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Objective: To investigate how the effects of a group-based intervention
program (MoVo-LISA) on exercise behaviour were mediated by cogdtive
variables. DifTerent causal models rnapping the short-term (adoption.)
and long-term (maintenance) inler\rentior effects rvere tested using path
ilnalyses.
Design; y'r'a220 in-patients of a rehabilitation clinic were assigned to
an usual care or interrrention group (quasi-experimental design).
Questionnaire-based assessment u'as conducted at baseline; discharge;
and at six weeks, six months and l2 months post discharge-
Measures: The potential mcdiator variables were outcome expectations,
seif-eflicacy, strength of goal intention (intention strength), self-
concordance, action planning and barrier management.
Results: Observed intervention effects on exercise behaviour (p < 0.05)
were mediated by intention strength at the adoption and maintenance
stages, by action planning only at the adoption, and by barrier manage-
ment only at the maintenance stage. Seif-efficacy and outcome expectations
were only indirectly involved in these medialions by affecting inlention
strength and self-concordance.
Conclusion: This is the first study to track the cognitive mediation processes
of intervention effects on exercjse behaviour over a long time-period by
differentialing the adoption and maintenance stages of behaviour change.
The findings emphasise the importance of deconstructing intervention
effects (modifiability ls, predictive power of a mediator) to develop more
effective interventions.
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Introduction

Even though population-based health pron'rotion and individual health education
for physical acti\rity ha\re been given increasingly more attention in the last two
decades, the high percentage of inactive people in western developed countries
has no1 substantially declined (European commission, 2010). Given ihis situation,
health professionals are challenged to develop more effective and efficient
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interventions to help people achieve a physically active lifestlle (Marcus et al., 2006).

One important aspccr of realising this goal is to improvc our understanding of how
psychological variables mediate the effects of intenention programs on exercise

behaviour. Iv{ediation anai,vses are based on lbe assumption that intervention
programs changc the txrgct behaviour b-v changing the cognitive parameters
(psychological mcdiators) controlling this behaviour (Nigg. Bonelli. Ivladdock, &
Dishman, 2008). The aim of this arricle is to extend our knorvledge about these

ps.v"chological mediation processes. b-v examining the role of specific cognitive
variablcs in an erercise interlention proFam.

Previous studies u'hich have analysed horv thc effects of exercise intervention
programs are mediated by cognitive changes suggest the following variables to play
a critrcal role (for a systematic revierv see: Rhodes & Pfäeffli. 2010): self-efficacy
(Anderson. Winett. Wojcik. & Williams. 2010: Lcwis et al., 2006). outcome
expectationsi decisional balance (Pinto. Lynn. Marcus. DePue, & Goldstein. 2001),
goal intentions (Chatlsarantis & Hagger. 2009), autonomous motivation
(Chatzisarantis & Ha_eger. 2009), self-regulation.:barrie r managemen! (Anderson
et a)., 2010; Hallam & Petosa. 2004: Lubans. Plotnikofl'. Jung, Eves, & Sigal. 2011).
social support (Anderson et al.. 2010: Cerin. Tallor. Leslie, & Owen. 2007) and
behavioural processes (Napolitano et aI.,2008). Horvever, these studies did not
systemüticalll' discriminate bet\yeen medi:rtion processes dunng the adoption
and maintenance stages of exercise behaviour. Furthermore, volitional variables
u,ere often assessed by summary measures of 'sell'-regulation' (Andersen et al., 2010:
Hallam & Petosa, 2004) or 'processes of change' (Napo)itano et al., 2008) that are
runspecific and do not provide insight into thr-' volitional processes that arc needed
to tränsfer goal intentions into concrete actions. ln particular, no studies lral'e
yet analysed the mediating role of action planning (implementation intentions)
and coping planning (barrier management). separately (cf, Sniehotta, Scholz. &
Schwarzer. 2006).

The current research addresses some of these shortcomings. We report results
from an exercise-related intervention study' based on the luIol:o concept (F uchs,
Göhner, & SeeLig. 201l). The acronvm 'MoVo' srands for 'motivation' and 'volition'
indicating that this approach is related to motivation theories of hcalth bchaviour
(Ajzen, l99l: Bandura, 2004) as well as volition theories of action planning ünd
action control (Kuhl. 2000; Schrvarzer. 2001i), The MoVo concept consists of rwo
components: the N{oVo process model. rvhich provides the theoretical framework,
and the MoVo intervention program. rvhich specifies the contents and procedures to
change health behaviour (Göhner & Fuchs. 2007)

The üIoVo process model

The vlovo process model (Figure l) integrates central elements of trvo dilferent lines
of research in this held: social cognition research, with its focus on motivationai
aspects (conner & Norman, 2005), and self-regulation research. rvhich emphasises
the volitional sidr-' of behavioural control (vohs & Baumeister. 20 I I ). The model
hypothesiscs that health behaviours. such as exercise, are basically controlled by five
factors: strength of the goal intention, self-concordance of this goal intention, action
planning, barrier management and outcome experiences.
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Figure 1. The lr{oVo process model_

Goal intentiut is the central modvalional construct of the model (Goll$itzer.
1999). Goal intentions are rhe result of rveighing up the cosrs arrd benefits of the
beha'iour (.outcotne expectations) and appraising one's own ab ity to perform it
successfully (.self-efficacy.) (Ajzen, l99l: Bandura, 2004). The MoV-o proccss
model purports that it is not only the stength but also the 

'clf-concor&tn'ce 
of a

goal intention that is important to set up and mainrain a new behaviour.
'Self-concordance' denotes the exrent ro rvhich a specific goal intention is in
accordance \\,ith the general interests and values of rhe person (Sheldon & Houser-
l\1arko, 2001). A meta-analysis by Koestner. Lekes, porvers, and chicoine (2002)
shorvs that the likelihood of attaining a personal eoal increases rvith tlre clesree
to which the underlying goal intention is self-concordant.

