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Abstract

Traditional classroom chairs are often rigid and inflexible, resulting in uncomfortable static
sitting. Conversely, Dynamic chairs are designed to promote healthy movement and comfort, which
is hypothesised to improve student engagement, reduce disruptive behaviour, and, in turn, improve
academic achievement. Currently, there is a lack of research into the effects of dynamic chairs on
student learning compared to regular classroom chairs. This thesis comprises a series of studies that
investigate the effect that BodyfurnFlex chairs, a new type of dynamic chair, had on the behaviour,
movement, achievement, and perceptions of students in comparison to traditional classroom chairs.

In Study 1, we used a multiple baseline ABAB reversal design to investigate the effect that
BodyfurnFlex chairs had on students’ behaviour and movement in comparison to regular classroom
chairs. Additionally, a survey was used to assess students' perceptions of the chairs, while classroom
environmental conditions were monitored as potential confounding variables. The results showed
that BodyfurnFlex chairs significantly increased students’ on-task behaviour and reduced disruptive
behaviours, including chair tipping and out-of-seat behaviour. Meanwhile, both in-chair movement
and overall movement in the classroom increased when students were seated in BodyfurnFlex
chairs. The majority of participants preferred BodyfurnFlex chairs, finding them more comfortable
and believing they made it easier to complete their schoolwork. The environmental conditions in the
classroom remained within the recommended levels throughout data collection, indicating they
were not confounding variables in this study.

In Study 2, we conducted a detailed analysis of the movement and environmental data
collected in Study 1. This included analysing different aspects of the in-chair movement data,
including displacement, acceleration, and rotation. Additionally, we examined whether BodyfurnFlex
chairs could influence noise levels in classrooms and explored possible connections between
movement, environmental, noise, and behavioural variables. The results showed that both in-chair
displacement and acceleration significantly increased when students sat in BodyfurnFlex chairs.

However, displacement was not associated with students’ behaviour; acceleration was, suggesting



that student behaviour is not related to how much students move but rather how consistently they
move. Noise levels in the classroom had a significant negative correlation with on-task behaviour
and decreased when students sat in BodyfurnFlex chairs. All environmental variables (CO,,
temperature, and humidity) showed small, non-significant correlations with all other variables,
indicating that they were not confounding factors.

In Study 3, we investigated the effect of BodyfurnFlex chairs on students' academic
achievement across multiple mathematics assessments using a pre-post intervention between-
groups design. Additionally, focus group discussions were conducted to gain greater insight into
teachers' and students’ perceptions of the chairs. The results showed no significant difference in test
grades between students who used the BodyfurnFlex chairs and those who used regular chairs.
However, several limitations around the results, including the testing/grading system and design, are
discussed. Students reported far greater satisfaction with BodyfurnFlex chairs compared to the
regular chairs, stating that they were more comfortable, functional, aided their ability to do their

schoolwork, and felt they had a positive effect on their test results.
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Preface

This thesis is presented as a PhD with a publication, written from a behaviour analytic
perspective. It begins with a brief Introduction chapter that outlines the main concepts and provides
justification for the research. This is followed by a Literature Review that offers an in-depth
explanation of these concepts, situating them within the broader body of research. The main body of
the thesis consists of three studies, each presented as an independent, stand-alone paper, some of
which have been submitted for publication. The thesis concludes with a General Discussion chapter
that synthesises the key findings from the studies, interpreting them within the existing literature.

Due to its structure, there is some repetition of content across sections.
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Chapter 1: Introduction

Academic achievement is often regarded as a key indicator of students' success in their
educational journey. However, its significance extends beyond the classroom, as it also plays a
crucial role in shaping an individual's future quality of life (Edgerton et al., 2012; Starr et al., 2024).
However, according to a recent OECD report, academic achievement in New Zealand has been
steadily declining over the past two decades (OECD, 2024). Between 2009 and 2022, New Zealand'’s
average score in the OECD Program for International Student Assessment (PISA) test declined by the
equivalent of two years of education in mathematics, 18 months in science, and one year in reading
(OECD, 2024).

A key factor that appears to be a significant contributor towards poor achievement in New
Zealand is the environmental conditions in the classrooms. When outside of the recommended
levels, carbon dioxide (CO2), temperature, and humidity can all have a significant negative impact on
student achievement (Haverinen-Shaughnessy & Shaughnessy, 2015; Liu et al., 2021). Despite the
Ministry of Education having strict guidelines around the environmental conditions in learning
spaces, many New Zealand classrooms fail to meet these standards (Building Research Association of
New Zealand, 2019a, 2019b), indicating that the achievement of these students is likely to suffer.

Another factor that can significantly influence academic achievement is student behaviour
(Blank & Shavit, 2016; Flores-Mendoza et al., 2013; Wong et al., 2024). According to the Education
Review Office, poor student behaviour, including disruptive behaviour and lack of student
engagement, is a major factor contributing to low achievement in New Zealand schools (Education
Review Office, 2024). The report revealed that over the last 20 years, New Zealand classrooms have
consistently had worse behaviour compared to most other OECD nations, including the worst among
all countries in maths classes. To tackle the issue of poor behaviour, the Education Review Office
emphasised the importance of schools adopting interventions/strategies that address the underlying
causes of poor behaviour, rather than just addressing the behaviour itself (Education Review Office,

2024).



One potential solution to improving student behaviour is through classroom seating.
Regular/standard classroom chairs are typically monobloc (single-piece) plastic chairs that are rigid
and inflexible, resulting in static sitting (i.e., sitting in the same position without moving). Prolonged
static sitting can cause pain/discomfort (Caromano et al., 2015; Waongenngarm et al., 2015), which
can lead to decreased engagement (Aga, 2024; Hanaysha et al., 2023; Scott-Webber et al., 2018),
and students engaging in disruptive behaviours like fidgeting, out-of-seat behaviour and chair
tipping, in an effort to relieve discomfort (Knight & Noyes, 1999; Morishima et al., 2016). The current
literature suggests that, in addition to having a negative effect on student engagement, static sitting
may be a motivating operation, an environmental factor that increases the likelihood of a specific
behaviour occurring (Cooper, Heron, & Heward, 2020), for engaging in disruptive behaviours such as
chair tipping and out-of-seat behaviour.

Unlike regular classroom chairs, dynamic chairs are designed to be flexible and promote
movement through active sitting (i.e., consistent movement through postural changes). Dynamic
chairs have been shown to significantly increase the movement of occupants compared to regular
(non-dynamic) chairs (Grooten et al., 2017; Niesch et al., 2018; Tanoue et al., 2016) and reduce
pain/discomfort (Cardenas et al., 2024; Frey et al., 2021; Garcia et al., 2016). These findings suggest
that dynamic chairs could be an effective intervention for improving student engagement by
reducing uncomfortable static sitting, thereby removing the motivating operation for students to
engage in disruptive behaviours such as chair tipping and out-of-seat behaviour.

Although the current literature suggests that dynamic chairs can enhance student behaviour
and, in turn, achievement, this is not yet supported by empirical evidence, as there is a lack of
research examining the impact of dynamic chairs on students’ behaviour and outcomes (Rollo et al.,
2019). Despite the lack of evidence, many schools are transitioning from traditional classroom chairs
and investing in more expensive dynamic chairs and other flexible seating options under the belief
that they can enhance students’ learning (Anderson & Hartley, 2018; Attai et al., 2021; Cole et al.,

2021; Putman et al., 2024). To address this gap in the literature, robust evidence is needed to



demonstrate that dynamic chairs are an effective intervention for improving student behaviour and

achievement, and that they are a worthwhile investment for schools.



Chapter 2: Literature Review
Academic Achievement

Academic achievement, also known as academic performance, refers to outcomes that
indicate the extent to which a person has accomplished academic goals/success, and is typically
measured either by educational attainment (i.e., completion of a degree or qualification) or by test
scores/grades (Nystrom et al., 2019; Steinmayr et al., 2014; Wong et al., 2024). Academic
achievement can have a significant positive effect on an individual's future quality of life, including
with better mental and physical health (Kosik et al., 2018; Lé-Scherban et al., 2014; Raghupathi &
Raghupathi, 2020), increased life satisfaction (Lettau, 2021; Ng et al., 2015), improved well-being
(Nordlander & Stensoéta, 2014), higher income (Hahn & Chattopadhyay, 2019; Lallukka et al., 2019),
greater self-esteem (Metsapelto et al., 2020), and increased life expectancy (Kaplan et al., 2014;
Raghupathi & Raghupathi, 2020). Better academic achievement also has several important societal
benefits, including improved economic growth (Heller-Sahlgren & Jordahl, 2024; Woesserman,
2016), greater civic engagement (An et al., 2024; Belete, 2024), and lower crime rates (Lankester et
al., 2025; Machin et al., 2011; Martins et al., 2022).

Academic achievement is influenced by a wide range of factors, both individual/personal
and external/environmental (Costa et al., 2024; Nunes et al., 2023). Some of the most important
personal variables include intelligence (Lozano-Blasco et al., 2022; Roth et al., 2015), personality type
(Mammaddov, 2022; Meyer et al., 2023), attitude (Mao et al., 2022; Solpuk, 2017), motivation (Amrai
et al., 2011; Kriegbaum et al., 2021), self-efficacy (Hwang et al., 2016; Motalgh et al., 2011), and
study habits (Elango & Manimozhi, 2021; Walck-Shannon et al., 2021). While these individual
variables are crucial in determining a student’s academic success, they can be difficult to change.
However, there are many external variables that share a significant association with academic
achievement and can be influenced, including teachers (Lopez-Martin et al., 2022), parental
involvement (Castro et al., 2015; Otani et al., 2020), the school and classroom climate (Dulay &

Karadag, 2017; Erdem & Kaya, 2024), socio-economic status (SES) (Liu et al., 2022; Selvitopu &



Kaya,2023), and the physical learning environment (Barrett et al., 2015; Cheryan et al., 2014; Opio et
al., 2024). There are a number of aspects within the physical learning environment that have been
shown to have a significant impact on the achievement of students, including the classroom design
(Imms & Byers, 2017; Byers et al., 2018), lighting (Heschong et al., 2002; Mogas-Recalde & Palau,
2021), noise (Brill & Wang, 2021; Shield & Dockrell, 2008), and the environmental conditions
including CO,, temperature, and humidity (Haverinen-Shaughnessy & Shaughnessy, 2015; Liu et al.,
2021).

Environmental Variables in the Classroom

CO; is a colourless, odourless gas found in our atmosphere. When we exhale, we release CO,
into the surrounding air. As a result, indoor spaces with large numbers of people, such as
classrooms, often exhibit elevated levels of CO, (Lopez et al., 2023). CO; can significantly affect the
learning environment and has been shown to decrease students' attention and cognitive function
(Coley et al., 2007; Fan et al., 2023; Sidorn, 2015; Tu et al., 2021; Woo et al., 2022). According to
Coley et al. (2007), in classrooms with high CO; levels, students are likely to be less attentive and
struggle to focus on the teacher, with this decline in concentration comparable to the effect of
skipping breakfast (Coley et al., 2007). Unsurprisingly, CO, has a significant negative association with
students' academic performance (Haverinen-Shaughnessy & Shaughnessy, 2015; Haverinen-
Shaughnessy et al., 2011; Wargocki et al., 2020). Additionally, CO; is linked to various negative
health and social issues, including headaches, fatigue, agitation, feelings of depression, and lower
attendance (Bogdanovica et al., 2020; Carrer et al., 2015; Gaihre et al., 2014; Setimo et al., 2024; Tu
et al.,, 2021).

Classroom temperature also affects students’ learning, with temperatures outside the range
of 18-25 °C shown to significantly impair cognitive performance (Lan et al., 2022; Yeganeh et al.,
2018), attention (Aydin & Goktas, 2023; Yeganeh et al., 2018), and academic outcomes (Cho, 2017;
Haverinen-Shaughnessy & Shaughnessy, 2015; Wargocki et al., 2019). Additionally, low indoor

temperatures significantly increase the risk of catching viruses and developing respiratory infections



(Jaakkola et al., 2014; Makinen et al., 2009), while higher temperatures are linked to fatigue,
dizziness, headaches, nausea, and sleepiness (Bidassey-Manilal et al., 2025; Lala & Hagishima, 2023;
Tu et al., 2021).

