) to 7 (“very true”). The
internal consistency of the vitality scale
was good (T1: a=0.79; T2: a=0.83).

Perceived fitness

Perceived physical fitness was measured
at T1 and T2 with a modified version
of a subscale from the adjective list for
assessing perceived physical state (PEPS;
Kleinert, 2006). Participants were asked
to judge to what extent they feel “strong’,
“fit”, “well-trained” and “enduring”. They
were asked to answer on a six-point rating
scale from 0 (“not at all”) to 5 (“totally”).
The internal consistency for this subscale
was good (T1: a=0.84; T2: a=0.83).

Exercise behaviour

To gather a comprehensive view of past
exercise behaviour, four questions from
a German version of the Baecke inven-
tory were used at T1 (Baecke, Burema, &
Frijters, 1982; Wagner & Singer, 2003).
For example, participants were asked
to report how many hours a week and
how many months a year they exer-
cise. An index was formed using these
items in accordance with Baecke et al.
(1982). At T2, current exercise be-
haviour was recorded instead of habitual
behaviour. This was done in order to
obtain more precise insight into exercise
behaviour between the measurement
time points. Therefore, two different
instruments were combined: To assess
university sport activities, participants
named a maximum of five courses they
had attended at least once in the past
15 weeks. They then indicated the fre-
quency of participation for each course
using five categories (<2 times, 3-6 times,
7-9 times, 10-12 times, =13 times). The
duration of activity per course was not
requested, since it remained a weekly
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Table 2 Descriptive of indicators of the seven latent profiles at T1 and T2

n (%) Control PA-specific Self- PA-specific Exercise and sport behaviour
competence affect determined  self-control M (SE)
:(r);iﬁ:\:;mal rMe?:[I;;tuon mc:;nl\)r)atlon M (SD) H abitual. Actual
(Baecke index) (hours/week)
) T 1 P)
Profile 1 T1 25(3) 1.88(0.47) 1.36 (0.25) 3.29 (0.58) 1.80 (0.46) 2.34(0.12) 1.13(0.21)
T2 19(3) 1.97 (0.48) 1.31(0.22) 2.95(0.53) 1.67 (0.44) - -
Profile 2 T1 51(7) 1.96 (0.47) 2.32(0.25) 3.68 (0.58) 2.13(0.46) 2.56 (0.09) 1.51(0.26)
T2 82(11) 2.37(0.48) 2.23(0.22) 3.78 (0.53) 2.25 (0.44) - -
Profile 3 T1 83(11) 2.65(0.47) 2.08 (0.25) 4.44(0.58) 2.74(0.46) 2.88(0.07) 1.56 (0.17)
T2 56 (7) 2.58(0.48) 2.35(0.22) 4.77 (0.53) 2.96 (0.44) - -
Profile 4 T 178 (23) 2.33(0.47) 2.95(0.25) 4.24(0.58) 2.52(0.46) 2.69 (0.05) 1.68(0.15)
T2 81(11) 2.38(0.48) 2.98(0.22) 3.93(0.53) 2.33(0.44) - -
Profile 5 T 172 (22) 2.88(0.47) 3.00 (0.25) 5.02 (0.58) 3.21(0.46) 3.42(0.05) 2.76 (0.17)
T2 254 (33) 2.82(0.48) 3.09 (0.22) 5.01(0.53) 3.10(0.44) - -
Profile 6 T 141 (18) 2.63(0.47) 3.75(0.25) 4.93 (0.58) 2.89 (0.46) 3.00 (0.05) 2.13(0.19)
T2 137 (18) 2.78(0.48) 3.76 (0.22) 5.00(0.53) 2.85 (0.44) - -
Profile 7 T 119 (15) 3.31(0.47) 3.84(0.25) 5.44(0.58) 3.66 (0.46) 3.75(0.07) 4.11(0.27)
T2 140 (18) 3.38(0.48) 3.88(0.22) 5.57 (0.53) 3.68 (0.44) - -

Due to convergence problems, variances were held equal between profiles

M mean, SE standard error

constant and the information was avail-
able to the project team. To assess
activities beyond the scope of university
sport a validated questionnaire by Fuchs,
Klaperski, Gerber and Seelig (2015) was
used. Participants specified a maximum
of three exercise activities they had reg-
ularly engaged in within the previous
4 weeks. They indicated the frequency
and duration per session in minutes for
each activity. Based on this information
from T2, a total index value in “hours
per week” was calculated.