- In order to translätc goar intentions into rear actions, goar intentions need to be
furnished wirh an action p/an in ri,hich a person specifies the rvhen, *,here, and how of
an intended action (cf. imprementation inlenrions; Golhvitzer. r999). r\otion prans
significantly enhance the rikelihood of beginning and continuing regurar ph.r,sical
exercise (Scholz, Schü2, Ziegelmann. Lippke, & Schrvarzer, :OOS;. iven.oräf,.,tty
elaborated action prans can be chalrenged by externar (e.g. x,orktoad) and internal
(e g. letlrargy) barriers. volitronal strategies of barrir ntandgenlent such asmood reguration, stimulus control, cognitive restructuring or altentron control(Kuhl' 2000) can keep the intended action on targer. such self-rcgulalory processes
play an important role in the realisarion of exercise-rerated ac,rion prans'(iniehotta
et al., 2006).

Finally, the Movo process model introduces a construct cared oticontc
experiences. This variable refle^cts the personal experiences and appraisals of thenew behaviour. For exampre, after the rirst excrcise meeting a person may conclude:'This training.is realry helping me to improve mr, fitness' or 'The pain in mv armhas reoccurred'. Based on positite or negative oui"orna expenences, people confim.ror change their correspondirg outcome expectancies and thus malnialn o, *oJilytheir future goal intentions (cf. Rothman's (2000) concept of'perceived satisfacrionu'ith received outcomes').
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The üIoYo intervention üogram
Thc N{oVo process model sug_qcsts tbat effecrive interl'ention programs should
encompass motivational as rvcll as volitjonal strategies of behaviour change. Whilc
motivational strategiies :rim to form a strong and self-concordant goal intention,
volitional stratcgies tbcus on developing ünplementation competencies and.
action control abilities. The Movo inter."'ention program inciudes the following
ntotivationel strategies'. (a) clarificartion of personal health objcctives. (b) contem-
plation of difflrcnt actions to achieve the health ob.ieotives, (c) tbrmation of specific
goal intentions. (d) checking sell'-concordancc of these goal intenlions, (e) reflection
of outcome experiencesl and. yolitiona[ .strarcgies. (l) generating actton plans,
(g) anticipating personal barriers, (h) developing counter stratcgics and (i) self-
monitoring the new behaviour. Thc N{ovo intervention program exists in different
versions to flt the needs of particular settings and targct groups (e.g. overweight
groups). MoVo-LISA ('Lifestyle-Integrated Sport Activity') is one of these spccific
intervcntion programs. It was dcvelopcd tbr an in-patient rehabifitation settrng
and its specific features have been describcd elscwhcre (Fuchs et aI.,2011;Göhner
& Fuchs, 2007; Göhner, Seelig, & Fuchs.2009).

Research question

In a previous publication. we documented the significant eltccts of the Movo-LISA
program on exercise behaviour and health indicators (Fuchs et al., 20ll). At
l2-month follow-up. level of physical e.rercise in the intervention group was 2g.5 min
per lveck higher than in thc usr"ral care grollp (p:0.05) with intent to treat analvses
confirming the pattern offindings from complete analyses. In thrs articlc, *..."r*;u"
the cognilive mediaiion processes that may be responsiblc for the observetj
inter'ention effects. Based on the Nlovo process model (Figure l) tlvo causal
models rvere specificd to dift'crentiate the short-term intenention effects in the
initiation phase of behaviour change (Adoption Moclel) anrJ the long-term
intervention effects in the continuation phase (Maintenance Model). Both Äoclels
were tested by parh analyses using clata from five points of mcasurement, The overall
aim of the currcnt study was to exarrine holv the intervention eflects on excrcise
behaviour 

',ere 
mediated through cognitive firctors of outoome expectations,

sell'-efficacy, intention strength, self-concordance, action planning anci ba..iei
management.

Nlethod

Participant,J, sample fl|w and sample description

The target sirmplc w.s pcoplc rvith chronic orthopaecJic conditions (arthritis, chronic
back pain. etc ) who regisrered for a three rveek in-patient reh.bilitation program
in a cünic in Southe'r Germirny, berw.een Decembcr 2005 and septemuer äooe.of thc 1720 invited patients, Il13 agree<l to participate and comp)eted baseline
assessmen[. The first 68r participants formet] the contror santpre (sequential control-
mtervenüon group design). Of these, n:252 (3j %) mer the inclusion criteria of norparticipating in any regular exercise during the last months and becamc the con,orgroup. ()f those, n : 2 I 5 (85%).. n - 179 (7 t%), n : | 56 (62%) anci n = I 55 (61 o/o)
patients completed the second, third. fourth and fifth assessment, resDectiverv.



r 484 R. l;uchs et a.l.

The next 432 patienls fornrcd t1-rc interventiotl .ranrple; of thcse, l5l niet the inclusion
critcria and were therelbre cligible for participatiou. Of those, I5 patients did not
complete the intervention program (due to interf'erence u,ith other therapeutic
activities). resulting in n = 136 patients in the interventiotl group. OI lhose, /1 : 132

(97%), n - 122 (90%), n:103 (76%) and n: 105 (77%) complcted the sccond. third,
fourth and fifth assessment, respectively. Tlie analyscs rcported in this article are
based on Lhe lortgitudinal sample (N:220), corrprising r = il8 in the intervention
group a.nd n:132 yn thc control gloup, who provided complete clata on the relevarlt
variables at all five ' assessments. The study was adequately powered to detect

intelvention cffccts at T3 u'ith a size of d:0.5, with 809/" pou,er and an alpha ievel

of p < 0.05.
Participants had a mcan age of 5l.l (SD-6.9) years (range 30*64), and more

than half (579/o) rver-e female. There were no significant socio-denrographic
differences Lretlvccn the inter\rention group and the control group participants
except for agc (intervention group: lvt:52.3 years, SD:6.3; control group:
,t4 = 50.7. S D = 7.2: 7r - 0.03).