Humidity is the measure of moisture (water vapour) present in the air. The amount of water
vapour that can be held in the air without condensation (i.e., turning to water) is dependent on the
air temperature. As the temperature rises, the amount of moisture that can be in the air increases.
Humidity is typically expressed as relative humidity, which refers to the percentage of water vapour
in the air compared to the maximum amount of vapour that could exist at the current temperature.
Both low and high humidity have been shown to significantly increase the risk of illness, including
respiratory infections, asthma symptoms, and allergies (Angelon-Gaetz et al., 2016; Jaakkola et al.,
2014; Makinen et al., 2009; Toyran et al., 2020). Humidity has also been shown to affect memory,
cognitive performance, fatigue, attention, and academic performance (Liu et al., 2021; Qiu et al.,
2021; Sarbu & Pacurar, 2015; Tian et al., 2021).

The Ministry of Education has strict guidelines regarding the environmental conditions in
New Zealand classrooms to guarantee they are suitable for students' learning and health (Ministry of
Education, 2022). The recommended daily average CO, concentration in learning spaces is greater
than 800 ppm (parts per million); however, it is compulsory that the daily average does not exceed
1,250 ppm. Furthermore, CO, concentration must never surpass 2000 ppm at any time during the
day. Classroom temperature should be maintained between 18-25 °C, while the relative humidity
must always be within 35-70% (Ministry of Education, 2022).

Despite strict guidelines, research shows many New Zealand classrooms do not meet the
required standards for learning environments (Building Research Association of New Zealand, 20193,
2019b). The Building Research Association of New Zealand (BRANZ) carried out a study on indoor air
quality in classrooms across New Zealand, including Auckland, Wellington, Christchurch, Dunedin,
and the Hawke's Bay region. Findings indicated that CO, levels in numerous classrooms significantly

exceeded acceptable limits, with one Christchurch classroom recording average CO, levels of 2000—



3000 ppm over an entire week. Another classroom experienced levels above 2000 ppm for most of
the year, reaching up to 3,800 ppm, more than three times the daily average limit. In Hawke’s Bay
and Dunedin, students faced temperatures below 16°C for extended periods, whereas a
Christchurch classroom frequently recorded temperatures above 28°C (Building Research
Association of New Zealand, 2019a, 2019b). The study also found that the weekly average humidity
in one Christchurch classroom was 81%. Additionally, some Hawke’s Bay classrooms had humidity
levels often exceeding 70%, with one reaching 86%.

The findings of the Building Research Association of New Zealand (2019a, 2019b) indicate
that many students in New Zealand are not receiving the quality of learning spaces that the Ministry
of Education requires. As a result, the learning and health of many students in New Zealand are likely
to suffer. It appears there is a need for tools/equipment that can accurately measure environmental
variables and assess the quality of learning spaces, to identify which spaces require interventions
(e.g., ventilation, air conditioning). Furthermore, despite extensive research into the effects of CO,,
temperature, and humidity on students’ attention, cognitive performance, and academic
achievement, there is limited research on how these variables influence students’ on-task behaviour,
disruptive behaviour, and movement, highlighting a need to examine these relationships.

Noise in the Classroom

Another key factor that can significantly impact academic achievement is classroom noise
(Buchari & Matondang, 2017; Caviola et al., 2021; Fernandes et al., 2019; Shield & Dockrell, 2008).
In addition to negatively affecting their achievement, noisy classroom environments can harm the
well-being of students (Astolfi et al., 2023; Mealings & Bucholz, 2025) and teachers (Kristiansen et
al., 2011; Mealings et al., 2024). One study found that students reported classroom noise made it
difficult to hear the teacher, ask questions, and focus, and caused them to feel stressed,
uncomfortable, angry, dizzy, and less enthusiastic about attending class (Buchari & Matondang,
2017). Noise in the classroom can originate from a wide range of sources, including both

environmental (e.g., traffic, air conditioning, electrical noise or humming, weather) and behavioural



(e.g., students talking) factors (Algahtani et al., 2023; Rantala et al., 2015). Behavioural noise in the
classroom is often seen as a sign of disruptive behaviour (Douglas et al., 2016; Olota, 2022) and lack
of student engagement (Chapman et al., 2023; Ludyga et al., 2021).
Student Perceptions

While objective measurement is important, students' perceptions and opinions can also
impact their achievement. Higher satisfaction and better perceptions of the physical learning
environment have been shown to have a significant positive effect on students' academic
performance (Edgerton & McKechnie, 2023; Hopland & Nyhus, 2015; Opio et al., 2024; Salar et al.,
2024). Student perceptions are not only important for determining whether educational
practices/interventions are effective, but are also crucial for determining their acceptability and
whether participants find them meaningful (Ferguson & Cihon, 2021; Huntington et al., 2023). This is
important because even if learning interventions are effective, they are only useful if students are
willing to use/implement them. Another significant implication of students’ perceptions is their
impact on student engagement, with improved perceptions of the physical learning environment
shown to have a significant positive correlation with student engagement (Edgerton & McKechnie,
2023; Scott-Webber et al., 2018).
Student Engagement

Student engagement is a broad concept that has been defined in various ways; however, in
simple terms, it refers to students being actively involved in their learning tasks and activities (Lei et
al., 2018). Student engagement is multidimensional and includes three key aspects: cognitive
engagement, emotional engagement, and behavioural engagement (Lei et al., 2018; Wong et al.,
2024). Cognitive engagement refers to the mental effort or investment put into learning, involving
focusing one’s attention and concentration on the activity or task (Halverson & Graham, 2019; Reeve
et al., 2025). Emotional (or affective) engagement refers to a student’s emotional investment and

feelings towards learning, including enthusiasm, motivation, interest, and attitude (Liu et al., 2024;



Reeve et al., 2025). Meanwhile, behavioural engagement is the observable actions of students
participating in learning activities and tasks (Cappella et al., 2013; Reeve et al., 2020).

Student engagement has been shown to have a significant positive correlation with
academic achievement (Lei et al., 2018; Tao et al., 2022; Wong et al., 2024). Wong et al. (2024)
conducted a comprehensive systematic review and meta-analysis, including 137 studies and 158,510
participants, on student engagement and its association with academic achievement. The results
revealed a significant positive relationship between student engagement and academic achievement
(r=.33, p<.001). However, when analysed in its three dimensions, behavioural engagement
showed the strongest correlation with academic achievement (r = .39, p <.001), surpassing both
cognitive (r =.31, p <.001) and emotional engagement (r = .26, p < .001). Another meta-analysis,
involving 69 studies and 196,473 participants, yielded similar results (Lei et al., 2018). Academic
achievement had a noticeably larger correlation with behavioural engagement (r = .35, p <.001)
compared to cognitive (r = .25, p <.001), emotional (r=.22, p <.001), and overall student
engagement (r =.269, p < .001). These findings suggest that behavioural engagement is the best
indicator of academic achievement, even more so than all the dimensions of student engagement
combined (i.e., overall engagement). Furthermore, since behavioural engagement involves students'
observable actions, it can be measured through direct observation. Conversely, cognitive and
emotional engagement are internal and subjective, which makes them harder to measure and
quantify.

Although the correlation between behavioural engagement and academic achievement is
moderate in size, it remains one of the most influential factors when compared to other significant
determinants of academic success. This includes intelligence (r = .37) (Lozano- Blasco et al., 2021),
motivation (r = .27) (Kreigbaum et al., 2018), SES (r = .22) (Liu et al., 2022), teacher competence (r =
.40) (Lopez- Martin et al., 2023), and school (r = .28) and classroom climate (r = .20) (Erdem & Kaya,

2024).
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Behavioural engagement, often referred to as on-task behaviour (Caldrella et al., 2021;
Philip & Duschesne, 2017; Schmidt et al., 2025), has important implications beyond academic
achievement, including positive reciprocal relationships with students’ subjective well-being (Wong
et al., 2024; Zhu et al., 2019), self-esteem (Karababa, 2020; Eryilmaz & Kara, 2025), and teacher-
student relationships (Engels et al., 2016). Low behavioural engagement is also a significant
predictor of students dropping out of school (Archambault et al., 2022; Lamonte et al., 2013; Szabé
et al., 2024; Wang & Fredricks, 2014). Another important implication of on-task behaviour is its
significant negative association with disruptive behaviour (Becherer et al., 2021; Bru, 2006;
Caldarella et al., 2021).
Disruptive Behaviour

Disruptive behaviour is often functionally defined in classroom settings as behaviour on the
part of the learner that interferes with the teacher’s ability to teach or another student’s ability to
learn (Dobmeier & Moran, 2008; Meany-Walen et al., 2014). Common examples include speaking
out of turn (i.e., talking when it's not appropriate or interrupting), disrupting or interfering with
other students, fighting, or engaging in verbal or physical abuse or threats (Collins et al., 2016;
@degard & Solberg, 2024). Disruptive behaviours can disturb other students, causing them to
become off-task and negatively impacting the learning environment of the entire classroom
(Alkhadim et al., 2024; Okeke et al., 2023).

Disruptive behaviour also has a significant negative effect on the academic achievement of
not only the students who exhibit disruptive behaviours (Alatupa et al., 2011; Bierman et al., 2013;
Finn et al., 1995; Flores-Mendoza et al., 2013; Kremer et al., 2016) but also the entire classroom
(Backstrom, 2021; Blank & Shavit, 2016; Goulas et al., 2024; Kristoffersen et al., 2015; Zhao & Zhao,
2021). Flores-Mendoza et al. (2013) conducted a study examining how the disruptive behaviour of
students (N = 160), alongside factors like SES, crystallised and fluid intelligence, and various
personality traits (including psychoticism, extroversion, and neuroticism), impacted academic

achievement. The findings indicated that student’s disruptive behaviour had a significant negative
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correlation with their academic achievement (r = -.34, p < .01) and emerged as the second strongest
predictor of achievement (8 = -.28, SE = .08, p < .001), following crystallized intelligence (8 = .40, SE
=.08, p <.01). A separate study found that the disruptive behaviour of students (N =1,013) had a
significant (p < .01) negative effect on test scores in mathematics (r = -.29), language (r = -.28),
reading (r =-.21), and social studies (r = -.20), and science (r = -.18) (Finn et al., 1995). Blank and
Shavit (2016) investigated the effect of disruptive behaviour on the test scores of 2,422 students,
finding that disruptive behaviour in the classroom was negatively correlated with the mean
achievement of the entire classroom (r=-.29, p <.01).

Students’ disruptive behaviour can also have a significant negative effect on teachers’ well-
being and is associated with teacher burnout, exhaustion, and job dissatisfaction (Ghanizadeh &
Jahedizadeh, 2015; Kollerova et al., 2023; Otero-Lopez et al., 2009; van den Brink et al., 2024; Vidi¢
et al., 2021). According to Kollerova et al. (2023), the current literature indicates that student
disruptive behaviours are considered the primary social stressor that increases teaching demands
and contributes to teacher exhaustion. Recent studies have found that many teachers are
considering leaving the profession, with student behaviour being one of the leading causes (Doan et
al., 2024; Reinke et al., 2025).

Two of the most common and problematic types of classroom disruptive behaviours are out-
of-seat behaviour (Axup & Gersch, 2008; Infantino & Little, 2005; Patterson, 2009) and chair tipping
(Cogswell et al., 2020; Ozdemir, 2008; Zuniga & Cividini-Motta, 2022).

Out-of-Seat Behaviour

Out-of-seat behaviour refers to a student leaving their seat without permission from the
teacher and walking around the room while class is in session (Conklin et al., 2017; Flower et al.,
2014, Patterson, 2009). Out-of-seat behaviour is generally defined as anytime a student’s
backside/buttocks lose contact with the seat of the chair (Matin Sadr et al., 2017; Sarver et al., 2015;

Schilling & Schwartz, 2004).
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Out-of-seat behaviour is consistently recognised as one of the most common and
problematic disruptive behaviours by teachers (Alter et al., 2013; Atici & Merry, 2001; Axup &
Gersch, 2008) and students (Infantino & Little, 2005; Patterson, 2009; Sun & Shek, 2012). Axup and
Gersch (2008) asked teachers to identify three student behaviours that they found the most difficult
to cope with. Out-of-seat behaviour was the third most prevalent response, following talking and
general work avoidance, with 33% of all teachers surveyed identifying out-of-seat behaviour as one
of the top three most difficult student behaviours to deal with. Infantino and Little (2005) surveyed
350 secondary school students and asked them to identify which behaviour they considered to be
the most troublesome in the classroom. Out-of-seat behaviour was the third most common
response, after talking out of turn and using inappropriate language.

Out-of-seat behaviour is also frequently identified as one of the most prevalent types of off-
task behaviour in the classroom (Austin & Soeda, 2008; Goodwin et al., 2016; Jaffal, 2019; Swinson &
Knight, 2007). Swinson and Knight (2007) observed the type of behaviour exhibited by students (N =
303) when they were off-task (e.g., talking to other students, general inattention) and found that
out-of-seat behaviour was the fourth most common type of off-task behaviour. Although out-of-seat
behaviour is not always indicative of a student being off-task, unsurprisingly, several studies have
demonstrated that when out-of-seat behaviour increases, time on-task decreases (Conklin et al.,
2017; Fedewa & Erwin, 2011; Schilling & Schwartz, 2004).

