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Objectives:  Many  schools  internationally  are  replacing  traditional  classrooms  (TC)  with  innovative  flexible
learning  spaces  (FLS)  to improve  academic  outcomes.  Via  a stealth  approach,  there  may  be  additional
unintended  health  benefits  if students  reduce  their  total  and  prolonged  sitting.  The  aim  of this  study  was
to compare  student  sitting  patterns  between  TC  and  FLS.
Design:  School-based  cross-over  trial.
Methods:  Students  at nine  secondary  schools  (n = 191,  M age = 13.2  ±  1.0  years)  wore  activPAL  accelerom-
eters  in  both  a traditionally  furnished  and  arranged  classroom  (TC),  and  a FLS  containing  a  variety  of
furniture  and  layout  options,  utilizing  student-centered  pedagogies,  for the  duration  of  one double  class-
room lesson  (M  =  76 min).  The  lesson  content  and  teacher  were  consistent  across  both  conditions.  Data
were  analyzed  using  multilevel  mixed-effects  linear  regression.
Results:  In  FLS,  students  spent  less  class  time  sitting  (mean  =  18%;  95%  CI: −20.8, −15.0),  and  accumulated
more  breaks  in  sitting  (2.1; 95% CI: 0.8,  3.5  per  60 min),  more  bouts  of  intermittent  (≤9  min)  sitting  (2.2;
95%  CI:  0.8, 3.6  per 60  min),  and  fewer  bouts  of  prolonged  (≤30  min)  sitting  (−0.2;  95%  CI:  −0.3,  −0.1  per
60  min),  than  in  TC.  Students  also  spent  more  class  time  standing  (15%;  95%  CI:  12.7,  18.0)  and  stepping

(3%;  95%  CI:  2.0, 3.1)  in  FLS  than  TC.
Conclusion:  The  results  suggest  that,  by stealth,  elements  of  FLS including  a variety  of  furniture  and
resources,  and  greater  use  of student-centered  pedagogies,  facilitate  improvements  in adolescents’  seden-
tary profiles  during  class  time.  This  may  translate  into  beneficial  health  impacts  over  a longer  period  given
the  health  benefits  of reducing  total  and  breaking  up prolonged  sitting.

©  2019 Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ractical implications

Total and prolonged sitting was significantly reduced in flexible
learning spaces.
Students accumulated more bouts of intermittent sitting and
more breaks in sitting.
The effect of flexible learning spaces on sitting was larger for
females.
The affordances of flexible learning spaces can enhance student
sedentary profiles.

. Introduction
International Guidelines1–3 for young people recommend lim-
ting sedentary time and breaking up prolonged sitting frequently,
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E-mail address: kathkar@uow.edu.au (K.E. Kariippanon).
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440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
yet prevalence data stands in contrast to these recommendations.
By mid-adolescence, students sit for up to 70% of the school day,4

and spend significantly more time sitting for bouts longer than
30 min. during school hours, compared with non-school hours.5

Young people who  are sedentary for prolonged periods may  have
poorer physical, mental, social and academic profiles.6,7 Reduced
school-day sitting enhances cognitive function,8 and breaking-
up sitting improves cardio-metabolic health, reducing the risk of
metabolic syndrome and type 2 diabetes.9

The layout and furniture typically available in Traditional
Classrooms (TC), coupled with pedagogical approaches that have
historically been teacher-led and didactic in nature, leave students
with limited options other than to sit for the majority of class time
across the school day.10 However, due to the modifiable nature
of the learning environment, schools are increasingly being rec-

ognized as a setting in which this trend in sedentary behavior
can be disrupted.11 Physical Activity Design Guidelines for School
Architecture12 now recommend learning spaces that provide room

d.
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Fig. 1a. A tra

or movement, a flexible layout, adjustable furniture and that pro-
ote student choice.
Two approaches to reducing in-class sedentary behavior are

urrently in vogue. One is trialing the use of standing desks, with
tudies reporting mixed results and limited evidence available in
he secondary school setting.4,13 Another is the integration of activ-
ty breaks into lessons; however, such interventions have shown
ittle success among the adolescent population.14 This may  be
ttributed to the absence of an ecological approach, with inter-
entions failing to address the broader school environment at a
hysical, social and institutional level.14 Investigating the nexus
etween the built learning environment, pedagogy, and seden-
ary behavior, particularly in secondary schools is in its infancy,15

lthough recognition of the role of pedagogical approaches used in
lassrooms and the influence they exert on students’ use of furni-
ure and movement during class time, is increasing.16