Interwntion, study tlcsign and procedure

All participants received the three week standard clinic rehabilitation program.
Patients in thc interrrention group also participated in the six rnodules of the
MoVo-LISA program: (1) first group meeting: 60 minutes in the sccond q,eek of the
lhree-[,cck clinic sta.v, (2) one-on-one inten'ierv: l0 minutes on the second last day
before discharge, (3) bccond group meeting: 90 ninutes on the last day of the clinic
stay, (4) pöstal remindcr sent out three weeks after dischalge, (5) teleptrone call:
10 minutes six rveeks after clinic discharge and (6) sclf-monitoring over the first
six weeks after discharge. To avoid contamination, the \iIoVo-LISA. program \lras
implemented rvith the intervention participants only after discharge of all paticnts in
the control group. The content and didactics of MoVo-LISA are standardised
(Cöhner & Fuchs,2007) and have bccn describecl in detail c.lscwherc (Fuchs et al..
20ll;Göhner et aI.,2009). Questionnaires were filled out in both groups at five
tinre points: twö $,eeks betbre the start of the clinic stay (time 1; Tt). at the end of the
clinic stay (T2), thcn six r'",eeks (T3). six montlrs (T4) and 12 rnonths (T5) aftcr
discharge fronr thc clinic.

Measures

All data were collccted via questionnaires (T1 T5) which contained identical itcms.
Exercise behaviour u,as assessed by askrng the partioipants whetlrer they currently

participated in one or more sport or exercise activities on a regular basis. If so,
respondents rvcre asked to write thcse actrvrties, and to ir.idicate for each äctivity the
frequency (per month) and the duration (per episode). only activities that invol'e
larger groups ol skeletal muscles and lead to the acquisition or naintcnancc of
endurancc capaciry (e.g- jogging), strength (e.g. gyrr exercises), flexibility (e.g. yoga)
andior coordination skills (e.g. da'cing) were counted. Activitics such as biliaris.
fishing and chess rvere, therefore. excluded. To derii'e an'Exercise Index' (minutes
per *eek), the products of nronthly lrequcncy and duration u,ere sumrned up for
all relevant acrivities and then divided b1,4.3. Sirnilar measures rvhich relt on recall
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of excrcise frequency and duration i:.re knoln to have acceptable reliabiiity and

validity (Sallis & Owen. 1999).

SelJ-eJJicuct. Consistent witir Schwarzcr (2008) we assessed two typcs oi' exercise

sell'-efficacy: thc confidence to begin regular exercise ladoption selJ'-eJJimcv), and the
coniidcncc to maintain regular exercise over a longer time pcriod (maintenance

self-eJficacy). Each vnriable was measLtred using a single item ivith a response format
ranging fiom 0:'1 arn not confident at all' to 5 -'I am confidcnt to 100%'.
Descriptive statistics for adoptioni maintenance self-etlcacy at Tl were: lrI -3.35!
3.25; SE:0.09r0.09; SD:1.39i1,34; median = 3.00i3.00: skewness: -0.4{\i*0.42;
range - 0 5.

Oulcome expectations were assessed using an instrument developecl and validated
by Fuchs (1994) that includecl nirte positive and seven negatfie outcome expecta-
tions of physical exercise. The positivc and negative expeclations were summed

separately, and then the difference (positive-negative) was derived to provide an
'outcome e.{pectations index', Descriptivc statistic.s for the outcorne cxpectations
index at Tl werc: rVl=1.27; SE:0.05: SD:0.77; median:1.32: skervness : -0.43;
range - l.4l -2-86.

Intentiotl strength was assessed using one item: 'How strong is yorir intention
to exercise regularly rvithin the next w'eeks and monlhs'l' The response tbrmat was

a six-point Likcrt-scale ranging liom 0 ('l don't have this intention at all') to 5

('I have a strong intention'). Descriptive statistics for the intention strength index
at T1 u,ere: M:3.08; SE=0.10; SD-1.54; median:3.00; skewness- 0.54.

SelJ:concortlunce was measured by the SSK-scale, a German-languagc l2-item
instrument that has proven to be a rcliable and valid measure of excrcise-related
goal self'-concorclance (Seelig & Fuchs, 2006). Consistent ll'ith thc selt'-concorclance
model by Sheldon and Elliot (1999) the SSK-scale consisted of four subscirlc-s that
measurecl the intrinsic, identified. introjected and extrinsic re:rsons fbr exercising.
Eac:h subscaJe rvas formetl by three items. Thc items tvere launched with: 'I intend to
exercise regularly u.ithin the next weeks and months because. . .' and rvere follolved
bv statements like '. . . it's just fun for me' (intrinsic),'. ..I havc good reasons to be
active' (identiJiefl, '. . . othcrrvise I would have a guilty conscience' (intojectetl and
'. . . others tell tne to become physic-ally active' (e_rtrinsic). Participants ',vho indicated
to have at lcast a weak exercise-relatcd goal intention.(strength ofgoal intention > l)
wcrc asked to respond on a four-poinl Likert-scale ranging from I ('not true') to 4
('true'). Those rvho rcported no intenrion to excrcise were asked to skrp this part of
the questionnairc (number oI 'non-intendcrs' at Time l*Time 5 was: n:22,2, 5,12,
l4; respectively). In this study. Cronbacl.r's alpha for the subscales at Tl rangecl from
a=0.67 (introjected) to &:0.76 (extrinsic). A 'self-concordance index'was der:ived
by summing thc identifiecl anci intrinsic mcan scores irnd subtracting thc introjected
and extrinsic mean scores (cf, S)reldon & Elliot. 1999). Desc::iptivc statisrics for the
self concordance index at Tl were: M -1.95 SE:0.10; SD- l.4l; median:2.00:
skervness: -0,27; range : - 1.67-5.33.