Chair Tipping

Chair tipping, often referred to as students swinging or rocking on their chairs, is defined as
the act of using a foot, leg, or any other body part to tilt the chair backwards, causing one or more
legs to lift off the ground (Zuniga & Cividini-Motta, 2022). It is frequently listed as a common
disruptive behaviour in classrooms (Cogswell et al., 2020; Miller, 2019; Ofsted, 2014; Ozdemir, 2008;
Scattone et al., 2002; Zuniga & Cividini-Motta, 2022). A survey by the Office for Standards in
Education, Children's Services and Skills (Ofsted), which involved 1,048 teachers, identified chair

tipping as one of the top 10 causes of classroom disruption (Ofsted, 2014). Besides being disruptive,



13

chair tipping can also be dangerous, with chairs tipping over being a leading cause of injuries in
classrooms (Goss, 1992; Salminen et al., 2014; van Dyne, 2010).
Interventions

A number of different interventions/strategies, including positive reinforcement (Crewdson
et al., 2023; Kirkpatrick et al., 2019), self-management strategies (Bulla & Frieder, 2018; Smith et al.,
2022), and social stories (Ozdemir, 2008; Scattone et al., 2002), are used to reduce disruptive
behaviours such as chair tipping and out-of-seat behaviour. However, although effective at reducing
disruptive behaviours, these are consequence-based interventions and do not necessarily address
the underlying cause of the behaviour. As previously mentioned in the Education Review Office
report, there is a need for interventions/strategies that address the underlying causes of disruptive
behaviours, rather than just addressing the behaviour itself (Education Review Office, 2024).
Behaviours such as chair tipping and out-of-seat behaviour are often attributed to attention-seeking
or work avoidance (Mellor, 2005; Turtura et al., 2014). However, there is evidence to suggest that
one reason students engage in these behaviours may be due to pain/discomfort caused by static
sitting (Antle et al., 2018; Knight & Noyes, 1999; Okino et al., 2022; Taylor et al., 2022; Udo et al.,
1999).
Pain and Discomfort

Musculoskeletal pain/discomfort (related to the muscles, bones, ligaments, tendons, and
nerves of the body) is a prevalent issue among students (Chambers et al., 2024; Gogoi et al., 2024;
Kandasamy et al., 2024; Minghelli, 2020; Ogunlala et al., 2021). A meta-analysis conducted by
Chambers et al. (2024) on the prevalence of chronic pain in children and adolescents, which included
119 studies and over a million children (age < 19 years) from 70 different countries showed that 1 in
4 children (25.7%, 95% Cl [17.3-35.1]) suffer from chronic (persistent/recurring) musculoskeletal
pain. Furthermore, musculoskeletal pain was found to be the most common type of chronic pain in
children, alongside headaches, which also had a prevalence of 25.7% (95% Cl [22.2-29.3]) (Chambers

et al., 2024).
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A significant factor contributing to the high prevalence of musculoskeletal pain in students is
static sitting (Caromano et al., 2015; Harithasan et al., 2022; Ogunlana et al., 2021; Waongenngarm
et al., 2015; Zemp et al., 2016). Prolonged static sitting has been shown to significantly decrease
circulation in the lower limbs, resulting in discomfort (Antle et al., 2018; Okino et al., 2022; Taylor et
al., 2022). It is hypothesised that to relieve discomfort caused by static sitting, students will engage
in fidgeting, which has been shown to significantly increase blood flow in the lower limbs (Morishima
et al., 2016; Pettit-Mee et al., 2021; Tamiya et al., 2024). Fidgeting, which differs from active sitting,
involves non-goal-oriented, repetitive movements (Carriere et al., 2013; Perrykkad & Hohwy, 2020)
such as foot tapping, leg bouncing, pen clicking, or finger tapping (Carriere et al., 2013; Perrykkad &
Hohwy, 2020), and is also a common disruptive behaviour in the classroom (Cogswell et al., 2020;
See, 2012).

Similarly, tipping/rocking on a chair has been shown to increase blood flow in the lower
limbs (Frey et al., 2021; Stranden, 2000; Udo et al., 1999), as has standing up or walking (Antle et al.,
2018; Francisco et al., 2022). Knight and Noyes (1999) investigated the effect that school chairs on
the behaviour of a classroom of primary school students (N = 21). In response to questions about
what they did when they felt uncomfortable, 67% of participants reported that they would rock or
tip on their chairs. Furthermore, 48% of the participants reported that at some point they had left
their seat (i.e., out-of-seat behaviour) in response to discomfort (Knight & Noyes, 1999). Another
study found that chair tipping significantly reduced neck, shoulder, and back pain, but increased hip
pain (Udo et al., 1999). Although these two studies (Knight & Noves, 1999; Udo et al., 1999) suggest
a connection between static sitting and behaviours like chair tipping or out-of-seat behaviour, the
existing research on these behaviours and their link to pain/discomfort remains limited, highlighting
the need for additional studies in this area.

Pain has also been shown to have a disrupting effect on attention (Attridge et a., 2017; Dick
& Rashiq, 2007; Moore et al., 2012; Moore et al., 2019; Ooosterman et al., 2012) and can have a

significant negative impact on academic achievement (Grimby-Ekman et al., 2019; Kosola et al.,
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2017; Ragnarsson et al., 2022; Voerman et al., 2017). Conversely, physical comfort has been shown
to improve student engagement (Aga, 2024; Hanaysha et al., 2023; Scott-Webber et al., 2018) and
performance (Bell et al., 2009; Hoque & Weil, 2016). Additionally, pain is also associated with
aggression and behavioural problems (Just et al., 2003; Lindley, 2012), reduced school attendance
(Groeneweld et al., 2019; Owiredua et al., 2023) and poor social functioning and peer relationships
(Forgeron et al., 2010; Serbic et al., 2021).

Movement Interventions

One-way schools have sought to reduce static sitting and improve student behaviour and
achievement is by integrating movement into the classroom. Most commonly, this has been
implemented using movement/physical activity breaks (a short break in the lesson that involves
physical activity) (Gilmore et al., 2024; Turner & Chaloupka, 2016). Gilmore et al. (2024) found that
over 70% of teachers (N = 220) incorporate movement breaks into their classrooms, while another
study reported that movement breaks are used in 76.5% of primary schools (N = 640) (Turner &
Chaloupka, 2016).

Movement breaks have been shown to significantly increase the on-task behaviour of
students (Broad et al., 2023; Fenesi et al., 2019; Howie et al., 2014; Ma et al., 2014; Mavilidi et al.,
2021; Watson et al., 2017; Webster et al., 2015). Watson et al (2017) conducted a meta-analysis of
39 studies on the effects of physical activity breaks on student behaviour and achievement. Physical
activity breaks had a moderate positive effect on improving on-task and reducing off-task behaviour
(d =0.60, 95% Cl: [0.20, 1.00]). Broad et al (2023) found that movement breaks significantly (p < .01)
increased the on-task behaviour of students regardless of whether the break was implemented
during the morning (A 10.4%), afternoon (A 10.5%), or both (A 14%). Movement breaks have also
been shown to decrease disruptive behaviours (Broad et al., 2023; Chesnias et al., 2022; McGowan
et al., 2021; Moon et al., 2020), including out-of-seat behaviour (Camahalan & Ipock, 2015; Wells,

2012). One study, which included 229 students from 12 different classrooms, found that movement
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breaks had a significant negative correlation with disruptive behaviour (r =-.26, p < .05) (Moore et
al., 2020).

Movement breaks can also have a positive impact on students' academic achievement
(Donnelly & Lambourne, 2011; Fenesi et al., 2019; Mavilidi et al., 2019; Mullender-Wijnsma et al.,
2015; Petrigna et al., 2022; Shoval et al., 2018; Watson et al., 2017). The meta-analysis by Watson et
al. (2017) revealed that physical activity breaks had a large positive effect on academic achievement
(d=1.03,95% Cl: [0.22, 1.84]) when progress monitoring tools were used. However, when
standardised testing was used, there was generally no improvement in academic achievement (d =
-0.13, 95% ClI [-0.72, 0.46]). However, despite having a positive influence on students’ behaviour and
achievement, movement breaks interrupt lessons (cutting into valuable learning time) and require
teachers to be trained on how and when to introduce them (Goh et al., 2018; Kerpan et al., 2019;
Mahar, 2011).

Dynamic Seating

Another way that schools have looked to integrate movement into the classroom is through
dynamic seating. Dynamic seating refers to alternative options designed to promote movement and
encourage active sitting (Hyeon et al., 2014). Active (or dynamic) sitting involves maintaining
consistent movement while seated through postural adjustments (Akkarakittichoke et al., 2023;
Arippa et al.,, 2022; Hyeong et al., 2014). Dynamic seating is a broad term that covers a variety of
options, including stability balls (also known as swiss, therapy, or exercise balls), cycle chairs (chairs
equipped with pedals so students can cycle while seated), wobble stools, air cushions (inflatable
cushions placed on regular chairs to encourage active sitting) (Rollo et al., 2019).

One type of dynamic seating that has been studied quite extensively is stability balls.
Numerous studies have shown that, compared to regular classroom chairs, stability balls can
significantly improve students' on-task behaviour and reduce some disruptive behaviours, including
out-of-seat behaviour (Brennan & Crosland, 2021; Fedewa & Erwin, 2011; Krombach &

Miltenberger, 2020; Matin Sadr et al., 2017; Schilling, 2003; Schilling & Schwartz, 2004). However, all
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these studies only involved participants with either Autism Spectrum Disorder (ASD) or Attention
Deficit Hyperactivity Disorder (ADHD). When used in mainstream classrooms, stability balls had
either no effect on students’ on-task behaviour and, in some cases, decreased it (Erwin et al., 2016;
Fedewa et al., 2015; Hulac et al., 2020; Metz et al., 2020).

Research on the effects of other types of dynamic seating on student behaviour is limited,
particularly in mainstream classrooms (Rollo et al., 2019). Outside of stability balls, the only other
dynamic seating option that has been tested in mainstream classroom settings is the cycle chair,
which was shown to have a significant negative effect on students’ on-task behaviour (Fedewa et al.,
2024). Furthermore, neither stability balls nor cycle chairs have been shown to have a positive effect
on students' academic achievement (Fedewa et al., 2015; Joubert et al., 2017; Mead et al., 2016;
Torbeyns et al., 2017). The inability of stability balls and cycle chairs to have a positive effect on
students’ behaviour or achievement in mainstream classroom settings may be due to their failure to
reduce static sitting. Erwin et al. (2016) found that stability balls actually reduce the movement of
students in comparison to regular classroom chairs. Meanwhile, although cycle chairs have been
shown to increase energy expenditure and heart rate (Fedewa et al., 2017; Torbeyns et al., 2017),
there is no evidence that they can reduce static sitting (i.e., sitting in the same posture).

Rollo et al. (2019) conducted a systematic review on the effects of dynamic seating on
students' behaviour and achievement. They concluded that dynamic seating could positively
influence the behaviour of students with ASD and ADHD. However, there was no clear evidence that
it could improve the behaviour or academic achievement of general-education students.
Furthermore, it was emphasised that more rigorous and in-depth research is needed into the effects
of dynamic seating, outside of stability balls and cycle chairs (Rollo et al., 2019).

Dynamic Chairs

Although dynamic chairs are a type of dynamic seating, they are not directly comparable to

other dynamic seating options, such as stability balls. A dynamic chair is a chair (a specific type of

seat that includes a flat or slightly angled seat, one or more legs, and a backrest) that incorporates
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dynamic features (i.e., features that allow movement). According to Hyeon et al. (2014), a dynamic
chair features flexible/dynamic backrest and seat panels that move with the user, enabling changes
in posture (i.e., active sitting). There is reason to believe that, unlike other dynamic seating options,
dynamic chairs could significantly improve the behaviour and achievement of mainstream students
by increasing their movement and enhancing their comfort.

