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Abstract

Regular physical activity is an important health promot-
ing behavior. Yet, many adults live sedentary lifestyles,
especially during their workday. The current study
applies an extended theory of planned behavior model,
incorporating affective attitudes and instrumental atti-
tudes, along with habit, to predict limiting sedentary
behavior and physical activity within an office environ-
ment. Theory of planned behavior constructs and habit
were assessed with an online survey on a sample of
180 full-time office workers, with self-reported behav-
ior assessed 1week later (Mage=25.97, SDage=10.24;
44 males, 134 females, and 2 nonbinary). Model fit
was indicated by BRMSEA (M=0.057, SD=0.023),
B y» (M=0.984, SD=0.010) and BCFI (M=0.959,
SD=0.026), accounting for 46.1% of variance in inten-
tion, 21.6% of variance in sedentary behavior, and 17.4%
of variance in physical activity behavior. A Bayesian
structural equation model revealed direct effects of
instrumental attitudes and perceived behavioral control
on intention to limit sedentary behavior, direct effects
of intention and perceived behavioral control on limit-
ing sedentary behavior, and direct effects of perceived
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behavioral control and habit on engaging in physical
activity. The current study indicates intentions to be
active in the office are primarily driven by beliefs about
the benefits of activity and individuals' perceived level
of control, rather than normative or affective beliefs.
As behavior was predicted by both intention and habit,
findings also indicate office-based activity is likely not
always a consciously driven decision. These findings
may have implications for improving activity levels in
this highly sedentary population.

KEYWORDS
affective attitudes, habits, instrumental attitudes, physical activity,
sedentary behavior, TPB

INTRODUCTION

Regular physical activity has been identified as one of the most important health promoting behav-
iors, demonstrating diverse and wide-reaching health-enhancing benefits (Rhodes et al., 2017;
Warburton & Bredin, 2017). Despite this, 25% of adults globally and 45% of Australian adults do
not meet the recommended physical activity guidelines (Australian Bureau of Statistics, 2018;
World Health Organization, 2020). Also of concern is that 44% of Australian adults describe their
day at work as mostly sedentary (Australian Bureau of Statistics, 2018). Sedentary behavior rates
are increasing, coinciding with advancements in technology and decreases in physically demand-
ing jobs (Borodulin et al., 2008; Brownson et al., 2005; Kirk & Rhodes, 2011; Matthews et al., 2008;
Straker & Mathiassen, 2009). As sedentary behavior has been linked to a number of health issues,
ranging from metabolic dysfunction and reduction in bone mineral density to heart disease and
diabetes (Hamburg et al., 2007; Noble et al., 2015; World Health Organization, 1998, 2015; Zwart
etal., 2007), it is important to examine effective ways to increase physical activity and reduce seden-
tary behavior. This is particularly relevant for highly sedentary populations such as those holding
office jobs (Parry & Straker, 2013), that is, people who work in an office preforming tasks such as
clerical or administrative work. As lack of time is one of the most commonly reported barriers to
performing physical activity (Dugdill et al., 2008; Rhodes & De Bruijn, 2010; Salmon et al., 2003),
one potential avenue to help reduce sedentary behavior and promote increases in physical activity
could be to increase the amount of movement performed over the course of a workday. Therefore,
the aim of the current study was to apply an extended theory of planned behavior (TPB) on reduc-
ing sedentary behavior and engaging in physical movement within the office.

Along with the chronic health conditions associated with sedentary behavior, office workers
are at particularly high risk of developing health issues such as altered curvature of the spine, skin
discoloration and varicose veins from poor circulation, and vision issues associated with computer
usage (Emanuele, 2008; Hemingway et al., 1997; Higham, 2019; Hitosugi et al., 2000; Loh &
Redd, 2008). Increasing the amount of movement performed over the course of the day can help
prevent this demographic from developing long-term health issues that can impede their longevity
(Emanuele, 2008; Hitosugi et al., 2000; Mokdad et al., 2016; Noble et al., 2015; Nylander, 2016; World
Health Organization, 2015). Reviews on workplace interventions, aimed at increasing physical
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activity in the workplace, have found confounding results (Malik et al., 2014). For example, Malik
et al. (2014) found that only 32 of the 58 studies reviewed showed an increase in physical activity,
with inconclusive evidence to suggest which types of interventions were more effective. Similarly,
systematic reviews on workplace interventions aiming to reduce sedentary behavior have found
mixed results (Brierley et al., 2019; Commissaris et al., 2016; Martin et al., 2015). In their review,
Brierley et al. (2019) found that 21 of 30 interventions showed reduced sedentary behavior with no
apparent consistencies with which behavior change techniques showed an effect.