To better meet the needs of 21st-century learners, schools
nternationally, and many in Australia are adapting their teach-
ng practices and modifying the built classroom environment,
nto ‘flexible learning spaces’ (FLS).17 These spaces contain a
ariety of furniture options in a relatively open space, which
an be configured in different ways. The teaching approaches
n this setting are increasingly student-centered, prioritizing col-
aboration, and engaging students as co-creators of the learning
xperience.18 Flexible learning spaces are environments character-
zed by flexibility in both form and function, from a physical and
edagogical perspective.19 This shift in how learning environments
re designed and the teaching and learning that occurs within

hem, raises questions around the flow-on effect these spaces may
ave on in-class sedentary behaviour and movement. Adolescents
aught in FLS have reported opportunities for increased autonomy
o change posture frequently and move around the space.16 How-
al classroom.

ever, it is not known if this results in less total and prolonged sitting.
The aim of this study was to objectively measure and compare ado-
lescent sitting patterns between TC and FLS. It was hypothesised
that adolescent students in flexible learning spaces would demon-
strate, (i) reduced overall sitting time, (ii) a decrease in longer bouts
of sitting, (iii) more overall breaks in sitting, and (iv) an overall
increase in standing and stepping throughout the lesson.

2. Methods

The protocol was approved by the University of Wollongong’s
Human Ethics Research Committee (HE16/021) and the New South
Wales (NSW) State Education Research Applications Process. The
reporting of this paper followed the STROBE statement.20

This was a school-based cross-over trial. Grade 7–9 classes from
12 public schools in NSW, Australia were invited to participate.
Informed parental consent was  obtained and information collected
on the students’ age, sex, cultural background and postcode of res-
idence, to determine socioeconomic status.

2.1. Traditional classrooms — built environment

Traditional classrooms were a standard single classroom
(M = 50 m2), typically contained a desk and chair for each student,
arranged in rows or a u-shape facing the front. Students chose their
seat upon entering the room and generally remained there during
the lesson (Fig. 1a).
2.2. Traditional classrooms — pedagogical approach

The teaching style was  primarily teacher-led. Students gener-
ally worked individually on set tasks and received frequent input
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Fig. 1b. A flex

nd additional instruction from the teacher. Students had limited
easons or options to stand or move around throughout the lesson.

.3. Flexible learning spaces — built environment

Flexible learning spaces were a combination of standard- and
ouble-sized classrooms (M = 83 m2) and incorporated a range of
urniture such as grouped tables, standing workstations, ottomans,
ouches, and write-able tables and walls. The majority of FLS lacked

 distinct front of the classroom, with resources including smart-
oards and whiteboard walls available around the room (Fig. 1b).

.4. Flexible learning space — pedagogical approach

The teaching approach in the flexible learning spaces was
tudent-centered and group-work focused. Students were given
nstructions from the teacher regarding the lesson plan and objec-
ives at the commencement of the class, and further guidance
hroughout the lesson. In addition students were also afforded
onsiderable freedom to choose how to go about their learning.
ogether with the furniture available, this teaching approach cre-
ted opportunities and incentives for students to move throughout
he lesson.

ActivPALTM (PAL Technologies Limited, Glasgow, UK)
ccelerometers were used to assess time spent in different
ostures (sitting, standing and stepping), the length of sitting
outs, and number of breaks in sitting. The activPAL is a reliable
nd valid instrument that objectively captures adolescent’s sitting,
tanding and stepping activities, as total time for each posture, and
an assess bouts of sitting.21

Students were observed in both a TC and on another day a
LS, for the duration of two consecutive lessons on each occasion
M = 76 min). Participating teachers were aware that the ActivPAL
ccelerometer measured sitting, standing and stepping however
he hypothesis of the study was not discussed with them. ActivPALs
ere secured to the upper thigh using medical adhesive tape and
orn for the entire lesson in both conditions. Students undertook

heir lesson as usual. Teachers taught in a manner typical of how

hey would normally conduct their lessons in the respective learn-
ng spaces. Subject included English, mathematics, geography, and
istory. Data collection in each school took place within 1–2 weeks,
etween 2016 and 2017, and the lesson content and teacher were
arning space.

consistent across both conditions. Schools determined which con-
dition was assessed first. Participating students and teachers had
all spent significant time teaching and learning in both traditional
classrooms and their school’s flexible learning space and quickly
adjusted to the distinct ways of working in the two  different envi-
ronments.