Data analyses

To identify the PAHCO patterns (re-
search question 1), latent profile anal-
yses were conducted separately for T1
and T2 (Masyn, 2013). Several indices
were used to select the optimal number
of patterns. The statistical indicators ex-
amined were the Bayesian information
criterion (BIC), the adjusted BIC (aBIC),
Akaike’s information criterion (AIC) and
entropyand the Bootstrappedlikelihood-
ratio test (BLRT). Models with relatively
low BIC, aBIC and AIC values as well
as relatively high entropy values are pre-
ferred. In the BLRT, a p<0.05 suggests
that the k-pattern solution fits data bet-

ter than the solution with k-1 patterns
(Morin & Wang, 2016). The content-re-
lated indicators examined were the prin-
ciple of parsimony, replication, theoret-
ical consideration and the interpretabil-
ity of the patterns found (Masyn, 2013;
Morin & Wang, 2016). To further charac-
terise the patterns, Wald tests were used
to investigate their relationship with the
exercise activity level (Lanza, Tan, & Bray,
2013).

To examine the stability of the PAHCO
patterns (research question 2), a latent
transition analysis was conducted. The
procedure is a longitudinal extension
of the latent profile analysis. The fol-
lowing three steps were carried out:
Firstly, structural stability was investi-
gated on an overall level by assessing
measurement invariance of patterns be-
tween measurement points (Morin et al.,
2016b). Therefore, two models were
compared: a configural similarity model
with freely estimated pattern indicator
means between measurement points,
and a structural similarity model with
equal indicator means. To review the two
models, a x*difference test using the max-
imum likelihood estimator (MLR) with
Satorra-Bentler scaling correction was
performed, and both BIC and aBIC were
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compared (Morin, Meyer, Creusier, &
Biétry, 2016b; Olivera-Aguilar & Rikoon,
2018). Secondly, on a more specific level,
an indicator of structural stability (SS;)
was calculated by averaging squared Eu-
clidian distance between two patterns.
The lower the value, the more similar
the considered patterns (Bergman et al.,
2003). Thirdly, individual stability was
investigated by estimating transitional
probabilities, reflecting the probability
of exhibiting a particular pattern at T2
given a particular pattern at T1.

To investigate the association between
change in patterns and change in sub-
jective health indicators (research ques-
tion 3) on a global level, x> tests were
used. Effect sizes (Cramer’s V) of the
examined relationships were calculated.
To investigate the association on a local
level, a configural frequency analysis was
performed using the x? approximation to
the z-test. This analysis allows us to test
whether an individual cell in the cross
table (see B Table 3) comes with an ob-
served frequency that is discrepant from
the frequency that was expected for this
cell (Wiedermann & von Eye, 2016). Due
to estimation problems, the analyses for
research question 3 were performed on
a manifest level.
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Fig. 1 A Z-standardised patterns (P1-P7) for the first (T1) and the second measurement point (T2; n=769) with indicators of

structural stability (SS)

Analyses for research questions 1 and
2 were carried out in Mplus Version 7.4
(Muthén & Muthén, Los Angeles, CA,
USA, 1998-2017) using maximum like-
lihood estimation with robust standard
errors (MLR). Missingdata (0.6% missing
data points and 3.8% incomplete cases)
were accommodated via full-information
maximum likelihood (FIML). Analyses
for research question 3 were run with
SPSS Version 26 (IBM, New York, NY,
USA) and the configural frequencyanaly-
sis program Version 2000 (von Eye, 2001).
The significance level was set at a=0.05.

Data preparation

Since the analyses focussed on change in
PAHCO patterns and in subjective health
(research question 3), new variables were
formed. On the one hand, individuals
were classified regarding change in pat-
terns between T1 and T2. Based on the
findings of the latent transition analysis,
they were categorised as: (1) Stayers
if they remained in the same pattern
over time, (2) upward movers if they
transitioned to a pattern with higher

competence scores or (3) downward
movers if they transitioned to a pat-
tern with lower competence scores. On
the other hand, individuals were also
classified regarding change in subjective
vitality and perceived fitness over time.
Initially, change scores were calculated
separately for each health variable (T2
values—T1 values). Building on this,
participants were categorised according
to whether they experienced: (1) A de-
cline, (2) no change or (3) an improve-
ment in subjective health. No change
was operationalised as 0+ pooled stan-
dard deviation multiplied by 0.2, which
represents a small effect (Sawilowsky,
2009).