In contrast to stability balls and cycle chairs, a number of studies show that dynamic chairs
can significantly increase the movement of occupants in comparison to static (non-dynamic) chairs
(Garcia et al., 2015; Grooten et al., 2017; Niesch et al., 2018; Stanic et al., 2022; Synnott et al., 2017;
Tanoue et al., 2016). However, it should be noted that there are some limitations around the
generalisability of the findings of these studies. Firstly, several of the cited studies only included
adult participants and were conducted in isolated office or laboratory settings, and not in classrooms
(Grooten et al., 2017; Nlesch et al., 2018; Synnott et al., 2017; Tanoue et al., 2016). Garcia et al.
(2016), on the other hand, examined how dynamic and static chairs affected the movement of 12
school-aged children (average age 8.3 years). Accelerometers were used to measure participants'
movement, and a movement index (activity count, AC) was calculated to compare their relative
activity levels. Two test sessions were conducted, each consisting of a 20-minute lecture. A within-
subjects design was implemented, with half of the participants (n = 6) assigned to the dynamic chair
condition and the other half (n = 6) to the static chair condition. After the first session concluded,
they switched conditions for the second session. The results showed that participants moved
significantly more when seated in the dynamic chairs compared to the static chairs (40.82 AC/min vs.
9.81 AC/min, p < .01). However, this study had several limitations, including taking place in an
exercise physiology laboratory (not directly comparable to a regular classroom setting), there was
limited information about the chairs used in the study, no details were provided on how the
movement index was calculated, and all data was collected over a very short period within a single

day (two 20-minute sessions with a 5-minute break in between) (Garcia et al., 2015).
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Stanié et al. (2022) also used accelerometers to compare the effects of three types of seating
(traditional school chair, stability balls, and a dynamic chair) on children's movement (N = 23, aged 8-
11 years). The results showed that participants moved significantly more when seated in the
dynamic chair compared to the stability ball, F(1, 21) = 5.06, p < .05, n2p = .19, and the traditional
school chair, F(1, 21) = 15.49, p < .01, n2p = .43. This study also had some limitations, such as
assessing participants one by one in a counselling room instead of a classroom group setting. But
most importantly, they did not specify the amount of time participants spent in each seat (Stanic¢ et
al., 2022).

Dynamic chairs have also been shown to reduce pain/discomfort of users in comparison to
static (non-dynamic chairs) (Cardenas et al., 2024; Cardoso et al., 2021; Frey et al., 2021; Garcia et
al., 2016; O’Keeffe et al., 2013; Tanoue et al., 2016). However, just like with movement, most of
these studies were conducted in office settings with adult participants (Cardenas et al., 2024;
Cardoso et al., 2021; Frey et al., 2021; O’Keeffe et al., 2013; Tanoue et al., 2016). Garcia et al. (2016),
who, as previously discussed, compared the effect of dynamic and static chairs on children’s
movement, also asked participants their opinions on the chairs. The participants reported that the
dynamic chairs were more comfortable than static chairs. However, it is unclear how many
participants reported that the dynamic chairs were more comfortable (Garcia et al., 2016).

The current literature also suggests that, compared to static chairs, students have better
perceptions of dynamic chairs (Garcia et al., 2016; Stani¢ et al., 2022). Garcia et al. (2016) found that
75% of participants (N = 12) reported that they would prefer sitting on the dynamic chairs over the
static chairs at school, stating that they were ‘more fun’ and comfortable. One participant reported
feeling more alert and attentive while sitting in the dynamic chair (Garcia et al., 2016). Similarly,
Stanic et al. (2022) found that 75% of participants (N = 24) preferred the dynamic chair over the
stability ball (16.7%) and the regular chair (8.3%).

In summary, the reviewed literature suggests that by increasing student movement and

improving their comfort and perceptions, which are all associated with improved behavioural and
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academic outcomes (Aga, 2025; Broad et al., 2023; Edgerton & McKechnie, 2023; Grimby-Ekman et
al., 2019; Mavilidi et al., 2021; Salar et al., 2024; Watson et al., 2017), dynamic chairs could improve
students’ behaviour and achievement. However, there is a need for more robust research on the
effect of dynamic chairs on students' movement, comfort, and perceptions, specifically in a
classroom setting where students have the opportunity to experience the chairs over an extended
period.

Despite the current literature suggesting that dynamic chairs could improve the behaviour
and achievement of students compared to regular classroom chairs, there is a distinct lack of
research specifically examining their impact on these outcomes. However, in 2021, a master’s
research project attempted to address some of this gap in the literature by evaluating the effect that
a dynamic chair, called the Bodyfurn chair, had on the on-task and disruptive behaviour of students
compared to regular classroom chairs (Martin, 2021). The study included three separate groups of
five primary school students and implemented a multiple baseline design. All three groups used the
regular classroom chairs during the baseline phase, and Bodyfurn chairs were introduced in a
staggered fashion once stable baselines were established. The results showed that the introduction
of Bodyfurn chairs resulted in immediate and noticeable increases in on-task behaviour for two of
the three groups, with a ceiling effect preventing any noticeable experimental effect from occurring
in the third group. The results also showed marked decreases in disruptive behaviour across all three
groups when Bodyfurn chairs were used, compared to the regular classroom chairs. When asked for
their opinions on the chairs, 13 of the 15 participants reported that they preferred the Bodyfurn
chairs over the regular chairs, stating that they were more comfortable, reduced back pain, and
allowed them to adjust their position easily (Martin, 2021). The findings of this study suggest that,
compared to regular classroom chairs, Bodyfurn chairs can improve students’ on-task behaviour and
comfort while reducing pain and disruptive behaviours, and in turn may improve their academic
achievement (Martin, 2021). However, the study had several limitations that impacted the validity

and generalisability of the results. These included ceiling and floor effects, a small sample size, a
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relatively short duration, the inclusion of only one age group and type of regular chair, and
conducting the study in small breakout rooms with just five students (which is not comparable to a
typical classroom environment).

Overview of Studies

The aim of this thesis was to build upon the findings of Martin (2021) and investigate the
effect that BodyfurnFlex chairs, the updated version of the Bodyfurn chair, had on the behaviour and
achievement of students. As part of this research, we also utilised a new research tool, the Smart
Classroom System, to evaluate various aspects of movement, noise, and environmental conditions
within the classroom and investigate relationships to student behaviour. This thesis comprises a
series of studies, with each study building upon the findings of the former.

In Study 1, we investigated whether BodyfurnFlex chairs affected the on-task, disruptive,
out-of-seat, and chair tipping behaviours of students compared to regular classroom chairs. A survey
was conducted to investigate students' perceptions of the chairs, including their preferences,
whether they felt the chairs made it easier to complete their work, and the reasons behind their
responses. The study also investigated whether BodyfurnFlex chairs affected student movement,
measuring both in-chair and overall movement levels in the classroom. Additionally, environmental
data (CO,, temperature, and humidity) were measured as potential confounding variables.

In Study 2, we conducted an in-depth analysis of the movement and environmental data
from Study 1. It provides a detailed overview of the Smart Classroom System, including data
collection methods, and evaluates different aspects of the in-chair movement data (acceleration,
rotation, and displacement). Additionally, Study 2 investigated whether BodyfurnFlex chairs could
affect classroom noise levels and examined potential correlations between movement,
environmental factors, noise, and behavioural variables.

Finally, in Study 3, we compared the impact of BodyfurnFlex and regular classroom chairs on

students' academic achievement by tracking progress across several mathematics assessments.



Additionally, focus group discussions were held with students and teachers to gain deeper insights

into their perceptions of the chairs and how they affected their comfort and learning.
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Chapter 3: Study 1
The Effect of BodyfurnFlex Chairs on the Movement and Behaviour of Students
Study 1: The Effect of BodyfurnFlex Chairs on the Movement and Behaviour of Students is a
manuscript submitted for publication in Learning Environments Research and formatted according

to the journal's requirements.
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Abstract

The physical environment can have a significant impact on the learning and behaviour of
students. One particularly important part of the physical learning environment is the classroom
chairs. Traditional classroom chairs are often rigid and inflexible, resulting in uncomfortable static
sitting. This study was conducted to determine whether dynamic chairs can promote healthy
movement while also increasing engagement and reducing disruptions in the classroom. A multiple
baseline with ABAB reversal design was used to compare the effect that BodyfurnFlex chairs, a new
type of dynamic chair, had on on-task, disruptive, out-of-seat and chair tipping behaviour of students
in comparison to traditional classroom chairs. We also investigated whether BodyfurnFlex chairs
affected the movement of students around the classroom and their perceptions of the chairs. The
environmental conditions in the classroom were also measured as potential confounding variables.
The results revealed that when students sat in BodyfurnFlex chairs, there was a significant increase in
time spent on-task, a decrease in out-of-seat behaviour, and a significant reduction of disruptive
behaviour and chair tipping. Both in-chair movement and overall movement in the classroom
increased when students were seated in BodyfurnFlex chairs. The majority of participants reported
that they preferred sitting in BodyfurnFlex chairs and felt they made it easier to complete their
schoolwork. These findings suggest that BodyfurnFlex chairs can improve student engagement while
also promoting healthy movement and reducing unproductive and disruptive movement.

Keywords: student engagement, dynamic chairs, active sitting, physical learning

environment, classroom behaviour, flexible furniture
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Introduction

Good academic outcomes are associated with improved life satisfaction, self-esteem,
physical and psychological well-being, income, life expectancy, employment opportunities, social
skills, standard of living, and personal relationships (Edgerton et al., 2012; Hahn & Chattopadhyay,
2019; Lettau, 2021; Lopez-Lépez et al., 2021; Metsdpelto et al., 2020; Raghupathi & Raghupathi,
2020). Academic achievement can also have significant societal effects, leading to less crime,
reduced unemployment, and improved economic growth (Machin et al., 2011; Woessmann, 2016).

Academic achievement is influenced by many factors, including socioeconomic status (Liu et
al., 2022), teachers (Lépez-Martin et al., 2023), personality (Mammadov, 2022), intelligence (Lozano-
Blasco et al., 2022), and behaviour (Becherer et al., 2021; Kremer et al., 2016). Several learning
associated behaviours have been shown to have significant correlations with academic outcomes
including on-task behaviour or behavioural engagement, which has a significant positive correlation
with academic achievement (Lei et al., 2018; Wong et al., 2024). Conversely, disruptive behaviour has
a significant negative correlation with academic achievement (Finn et al., 1995; Blank & Shauvit,
2016). Two common types of disruptive behaviours are chair tipping (Cogswell et al., 2020; Zuniga &
Cividini-Motta, 2022) and out-of-seat behaviour (Axup & Gersch, 2008; Infantino & Little, 2005),
which is also considered an indicator of off-task behaviour (Austin & Soeda, 2008; Godwin et al.,
2016).

The physical learning environment can have a significant impact on students’ learning and
behaviour, including the classroom design/layout (Imms & Byers, 2017; Wannarka & Ruhl, 2008),
lighting (Pulay & Williamson, 2019), furniture (Castellucci et al., 2016; Morris & Imms, 2024), and the
environmental conditions such as carbon dioxide (CO3) concentration, temperature, and humidity
(Brink et al., 2021; Carton et al., 2023; Coley et al., 2007). Chairs are a particularly important part of
the physical learning environment, with students spending 97% of class time seated (Cardon et al.,
2004). Traditional classroom chairs are designed to be durable, cost-effective, and efficient (i.e., easy

to store/stack and move). These chairs are often rigid and inflexible, resulting in static sitting (i.e.,
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sitting in the same posture/position without moving). Prolonged static sitting is associated with pain
and discomfort (Caromano et al., 2015; Waongenngarm et al., 2015; Zemp et al., 2016), which has
been shown to negatively impact students’ engagement (Aga, 2024; Groenewald et al., 2020; Randall
et al., 2019). Pain/discomfort also appears to be a key reason for out-of-seat behaviour and chair
tipping (Knight & Noyes, 1999; Udo et al., 1999) found that chair tipping resulted in reduced back
pain while another study found that 67% of students stated that they would rock/tip on their chairs
as a response to feeling uncomfortable (Knight & Noves, 1999). Knight and Noyes (1999) also found
that 48% of the participants reported that they would engage in out-of-seat behaviour at some point
due to discomfort (Knight & Noyes, 1999).

Recently, schools have looked to incorporate ergonomically designed dynamic chairs in their
classrooms to improve student comfort and behaviour. In contrast to traditional classroom chairs,
dynamic chairs are designed to be flexible, allowing them to move with the user and promote active
sitting. Active or dynamic sitting refers to consistent movement through postural changes
(Akkarakittichoke et al., 2023; Arippa et al., 2022). Dynamic chairs have been shown to reduce
pain/discomfort (Cardenas et al., 2024; Frey et al., 2021) compared to traditional chairs, indicating
that they may improve students’ engagement and reduce disruptive/unproductive movements, such
as chair tipping and out-of-seat behaviour. Dynamic chairs have also been shown to increase the in-
chair movement of students in comparison to non-dynamic chairs (Garcia et al., 2016; Stanic¢ et al.,
2022). Integrating movement into classrooms has been shown to increase on-task behaviour and
decrease disruptive behaviours (Broad et al., 2023; McGowan et al., 2021; Webster et al., 2015),
including out-of-seat behaviour (Camahalan & Ipock, 2015; Wells, 2012). These findings suggest that
dynamic chairs may increase students’ on-task behaviour and decrease disruptive behaviours.