Action planning. Participants lvere asked whether they alreadl, knew which
exercisc the)' would do in the following weeks and months, and if so, rvhat this was.
Participants r,vere then asked if they knew when and where they would do it, how
the;" would ger there. and how ofte n and rvith whom they would do it (no _ 0;
yes: 1). A score for the inder 'aclion planning' was derived by counting the number
of positive answers. Dcscriptive statistics lbr the action planning inclex at Tl were:
Itl : 3.43 SE - g.29 SD : 4.23' median = 0.00; skervness : 0.821 ranec : 0_l 2.
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Barrier ntanagemcflt consisted of trvO compoirents: Perceived barriers and counter

Strategies. To assess perceived barriers, parlicipants rvere presented rvith a list of
19 poicntial barrier-s antl asked to indical.e how strongly eaclr one prevented exercise,

using a four-point response soale ranging fron, I ('not at all') to 4 ('very tnuch')'

A pcrceir,ed Barriers subindex was derived as the mean ol the l9 scores. To assess

counrer strutegic.r, participants wcrc presented with a list of l5 possible ways to

manage barriers, and asked whether or not they used each of thesc (no:0i tes: 1)'

Example items are: ,I rnake an appointment rvrth a friend to exercise together';

'I avoid situations that could keep me fronr cxercising (e.g. switching on the TV)''
The Counter Strategies subindel was the mean of the 15 scores" A Barrier

Management index rvas derived fiom the quotient ofthe counter strategies subindex

(numerator) and the Perceivcd Barriers subindex (denominator): a high score (range

0-l) indicated a favourable ratio of available counter strategies and perceived

barriers. Descriptive statistlcs for the Barrier Management index at Tl wcre:

lt l - Q.23; SE : 0.01 ; SD : 0. 13: median : 0 23 and skcrvness : 0'43'

Spe ciJication of models

Tivo different causal models, the Adoption Model and Maintcnance Model, were

tested using path anal.vsis of observed variables (AMOS; vcrsion i9.0; Arbuckle,

2010). The causal assulr.tptions of these two models were bascd on the MoVo process

modcl (Figure 1).

The Adoptitn ;\1odel locuses on the short-temr impact of the intervention
program. on those who are just starting regular excrcise (Figurc 2; including data

from T1, T2 and T3). On the left-hand side, thc Adoption Model specrfies thc
motivational (adoption self-efficacy, outcome cxpectations. se lf-concordance and

intention strengtl.r) and volitional (action planning, barrjer management) variables

lneasurcd at Tl and T2. Not all of thesc variables are )rypothesised to jnflucnce

cxcrcise behaviour directly: adoption sclf-efficacy and outcome expectations do so

only indirect)y through tl-Leir impact on intention strength aud self-concordance.

On the right-hand side, the Adoption Model specifies the effects of those mediators

on exercise bchaviöur at T3 (six weeks follow-up). F inally, thc Adoption Model
hypotlresises a direct path from the intervention to exercise behaviour to account for
all othcr intervention clfects that were not medialed by the cognitive variables under
con sideration.

The llaintenance Model examined the behaviour change process from a long-
term perspective (Figure 3: including data from Tl, T3. T4 and T5). The ntodel
attempted 1o unravel the more proximal interventjon cffects on maintenance
self-efficacy and outcome expectancies at T3, frorr the more distal effects on
intention strength, self-concordance. action plannirrg, and bärrier management at T4
(six monrhs follou.up). The model also specified how those psychological mediators
contribute to exercise behaviour at T5 (12 months follow-up).

Statisticsl analt,ses

To test the cdusal structure spccified in the two modeis, staridardised direct. indirect
and total effccts were estimated (Tables I and 2). Each variable's total effect
conrprises its direci ünd ils indirect effects. The direct effect is rhe portion of a
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variable's total effcct that is independent ofolher variablcs in the model. A vatiablc's

indirect effect is the portion of its total cffect that is dependcnt on othel variables

in thc model; self-concorda nce. for exarnple, influences exercise bchaviour indirectli'

througlr barrier managcment (Figure 3). Indirect cffects are calculated b-v sumrning

the products of the path coefficients associated rvith each of these indirect routes.

The indirect effect lor self-concordance ott excrcise behaviour (0.04) is the product

o1'the dircct effect of self-concordance on barrier managernent (0.17) and the direct

effect of barrier management on exercise behaviour (0-23) (Figure 3 and Table 2)

Indirect effects of thc intervention on cxcrcise behaviour through cognilive

variables - zis specified in the Adoption and Maintenauce Model - were tested by

c'alculatirrg ntultiple ntetliatiott ntodels. Based on a recomlnendation by N4acKinnon

(2000) and articulated furtber by Preacher and l-Iaycs (2008) lhe currcnt study used

bolh normal theory and boorstrapping approacbes to test for significance ol indirect
(merliated) effects (total and specific for each mediator). Bootstlap procedures are

corrsidered prefcrable because thel' do not itssume normality of the distribution of
the indirect effccts and hence provide stronger protectjon against type 2 error.

cornpared to normai tlieory procedLtres such as the Sobel tcst- We report resuLts for
bootstrap tests in rvhich a point estimate of thc indirect eff'ect was derived from the

mean of 5000 bootstrap samples (bias correctcd and accelerated cstinates and 959/"