Results

Identifying PAHCO patterns

Eight different latent-pattern solutions
were tested and reported separately for
T1and T2 (see the electronic supplemen-
tary material Table 3). In general, BIC,
aBIC and AIC improved considerably
from one to two patterns. However, the
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indicators flattened out when more pat-
terns were added, suggesting that these
are only slightly better fitting models. All
BLRTs were significant, which indicates
that each model fitted the data better than
a “one less” pattern model. However, en-
tropy values of T1 pointed to a solution
between six to eight patterns, meaning
that the classification is precise enough in
these models. In contrast, entropy values
of T2 were less differentiated. An inspec-
tion of the content-related indicators re-
vealed the seven-pattern solution as the
most favoured model for both T1 and T2.
They were theoretically meaningful, in-
terpretable and relatively parsimonious
(one pattern each was small, with <5%
of all cases). Furthermore, the seven-
pattern solution was replicated with the
full sample (N=1374; see the electronic
supplementary material Fig. 1), whereas
the six-pattern and eight-pattern solu-
tions were not.

The seven-pattern solution for T1
and T2 is illustrated in @Table 2 and in
DO Fig. 1. Patterns 2, 5 and 7 have a level
pattern with overall low, average and
high values in all studied indicators. In
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contrast, patterns 1, 3, 4 and 6 have
a shape pattern. Pattern 1 can be char-
acterised with low levels in control
competence for physical training, self-
determined motivation and PA-specific
self-control. ~ What is striking about

this pattern, however, is the very low
PA-specific affect regulation. Pattern 3
has a similar shape to pattern 1, but at
a higher level: average or slightly below
average values for control competence
for physical training, self-determined
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motivation and PA-specific self-control,
but low PA-specific affect regulation.
Pattern 4 can be characterised by low
levels in control competence for physi-
cal training, PA-specific self-control and
self-determined motivation, but an aver-



Table 3  Cross tabulation of changes in patterns of physical activity-related health competence

and changes in subjective health indicators over 4 months

Change in Change in perceived vitality Change in perceived fitness

[is G Declined  Stable Improved Declined Stable Improved
Stayers 204(207)  173(165)  175(180)  219(215) 104(101)  229(236)
Upward movers 51 (59) 47 (47) 60 (52) 47 (62)* 27 (29) 84 (68)*
Downward 33 (22)* 10 (18)* 16 (19) 34 (23)* 9(11) 16 (25)*
movers

Total n (%) 288(37.5) 230(29.9) 251(32.6) 300(39.0) 140(18.2) 329(42.8)

In the cells, observed values are presented first and expected values are presented in brackets behind;

*p < 0,05 for the x* approximation to the z-test

age level in PA-specific affect regulation.
Pattern 6 has a somewhat horizontally-
mirrored shape of pattern 3, i.e. average
values for control competence for physi-
cal training, self-determined motivation
and PA-specific self-control, but a high
level in PA-specific affect regulation.

Wald tests revealed significant differ-
ences in exercise behaviour between pat-
terns for both T1 (W=194.47, p<0.005)
and T2 (W=127.75, p<0.005). Over-
all, the following results were apparent
for both cross-sectional and longitudinal
analysis: the more competenta pattern s,
the more exercise activities are reported.
In particular, patterns with a relatively
highlevel of PA-specific self-control seem
to be very active (see for instance pat-
tern 5 vs. pattern 6, @ Table 2).

Structural and individual stability
of the PAHCO patterns over time

To check the seven patterns for structural
stability over time, the configural and
structural similarity models were com-
pared. The detailed results of this mea-
surement invariance check are reported
in the electronic supplementary mate-
rial Table 4. The x* difference test in-
dicated no significant worsening of fit if
indicator means between measurement
points were held equal [x> (28)=35.89,
p=0.15]. Furthermore, the structural
similarity model resulted in slightly lower
values in BIC and aBIC. Both results indi-
cate that the seven patterns remain stable
overall and can be interpreted in the same
way over time. However, if one looks on
a more specific level by comparing the
average squared Euclidian distances be-
tween patterns, slight differencesinstruc-
tural stability are noticeable: the struc-

tural stability of pattern 1, for instance,
was lower (SS;=0.11) than that of pat-
tern 7 (SS;< 0.005; see @Fig. 1).