ActivPAL data were downloaded using associated software (Ver-
sion 7.2.32). Event files were reduced using a customized Excel
macro to calculate each participant’s time spent sitting, standing,
and stepping, the number of breaks in sitting (i.e. postural transi-
tions from sitting to another posture), and the number of bouts of
sitting for the following categories: ≤9 min, 10–19 min, 20–29 min,
and ≥30 min.

Analyses were conducted in STATA (Version 13). To account
for any differences in activPAL wear-time, outcome variables were
calculated as a percentage of class time or min/hr. Multilevel
mixed-effects linear regression was  used to determine differ-
ences in sitting, standing and stepping, bouts and breaks in sitting
between TC and FLS. Models tested within-child differences and
adjusted for classroom size. To account for clustering schools were
included as a random effect in the model. Sex interactions were
used to test effect differences between conditions. To demonstrate
the magnitude of the difference between conditions, standardized
effect sizes (Cohen’s d) were calculated, based on adjusted means
and standard deviations using traditional classroom values as the
denominator.22 Effect sizes of approximately 0.2, 0.5 and 0.8 were
considered small, medium and large respectively.22

3. Results

Nine schools participated in the study and of 243 students
invited, 203 consented (83%). Twelve participants were absent for
both conditions, therefore valid data were obtained for 191 stu-
dents (94%) in at least one condition. Complete cases were available
for 171 students. In the TC condition, after accounting for absen-
teeism (n = 10), activPAL malfunction (n = 6), and download error
(n = 4); data were obtained from 171 students. In the FLS condition
after accounting for absenteeism (n = 13) and activPAL malfunction

(n = 1); data were obtained from 177 students. The analytical sam-
ple included 191 students, and contained a relatively even spread
of female and male participants from a range of socio-economic,
cultural and ethnic backgrounds.
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Table  1
Changes in posture and sitting bouts and breaks, between traditional classrooms and flexible learning spaces.

Outcome variable Traditional classroom Flexible learning space Mean difference in
change between spaces

Effect size p-Value

(M,  95% CI)  (M, 95% CI) (M, 95% CI)  (Cohen’s D)
(n = 171) (n = 177)

Posture
Sitting (%) 93.42 (89.95, 96.89) 75.51 (72.07, 78.96) −17.90 (−20.79, −15.02) −1.47 0.001
Standing (%) 5.00 (2.03, 7.98) 20.36 (17.40, 23.32) 15.36 (12.68, 18.03) 1.37 0.001
Stepping (%) 1.58 (0.78, 2.37) 4.13 (3.33, 4.92) 2.55 (2.02, 3.07) 0.99 0.001

Number of bouts/breaks in sitting
≤9 min  bouts (perhour) 6.86 (5.21, 8.51) 9.05 (7.42, 10.69) 2.20 (0.78, 3.60) 0.32 0.002
10–19  min  bouts (perhour) 0.66 (0.46, 0.85) 0.81 (0.62, 0.99) 0.15 (−0.04, 0.34) 0.23 0.118
20–29  min  bouts (perhour) 0.24 (0.14, 0.34) 0.23 (0.13, 0.33) 0.01 (−0.11, 0.09) −0.04 0.860
≤30  min  (perhour) 0.31 (0.23, 0.40) 0.11 (0.03, 0.19) −0.20 (−0.29, −0.12) −0.65 0.001
Breaks in sitting (perhour) 8.07 (6.45, 9.68) 10.20 (8.59, 11.80) 2.13 (0.75, 3.51) 0.26 0.003

Note: M = mean; CI = confidence interval. Models were adjusted for clustering and space size. Boldface indicates statistical significance (p < 0.05).

Table  2
Changes in sitting and standing by sex between traditional classrooms and flexible learning spaces.

Outcome variable Sex Traditional
classroom

Flexible learning
space

Difference in change
between spaces

Mean difference in
change between sexes

Effect size p-Value

(M,  95% CI)  (M,  95% CI) (M,  95% CI) (95% CI)  female vs male (Cohen’s D)

Sitting % Female 94.66 (90.81, 98.51) 74.57 (70.74, 78.40) −20.09 (−23.46, −16.72) −5.96 (-10.56, −1.36)
−1.74 0.011

Sitting % Male 91.35 (87.59, 95.11) 77.22 (73.51, 80.94) −14.13 (17.26, −10.99) −1.13
17.
10.
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Standing % Female 4.15 (0.73, 7.58) 21.16 (17.76, 24.57) 