Currently, there is a lack of research directly comparing the effect of dynamic and regular
chairs on student behaviour in the classroom. Several studies have compared the effect of other
dynamic seating options, including stability balls, to regular classroom chairs, with most finding that

they improved on-task behaviour and decreased some disruptive behaviours, including out-of-seat
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behaviour (Fedewa & Erwin, 2011; Matin Sadr et al., 2017; Schilling, 2003; Schilling & Schwartz,
2004). However, the generalizability of these findings is limited as stability balls are not comparable
to dynamic chairs, and the studies only included participants with Attention Deficit Hyperactivity
Disorder [ADHD] or Autism Spectrum Disorder [ASD]. When stability balls were introduced in a
mainstream classroom, they resulted in a decrease in on-task behaviour compared to regular
classroom chairs (Fedewa et al., 2015; Hulac et al., 2020). Rollo et al. (2019) conducted a review on
the effects of dynamic seating interventions and found that there was no clear evidence to suggest
that dynamic seating can positively affect students’ on-task and disruptive behaviour in general
education settings. It was concluded that more rigorous and in-depth research is needed into the
effects of dynamic seating on children’s behaviour in the classroom, particularly options beyond
stability balls. Imms et al. (2020) suggested the use of longitudinal, withdrawal, single-case
experimental designs to analyse the effect of furniture on students’ behaviour.

The aim of the current study was to investigate the effect that BodyfurnFlex chairs
(Furnware, n.d.), a new type of dynamic school chair, had on the on-task, disruptive, out-of-seat, and
chair tipping behaviour of students in comparison to regular (traditional) classroom chairs. The study
also investigated whether BodyfurnFlex chairs affected student movement, measuring both in-chair
and overall movement levels in the classroom. Environmental data, including classroom temperature,
humidity, and CO,, were also measured as potential confounding variables. Additionally, social
validity data was collected in the form of a participant survey to measure students’
preferences/opinions on the chairs and whether they felt they made it easier to complete their work.
Social validity data is crucial to ensuring that an intervention is acceptable, important, meaningful,
and worthwhile for those experiencing it (Huntington et al., 2023).

Methods
Ethical approval for this study was gained from the XXXXX Human Ethics Research

Committee.
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Participants

Data was collected from two separate classrooms that included a total of 60 students. The
first classroom (Class A) was an intermediate school maths class of 31 students, aged between 11
and 13 years. The second classroom (Class B) was a secondary school English class of 29 students,
aged 13 to 14 years. Overall movement and social validity data were collected for the entire
classroom, while in-chair movement and behavioural data were collected for 10 students in each
classroom (Groups A and B). The 10 students were selected using purposive sampling, with the
selection criteria being good attendance and average/middling performance in the target behaviours
relative to the class population. Good attendance was included to minimize participant absences,
while participants with middling/average performance in the target behaviours were selected to be a
representative sample of the classroom and to try and avoid ceiling or floor effects. The teachers of
the classrooms selected the 10 students that best fit the selection criteria based on their own
experience and knowledge of the students. Groups A and B both included 5 female and 5 male
participants.

Materials
Chairs

Two types of chairs were used in the study: the regular classroom chairs and BodyfurnFlex
chairs.

The BodyfurnFlex chair is a dynamic chair with an independently moving polypropylene seat
and backrest connected to a high tensile steel frame with a sled base (Furnware, n.d.). The size of the
chairs used for each classroom was determined by the age group of the students. The BodyfurnFlex
chairs for Class A had a seat height of 410mm and an overall height of 777mm, while Class B’s chairs
had a seat height of 460mm and an overall chair height of 872mm. The BodyfurnFlex chair is

displayed below in figure 1.
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Figure 1

BodyfurnFlex Chair

The regular classroom chairs were solid (single piece) non-dynamic, polypropylene chairs.
Both groups used chairs with similar designs but different brands. The regular chairs used for Class A
had a seat height of 430mm and an overall chair height of 799mm, while Class B’s regular chairs had
a seat height of 460mm and an overall chair height of 805mm. The regular chairs used for Groups A

and B are displayed below in figures 2 and 3, respectively.



Figure 2

Class A Regular Classroom Chair

Figure 3

Class B Regular Classroom Chair
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Smart Classroom System

The Smart Classroom System is a network of sensors that was developed by the project
stakeholders for this study to assess the quality of learning environments. The system includes two
different types of sensors: Nordic Thingy:52 sensors (Nordic Semiconductor, 2024), which contain
movement and environmental sensors (including CO,, temperature, and humidity); and Raspberry Pi
cameras (Raspberry Pi, 2024) utilised as motion sensors. These sensors wirelessly connect to a laptop
that has software that organises and graphs the data.
Video Camera

Behavioural data was collected by recording sessions with a video camera.
Participant Survey

The researchers created a survey to gather social validity data from participants. The survey
asked students which chair they preferred sitting in and to explain why, if they felt that either chair
made it easier for them to complete their schoolwork and why, along with any additional feedback
about the chairs or study.
Procedure
Design

This study implemented a multiple baseline design across participants with an integrated
ABAB reversal design, alternating between baseline (Regular chairs - A) and intervention
(BodyfurnFlex chairs - B) conditions. Phase changes were implemented only after several sessions of
stable on-task behaviour had been established.
Dependent Variables

This study included six dependent variables: on-task behaviour, disruptive behaviour, out-of-
seat behaviour, chair tipping, in-chair movement, and overall movement in the classroom.

On-task behaviour was defined as being actively engaged in learning activities. For a student
to be scored as on-task, they had to attend to or be engaged in the assigned task either visually (e.g.,

looking at the teacher, speaker, or task material), verbally (e.g., asking/answering questions or
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discussing the task), or physically (e.g., writing, gluing, or cutting). Additionally, following the
teacher’s instructions (e.g., “when you finish your work, sit and wait quietly” or “can you go and
close that window, please”) was also scored as on-task.

Disruptive behaviour was functionally defined as any behaviour that caused another student
to stop their on-task behaviour (i.e., become off-task) or caused the teacher to stop teaching. Task-
related behaviours such as asking questions or engaging in task-related discussion were not deemed
as disruptive behaviours.

Out-of-seat behaviour was defined as any time a student’s backside lost contact with the
seat of the chair without permission from the teacher (e.g., permission to go to the bathroom) or
when it was not directly related to the task (e.g., standing up to fetch a pair of scissors).

Chair tipping was defined as any time a student was seated and part of a chair leg or base
lost contact with the floor.

In-chair movement was recorded by Thingy:52 sensors that were attached to the chairs.
These sensors detect the size and amount of movement (i.e., displacement). This data was converted
into a movement index that represents the amount of movement from each sensor.

Overall movement in the classroom was recorded by the Raspberry Pi motion sensor
cameras. These cameras recorded black-and-white video footage and detected motion by comparing
changes in pixels from frame to frame (i.e., as an image changes, the pixels of the image change). The
amount of movement (i.e., changes in the image) was converted into a turbidity index that indicates
the size/amount of motion.

Additionally, the Thingy:52 sensors measured several environmental factors, including CO,

concentration, temperature, and humidity.
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Participant Recruitment

Participant information sheets and assent/consent forms were provided to all students and
their parents/guardians. Signed assent/consent was collected from the 10 selected students and
their parents/guardians before data collection began.
Setting

Classrooms were arranged in a traditional layout, with the teacher positioned at the front
and students seated around tables. Two Thingy:52 sensors were attached to the 10 chairs of the
selected participants (Groups A and B) in each classroom using Velcro patches (Velcro, n.d.). One
sensor was placed under the seat and the other on the back of the backrest in the same place on
each chair. The chairs were positioned around two adjacent tables (5 chairs around each table). The
layout of the classroom and position of the chairs remained constant throughout data collection. The
two motion sensor cameras were positioned in opposite corners of the classroom to avoid blind
spots. The video camera was positioned at the side of the room against a wall and was only focused
on the 10 students who consented to behaviour data collection.
Data Collection

Data was collected during regular class periods, with all equipment being set up prior to class
beginning and removed after class. Behavioural data was coded from the video footage of the lesson,
which allowed for the behaviour of multiple students to be observed simultaneously (i.e., could
watch back the video multiple times). Behavioural observations took place during the first 25
minutes of the lesson once all the participants were seated. There were two data collection sessions
per week for each classroom, with data collection for Class B beginning two weeks after Class A.
There was a total of 25 and 24 sessions for Classes A and B, respectively.
Data Coding

On-task behaviour was measured using momentary time sampling at 20-second intervals,
with each participant being marked as either on-task or not on-task at the 20-second mark of each

interval. If a student was not present at the 20-second mark of an interval (e.g., they went to the
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bathroom) and provided they had permission to leave or there was evidence that they left for a task-
related reason (e.g., they returned with a pair of scissors), they were marked as absent for that
interval. However, if a student did not have permission to leave (e.g., just got up and walked off) or
did not show evidence that they left for a task-related reason, they were marked as not on-task. On-
task behaviour was converted to a percentage for each student (i.e., the percentage of intervals
where students displayed on-task behaviour), with absent intervals excluded.

Disruptive behaviour was recorded using event recording, with each instance/occurrence of
disruptive behaviour being tallied. Students were marked as absent only if they were off camera for
the entire interval. The scores were converted to the mean number of disruptive behaviour
occurrences per hour for each student.

Out-of-seat behaviour and chair tipping were measured using partial interval recording at 20-
second intervals. If a participant exhibited out-of-seat behaviour or chair tipping at any point during
the 20-second interval, the behaviour was marked as present. Both behaviours were converted to
percentages (i.e., the percentage of intervals the behaviour was displayed) for each student.

Movement and environmental data collected during the 25-minute observation period were
downloaded for data analysis. Due to technical and connection issues, several sessions had
incomplete and/or corrupted data and were excluded from the results, with four sessions removed
for both groups/classes.

Furthermore, any sessions that involved pedagogical outliers (e.g., sessions that deviated
from typical classroom lessons, such as test-taking classes or those with a substitute teacher) were
excluded from the results.

Following the completion of the final data collection session, students completed the
participant survey.

Data Analysis
Each dependent variable was graphed over the course of data collection, with each data

point representing the group mean for a session. Visual analysis involved comparing differences in
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the trend, level, and variability of data between baseline and intervention phases. In addition to
visual analysis, Tau-U was used to calculate the size and significance of the effect.

The reliability of the behavioural data coding was assessed through interobserver agreement
(I0A) for 25% of the data collection sessions. On-task behaviour was assessed using total agreement
IOA, while out-of-seat, chair tipping, and disruptive behaviour were assessed using scored interval
IOA. On-task behaviour had a mean total agreement I0A of 95.8% and 94.3% for Groups A and B
respectively. Groups A and B had a mean scored interval IOA of 85.7% and 88.4% for disruptive
behaviour, 94.4% and 90.3% for out-of-seat behaviour, and 91.0% and 93.1% for chair tipping.

Results
On-Task Behaviour

Mean on-task percentages for Groups A and B are displayed in figure 4 and summarised in
table 1.

Figure 4 shows that Group A baseline levels of on-task behaviour (A1) remained relatively
stable (M = 76.3%), except for session 3. The introduction of the intervention (B1) coincided with a
noticeable increase in on-task behaviour which remained stable throughout the phase and
consistently above baseline levels (M = 85.5%). A return to baseline conditions (A2) resulted in a
visible decrease in on-task behaviour and return to baseline levels (M = 75.8%). The reintroduction of
the intervention (A2) was associated with an immediate increase in on-task behaviour that remained
stable throughout the phase (M = 82.2%).

The Group B baseline levels of on-task behaviour remained relatively stable (M = 72.1%). The
introduction of the intervention resulted in an immediate increase in on-task behaviour that
consistently remained above baseline levels (M = 80.1%). The second baseline phase coincided with
a noticeable decrease in on-task behaviour which remained relatively stable with a slight decreasing
trend (M = 67.9%). The reintroduction of the intervention again resulted in an immediate increase in
on-task behaviour which remained relatively stable (M = 76.2%), with all but one session remaining

above A2 levels.
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In every case, changes in the independent variable (chair type) were associated with
immediate changes in the dependent variable (on-task behaviour), demonstrating a clear functional
relationship.