When trying to understand the active mechanisms in interventions, previous research has
applied behavior change theories to physical activity research with the aim of understanding the
psychological determinants underlying behavioral action. Such theories include social cognitive
theory, self-determination theory, the transtheoretical model of change, and the TPB (Hagger &
Chatzisarantis, 2009; Nigg et al., 2011; Roberts et al., 2010; Symons Downs & Hausenblas, 2005).
Among these theories, the TPB has been most widely applied to behaviors such as physical activ-
ity (Rhodes et al., 2019). The TPB highlights intention as the most proximal predictor of behavior,
which in turn is predicted by constructs such as: attitudes, which represent evaluations about
the behavior; subjective norms, which relate to the perceived supports and pressures from signifi-
cant others towards the behavior; and perceived behavioral control, which relates to belief in one's
capabilities and access to necessary resources to perform the behavior (Ajzen, 1991). Although
there has been extensive support for the TPB in the prediction of physical activity, there still
appears to be a substantial portion of variance unaccounted for (McEachan et al., 2011; Rhodes
& de Bruijn, 2013). Similarly, when looking at the TPB's predictability of sedentary behavior,
Prapavessis et al. (2015) found that the model variables accounted for between 8% and 43% of
variance in behavior. Similarly, Rhodes and Dean (2009) used a TPB framework to look at four
leisure time sedentary behaviors: watching television, computer usage, reading or listening to
music, and socializing within both a university and community sample. Their results indicated
that the TPB predicted between 6% and 63% of variance in behavior, with an average of 30.25%.
Although these findings suggest that the TPB framework is useful at understanding both physical
activity and sedentary behavior, it also appears that other psychological processes could be at play.

Recent expansions of the TPB have explored the role of attitude, specifically, looking at the
differences in effect between instrumental attitudes and affective attitudes (Phipps et al., 2021;
Rhodes et al., 2022). Affective attitudes refer to the emotional perceptions towards a behavior
(i.e. dull or enjoyable), as opposed to the traditional instrumental attitudes, which relate to the
perceived benefits of the behavior (i.e. worthless or valuable; Crites et al., 1994). Affective atti-
tudes are divergent from affect proper (the emotional experience within the moment) in that
they are judgments about future emotional experience, which is said to influence future behavior
nonconsciously (Stevens et al., 2020). When applied to physical activity, affective attitudes relate
to the emotional experiences that arise when people think about future exercise. Studies predict-
ing physical activity have found affective attitude to have moderate-to-strong influence on inten-
tion (French et al., 2005; Lowe et al., 2002; Magnan et al., 2013; Rhodes et al., 2009). However,
when applied to sedentary behavior, the relationship is less clear. Prospective research looking
at the effects of both affective and instrumental attitudes on sedentary behavior have found both
to be influential with varying effects (Lowe et al., 2015; Rhodes & Dean, 2009). Although, within
intervention research, it appears that affective attitudes have more of an influence over reducing
sedentary behavior as opposed to instrumental attitudes (Lithopoulos et al., 2020). To date, the
vast majority of the research looking at the effects of affective attitudes have been applied to
moderate-to-vigorous physical activity (Lowe et al., 2002; Phipps et al., 2021; Rhodes et al., 2009),
with few studies looking at sedentary behavior and light physical activity during working hours.
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Along with affective attitudes, to increase the amount of variance explained in predicting
behavior, research has sought to include nonconscious processes within models of social cogni-
tion (Hamilton et al., 2018; Hannan et al., 2019; Phipps et al., 2020, 2022; Triandis, 1977). Dual
process models stipulate that behavior has both a reflective pathway, whereby behavior is a
conscious choice, as well as a nonconscious pathway, whereby behavior is a result of automatic
responses learnt through associative memory and cued by environmental stimuli (Gardner, 2015;
Hagger, 2019; Hofmann et al., 2008; Rhodes, 2017, 2021; Strack & Deutsch, 2004; Triandis, 1977).
A key construct in dual process models is habit, defined in contemporary research as automatically
activated cue-behavior scripts triggered by encountering behavior-relevant stimuli (Gardner, 2012;
Hagger, 2019). Previous literature has assessed the effects of habits on physical activity and
sedentary behavior and found promising results for habit to be a prominent predictor (Conroy
et al., 2013; Gardner et al., 2011; Rebar et al., 2016). Physical activity and sedentary behavior are
often discussed as opposing behaviors; however, the two are not necessarily predicted by the same
social psychological constructs (Spence et al., 2017). Evidence suggests that sedentary behavior
does not displace physical activity (Biddle et al., 2004; Pearson et al., 2014). For example, one can
be sufficiently active whilst also engage in high levels of physical activity (Ekelund et al., 2016).
However, it is important to note that some form of movement (i.e. light physical activity) is likely
to replace sedentary behavior (Janssen et al., 2020); therefore, exploring this transfer is impor-
tant to further our understanding of these behaviors. Also, there is dominant focus on under-
standing the determinants of physical activity in the current literature (Spence et al., 2017), with
limited research focused on sedentary behavior and simply moving more. To advance knowledge
and provide formative evidence to inform future work practices, it is important to understand the
influential constructs that underpin limiting sedentary behavior in the workplace. Furthermore,
to date, there is a dearth of research exploring the role of nonconscious processes, such as habits,
on sedentary behavior, and even less literature looking at the relationships between affective and
instrumental attitudes, as well as habits on sedentary behavior during working hours.