CI). Coefficients with confidcnce limits that did not inclucle zero were interpreted as

starisdcally signifi cant.

llesults

Evaluation of the Arloption Model

Standardised direct, indircct. and total effect cocfl'icienls for the Adoption Model are

tisted in Table l. Figure 2 shou,s the direct effects (standar-dised path coefficients),
along u'ith the variance explaincd (R-) for each dependent variable iu thc model.
The special featurcs of the Adoptron Model are: (a) all participants (N:220) rvcre

non-exercisers at Tl; (b) baseliue values [T1] of all psychological variables wcrc
controlled for; (c) intervention effecls on psychological variablcs rvere assessed at T2
and (d) excr-cise bchaviour rvas evaluated at Tl. The test of' thc Adoption Model
provided satisfactorl' fit-scores: x2(52):9r 8 p < 0.001: xr/df ratio:1.804;
RMSEA :0.061; standardised RI\4R:0.0638; GFI - 0,942; TI-l :0.931

Intervetttion 4fcc:ls

Within the Adoption Model the jnten'ention prograrn exerted a substantial total
eflect on excrcise behaviour (/3,n,,,' :6.33 last ro$'in Table l). Tbis total effect was
composed of a direct intervention efl'ect (J.i;,".,:0.i9) that was stronger than the
sum of all indirect intervention ellccts (,/jt"ai*", : 0.14). F'urthernorc, there u.ere
significant, although smail direct intervcntion cf-fccts (/,11,"",) on adoption self-
efficacy T2 (0.13), outcome expcctal.ions T2 (0.14), and intention strength T2 (0.14)
(Figurc 2). The direct intervention effect on sclf-corlcordance T2 (0.04) did not reach
statistical significance. In contrasr, the direct intcn'cntion effeots on action planning
T2 (0.21) and barricr managcment T2 (0.23) rvere siglrificant and larger rcflecting the
major focus of thc intcrvcntion.
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eff'ects of the intervention on exerclse
and Nlaintenance Models (standardised

NIodel Nlediators
Normal Normal Bootstrap

Cocft' SE" rheory Z theory p 95oh Cl

Adoption Totalb
Intention strength T2'
Self-concorciance T2
Action planning T2
Barricr, managemcnt T2

Maintenance Total
Intention strength T4
Self-concordance T4
Action pianning T4
Barrier management T4

0.14 0.04
0.06 0.02
0.00 0.01
0.07 0.02
0.01 0,02

0.l7 0.04
0.05 0.03
0.02 0.02
0.02 0.03
0.07 0.02

.1.00

2.64
0.40
2.76
0.78

2.t3
1.50
0.7?
2.66

0.001
0.008
0.68 8
0.006
0.43.1

0.001
0.033
0. l3l
0.410
0.00IJ

0.09; 0.21
0.03; 0 12

-0.01; 0.03
0.03; 0.12

-0.02:0.06

0.09; 0.25
0.01; 0.1 I

-0.00; 0.07

-0.04; 0.09
0.03; 0.13

Notcs: "Based on a SPSS macro providod by Preacher and Hayes (2008) thtt calculates
indirect efttcts (total and spccific for each ncdialor), including tests of significance using both
normal theory and bootstrap proccdures.
l'IndirerJ elfect of the intcrvcntion on exercise behaviour through a// mctliators.
'Indirect effect öf the intervention on exercise bchaviour through thc rpccr,/ic mt'dial.or.
dldentical values for normal theorv tests and bootstraD results.

Pretliction of mediutors an(l exercise behoviour

The results are presented in Figure 2. Intention strcngthT2 (Rr-0.+5) rvas predicteJ
by intenrion strength T1 (fdtd:029), adoption selt'-efhcacy T2 (0.41), outcome
expectations T2 (0.14) and inteNention (0.14). Self-cttncordance 'f2 (R'=0.44) was

mainly predicted by sell'-concordance Tl (/6;""1:0.50), but also by outcome
expectations T2 (0.24), and adoption self-elficacy T2 (0.19). More than one quarter
(269'o) of interindividual variance in exercise behayiour T3 could be explained by
intention strength T2 (ß,1i,..\:0.27 ), action planning T2 (0.21,) and the intervention
(0.19), Sclt'-concordance T2 (0.03) and barricr management T2 (0.05) did not play a

significant role in thc prediction of exercise behaviour at T3.

Mediation analyses

Tabie 3 summariscs the indirect effects of the intervention on exercise behaviour
through the medjator variables intention strength T2, self-concordance T2, action
planning T2 and barrier manzrgement T2 using tests of significance based on normal
theory and bootstrap procedures (Preacher & Hayes, 2008). Within the Adoption
Model, of the four mecliator variables only intention strength (Z :0.008; 95%
CI-0.03; 0.12) and action planning (p:0.006; 95% CI:0.03; 0.t2) shorved
signifi cant intiirect ehects.