Table 1 shows that on-task behaviour increased during the intervention condition for both
groups, with large significant effect sizes (Tau-U) for both Group A (.95, p < .01) and Group B (.92, p <
.01), indicating that the intervention had a large positive effect on the on-task behaviour of students.
Figure 4

Mean Percentage of On-Task Behaviour across Sessions for Groups A and B
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Table 1

Mean Percentage of On-Task Behaviour across Conditions and Effect Sizes for Groups A and B

Group A Group B
Baseline Intervention Baseline Intervention
Tau-U Tau-U
(n=13) (n=12) (n=12) (n=12)
On-Task
76.1% 83.9% .95** 70.0% 78.1% J92%*
Percentage

Note: *p < .05, **p < .01
Disruptive Behaviour

The mean number of disruptive behaviour occurrences per hour are presented in figure 5
and table 2.

Figure 5 shows that Group A baseline levels of disruptive behaviour displayed a high level of
variability (M = 10.1). During the first intervention phase the levels of disruption stabilised with a
slight increasing trend and a decrease in mean from the baseline (M = 8.7). The return to baseline
conditions was associated with an initial decrease in disruptive behaviour and increased variability
with a mean of 9.7 disruptive behaviour occurrences per hour. The reintroduction of the intervention
resulted in an immediate decrease in disruptive behaviour (M = 7.3).

The Group B baseline levels of disruptive behaviour were also highly variable (M = 14.5). The
introduction of the intervention did not reduce the variability but was associated with a sizeable
reduction in disruptive behaviour (M = 10.2). Levels of disruption were more stable in the second
baseline phase and returned to the initial baseline mean (M = 14.8). The reintroduction of the
intervention resulted in an immediate decrease in disruptive behaviour with all but one session
remaining below phase A2 levels (M =9.8).

Table 2 shows that the mean frequency of disruptive behaviours decreased during the
intervention condition for both groups. However, the intervention only resulted in a small non-
significant decrease in disruptive behaviour in Group A (-.35, p = .15) but a significant moderate

decrease in Group B (-.75, p < .01).
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Figure 5

Mean Disruptive Behaviour Occurrences per Hour across Sessions for Groups A and B
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Table 2

Mean Disruptive Behaviour Occurrences per Hour across Conditions and Effect Sizes for Groups A and

B
Group A Group B
Baseline Intervention Baseline Intervention
Tau-U Tau-U
(n=13) (n=12) (n=13) (n=12)
Disruptive
] 9.9 8.0 -.35 14.7 10.0 - 75%*
Behaviours

Out-of-Seat Behaviour

The mean percentage of intervals where students displayed out-of-seat behaviour are
displayed in figure 6 and table 3.

Figure 6 shows that the Group A baseline levels of out-of-seat behaviour showed an

increasing trend, except for session 6 (M = 3.24%). The first intervention phase showed moderate
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variability in out-of-seat behaviour and a noticeable decrease in levels of that behaviour from
baseline (M = 1.40%). The return to baseline conditions was associated with an immediate increase
in the level and variability of out-of-seat behaviour (M = 2.93%). The second intervention phase, with
the exception of session 20, remained stable and well below baseline levels (M = 1.11%).

The Group B baseline levels of out-of-seat behaviour were reasonably stable with a slight
increasing trend (M = 1.27%). The introduction of the intervention was associated with increased
variability in out-of-seat behaviour but no clear change in mean from the baseline (M = 1.33%). The
second baseline phase resulted in an immediate increase in out-of-seat behaviour and high variability
across sessions (M = 1.82%). The reintroduction of the intervention was associated with moderate
variability and a decrease in mean out-of-seat behaviour from A2 (M = 1.05%).

Table 3 shows that out-of-seat behaviour decreased during the intervention condition for
both groups. The intervention resulted in a large significant decrease in out-of-seat behaviour in

Group A (-.87, p < .01) and a small non-significant decrease in Group B (-.35, p = .16).
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Figure 6

Mean Percentage of Intervals during which Students Displayed Out-of-Seat Behaviour across Sessions

for Groups A and B
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Table 3
Mean Percentage of Intervals during which Students Displayed Out-of-Seat Behaviour across

Conditions and Effect Sizes for Groups A and B

Group A Group B
Baseline Intervention Baseline Intervention
Tau-U Tau-U

(n=13) (n=12) (n=13) (n=12)

Out-of-Seat
3.10% 1.26% -.87%* 1.54% 1.19% -.35

Percentage
Chair Tipping

The mean percentage of intervals during which chair tipping occurred for Groups A and B is

presented in figure 7 and table 4.
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Figure 7 shows that Group A baseline levels of chair tipping were highly variable (M = 2.53%).
During the first intervention phase the behaviour stabilised with low levels of chair tipping and a
decrease in mean from the baseline (M = 0.26%). The reinstatement of the baseline conditions was
associated with an increase in variability and mean chair tipping levels (M = 1.17%). The second
intervention phase was associated with moderate variability but a decrease in mean levels in chair
tipping from A2 (M = 0.35%).

The Group B baseline levels of chair tipping displayed a slight increasing trend, apart from
session 10 (M = 0.56%). The first intervention phase was associated with stable and low levels of
chair tipping and a noticeable decrease in mean from the baseline (M = 0.15%). On returning to
baseline conditions the variability and mean chair tipping levels increased (M = 1.02%). The
reintroduction of the intervention resulted in an immediate drop in chair tipping which remained
stable and at very low levels throughout the phase (M = 0.06%).

Table 4 shows that chair tipping decreased during the intervention condition for both groups.
The intervention resulted in a moderate significant decrease in chair tipping for Group A (-.76, p <

.01) and Group B (-.79, p < .01).
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Mean Percentage of Intervals during which Students displayed Chair Tipping across Sessions for

Groups A and B
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Table 4

Mean Percentage of Intervals during which Students displayed Chair Tipping across Conditions and

Effect Sizes for Groups A and B

Group A Group B
Baseline Intervention Baseline Intervention
Tau-U Tau-U
(n=13) (n=12) (n=13) (n=12)
Chair Tippin
PPINE 1 90% 0.35% L76%* 0.79% 0.10% _79%*

Percentage
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In-Chair Movement

Mean in-chair movement levels across conditions are presented in table 5. In-chair
movement data was unavailable for sessions 4, 10, 17, and 22 for Group A, and sessions 7, 11, 22,
and 23 for Group B, due to technological issues.

Table 5 shows that the mean in-chair movement levels increased during the intervention
conditions for both groups with a small non-significant increase for Group A (.23, p=.39) and a
significant moderate increase for Group B (.64, p < .05).

Table 5

Mean In-Chair Movement Levels across Conditions and Effect Sizes for Groups A and B

Group A Group B
Baseline Intervention Baseline Intervention
Tau-U Tau-U
(n=11) (n=10) (n=10) (n=10)
Movement
337.1 347.6 .23 365.1 405.4 .64*
Index

Overall Movement

Mean overall movement levels for Classes A and B are presented in Table 6. Overall
movement data was unavailable for the first half of data collection with only data for phases A2 and
B2 included.

Table 5 shows that the mean overall movement levels increased during the intervention
conditions for both groups with a small non-significant increase for Class A (.20, p = .30) and a
significant moderate increase for Class B (.84, p < .05).

Table 6

Mean Overall Movement Levels in the Classroom across Conditions and Effect Sizes for Classes A and

B
Class A Class B
Baseline Intervention Baseline Intervention
Tau-U Tau-U
(n=5) (n=5) (n=5) (n=5)
Turbidity
.045 .048 .20 .061 .075 .84*

Index
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Environmental Variables

Mean levels of environmental variables across conditions for Classes A and B are presented
in table 8. Environmental data was unavailable for sessions 4, 10, 17, and 22 for Class A, and sessions
7,11, 22, and 23 for Class B.

Table 8 shows that there were no significant differences between baseline and intervention
levels for each of the environmental variables for both groups, indicating that they were not
significant confounding variables in this study.

Table 8

Mean Classroom CO;, Temperature, and Humidity Levels across Conditions and Effect Sizes for Classes

Aand B
Class A Class B
Baseline Intervention Baseline Intervention

Tau-U Tau-U

(n=11) (n=10) (n=10) (n=10)
CO, 242 ppm 280 ppm .26 281 ppm 263 ppm -.32
Temperature 22.1°C 21.1°C -.32 21.9°C 22.0°C .08
Humidity 59.3% 56.0% -.02 55.5% 56.3% -.16

Social Validity Data

A total of 28 students completed the survey for Class A and 26 for Class B. Participant
responses are presented in table 7.

Table 7 shows that 71.4% and 80.7% of students preferred the BodyfurnFlex chairs, for
Classes A and B respectively, compared to 17.9% and 7.7% who preferred the regular chairs. For the
students that preferred the BodyfurnFlex chairs, the most common reasons given were improved
comfort and better flexibility in comparison to the regular chairs. Additional reasons included; they
felt softer, reduced pain in comparison to the regular chairs, they were easier to stack, and nicer to
look at. Students who preferred the regular chairs reported that they preferred inflexible chairs
which they found to be more comfortable.

Over half (57.1% and 57.7% of students, for Classes A and B respectively), reported that they

found it easier to complete their schoolwork when seated in BodyfurnFlex chairs compared to 10.7%
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and 3.8% who found it easier in the regular chairs. Students who reported that the BodyfurnFlex
chair made it easier to complete their schoolwork commented that they felt the improved comfort of
the BodyfurnFlex chairs allowed them to better focus/concentrate on their work which helped them
be more productive. Additionally, some students reported that the flexibility of the BodyfurnFlex
chair enabled them to easily adjust their position which allowed them to find the appropriate
position for the task they were doing. Students who felt the regular chairs made it easier to complete
their schoolwork reported that they were more comfortable in the regular chair which allowed them
to better focus on their work, while one student commented that they found the
flexibility/movement of the BodyfurnFlex chair to be distracting.

Table 7

Participant Survey Responses for Classes A and B

Which Chair Did You Find It Easier to

Which Chair Did You Prefer Sitting In?
Complete Your Schoolwork In?

No No

Class n Regular Bodyfurn Regular Bodyfurn .
Preference Difference
A 28 5(17.9%) 20(71.4%) 3(10.7%) 3(10.7%) 16 (57.1%) 9(32.1%)
B 26 2 (7.7%) 21(80.7%) 3 (11.5%) 1(3.8%) 15(57.7%) 10(38.5%)
Discussion

The aim of the current study was to investigate the effect that BodyfurnFlex chairs had on
the behaviour and movement of students in comparison to regular classroom chairs. The
environmental conditions of the classroom were also measured as potential confounding variables.
Additionally, social validity data was collected to assess students’ preferences and if they felt the
chairs made it easier to complete their schoolwork.

The results of this study demonstrated a clear functional relationship between the chairs and
on-task behaviour, with the BodyfurnFlex chairs causing significant increases in on-task behaviour in
comparison to the regular classroom chairs. This effect was replicated across two separate groups of
students from different classrooms, age groups, time periods, school subjects, and brand of regular

chairs. Furthermore, the results show that BodyfurnFlex chairs resulted in sizeable decreases in out-
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of-seat behaviour, which is an indicator of off-task behaviour (Austin & Soeda, 2008; Godwin et al.,
2016). These findings provide strong evidence that dynamic chairs can significantly improve students'
on-task behaviour in the classroom.

The study also found that the mean frequency of disruptive behaviours decreased when
students used BodyfurnFlex chairs, although this effect was only statistically significant for Group B.
Additionally, the results also suggest that BodyfurnFlex chairs resulted in sizeable decreases in out-of-
seat behaviour and chair tipping, which are common types of disruptive behaviour (Axup & Gersch,
2008; Cogswell et al., 2020; Zuniga & Cividini-Motta, 2022; Infantino & Little, 2005). These results
suggest that dynamic chairs could be an effective intervention for reducing classroom disruptions.

The results also revealed that both in-chair and overall movement in the classroom increased
for both groups when students used BodyfurnFlex chairs; however, these increases were only
statistically significant for Group B. These findings are consistent with other research that found
dynamic chairs increased movement of occupants in comparison to traditional chairs (Garcia et al.,
2016; Stanic et al., 2022), and that movement integration in classrooms resulted in improvements in
student behaviour (Broad et al., 2023; McGowan et al., 2021; Wells, 2012). These results suggest that
BodyfurnFlex chairs may be an effective intervention to increase student movement through active
sitting while reducing unproductive/disruptive movements, such as chair tipping and out-of-seat
behaviour.