The current study aims to understand the associations of an extended TPB that includes habit,
as well as the instrumental and affective components of an attitude, on the behaviors of reducing
sedentary behavior and increasing physical activity within the workplace environment. In line
with Phipps et al. (2020), it is hypothesized that instrumental attitude (H1a), affective attitude
(H1b), subjective norm (H1c), and perceived behavioral control (H1d) will directly and positively
predict intention to limit sedentary behavior; intention (H2a) and perceived behavioral control
(H2b) will directly and positively predict the behavior of limiting sedentary behavior; similarly,
intention (H3a) and perceived behavioral control (H3b) will directly and positively predict engag-
ing in physical activity. Further, in line with the traditional TPB model (Ajzen, 1991), social
cognition variables (affective attitudes, instrumental attitudes, subjective norms, and perceived
behavioral control) are also predicted to indirectly positively predict each behavior via intention;
lastly, that habit to engage in sedentary behavior will have a direct and negative effect on limiting
sedentary behavior (H4a), as well as engaging in physical activity (H4b).

METHOD
Design and procedure

The study adopted a two-wave prospective survey design, where participants were asked to
complete two online self-report questionnaires 1 week apart. The Time 1 questionnaire involved
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obtaining informed consent followed by questions pertaining to the constructs within the
proposed model and demographic questions. The Time 2 questionnaire involved questions relat-
ing to behavior and habit for both sedentary behavior and physical activity. Upon registering
their interest in the study, participants were presented with the study information sheet, and
consent to participate was obtained via completion of the questionnaire. Full ethical approval
was granted by the Griffith University Human Ethics Committee (GU:401/2020).

Participants

Participants were full-time office workers, who were also undertaking between one to four units
of undergraduate study, recruited via convenience sampling through the Griffith University's
participation pool between February and July 2021. The Griffith University's participation pool
recruits through first-year core subjects and offers students course credit to participate in research.
With the use of a screening question, participants were included in the study if they self-described
as having a sedentary job and work from either a commercial office, home office or a combina-
tion of both. Participants were excluded if they had received medical advice to restrict physical
activity of light intensity. A total of 264 participants consented to participate and completed the
Time 1 questionnaire. However, 47 participants selected no to the screening question of having
a full-time job and 36 did not complete the Time 2 survey. The final sample included in analy-
sis consisted of 180 full-time office workers, of which 87 worked from a commercial office, 30
worked from a home office, and 63 worked from a combination of commercial and home office
(Mage=25.97, SDage =10.24; 44 males, 134 females, and 2 nonbinary). While traditional power
analysis does not strictly apply to Bayesian statistics, analysis using web power for an equivalent
frequentist model indicated a minimum recommended sample of 176 for RMSEA-based model
fit (power=.80, maximum RMSEA =.08). The adequacy of power in the final model is also
confirmed in sensitivity, bias, and convergence tests presented in the Supporting Information.

Measures

The psychosocial constructs were measured using multi-item psychometric instruments devel-
oped using standardized guidelines (Ajzen, 2002). These items were adapted from previous
research for use with the current target behavior and constructed in accordance with recom-
mendations (Ajzen, 2002; Gardner et al., 2012; Hamilton et al., 2019; Phipps et al., 2020). Simi-
lar belief measures have demonstrated good correspondence with objective measures (Hamilton
et al., 2012; Innerd et al., 2015). Zero-order correlations are provided in Table 1.

Demographic variables

Participants were asked to self-report their age (in years), gender (man, woman, nonbinary,
prefer not to say), ethnicity (Australian, Australian Aboriginal or Torres Strait Islander or South
Sea Islander, other), disruptions to workplace (no, yes), and workplace environment (working
from commercial office, home office, or combination of commercial and home).