Evatuation of the Maintenance Model
Standardised total, direct, and indirect effect coefficients for the Maintenance Model
are listed in Table 2. Figure 3 shows the path-analytic resulrs for this model.
The spccial features of this analysis are: (a) all participants (N:220) were
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non-exerciscrs at T1: (b) bascline values [Tl] of all psychological variables were
controlled for; (c) intervention effects on self-eflicacy and outcomc expcctations
were assessed at T3 (short-rcrm impact); (d) interuention effects on intention
strength. self-concordance, actiorl planning and barrier management rvere assessed
a1 T4 (middle-tcnn impact; six months follow-up) and (c) exercise behaviour
rvas evaluated al T5 (long-tcrm impact; 12 months follow-up). The tcst of the
Maintenance Model also provided sarisfactory fit-scores: Xr(52): 123.0: p < t).001;

lridf latio : 2 366; RMSEA - 0.079; standardised RMR:0.072141 GFI = 0.912;
TLr = 0.894.

httervntion cJfer:ts

The total intervention effect on cxercise behaviour T5 (f1,,,"1 =0.13; last rorv in
Table 2) rvas due mainl), to indirect effects (/inoi,"., : 0.17) and not to the direct
efl'ect (/30',".,: -0-04). Figure 3 shows significant short-term intervenlion effects on
maintenance self-ellcacy T3 (/61.""1 : 0.32) and outcome expectalions T3 (0. l6).
Although the rniddlc-tcrm direct intervention effects on intcntioD strength T4
(/Jai,-,: 0.20), action plannirrg T4 (0.25), and barrier management T4 (0.25) rvcre
significant, direct intervention efleots on self-concordance T4 (0.02) were not.

Prr:dit:lion of mediators and exercise helnt'iour
The results are shown in Figure 3. Intention .ttrength T4 (R2:0.41) was predicred by
intentjon strcngth Tl (/dirccr:0.36), maintenance self-efficacy T3 (0.31), and
Lnler'ention (0.20): hou'evcr, outcome expectancies T3 did not contribute to this
prediction (0.06). Self- concrsrtlant:e T4 (Ar:0 40) u,as mainiy prcdicted by self-
concordance Tl (/6,ji.ccr = 0.44), but also by maintenance self-efficacy T3 (0.24) and
outcon.)e expectations T3 (0.19). A total of 20"Ä of interinclividual variance in
cxercise behatiaar at T5 could be explained by intention strength T4 (/di,.,r:0.ltt),
self-concordauce T4 (0.21), and barrier managcmeltt Tq (0.23). In contrast to the
Adoption Modei, actlon planning T4 (0.06) and the inrervcntion (-0.04) did nor play
a significant role in the prediction of exercise behaviour at T5.

Ilediation analt,ses

Table 3 shows tbe indirect effects of the intervention on exercise beh:rviour through
the mediator variables intention strcngth 14, self-concordance T4, aclion planning
T4 and barrier management T4 in the Maintenance Modcl. Only the paths via
intention strength (p:0.033; 95% CI:0.01; 0.ll) and barrier managemerrt
(p : 0.008; 95o,6 CI :0.03; 0. l3) turned our to be siqnificanr.

Discussion

Few studies ha'e examined rvhether inter'ention efJects on exercise behaviour
are due to changes in the psycrrologicar constructs targeted by the intervention
(Napolitano et al., 2008). Thc goal of the presenr studlr q,ns to contributc to
this research by inüestigaring how the effects of a group-based inter\/ention
program (lr4ovo-LISA) on exercise behar.iour - evidenced in an earlier analysis
(Fuchs et al., 201 1) * rvere mediated by cognitive r.ariablcs. Based on the Movo
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process model as a theoretical framervork, trvo causai models rvere specified:
the Adoption N'lodcl was designed to map the proximal intervcntion effects on
cognitions ancl exercise in the first six ryeeks of the behaviour change process; the
Maintenance Model was set up to picture the distal intervention effects cluring the six
and l2 months follcxv-up. Ovcrall, the three most important findings from this study
were as lbllor.vs: (1) the observed intervention effects on exercise behaviour were ,-
at least in part - mediated b.v intention strength, action planning, and barrier
management, but not by scll'-co ncordance. (2) Sell-conc<-rrdance had the largest total
efl'cct on exercise maintenance, bLLt was not directly modificd by our intervention.
neither in the short-rlLn (Adoption Modcl) nor on the long-rem (lv{aintenance
Model). (3) Intenrron strength rvas a significanr mediator in both. the Adoption and
Maintentrnce Model, rvhcreas action planning lvas on[1, signilicant at the adoption,
and barricr management only signilicant at the maintenance stage. The lütter finding
supports the view that action planning should be a major intervention target in the
flrst weeks of the plogram, rvith barrier managenen! emphasised in the months
thereafter to stabilise behavionr change. These findings are discussetl in more detail
belou',

Intervention effects on behaviour

Our patb anall,sis fgr the Adoption Model indicated that the short-tcrm intcrvcntion
cff-ec-ts on exercise behaviour rvere mediated only partially b]. the psychological
constructs under consideration. The total intervention effect on exercise behaviour at
T3 (/rotar = 0.33) was based on a direcr effect (loi.."t:0.19) that was even larger than
the sum of all indirect el'tbcts (/i.ai*",:0.14) suggesting that the observed behaviour
change rvas not complctcly due to changes in the cognitive structures specified in the
causal model of Figr,rre 2. Other mediirting läctors (e.g. risk perceptions; SLephan,
Boiche. Trouillor"rd. Deroche, & Sarrazin, 20ll) or processes (e.g. nonspecilic
treätment eli'ects) may thcrefore have been responsrble for the intervention eff'ects
not accounted for in the z\doption lvlodel. within the fuIuintenance lttodel the
sitn:ltion was different. Here, the total intervention effect on exercise behaviour at
T5 (/u,.r :0.13) was entirely dLLe to indircct cft'ccts (r6,n,ti.""r : 0. l7) implying that the
long-term impact of IVIovo-LISA on cxercise after l2 months rvas fully mediated by
the cognitive construcrs. Taken togerher these findings inciicatc that our modclling
of cognitive mediation proces es was more succcssful for the (smaller) distal than thi
(larger) proximirl intervention cflfects. This resuh is intriguing because rt challenges
the often held position ()Vlarcus et al., 2006; Rorhman, 2000) rhat psychological
processes of exercise adoption a.re better understood than thosc of exercise
malntenance .