Standing % Male 7.63 (4.29, 10.97) 17.88 (14.59, 21.17) 

ote: M = mean; CI = confidence interval. Models were adjusted for clustering and s

Table 1 shows mean total sitting, standing and stepping as a
roportion of lesson time. A significant difference was found in the
verall proportion of class time students spent sitting, standing and
tepping between the two conditions (all p < 0.001). Compared to
C, students spent 18% (95% CI: −20.8, −15.0) less class time sitting
n FLS, which was a large effect and equivalent to 11 min  per 60 min
f class time. Students also spent 15% (95% CI: 12.7, 18.0) more
lass time standing in FLS compared to TC, which was  a large effect
nd equivalent to 9 min  per 60 min  of class time. Compared to TC,
tudents spent 3% (95% CI: 2.0, 3.1) more class time stepping in FLS,
hich was also a large effect and equivalent to 2 min  per 60 min  of

lass time.
Students accumulated more ≤9 min  bouts (2.2; 95% CI: 0.8,

.6 per 60 min) and fewer ≥30 min  (−0.2; 95% CI: −0.3, −0.1
er 60 min) bouts of sitting in FLS than in TC. These differ-
nces reflected statistically significant, small and moderate effects,
espectively. Differences in bouts of sitting for 10–19 min  and
0–30 min  between conditions were not significant. Students accu-
ulated more breaks in sitting in FLS compared to TC (2.1; 95% CI:

.8, 3.5 per 60 min), which was a statistically significant, small effect
Table 1).

There were significant sex interactions for sitting (p = 0.011)
nd standing (p = 0.002) time. Differences between conditions were
arger among females than among males (Table 2). Compared to TC,

ales in the FLS spent less class time sitting (−14.1%; 95% CI: −17.3,
11.0) and more class time standing (10.3%; 95% CI: 7.3, 13.2),
quating to 8 min  and 6 min  per 60 min  of class time, respectively.
hese differences resulted in small effects. However, in the FLS,
emales spent even less class time sitting (−20.1%; 95% CI: −23.5,
16.7) and even more class time standing (17.01%, 95% CI: 13.9,
0.2) compared to TC, equating to 12 min  and 10 min  per 60 min  of
lass time, respectively. These differences resulted in large effects.

. Discussion
Large effects were found between flexible learning spaces and tra-
itional classrooms in the proportion of class time spent in each
osture. Students sat significantly less in FLS, interrupted their sit-
01 (13.86, 20.17)
6.76 (2.46, 11.07)

1.61 0.002
25 (7.31, 13.19) 0.89

ize. Boldface indicates statistical significance (p < 0.05).

ting more frequently, had fewer bouts of prolonged sitting and
stood and moved significantly more, relative to TC. These out-
comes show that modifications to the built learning environment
of secondary school classrooms, coupled with student-centered
pedagogy, positively effects the time adolescents spend sitting dur-
ing class time and change how sedentary behavior is accrued.
The greater frequency of short ≤9 min  bouts of sitting, and
breaks in sitting, and the smaller frequency of long bouts of sit-
ting for ≥30 min  show that FLS can assist adolescents to meet
sedentary guidelines that advocate for a reduction in prolonged
sitting.

To our knowledge, this is the first study investigating the effect
of secondary school FLS on total and prolonged sitting. Although
classroom standing desks have shown some promising results in
the primary school setting, research examining the impact of stand-
ing desks on sitting time in secondary schools is lacking.13 Previous
research among young adolescents reported that this furniture
modification can reduce sitting by ∼36 min  across a 6-h school
day.23 The 11 min/h lower level of sitting in FLS compared to TC
observed in this study suggests that if students spend 4–5 h per
school day in FLS, this would equate to a ∼45–55 min  reduction
in sitting during school hours. Other approaches to reducing ado-
lescent classroom sitting such as activity breaks, show small or no
effects.24 Further, they rely on the motivation of individual teachers
to incorporate additional activities into their lessons which raises
questions about long-term sustainability.

Both females and males sat significantly less in FLS, however,
the effects were larger for females. Longitudinal studies have found
that sedentary behavior begins to increase from the age of school
entry25 and that this trend continues with age,26 with a ∼10–20 min
per day per year increase in sitting reported, as students transition
to secondary school.27 In addition, females become increasingly
more sedentary than males during early adolescence.28 It is there-
fore particularly noteworthy that the beneficial effects on sitting

and standing between spaces were larger in females than males.
Further, sedentary behavior during adolescence predominantly
replaces light-intensity physical activity.25 As such, some of the
light-intensity physical activity being lost throughout the day
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uring adolescence could potentially be maintained through the
mplementation of FLS, particularly for females.