Physical activity

Physical activity behavior was defined as any bodily movement produced by skeletal muscles
that results in energy expenditure and increases heart rate and breathing, such as lifting, carrying
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TABLE 1 Zero-order correlations, reliability statistics, and descriptives.
1 2 3 4 5 6 7 8 9 10
1. Age -
2. Gender —.003 -
3. Affective 128 —.056 -
attitude
4. Instrumental .187* .015 .649%F* -
attitude
5. Subjective .201%* 142 387k AT THRE -
norm
6. PBC —.022 —.107 221%* 227%* .179% -
7. Intention —.038 .036 .240%* .382%*k .243%* L655%** -
8. Habit .155% 154%  —.095 .058 201%%  —.224%* —.229% -
9. Sedentary .090 039 -.054 .060 144 .043 .089 271%F* -
behavior
10. Physical —.390*%* —101 —.054 —.128 —.092 266%** 219%  —.228% —.049 -
activity
Mean 25.97 - 4.87 5.48 4.90 4.18 4.26 4.76 4.12 3.33
Standard 10.24 - 1.42 1.50 1.40 1.63 1.57 1.75 094 1.99
deviation
Reliability - - 0.94 0.93 0.85 0.92 0.95 0.98 0.84 0.90
Note: Reliability is calculated as Cronbach’s a.
*p<.05.
**p <.01.
**%p <.001.

light loads, climbing stairs, or walking (Ross et al., 2020). Physical activity behavior was measured
using two items (e.g. “In the past week, I performed physical activity as part of my daily work
routine”), where items were scored on a 7-point Likert scale (1 =false and 7 = true; Ajzen, 2002).

Sedentary behavior

Sedentary behavior was defined as any waking behavior characterized by low energy expenditure
while in a sitting, reclining, or lying posture (Ross et al., 2020). Sedentary behavior was measured
using two items (e.g. “Think about the past week. In general, how often did you limit your seden-
tary behavior as part of your daily work routine”), where items were scored on a 7-point Likert
scale (1 =never and 7 =always; Ajzen, 2002).

Habit

Habit towards engaging in sedentary behavior was measured using the four items of the
Self-Report Behavioral Automaticity Index (e.g. “Do you agree that engaging in sedentary behav-
ior as part of your daily work routine is something ... I do without having to consciously remem-
ber”). All items were scored on a 7-point Likert scale (1 =strongly disagree and 7 = strongly agree;
Gardner et al., 2012; Rebar et al., 2018).
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Affective attitude

Affective attitude for sedentary behavior was measured using four items preceded by the common
prompt “Limiting sedentary behavior as part of my daily work routine in the next week would
be ...” All items were scored on a 7-point sematic differential scales (e.g. [1] Dull to [7] Fun;
Ajzen, 2002).

Instrumental attitude

Instrumental attitude for sedentary behavior was measured using four items preceded by the
common prompt “Limiting sedentary behavior as part of my daily work routine in the next week
would be ....” All items were scored on a 7-point sematic differential scales (e.g. [1] Worthless to
[7] Valuable; Ajzen, 2002).

Subjective norm

Subjective norm for sedentary behavior was measured using three items (e.g. “Most people who
are important to me would approve of me limiting sedentary behavior as part of my daily work
routine”). All items were scored on a 7-point Likert scale (1 =strongly disagree and 7 =strongly
agree; Ajzen, 2002).

Perceived behavioral control

Perceived behavioral control for sedentary behavior was measured using four items (e.g. “It is
mostly up to me whether I limit sedentary behavior as part of my daily work routine.”). All items
were scored on a 7-point Likert scale (1 =strongly disagree and 7 = strongly agree; Ajzen, 2002).

Intention

Intention to limit sedentary behavior was assessed by three items (e.g. “It is likely that I will limit
sedentary behavior as part of my daily work routine”). All items were scored on a 7-point Likert
scale (1 =strongly disagree and 7 = strongly agree; Ajzen, 2002).

Data analysis

An extended TPB model was tested using a Bayesian structural equation model, where attitude
was divided into its affective and instrumental components and habit was included as an addi-
tional predictor of behavior. We also controlled for the effects of workplace location (i.e. commer-
cial office, home office, or a combination of commercial and home) on limiting sedentary behavior
and physical activity. Surveys utilized force responses ensure no missing data; case wise deletion
was used for participants who did not complete Time 2 survey as these data were deemed not
missing at random (Allison, 2001). The Bayesian approach accounts for previous findings when
calculating the mean and variance estimates for the current data, as opposed to calculating them
in isolation. This approach results in a higher accuracy of parameter estimates than what would
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be gained from traditional frequentist methods. Where there is synergy between the current obser-
vations and prior findings, Bayesian analysis provides a more precise estimate of the model effects
and their distributions, with narrow posterior highest density intervals akin to higher power. If
there is inconsistency between the prior research and the current findings, the analysis results
in highly variable distributions indicative of low precision, with wide posterior highest density
intervals. Therefore, a Bayesian structural model identifying the hypothesized direct and indirect
relations among model constructs was used for the current study and fitted using the blavaan
package in R (Makowski, 2018; Merkle & Rosseel, 2015; R Core Team, 2013). Where available,
identical pathways were sourced from Phipps et al. (2020). The model was run with three MCMC
chains using the JAGS package (Depaoli et al., 2016; Plummer, 2012). Maximum likelihood analy-
sis was used to derive starting values of MCMC chains. Successful convergence is indicated by all
PSREF less than 1.05 (Gelman & Rubin, 1992). The WAMBS checklist procedures were also used
to confirm successful convergence and to check the quality and replicability of the final model
(Depaoli & Van de Schoot, 2017). The posterior mean deviance method with the leave-one-out
information criterion was used to calculate the fit statistics (Garnier-Villarreal & Jorgensen, 2020).