Nlediation analyses

The indirect (mediated) inrervention effect through intention strength turned out to
bc significant in both the Adoption and Maintenance Model, whereas the indirect
intervention effect through action planning was significant only at the adoption, and
throngh barrier nanagcment significant onry at the maintenance stage ltable 3;.
This rs in line with results reporred by Ziegermann, Lippkc, and Schwarzer (2006j,
*'ho found action planning to bc more predictive than barrier manlgement lcopin!planning) in the adoption phase of strenuous exercise, and barrier -onng"*.nt tä
be more predictive than planning i. the maintcnancc phase. Horvever, our results



1494 R. Fuclts eI aI.

cxtcnd this firrding by showing that action planning wäs not only a significant
prcdictor of excrcise behaviour (O.21: p< 0.01) at the adoption stage, but also a
variablc that could bs substantially modified through thc MoVo-Ll SA program
(0.27; p < 0.0i). and that the combination of both (predictivc power and modifi-
ability') resulted in a larger indircct ellect (/, < 0,01) for action planlling than for
all the othermediato:: variables at this stage ofbehaviour change. The same was true
for barrier mänagemcnt at the maintonance stage: not only \\ias this a significant
preclictor of long-term exercise behaviour (0.23; 2 < 0.01), it rvas also substantially
rnoclifiablc by the N'IoVo-LISA program (0.25 p < 0.01). A different intcrvcntion
program might have led to other optimal modifiability-by-predictive power
combinations. For this reason. oLlr findings also illustrate that the relevance of
any mcdiating piith is strongiy detennined by the spccilic characteristics of the
rnlerventlon program,

fuI o dif tz bi lit y : In t e r y e nt i o n effe ct s o tr me di st o r v ar i a b le s

ln Lhe Adoption Model, th.' intervention showed signifrcant but small direct cffccls on
adoption self-efllcac),. outcome expectations and intention strcngth. and markedly
larger direct elfects on action planning and barrier mänägclltcnt. These findings
may rellect thc t'acl that t-he MoVo-LISA program focussed nlore on volitional
factors (devcloping specific 'rl4tcn-rvhere-and-69q' plans' and counter strategies
a-sainst internal and external barriers) than motivational factors (self-efficacy,
outcorne expectations). Consistent rvith earlier results by Snrehotta ct al. (2006) and
Rhodcs, Naylor. and McKay (2010), the current study indicates rhat cxcrcise-related
planning and barriel ntanagement can be substantialiy impr:or,'ed b)' intervention
programs such as MoVo-LISA. The test of the Maintutance Ilodel confirms these
findings from a long-tcrn.l perspective. Hcre. again, intcrvcntion elfects on action
planning and barrier manägcment were relativcly strong, supporting the notion that
the program ]'ielded longer-lasting improvemcnts in self-regulative strategies.

In both the Adoption and N4aintenance 14odels, direct interverrtion effecls on
self-concordance drd rrot reach statistical significance. This was unexpecterl, because
the intcr\rention did address self-concordant goal intcrrtions (e.g. b1' getting
participants to reflect on u,hether their exercise intentions and plans rvcre rerrllv
their orvn, or had been imposed by partners or doctors). The results suggest that this
intcrvention goal rvas not achicved by our program, A recent studv by Chatzisarantis
and Haggcr (2009) demonsrrated that significant changes in srudcnts' motivational
orientation (autonomous vs. controlling), a construct very sirnilar to our variabie
of sell'-concordance, could be accomplishcd by an autonomy-supportive style of
tcaching (providing individual feedback, acknorvledging difficulties. enhancing sense
of choice) and that these changes were predictir,c of future exercise levels. v aybc the
del'elopnrenl of scll-concordant (or autonomous) goal rntentlons neec.ls morc
individualised cou'selling, e.g. in face-to-face sessions, tha'a group-rnterventron
such as MoVo-LTSA can provide.

Prcdictite power': Effects o.f nrcdiator yariablcs on exercise behaüour
In hoth the Adoptio'and Maintcnance N4odcl, intentiotz strrrngth rvas a significant
predictor of future exercise behaviour supporting once aqain the central rolÄ of goal
inlentions in the initration and continuation of reg.lar cxercise 1e.g. chatzisarantis &
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Hagger.2009). Contrary to our hypotheses (as speciüed in the two causal nodels)
action planning contributecl significantly to the prediction of exercise behaviour

only in the Adoption (time span: six weeks) but not in thc lVaintenance Modcl
(12 months). PreviorLs studies (Lippke, Zicgelmann, & Schrvarzer, 2004; Renner,

Spivak, Krvon, & Schwarzer, 2007), focusing on the short-term prediction of regular

cxercise, confirm our linding that action planning is a major determ-rnant of regular

exercise in the adoption phase. Florvever, little is known about the prcdictive
power of action planning under a long-term perspcctivc (maintenance phase).

The argument that the non-significirnce of the predictor 'ziction planning T4' in the

Maintenance Nloclel was due to its presumably high instabilit]' over time ('when,

where, and how-plans' need to be pemranently adrrpted to changing circumstances

ancl therefore äre instabte) was not supportcd by a relatively large autocorrelation of
0.55 @ < 0,01) tbr action planning ar T4 and T5 (not reported in the results section).