In adults prolonged sitting time has been associated with
remature cardiovascular and all-cause mortality, independent
f physical activity.29 Frequent interruptions in sedentary time,
ndependent of the mean intensity of such breaks in sitting, are
eneficially associated with metabolic risk factors particularly adi-
osity measures, triglycerides, and 2-h plasma glucose.30 Further,
egularly breaking up prolonged sitting with short bouts of activity
<2 min) was found to be more effective in lowering postprandial
lucose and insulin concentrations than single continuous bouts
30 min) of physical activity.31 In adolescent populations, acute
xperimental research has also shown cardio-metabolic benefits
f frequent interruptions to sitting.9,32 With the greater frequency
f breaks in sitting found in FLS compared to TC, this study shows
hat the affordances of secondary school FLS can facilitate frequent
nterruptions in sedentary time, and accommodate short bouts of
ow-intensity physical activity (e.g. walking around the space or
tanding at a white board wall), thus maximizing potential health
ains, through the effect on cardio-metabolic biomarkers.33,34

Environmental psychology underpins the notion that human
ehavior and the built environment are closely interrelated
nd that physical and social environments are intrinsically
nterlinked.35 FLS allow students to capitalize on opportunities to
reak up sitting by increasing the variety of furniture and resources
o include standing workstations, group tables, writeable walls, and
tructuring lessons that facilitate student autonomy and engage-
ent with the space and its users. A key element that differentiates

LS from TC is that teachers actively relinquish their control over
here and how students work.16 This democratization of space

chieved by de-emphasizing hierarchy36 enables students to cap-
talize on the affordances of the physical environment to break up
rolonged sitting and move more throughout the classroom.

A strength that differentiates this novel approach is that the
ndings were not the result of an intervention introduced to
chools for a limited duration, that relied on the motivation of
ndividual teachers to incorporate standing desks or physical activ-
ty breaks for a health gain. Instead this was an investigation of
chool-led changes to both the physical and pedagogical learn-
ng environment. FLS are thus scalable and sustainable because
n contrast to a typical health research intervention where long-
erm ‘buy-in’ is required from participants, schools and teachers
re already making these changes to their learning environments
ecause of anticipated educational benefits. With the significant
unding available for refurbishments and the professional develop-

ent opportunities being offered, flexible learning environments
re likely to become the standard approach.

The comprehensive nature of this approach, which addresses
ultiple levels of the school ecology, beyond replacing tradi-

ional desks with stand-biased furniture, is a further strength. As
ore schools receive the financial and professional development

upport offered by Departments of Education for the implemen-
ation of FLS, the findings are likely to be replicated in increasing
umbers of schools. In addition, the effects may  be even greater
ince participating schools had made changes without significant
upport and consequently, the benefits may  not have been max-
mized. Further, the potential advantages of FLS extend beyond
educing sitting, to include learning benefits, as they facilitate
ncreased engagement, collaboration, and interaction.16 As such
he benefits of reduced sitting in FLS are obtained by stealth, as

 side benefit to quality learning environments;37 the primary rea-
ons schools are implementing them. This effectively results in
 “win–win” situation where schools obtain the outcomes they
re pursuing and as an unintended consequence, there are cardio-
etabolic health benefits to be gained from interrupting prolonged

itting.9

1
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A limitation of this study is that the activPAL wear time was
restricted to the duration of a double lesson in both conditions,
because secondary school students in Australia move between
several different faculty specific classrooms throughout the day.
Since the objective was to measure in-class sedentary behav-
ior and movement within particular learning environments, this
study design was  considered most practical. However, because this
study design was not the gold standard for extablishing cause and
effect, further experimental research such as randomized trials are
needed, to examine the effects of habitual sitting over longer time
frames in FLS.

5. Conclusion

The results show that by stealth, elements of FLS including the
incorporation of a variety of furniture and resources, accompa-
nied by greater use of student-centered pedagogies, can facilitate
significant improvement in adolescents’ sedentary behaviour pro-
files during class time. This may  translate into beneficial health
impacts over a longer period given the health benefits of breaking
up prolonged sitting. Further research is required to unpack how
to leverage the opportunities created by FLS to ensure that deci-
sion making around the design and fit-out of school refurbishments
and new builds, and pedagogical approaches used; maximize the
potential health gains that can be obtained from these innovative
learning environments.
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