Bayesian adaptations of the root mean square error of approximation (BRMSEA) gamma hat
(By") and comparative fit index (BCFI) were used to assess model fit with acceptable fit indicated by
the statistics >.90 and lower than .08 respectively. Results are presented as the mean and standard
deviation of statistics between iterations. The posterior predictive p-value (PPP) is also presented
as a fit statistic for Bayesian modeling, with a PPP of .5 indicating optimum fit. However, the PPP
should be interpreted with caution as it has been considered a sensitive indicator of fit within
complex models (Cain & Zhang, 2019; Garnier-Villarreal & Jorgensen, 2020; Hoofs et al., 2018;
Levy, 2011), akin to ¥* in maximum likelihood statistics. Results are presented with 90% high-
est density intervals, as per recommendations for Bayesian analysis (Kruschke, 2014; Makowski
et al., 2019; McElreath, 2020).

We tested hypotheses for individual parameter estimates using the probability of direction
statistic adjusted for reporting equivalent to a traditional p-value (Makowski et al., 2019). The
probability of direction statistic is based upon the proportion of iterations in which the parameter
estimate was in the same direction as the reported mean parameter estimate in the final model
(Makowski et al., 2019). The behavior of this statistic is strongly related to the traditional p-value
in maximum likelihood and frequentist statistics (i.e. near one-to-one equivalent) and can thus
be interpreted in the same manner as a traditional p statistic such that a value of less than .05 indi-
cates the parameter estimate is significantly different from zero in a frequentist interpretation.

RESULTS
Preliminary analysis

Zero-order correlations, descriptives, and internal consistency statistics are provided in Table 1.
Participants were screened and excluded from the analysis if they reported not having a full-time
job. For those participants who were eligible for the study, no significant differences were found
between those included in the final sample and participants who did not complete the Time 2 survey
in terms of gender (y*(2)=0.506, p=.776), age (t(214)=1.060, p=.305), ethnicity (y*(2)=0.575,
p=.750), disruptions to workplace (y*(2)=1.215, p=.270), workplace environment (y*(2) =0.930,
p=.629), or Time 1 model constructs (Wilk's lambda =0.92, F(6, 209)=1.45, p=.198).
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Bayesian structural equation model
Model fit

Successful convergence was attained after 100,000 post-burn-in iterations (all PSRF values >1.01).
Regarding model fit, BRMSEA (M =0.057, SD=0.023), B y* (M =0.984, SD=0.010), McDonald
index (M =0.961, SD=0.024), and BCFI (M =0.959, SD =0.026) indicated good fit of the model
with the data (Jorgensen et al., 2019). In contrast, the PPP did not indicate good fit (PPP =0.110).

Testing model hypotheses

Overall, the model predicted 46.1% of variance in intention to limit sedentary behavior, 21.6% of
variance in limiting sedentary behavior, and 17.4% of variance in engaging in physical activity.
Figure 1 displays the final model with standardized path estimates. Table 2 reports the posterior
means, standard deviations, highest density intervals, and equivalent p-values. The results showed
nonzero effects of instrumental attitude (supporting hypothesis Hla) and perceived behavio-
ral control (supporting hypothesis H1d) on intention to limit sedentary behavior and nonzero
effects of intention (supporting hypothesis H2a) and perceived behavioral control (supporting
hypothesis H2b) on the behavior of limiting sedentary behavior. Furthermore, results showed
nonzero effects of habit (supporting hypothesis H4b) and perceived behavioral control (support-
ing hypothesis H3b) on engaging in physical activity. Contrary to our hypothesis, effects of affec-
tive attitude (H1b) and subjective norm (H1c) on intention to limit sedentary behavior were not
significantly different from zero. Similarly, the effects of habit (H4a) on limiting sedentary behav-
ior and intention (H3a) to limit sedentary behavior on engaging in physical activity were not
significantly different from zero. Results showed nonzero indirect effects of instrumental attitude
and perceived behavioral control on limiting sedentary behavior through intention, suggesting
a significant indirect effect. Contrary to hypothesis, the indirect effects of affective attitude and
subjective norms on behavior were not significantly different from zero. While workplace loca-
tion was included as a covariate, it did not significantly influence either behavior.