The results of the participant survey revealed that most students not only preferred the
BodyfurnFlex chairs in comparison to the regular chairs but also felt that they made it easier to
complete their schoolwork. Participants reported that the comfort and flexibility of BodyfurnFlex
chairs were the reasons for their responses. These findings are consistent with other studies that
have found students prefer dynamic chairs and that they are more comfortable in comparison to
traditional chairs (Garcia et al., 2016; Stanic¢ et al., 2022). Considering that student engagement is

positively associated with comfort (Aga, 2024) and better perceptions of the physical learning
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environment (Edgerton & McKechnie, 2023), these findings further indicate that dynamic chairs can
improve students’ engagement.

The environmental data revealed no significant differences between the baseline and
intervention conditions for CO,, temperature, and humidity levels, indicating that these variables
were not confounding factors in this study. The recommended range for learning environments listed
by the Ministry of Education is a CO, concentration below 800 ppm (parts per million), temperatures
between 18-25 °C, and relative humidity between 35-70% (Ministry of Education, 2022). CO,,
temperature, and humidity levels remained well within the guidelines for learning recommended by
the Ministry of Education, indicating they had a negligible effect on student learning in this study.
Implications of Research

The findings of the current study highlight the impact that chairs can have on student
behaviour. Despite several studies showing that dynamic seating options such as stability balls can
improve on-task behaviour and reduce some disruptive behaviours of specific populations (Fedewa &
Erwin, 2011; Matin Sadr et al., 2017; Schilling, 2003; Schilling & Schwartz, 2004), there is a lack of
research that compares the effect of dynamic and traditional chairs on students’ behaviour (Rollo et
al., 2019). This study fills an important gap in the literature and demonstrates that dynamic chairs
can improve students’ behaviour in the classroom.

Considering that on-task behaviour has a significant positive correlation with academic
achievement (Lei et al., 2018; Wong et al., 2024) and disruptive behaviour has a significant negative
correlation with the academic performance of not only students who display disruptive behaviour
(Finn et al., 1995) but the entire classroom (Blank & Shavit, 2016), the findings of this study suggest
that BodyfurnFlex chairs may be able to improve the academic achievement of students in
comparison to regular classroom chairs. Given the importance of academic achievement reaches far
beyond the classroom and is associated with improved well-being, quality of life, and positive
societal effects (Edgerton et al., 2012; Machin et al., 2011; Woessmann, 2016), interventions that

could potentially improve the academic outcomes of students are of great importance.
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In addition to academic achievement, the behavioural variables in this study also have
important social implications. Behavioural engagement has a significant positive correlation with the
subjective well-being of students (Wong et al., 2024), while disruptive behaviours in the classroom
are negatively associated with the well-being of teachers (Okeke et al., 2023) and can lead to teacher
burnout (Bibou-Nakou et al., 1999; Otero-Lopez et al., 2009). In addition to being disruptive, chair
tipping can also pose a serious safety concern as it is one of the most common causes of classroom
injuries (Salminen et al., 2014; van Dyne, 2010). The results of this study suggest that BodyfurnFlex
chairs may be able to improve the well-being of students and teachers, while also creating a safer
learning environment.

Prolonged static postures are associated with musculoskeletal disorders (MSD) (De Sio et al.,
2018; Dong et al., 2022), while musculoskeletal pain/discomfort has been shown to reduce with
frequent postural changes (Akkarakittichoke et al., 2023; Waongenngarm et al., 2021) and increased
in-chair movement (Arippa et al., 2022). Reducing static sitting postures and increasing movement
and postural changes may be an effective intervention for preventing the development of MSDs
(Dong et al., 2022; Putsa et al., 2022). The results of this study suggest that BodyfurnFlex chairs
promote active sitting by increasing the in-chair movement of students while also reducing
unproductive and disruptive movements, such as chair tipping and out-of-seat behaviour.
Additionally, students also reported that the flexibility of the BodyfurnFlex chairs increased comfort
and, in some cases, reduced pain. These findings suggest that BodyfurnFlex chairs reduced static
sitting of students and could potentially be beneficial in the prevention of MSDs.

Limitations of Research

One limitation of the study was the sampling method. Purposive sampling was used to select
a representative sample from the classroom and to minimise floor/ceiling effects. Although the
selection criteria were created by the researchers, the participants were selected by the teachers,
potentially introducing selection bias. Furthermore, while selecting middling/average students may

have been beneficial for the study, it could affect the generalizability of the findings to the general
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population. Specifically, students with learning difficulties or behavioural problems may particularly
benefit from BodyfurnFlex chairs.

There were several limitations related to the environmental and movement data. Connection
issues with the smart classroom system meant that movement and environmental data was
unavailable for several sessions. Additionally, in-chair movement data actually measured the
movement of the chairs and not the students. While the movement of the chairs is a good indicator
of student movement, it was not a direct measure of student movement. However, the inclusion of
overall movement as a measure helped provide greater insight into the movement of students.

It is also important to acknowledge that a functional definition was used for recording
disruptive behaviour. Behaviours were only recorded as disruptive if they actually caused another
student to stop their on-task behaviour or the teacher to stop teaching. It is unclear whether the
frequency of disruptive type behaviours decreased when students were seated in BodyfurnFlex
chairs or if students were just less likely to be disrupted by another students’ behaviour.

Only one specific design/brand of dynamic chair, the BodyfurnFlex chair, was assessed in this
study. Although this study was able to show that BodyfurnFlex chairs could improve student
behaviour, these findings should not be generalised to all types/designs of dynamic chairs.

Future Research

While the findings of this study have shown that BodyfurnFlex chairs could significantly
improve student behaviours, it is important to investigate if these changes translate to real life
socially significant outcomes. In particular, it would be good to know if BodyfurnFlex chairs improve
the academic achievement of students in comparison to regular classroom chairs.

Conclusion

The current study provides important empirical evidence and fills a gap in the current
literature about the effect that dynamic chairs have on learning in the classroom. The findings of this
study indicate that BodyfurnFlex chairs could be an effective intervention for improving students’

engagement and reducing disruption in the classroom.
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Introduction

Integrating movement into the classroom using movement breaks has been shown to
significantly improve on-task behaviour (Broad et al., 2022; Goh et al., 2018; Kerpan et al., 2019;
Mahar, 2011) and decrease disruptive behaviours (Camahalan & Ipock, 2015; McGowan et al., 2021;
Moon et al., 2020; Wells, 2012). Although effective at improving student behaviour, movement
breaks require a break in the lesson (stopping valuable learning time) and training for teachers on
how/when to implement the breaks (Goh et al., 2018; Kerpan et al., 2019; Mahar, 2011). A potential
way to integrate movement into the classroom without requiring a break in the lesson or teacher
training is through active sitting. Dynamic chairs, which are designed to promote active sitting, have
been shown to significantly increase in-chair movement in comparison to static (non-dynamic) chairs
(Garcia et al., 2016; Grooten et al., 2017; Niiesch et al., 2018; Stanic¢ et al., 2022; Tanoue et al.,
2016), suggesting that they could have a positive effect on student behaviour. However, there is
currently a lack of research into the relationship between in-chair movement and student behaviour.
The large out-of-seat macro-movements associated with movement breaks (e.g., jumping jacks) are
not directly comparable to the smaller in-chair micro-movements associated with active sitting.
Hence, there is a need to investigate whether in-chair movement can improve the behaviour of
students.

Another key factor that may influence students’ behaviour and requires further investigation
is the environmental conditions within the classroom. Despite extensive research demonstrating the
significant effects of carbon dioxide (CO;), temperature, humidity, and noise on students' attention,
cognitive function, and performance (Aydin & Goktas, 2023; Cho, 2017; Haverinen-Shaughnessy &
Shaughnessy, 2015; Fernandes et al., 2019; Shield & Dockrell, 2008; Woo et al., 2022), there is
limited research into how these environmental variables relate to on-task and disruptive behaviours.
Moreover, while noise can be environmental (e.g., air conditioning, electrical noise, traffic, weather),
it can also be behavioural (e.g., students talking or making noise). Behavioural noise in the classroom

is often typically viewed as a sign of off-task (Chapman et al., 2023; Ludyga et al., 2021) and
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disruptive behaviour (Douglas et al., 2016; Olota, 2022), suggesting that BodyfurnFlex may also be
able to reduce classroom noise levels.

In an effort to address these issues, Resero (Resero, n.d.), a New Zealand-based innovative
furniture company, partnered with Callaghan Innovation (Callaghan Innovation, n.d.), a government
agency that supports New Zealand businesses through R&D support and funding, to develop the
Smart Classroom System. The Smart Classroom System is a network of sensors that monitor various
environmental variables and types of movement in the classroom, designed to achieve two primary
goals. First, to examine how different types of chairs influence student movement and behaviour.
Second, to evaluate the environmental conditions in the classroom and their impact on student
movement and behaviour. Additionally, apart from serving as a research instrument, the Smart
Classroom System was developed as a potential evaluation and assessment tool to gauge classroom
quality and provide feedback on learning environments. There is a need for tools that can accurately
assess environmental conditions in classrooms to ensure students have suitable learning spaces.
Although the Ministry of Education has strict guidelines on environmental conditions in learning
spaces (Ministry of Education, 2022), research shows that many New Zealand classrooms fail meet
the required standards for learning (Building Research Association of New Zealand, 2019a, 2019b).

The aim of the current study was to utilise the Smart Classroom System to investigate the
effect that BodyfurnFlex chairs had on student movement in comparison to regular classroom chairs,
and how this movement was related to their behaviour (on-task, disruptive, out-of-seat, and chair-
tipping behaviour). Two types of movement were recorded: in-chair motion (which included
movement, acceleration, and rotation) and overall movement in the classroom. Additionally, we
examined whether BodyfurnFlex chairs affect noise levels in the classroom. The Smart Classroom
System was also used to monitor the environmental conditions (CO,, temperature, and humidity) in
the classroom and to explore potential associations between these variables and students’

movement and behaviour.
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Methods
Participants

Data was collected from two separate classrooms (Class A and Class B). Class A was an
intermediate school maths class with a total of 31 students, aged 11-13 years. Class B was a
secondary school English class of 29 students, aged 13-14 years. Overall movement, noise, and
environmental data were collected for the entire classroom. In contrast, in-chair motion data
(including movement, acceleration, and rotation) were collected for 10 students (the same 10
students from Study 1) in each of the two classrooms (Groups A and B). In-chair motion data was
only collected for 10 students because it is the current limit of the Smart Classroom System, and so it
could be correlated with the behavioural data from Study 1.

Materials
Chairs

Two types of chairs were used in the study: the regular classroom chairs and BodyfurnFlex
chairs (as described in Study 1).

Smart Classroom System

The Smart Classroom system includes: 20 Nordic Thingy:52 sensors, two Raspberry Pi
cameras and tripods, a laptop with the Smart Classroom Application (software), and a modem.

The Nordic Thingy:52 (Nordic Semiconductor, n.d.) is a compact, multi-sensor device
designed to measure various movement and environmental variables. It features several sensors that
monitor CO; levels, temperature, humidity, and sound. Additionally, it contains motion sensors: an
accelerometer that detects changes in velocity (i.e., acceleration), a gyroscope that measures
changes in orientation (i.e., rotation), and a magnetometer that tracks changes in direction. Each of
these sensors detects motion along three axes: the x-axis (horizontal or left/right), the y-axis (vertical
or up/down), and the z-axis (depth or forward/back). Collectively, these three sensors enable nine-

axis motion sensing (three types of motion across three axes), providing a comprehensive
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measurement of the Thingy:52’s movement. The sensors wirelessly connect to the laptop via
Bluetooth.

The Raspberry Pi (Raspberry Pi, n.d.-b) is a single-board computer (a small computer built on
a single circuit board), designed to be low-cost and versatile. The Raspberry Pis utilised in the Smart
Classroom System were adapted to act as motion sensors by using the Raspberry Pi camera module
(Raspberry Pi, n.d.-a). This add-on enables the Raspberry Pi to function as a camera. The Raspberry Pi
cameras capture black-and-white video footage, which is then used to detect motion through a
method called frame differencing. Frame differencing is a computer vision technique that identifies
motion in video footage by comparing pixel changes between frames. Larger pixel changes from one
frame to the next indicate greater movement or motion in the video. For example, a video of a
person walking across the screen will cause significant pixel changes between frames, whereas a still
image will produce minimal pixel changes. The Raspberry Pi cameras connect wirelessly to the laptop
via the modem (i.e., the cameras connect to the modem, which in turn connects to the laptop),
allowing movement data to be transmitted directly to the laptop.