O Fig. 2 shows the transitional prob-
abilities with which individual stability
over time can be assessed. Given that the
patterns observed are consistent across
T1 and T2, this model was estimated
with structural measurement invariance
(Morin & Wang, 2016). It is noteworthy,
however, that this procedure did not im-
pose any restriction on pattern size. As
a whole, the analysis revealed that most
individuals remain within the same pat-
tern over time. This seems to be partic-
ularly true for individuals in a pattern
with relatively high competence scores
at T1 (e.g. pattern 7). Nevertheless, it is
important to point out that some indi-
viduals changed PAHCO patterns. For
instance, individuals from pattern 1 were
quite likely to move to pattern 2 (tran-
sitional probability = 0.38). Similarly, in-
dividuals from pattern 3, with 0.39, had
a relatively high probability of changing
to pattern 5. Consequently, individuals
in these groups are relatively likely to
improve their competence over time.

Associations of changes in PAHCO
patterns and changes in subjective
health indicators over time

To investigate associations between
change in PAHCO patternsand change in
subjective health, individuals were first
categorised based on their transition
between patterns across time. A total
of 552 individuals (71.8%) were identi-
fied as stayers, 158 individuals (20.5%)
as upward movers, and 59 individuals
(7.7%) as downward movers. Overall,

the x? test revealed that these changes
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in the PAHCO patterns were associated
with changes in subjective vitality [x?
(4)=12.39, p=0.02]. However, the ef-
fect was small (V=0.09). The frequency
distribution and the local z-test reported
in @ Table 3 allow a more differentiated
view of the relationship between the
two variables. Particularly noticeable is
that individuals who moved in a pattern
with lower competence scores perceived
lower vitality more often than expected
(z=2.320, p=0.01). They also perceived
stable vitality less often over time than
expected (z=-1.820, p=0.03). Further-
more, changes in patterns overall were
related to changes in perceived fitness
[x* (4)=16.87, p<0.005]. This effect
was also small (V=0.11). When looking
at the frequency distribution, the up-
ward movers stand out: they reported an
improvement in perceived fitness more
often than expected (z=1.995, p=0.02)
and a decline in perceived fitness less of-
ten than expected (z=-1.865, p=0.03).
The opposite pattern of results was found
in the case of the downward movers (de-
clined: z=2.289, p=0.01; improved:
z=-1.839, p=0.03).

Discussion

The present study aimed to: 1) Identify
PAHCO patterns, 2) examine how struc-
turally and individually stable these pat-
terns are over 4 months and 3) test how
changes in patterns are associated with
changes in subjective health indicators.
This study extends previous variable-ori-
ented research by looking at the inter-
plays of PAHCO within an individual
rather than examining isolated variables
on an aggregated group-level. With this
person-oriented approach, a method was
pursuided that has recently been identi-
fied as a promising field for future com-
petence research (Cairney et al., 2019).
Regarding control competence for
physical training, PA-specific affect reg-
ulation (as facets for PA control compe-
tence), self-determined motivation for
exercise and PA-specific self-control (as
facets of PA-specific self-regulation com-
petence), a model with seven patterns
proved to be the most optimal solution.
Four of the seven patterns have a shape
pattern with differing ratings across
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the PAHCO areas and/or facets (Morin
et al., 2016a). Thus, such interactions of
variables within individuals would have
remained undetected had a variable-ori-
ented approach been applied. A closer
look at the four patterns reveals that it is
often the two facets of PA control compe-
tence which contrast with each other. For
instance, people with pattern 6 (T1/T2:
18% of the sample) have an average
value in control competence for physical
training, but a high level in PA-specific
affect regulation. One might speculate
that these individuals usually engage in
stress-reducing or recreational activi-
ties (e.g. walking, yoga; Asztalos et al.,
2012). In contrast to the aforementioned
result, the facets of self-regulation com-
petence were parallel: self-determined
motivation for exercise and PA-specific
self-control did not have different levels
in any of the identified patterns. This
result is in line with the study by Grimm
and Kriamer (2014), who also showed
that motivational and volitional factors
are often equally pronounced within
individuals. These findings raise the
question of whether the phenomenon of
the intention-behaviour gap can also be
found using a person-oriented method
(Rhodes & De Bruijn, 2013). In addition,
the hypothesised link between PAHCO
patterns and exercise behaviour was
found. The highest amounts of exercise
activities were observed for people with
a pattern of high levels in PA-specific
self-regulation competence. This longi-
tudinal result is consistent with existing
cross-sectional research about PAHCO
(Sudeck & Pfeifer, 2016) and with the
more general literature about social cog-
nitive models of health behaviour (e.g.
Biddle & Fuchs, 2009).