Affective Attitudes

Physical Activity

-163*
Instrumental Lo3

Attitudes

Intention

Habit

Subjective Norms

Sedentary Behaviour

Perceived
Behavioural Control

FIGURE 1 The proposed structural model including standardized beta of posterior means. The model

otk

predicting limiting sedentary behavior and engaging in physical activity. Note: p=.05*, p=.005"", p<.001"".

SUORIPUOD U SLLS L 8} 385 *[£202/E0/T2] U0 ARiqiT auliuo Ao|im ‘ARiqiTRIASRAAL JO ASBAIN AQ OvYZT Mude/TTTT OT/10p/ w00’ A3 | 1M AReIq Ul |u0'S uInof-deel//sdny woa papeojumod ‘0 ‘¥S8085.T

fomARIqIBL

35US01 SUOWILLOD BAEa1D 3|edljdde ayy Aq peusenob afe sope YO 88N JO s3I 10y Ariq 1T UL UQ A3|IA UO (SUO T PUOD-PI



TABLE 2

Health

JENKINS ET AL.

t\)(/eIIfBeing HE E

and hypotheses testing statistics.

Path

Direct effects

SB affective attitudes— SB intention
SB instrumental attitudes —SB intention
SB subjective norms - SB intention
SB PBC - SB intention

SB intention - SB behavior

SB habit — SB behavior

SB PBC - SB behavior

Home group - SB behavior

Mixed group — SB behavior

SB intention - PA behavior

SB habit - PA behavior

SB PBC - PA behavior

Home group - PA behavior

Mixed group - PA behavior

Covariances

SB affective attitudes < SB instrumental attitudes
SB affective attitudes < SB subjective norms

SB affective attitudes « SB PBC

SB affective attitudes < SB habit

SB instrumental attitudes < SB subjective norms
SB instrumental attitudes < SB PBC

SB instrumental attitudes < SB habit

SB subjective norms < SB PBC

SB PBC « SB habit

SB subjective norms « SB habit

SB behavior < PA behavior

SB intention « SB habit

Indirect and total effects

SB affective attitudes — SB behavior

SB instrumental attitudes — SB intention -~ SB
behavior

SB subjective norms - SB intention -~ SB behavior
SB PBC - SB intention - SB behavior

SB PBC - SB behavior (total)

SB affective attitudes — PA behavior

SB instrumental attitudes — SB intention —» PA
behavior

Post.
Prior Mean

322 —.100
.083 297
.107 .036
434 .602
.303 187
- -.114
- .268
- .099
- —.269
.303 107
- —.163
- .262
- .053
- —.231

= 475
= 213
= .077
= —.080
= 276
= .077
= .029
= .102
= —.224
- .197
= .307
= =127

- .002
- .067

- —.003
- 130
- 359
- .001
- .038

Post.

SD

.071
.074
.062
.056
.089
.070
.090
.149
.194
.091
.072
.092
153
.200

.061
.053
.051
.053
.047
.051
.040
.067
.075
.068
.066
.052

.019
.029

.017
.044
.067
.012
.025

Unstandardized and standardized posterior parameter estimates with highest posterior density

.050 950
HPD HPD peqv.

—.241 .040 159
.156 446 <.001
—.084 159 .561
495 713 <.001
.010 357 .035
—.251 .025 .104
.087 .440 .003
-.193 391 .505
—.646 114 .166
—.069 .285 .243
-.302 —-.018 .024
.078 438 .005
—.254 .345 724
—.622 .160 .246

364 .602  <.001
.109 317 .000
—.026 174 128
—.188 .020 118

185 373 <.001
—.016 177 .106
—.047 122 475
—.031 .233 132

-.373 —.079 .002
.065 332 .004
.180 437 <.001

—-.230 —.028 .013

—.056 101 .189
.001 119 .035

—.018 .036 .576
.003 217 .035
241 518 <.001

—.041 .012 .362

—.020 .094 .243
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TABLE 2 (Continued)
Post. Post. .050 .950
Path Prior Mean SD HPD HPD peq.
SB subjective norms - SB intention — PA behavior - —-.002 .010 —.014 .025 .668
SB PBC - SB intention — PA behavior - 073  .044 —.039 176 243
SB PBC - PA behavior (total) - 312 .069 .186 464 <.001

Note: SB refers to sedentary behavior, PA refers to physical activity, and PBC refers to perceived behavioral control. All standard
deviations for prior means =1.661. p eqv. refers to the estimated equivalent p-value as determined by the proportion of iterations
in which the parameter estimate was in the same direction as the median parameter estimate.

DISCUSSION

To date, limited research has explored the psychological determinants of sedentary behavior and
physical activity within an office-based working population. The aim of the current study was
to assess the effects of a dual processing approach on limiting sedentary behavior and engaging
in physical activity within a sedentary population. The current study used the constructs of an
extended TPB to represent the reasoned pathway, with habit representing the automatic pathway.