Bttrrier ntctnugenient did not emerge as ir significant predictor of exercise

behaviour at the adoption stage. NIaybe the time intervarl of six wceks aticr dtscharge

from the clinic was too short for this mcdiator to cxert a substantial impact on the

behal'iour. Barrier management is a dynamic self-rcgulatory strategy (Sheeran,

Milne, Webb, & Gollu,itzer, 2005) rvhich has not reached trny stable'end state' by the

tin-re participants leave the clinic (T2) or even six weeks after (T3). Rather, barrier
management - instigatecl by the intervention program - is likell' to impact on
exercise in the niddle- and long-tern by becoming more and more elaborated
under real-rvorld experiences with the ncwly acquired behaviour. The results for the
Maintenance Modcl seem to supporl this vierv. Here, barrier mirnagement at T4 was

the strongest predictor of exercise behaviour at T5- Ziegelmann et al. (2006) also

found a 'delayed cfiect' of barrier management (coping planning) on regular physical
activity suggesting that this mediator is importanl particularly for long-term
maintenance.

In contrast to the Adoption Modcl. se/y'conr: ordunce played an important role in
the Maintenance Mo$e L Among all thc cognitive variables. sclf-concordance exerte d
the strongest total cffect on exercise behaviour at the l2-month follow-up (Table 2).

This result is in line with previous research showing that the type of goals people
pursue (rvhether the goals are self-concordani or not) is critical for the persistence of
goal pursurt. and lhror,rgh this, for the maintenance of health behaviours in general

and exercise behaviour in particular (Ntoumanis, 2001). For instance. Vansteenkiste
et al. (2004) lbund intrinsic (sc1f-concordirnt) goals had strong effects on physical
activity levcl at-ter four months. Our research adds lo this knowledge by suggesting
that influencing goal self-concordance may not be important for the short-term
adoption of the new exercise behaviour, but it is likely to play a crucial role in its
marntenancc.

Strengths and limitations oJ the cnrrent study

This is the first study to track the cognitive mediation processes ol interv'ention
effects on exercise behaviour over a relatively long time-period (12 months),
difl'erentiating thc adrrption and maintenance stage of behaviour change. Similar
studies havc used shorter time periods of 10 weeks (Chatzisarantis & Hagger, 2009)
or six months (Napolitano et al., 2008; Ziegelmann et al., 2006). Anderson er al.
(2010) based their mediator analyses on a l6-months tbllorv-up study, but did not
look at proxima) (adoption) and drstal (maintenance) intervention effects separzrrely.
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In thrs study, we hzrd five assessmeut titre points, with time intcrvals that aLlowed
for a rnore accurate detection of trecliated eflects than in previous studies. For
example, in the investigation by Napolitano et al, (2008) rneasures of mediators
and exercise bchaviour werc both taken six months after thc trealment was initiated
(rvithout further measurenents in-bctween). Tlrerefore. it Nas not clear I,hcther
changes in the nediators had led to changes in the behat'iour or - vice r.ersa -
changes in the behaviour had led to changes in the mediator. ln conLrasr, our
analyses rverc based on a tcmporal ordcring of trcatnelt, assessment of rnedialors.
and assessrnent of cxercise behaviour, providing thc base lor longitudinal analyses
more suited to examine tire theoretically expected causal ordering.

Some ltnritations of the study should be noted: As discussed clsewhere (Fuchs
et al., 2011), the design of the current studv \\,as quasi-expcrimental because
individual randomisation to inten'entjon and control groups \\ras not feasible. Thus,
factors othcr than the intcrvention could account for the cliffcrence in groups.
I\4oVo-LISA u,as implemented jnto the rvhole clinic; all medical pcrsonnel played a

spccilic rolc within this progran. lf rvc had inplemented MoVo-LISA at the sarle
time as we collected data from the colttt'ol group, patients could havc had informal
talks and exchangeä infornration about the program. Also, rnedical personnel
n.lay nol have becn neulral lvith regard to the control group. Thercfore, we chose
a sequential control-intervcntion group design, where tvc collected data lrom the
intervention group only al'ter the paticnts of the control group had leli the clinic.
This procedure might hä\'e produced another problern: patients' riischarge from the
clinic took place during different seasons. and liris could have influenced their
exercise behaviour over the follow-up. one would assume that warm summertime
might be more cond,ci'e for cxercise than cold and rai.y rvinter days, for example.
we could not, howe'er, firrd any evidence for this assunrption, there was no increase
in exercise (minutes per week) during sumrler in either of the study groups.

Another potential lii:ritation of thc sludy is the mcasuremcnt of exercise
behavior.ir, rvhich was based on self-report and may be subject to memory bias.
Howevcr, in this studl' \\'e were less intcrested in actual amounts of exercise
participation but rather in group dif{erences il thc exercise behavrour, Assumins
that self-report biases affected both the intervention and conrrol groups to rhe san,e
extent, wc do not expect our findings to be substantiallv distortecj.

Conclusions

our findings have implicatio's for the design of intervention Drosrams:
Strengthening goal i.tentions b1, fostering self-eflicacy beirefs and ou'tcome
expectalions provides the base for the change process. Horve'er, these goal
intentions need not only ro be stro'g, trrcy also nced to be serf-concordant (intriisic.
autonomous) to ensure persistence in the Io'g term. while action planning is likery
to be important to initiate the exercise behaviour, barrier managernent may con-te ln
later to deal with rnternal and exter'al barriers that ch. engc the neu4y acquired
behaviour' Based on the resuits frorn this study future mediation anary.ses slourd
focus on two questions: (r) intervention effccts on cxcrcise u,crc not fulry mediated
by the cotuitive variables consider.."'d in the Adoption Model. we therefore need to
refine our theoretical models to account for faciors and processcs that are not yet
adequately represenled (cf. Rothman, 2000). (2) The iole of sclf_concordance.
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p:rrticularly in the process of excrcise maintenance, needs to be further explored.
In the current study there was clear evidence that this construct is critical for
long-term maintenance of exercise behaviour; however. it also became clear that we
were not able to change self-concordancc by our intervenlion. We need. therefore to
think of new ways to ell'ectively intervene on this factor, rvhich is likely to be crucial
for exercise maintenance,
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