The identified patterns proved to be
structurally stable over 4 months, mean-
ing that they were very similar on a group
level. Results on the individual level
showed that around 70% of the sam-
ple stayed in the same pattern, whereas
the remaining 30% moved to another
pattern. However, moving to a more
competent pattern was much more likely
than changing to a less competent pat-
tern. Only 7.7% of the individuals were
classified as downward movers and no
specific transition downwards was dis-

proportionately frequent (see @B Fig. 2).
This finding could be related to the fact
that people took part in supervised ex-
ercise courses for several months. How-
ever, it should be clearly stressed that
individuals did not receive a target in-
tervention aimed at promoting PAHCO.
Against this background, the results on
individual stability are remarkable. The
increase in PAHCO was relatively high
in some subgroups. For instance, indi-
viduals that moved from pattern 3 to pat-
tern 5 improved their PAHCO by around
0.24 < Mpir<0.86. If, in contrast, one
looks only (in a variable-oriented man-
ner) at the development of the overall
sample, hardly any change can be ob-
served (0.03 < Mpigr< 0.13; see the elec-
tronic supplementary material Table 1).
This comparison illustrates once again
how beneficial the differential view of
the person-oriented approach can be.

Change in PAHCO patterns overall
was associated with change in subjective
health indicators. The hypothesised ef-
fects were confirmed for both perceived
fitness and subjective vitality. The au-
thors analysed the association between
change in patterns and change in sub-
jective health on a comparatively gen-
eral level, by dividing people into stayers,
upward movers and downward movers.
A consequence of using such broad cate-
gories is that information about PAHCO
change is lost. It therefore remains un-
clear whether specific changesin PAHCO
have specific health effects. For exam-
ple, it can be assumed that individuals
who moved from a pattern with low
PA-specific affect regulation to a pat-
tern with a higher value in this com-
petence facet might profit particularly in
vitality (Sudeck et al.,, 2018; Sudeck &
Pfeifer, 2016). Furthermore, it remains
unanswered whether moving from a low
to a medium competent pattern has the
same effect on subjective health as mov-
ing from a medium to a high competent
pattern.

Limitations and future directions

The current study has various limita-
tions which must be addressed: Firstly,
dropoutanalysis showed that ourlongitu-
dinal studysampleisdistorted. Forexam-
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ple, individuals were more likely to par-
ticipate in the survey twice when they had
relatively high PA-specific self-control.
However, effect size analyses were rela-
tively small (d < 0.2), so the sample might
be only negligibly biased. Nevertheless,
future studies should investigate whether
the results are replicable in a new sam-
ple with healthy adults. In addition, one
could examine whether the findings can
be transferred to other populations, such
as adolescents or patients with chronic
diseases. Of particular interest would be
to investigate whether only the size of the
subgroups varies, or whether other pat-
terns are found. Secondly, due to the lack
of a suitable measuring instrument, the
authors did not consider movement com-
petence in this investigation. However,
the first attempts to cover this impor-
tant area of PAHCO are currently being
made by Carl, Sudeck, Geidl and Pfeifer
(2020). Consequently, movement com-
petence could be integrated into further
research. Thirdly, in the present inves-
tigation, the authors concentrate on as-
sociations between change in PAHCO
patterns and change in subjective health.
However, they did not focus on the role
PA behaviour may play in these rela-
tions. Future studies should examine the
specific mechanism. Finally, all study
variables were assessed by self-report.
Therefore, individuals’ statements may
not accurately represent their objective
competence or health. For instance, one
cannot rule out the possibility that social
desirability influenced our data (e.g. peo-
ple reported improved health after they
participated in exercise courses due to
the fact that this is viewed favourably by
others).

Conclusion

In conclusion, the results presented here
demonstrate the added value of a per-
son-oriented approach to investigating
development of PAHCO facets over sev-
eral months. This differential approach
helps to generate knowledge about dis-
tinct subgroups and provides the basis
for developing tailored interventions to
moreefficiently promote PAHCOinapri-
mary prevention setting (Thiel, Pfeifer, &
Sudeck, 2018). Ultimately, the aim is to



empower individuals to embrace an ac-
tive lifestyle that leads to optimal effects
on health and well-being.
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