Firstly, in line with previous research, it was hypothesized that instrumental attitude (H1a),
affective attitude (H1b), subjective norm (H1c), and perceived behavioral control (H1d) would
directly and positively predict intention to limit sedentary behavior. This hypothesis was partially
supported, with instrumental attitude and perceived behavioral control having a significant posi-
tive effect on intention to limit sedentary behavior. Contrary to predictions, affective attitude did
not have a significant influence on intention to limit sedentary behavior. A possible explanation for
the lack of effect of affective attitude might be related to the environment. Given participants were
asked to reflect upon their movement within their workday, participants may be more inclined to
think of their movements as purposeful, or task oriented, as opposed to being pleasurable. This
supports the qualitative findings of Edmunds et al. (2013) who explored participants’ attitudes and
beliefs towards physical activity within the workplace. Participants in their study discussed more
social physical activities as fun and enjoyable in comparison with physical activity completed as
a part of their workday. While it was expected from the TPB that subjective norm would have an
effect on intention to limit sedentary behavior, no effect was found in the current study. While
this is inconsistent with theory, findings of weak or null effects of subjective norm on inten-
tions to be active or sedentary are not uncommon (Conner et al., 2015; Phipps et al., 2021), and
recent meta-analyses have shown subjective norm to be the weakest construct within the theory
(McEachan et al., 2011). This suggests that within the context of physical activity and sedentary
behavior within the workplace, it appears that people do not rely on the approval or disapproval
to inform their behavior. Thus, in combination with previous findings (Hamilton et al., 2020;
McEachan et al., 2011; Prapavessis et al., 2015), the current findings add to debates as to whether
subjective norm is a useful construct in explaining active lifestyles (Rhodes & Nigg, 2011).

In following with the TPB and in support of our hypothesis, it was found that perceived behav-
ioral control had a direct and positive effect on limiting sedentary behavior (H2b) and engaging
in physical activity (H3b). These findings highlight the value of perceived behavioral control
based interventions within this population. Furthermore, it was hypothesized that intention to
limit sedentary behavior would directly and positively predict limiting sedentary behavior (H2a)
as well as directly and positively predict engaging in physical activity (H3a). In line with the TPB,
intention showed to have a significant effect on limiting sedentary behavior. However, intention
to limit sedentary behavior was found to have no effect on engaging in physical activity. A possi-
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ble explanation to these findings was presented by Webber et al. (2020), where they found that
participants were more inclined to discuss techniques relating to higher intensity physical activ-
ity, as opposed to engaging in light physical activity, as a way to break up their sedentary behavior.
Such findings suggest that when thinking about limiting sedentary behavior at the workplace,
people may not consider increasing their general movement to increase their overall physical
activity levels. This highlights the importance for educational programs to emphasize the bene-
fits of light physical activity and offer suggestions of activities that can be easily implemented
within the environment. Given the current study measured physical activity broadly, it explores
the transfer between sedentary behavior and physical activity. However future explorations of
this movement transfer hypotheses would benefit from focused assessments of specific move-
ment behaviors (i.e. standing, light physical activity, or moderate-to-vagarious physical activity).

Lastly, the current study sought to apply a dual process approach to understanding limiting
sedentary behavior during the workday among a sedentary population. As such, habit was used
to represent the automatic pathway within this model. It was hypothesized that habit to engage
in sedentary behavior would have a direct and negative effect on limiting sedentary behavior
(H4a) and engaging in physical activity (H4b). Although in the expected negative direction, the
relationship between sedentary behavior habits and limiting sedentary behavior was not signifi-
cantly different from zero. Furthermore, as expected, habit to engage in sedentary behavior had a
significant negative effect on engaging in physical activity. In other words, the stronger the habit
to be sedentary during the workday, the less time spent engaging in physical activity. Practical
implications of these findings suggest the potential efficacy of habit-based strategies for reducing
time spent being sedentary in the workplace, such as building pro-physical activity cues into
office layouts and environmental restructuring and architecture design that promotes physical
movement (Gardner et al., 2016; Spence et al., 2017).

Based on the current findings, it appears that within this population group there is a differ-
ing effect of attitude in comparison with previous literature (Lithopoulos et al., 2020). Previous
literature has shown support for affective attitude over instrumental attitude for behaviors relat-
ing to physical movement (French et al., 2005; Lowe et al., 2002; Magnan et al., 2013; Rhodes
et al., 2009). However, within the current study, instrumental attitude appeared to have an effect
over and above that of affective attitude, suggesting that office workers may be more inclined to
associate movement within the workplace as useful. A further exploration of the beliefs within
this population group is needed to gain a deeper understanding of the relationship between these
variables within this population. Furthermore, the current findings show support for habit to be
included in models predicting both limiting sedentary behavior and engaging in physical activity.
The current study provides valuable insight into how an extended TPB can be applied within this
population group and the effect of these constructs on sedentary behavior and physical activity.

Strengths, limitations, and future directions

The current study has several strengths including being one of the first investigations to include
a variety of workplace environments: commercial office, home office, and a combination of
both. The current paper controlled for effects based on these environments. Within a COVID-
19 society, it is important to consider the influence of different working environments on these
psychological constructs to broaden the generalizability towards flexible work arrangements.
Furthermore, the current study explored the effects of both affective and instrumental attitude
on sedentary behavior within this population and context. Given the current findings, it appears
that a difference exists between this population and the general population with regards to atti-
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tude towards limiting sedentary behavior and engaging in physical activity. As a substantial
portion of Western life is spent working (Australian Bureau of Statistics, 2020b), it is important
to understand how health behaviors can be targeted within a work context. The current study
offers a novel approach, by exploring varied work environments, to targeting the health behav-
iors of sedentary behavior and physical activity within a sedentary population. Based on these
strengths, the current study offers practical implications for individuals and organisations alike
who are aiming to decrease the amount of sedentary behavior or increase physical movement
performed during the workday. The current study highlights the importance of instrumental atti-
tudes towards promoting healthy activity levels in the workplace, a novel finding in comparison
with the relatively weak or null effects of instrumental attitudes on leisure time physical activity
(Conner et al., 2011; Phipps et al., 2021). Therefore, while previous evidence suggests messages
targeting mood and emotion-based benefits of activity may be most efficacious for promoting
greater physical activity, current findings suggest emphasizing the benefits and utility regarding
movement, such as increased productivity and reduced likelihood of adverse health outcomes,
may be more useful messaging strategies for decreasing sedentarism in office workers.

There are also study limitations that need to be considered when interpreting the results.
First, although participants self-reported as full-time office workers, a substantial proportion were
recruited from a University first-year participant pool, meaning that whilst working full time, partic-
ipants were also undertaking between one to four units of undergraduate studies. While under-
taking studies while working full time is not uncommon (Australian Bureau of Statistics, 2020a),
it is possible the recruited sample may differ from the general working population given the extra
commitment needed on university studies. Replication of the current study is recommended with
other sedentary populations, such as school or university aged people to understand whether the
current findings are generalizable or specific to office working population. Second, despite similar
measures having good evidence for their validity and have demonstrated good correspondence
with objective measures (Hamilton et al., 2012; Innerd et al., 2015), concerns around recall or
self-report bias remain. Future studies should aim to use objective measurements of behavior,
such as pedometers, accelerometers, and heart rate monitors. Third, the current study used a short
follow-up timeframe in attempt to account for recall bias related to the behavior of limiting seden-
tary behavior (Atkin et al., 2012; Marconcin et al., 2021; Pannucci & Wilkins, 2010; Tudor-Locke &
Myers, 2001). Future studies should endeavor to replicate current findings using longer follow-up
periods. Finally, it is important to note that these interpretations of results are based upon theoreti-
cal considerations (Ajzen, 1991; Brand & Ekkekakis, 2018; Strack & Deutsch, 2004), and assertions
of causality cannot be drawn. This is of particular note given there are also theoretical longitu-
dinal effects between the determinants of behavior, such as the effect of positive emotion and
habit development. Thus, research with experimental designs or longer time lags is also needed
to test causal relationships in the proposed model whilst also investigating the potential for more
complex, bidirectional and longitudinal effects. With these limitations in mind, caution around
interpreting the results need to be taken. Future research may seek to further investigate these
effects using longitudinal or experimental designs whilst taking into consideration potential
confounding factors of the current study (e.g. age, gender, working hours, and job nature).

CONCLUSIONS

The current study sought to understand the influence of an extended TPB that includes habit,
as well as the instrumental and affective components of an attitude, on reducing sedentary
behavior within the workplace environment. In line with the TPB, we found that instrumen-
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tal attitudes and perceived behavioral control directly influenced intention and that intention
and perceived behavioral control directly predicted limiting sedentary behavior. The current
study did not find support for affective attitudes and subjective norms influence on intention.
Furthermore, perceived behavioral control but not intention was found to predict engaging in
physical activity, with habit having a significant negative effect on engaging in physical activity.
These findings indicate that within this population and context, instrumental attitudes appear
to be more influential to these behaviors within an office working population. The current study
also highlights the need to explore the feasibility and barriers towards increasing movement
within the workplace to gain a deeper understanding of how health promotion campaigns can
be implemented within this population. In conclusion, the current study supports the notion for
using an extended TPB and including habit in in behavior change models targeting sedentary
behavior and physical activity.
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