The Smart Classroom App was developed by engineers at Callaghan Innovation using Python
(a programming language). The app is used to control the sensors remotely (i.e., start/stop
recording), with data sent directly from the sensors to the app. The data is stored and organised into
sessions, with each recording from start to stop considered one session. Users can download session
data directly from the app in Excel spreadsheets, which include a complete list of every
measurement and recording for each variable. Each measurement is timestamped, allowing users to
select relevant data and exclude unrelated data (e.g., from specific time frames). The Thingy:52
sensors measure every 1,000 milliseconds (ms), while the Raspberry Pi cameras record every 500 ms.
All variables recorded by the Thingy:52 sensors were converted to the group mean (i.e., the average
value of all 20 sensors), while the Raspberry Pi motion data was averaged across both Raspberry Pi
cameras. Prior to data collection, all sensors were calibrated by the engineers and developers to

ensure accurate measurements.
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Procedure
Design

A multiple baseline with ABAB reversal design was used in this study, alternating between
baseline (regular chairs) and intervention (BodyfurnFlex chairs) conditions. Phase changes were
made after several sessions of stable on-task behaviour (collected in Study 1) had been established.
Dependent Variables

The dependent variables in this study were in-chair movement, in-chair acceleration, in-chair
rotation, overall movement in the classroom, noise levels, CO, concentration, temperature, and
humidity.

In-chair movement was calculated using nine-axis motion data and converted into a
movement index that indicates the size or magnitude of movement (i.e., displacement). This
movement index is a ratio variable (i.e., an index of 0 indicates no movement, and an index of 2
signifies twice the movement of an index of 1). Like other ratio variables (e.g., weight, height, speed),
there is no upper limit to this measure.

In-chair acceleration was calculated using the three-axis acceleration data and converted to
an acceleration index that represents the change in velocity (i.e., acceleration). Likewise, in-chair
rotation was calculated using the three-axis rotation data and converted to a rotation index that
represents the change in orientation (i.e., rotation). Both the acceleration and rotation indexes are
also ratio variables.

Overall movement in the classroom was converted into a turbidity index, which represents
the proportion of pixel changes from one video frame to the next, with a value of 0 indicating no
pixel changes and a value of 1 indicating every single pixel changed.

Noise data was transformed into a sound index representing the noise level in the classroom.
This was necessary because the standard measurement unit for noise or sound, decibels (dB), uses a
logarithmic rather than a linear scale (i.e., each unit indicates a multiplicative increase, not an

additive one). This means that 100 dB is not twice as loud as 50 dB, but rather sound ‘doubles’ every
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10 dB increase (for example, 60 dB is twice as loud as 50 dB). This can make calculating correlations
and visual analysis both challenging and misleading.

CO; concentration, temperature, and humidity are all represented by their standard units of
measurement of parts per million (ppm), degrees Celsius (°C), and percentage (%), respectively.
Setting

Classrooms were arranged in a traditional layout, with the teacher positioned at the front
and students seated around tables. Two Thingy:52 sensors were attached to the 10 chairs of the
selected participants (Groups A and B) in each classroom using Velcro patches (Velcro, n.d.). One
sensor was placed under the seat, and the other on the back of the backrest, in the same location on
each chair

The Velcro patches stayed on the chairs throughout data collection to ensure consistent
sensor placement. The chairs were arranged around two adjacent tables, with five chairs at each. The
two motion sensor cameras were placed on tripods and set up in opposite corners of the classroom
so that each camera could cover the blind spots of the other. the classroom layout, including the
arrangement of tables and cameras, remained the same throughout data collection.

Data Collection

Data was collected during regular class periods with all equipment set up prior to and
removed after each session. When students entered the classroom for their lesson, the researcher
waited until all students were seated and checked that they were in the correct seats (i.e., the 10
selected students were in the designated chairs) before starting the recording. Only data from the
first 25 minutes of each session (the same 25 minutes from Study 1) were included in the results.
Data collection for Class A began two weeks prior to Class B. Data were gathered twice a week for
each classroom, with a total of 25 sessions for Class A and 24 for Class B.

Due to technical problems, several sessions contained corrupted or incomplete data and
were therefore excluded from the results. A total of four sessions were excluded for both Class A

(sessions 4, 10, 17, and 22) and Class B (sessions 7, 11, 22, and 23). Furthermore, the Raspberry Pi
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cameras were not operational during the first half of data collection, resulting in overall movement
data being gathered only during the second baseline and intervention phases. Additionally, noise
levels were recorded prior to several sessions for each class to establish out-of-class noise levels (i.e.,
the noise level in the classroom when it was empty). Only out-of-class noise measurements lasting at
least 5 minutes were included in the results.

Data Analysis

Each dependent variable was graphed throughout data collection, with each data point
representing the mean value for that session. Visual analysis involved comparing the differences in
trend, level, and variability of data between the baseline and intervention phases. Tau-U was used to
calculate effect size, while Spearman’s rank correlation coefficient was used to analyse relationships
between variables. Data from both groups were pooled for the correlation analysis.

Results
In-Chair Movement

Mean in-chair movement for Groups A and B are presented in Figure 1 and summarised in
Table 1.

Figure 1 shows that the Group A baseline in-chair movement levels (A1) remained very
stable across all sessions (range: 322.1-361.1, M = 338.3). The introduction of the intervention (B1)
coincided with a noticeable increase in the variability of in-chair movement (range: 278.2-424.8) and
a small increase in mean from the baseline (M = 356.6). The reinstatement of the baseline conditions
resulted in a return to the baseline mean (M = 335.6) and stable in-chair movement levels across all
sessions (range: 327.5-345.5). The reintroduction of the intervention again coincided with increased
variability in in-chair movement levels (range: 282.4-351.9), but did not cause a noticeable change in
the mean (M = 338.6).

The Group B baseline levels of in-chair movement were relatively stable with a slight
decreasing trend (range: 322.7-388.6, M = 345.9). The first intervention phase coincided with an

immediate increase in in-chair movement (M = 416.7) and showed moderate variability with a slight
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increasing trend (range: 364.9-479.5). The return to baseline conditions coincided with a noticeable
drop in in-chair movement level (M = 384.2), which was relatively stable across sessions (range:
353.2--406.5). The second intervention phase exhibited moderate variability in in-chair movement
(range: 357.3-456.9), but resulted in only a small increase in the mean (M = 394.1).

Figure 1

Mean In-Chair Movement across Sessions for Groups A and B
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Table 1 shows that the mean in-chair movement levels increased during the BodyfurnFlex
chair condition for both groups, with a small non-significant increase in Group A (.23, p=.39)and a

significant moderate increase in Group B (.64, p < .05).
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Table 1

Mean In-Chair Movement across Conditions with Ranges and Effect Sizes for Groups A and B

Baseline Intervention
M Range M Range Tau-U
Group A 337.1 322.1-361.1 347.6 278.2-424.8 .23
Group B 365.1 322.7-406.5 405.4 357.3-479.5 .64*

Note: *p < .05, **p < .01
In-Chair Acceleration

Mean in-chair acceleration for Groups A and B are presented in Figure 2 and summarised in
Table 2.

Figure 2 shows that Group A baseline levels of in-chair acceleration were stable across
sessions (range: 141.5-173.7, M = 155.0). The introduction of the intervention coincided with a small
but noticeable increase in in-chair acceleration (M = 172.4) and, except for session 8, remained
stable (range: 159.6-194.5). The second baseline phase was associated with a noticeable decrease in
in-chair acceleration (M = 140.1), with all but one session (session 19) remaining below B1 levels
(range: 116.9-180.5). In-char acceleration levels during the second intervention phase, except for
session 25, were stable (range: 166.0-207.7) and showed a noticeable increase in mean (M = 177.9).

Group B baseline in-chair acceleration levels were relatively stable (range: 125.3-156.0, M =
144.3). The first intervention phase exhibited a moderate increasing trend (range: 175.3-253.0) and
a noticeable increase in mean in-chair acceleration level from the baseline (M = 199.3). The return of
the baseline conditions coincided with a visible decrease in in-chair acceleration (M = 164.3), which
showed moderate variability across sessions (range: 143.4-194.2). The second intervention phase
exhibited some variability in in-chair acceleration levels (range: 167.0-219.4) and a noticeable

increase in mean (M = 194.0).
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Figure 2
Mean In-Chair Acceleration across Sessions for Groups A and B
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Table 2 shows that in-chair acceleration increased during the BodyfurnFlex chair condition
for both groups, with a large, significant increase in Group A (.74, p < .01) and Group B (.88, p <.01).
Table 2

Mean In-Chair Acceleration across Conditions with Ranges and Effect Sizes for Groups A and B

Baseline Intervention
M Range M Range Tau-U
Group A 148.3 116.9-180.5 175.1 159.6-207.7 T4**

Group B 154.4 125.3-194.2 196.7 167.0-253.0 .88**
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In-Chair Rotation

Mean in-chair rotation for Groups A and B are presented in Figure 3 and summarised in
Table 3.

Figure 3 shows that Group A baseline levels of in-chair rotation showed moderate variability
(range: 185.6-239.0, M = 213.1). The first intervention phase also exhibited moderate variability in
in-chair rotation levels (range: 133.8-205.1) but a decrease in mean from the baseline (M = 179.6).
The second baseline phase continued to show moderate variability in in-chair rotation levels (range:
164.8-220.7) and a small increase in mean (M = 195.5). The reintroduction of intervention again
resulted in a decrease in mean in-chair rotation (M = 160.7), but no change in variability (range:
113.7-182.0).

The Group B baseline exhibited moderate variability in in-chair rotation levels across
sessions (range: 195.8-249.6, M = 217.5). The introduction of the intervention resulted in a decrease
in mean in-chair rotation (M = 199.6) and variability (range: 183.9-215.0). The reinstatement of the
baseline conditions resulted in a return to the baseline mean (M = 215.9) and an increase in
variability of in-chair rotation levels (range: 171.0-243.3). The second intervention phase also
resulted in a decrease in both mean in-chair rotation (M = 202.0) and variability (range: 189.5-

219.6).



Figure 3

Mean In-Chair Rotation across Sessions for Groups A and B
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Table 3 shows that in-chair rotation decreased during the BodyfurnFlex chair condition for

both groups, with a large, significant decrease in Group A (-.75, p <.01) and a non-significant

decrease in Group B (-.52, p = .05).

Table 3

Mean In-Chair Rotation across Conditions with Ranges and Effect Sizes for Groups A and B

Baseline Intervention
M Range M Range Tau-U
Group A 205.1 164.8-239.0 170.2 113.7-205.1 - 75%*
Group B 216.7 171.0-249.6 200.8 183.9-219.6 -.52




Overall Movement in the Classroom

Mean overall movement levels for Classes A and B are presented in Figure 4 and
summarised in Table 4. Overall movement data was unavailable for the first half of data collection,
with only data from the second regular and BodyfurnFlex chair phases included.

Figure 4 shows that the baseline levels of overall movement for Class A showed moderate
variability (range: .036-.058, M = .045). The intervention phase also displayed moderate variability
(range: .037-.057) with only a small increase in mean overall movement (M = .048).

The baseline overall movement levels for Class B showed a decreasing trend (range: .044-
.069, M = .061). The introduction of the intervention was associated with a noticeable increase in
overall movement (M = .075) which remained relatively stable across sessions (range: .068-.081).
Figure 4

Mean Overall Movement in the Classroom across Sessions for Classes A and B
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Table 4 shows that the mean overall movement levels increased during the BodyfurnFlex
chair conditions for both groups, with a small non-significant increase for Class A (.20, p =.30) and a
large significant increase for Class B (.84, p < .05).
Table 4

Mean In-Chair Rotation across Conditions with Ranges and Effect Sizes for Groups A and B

Baseline Intervention
M Range M Range Tau-U
Class A .045 .036-.058 .048 .037-.057 .20
Class B .061 .044-.069 .075 .068-.081 .84*

Noise

Mean out-of-class noise levels were recorded in sessions 1, 6,9, 11, 12, and 18 for Class A
and sessions 1, 4, 6, 11, and 19 for Class B (Table 5).

As shown in table 5, the mean out-of-class nose levels for Class A was 36.4 and were
relatively stable (range: 32.2-38.9) while the Class B mean out of class noise level was 46.7 and also
remained relatively stable (range: 43.5-49.5).

Table 5

Mean Out-of-Class Noise Levels with Ranges for Classes A and B

n M Range
Class A 6 354 32.2-38.9
Class B 5 46.7 43.5-49.5

Mean in-class and out-of-class noise levels for Classes A and B are presented in Figure 5,
while in-class noise levels are summarised in Table 6.

Figure 5 shows that Class A baseline in-class noise levels showed moderate variability (range:
80.7-105.8, M = 91.3). During the first intervention phase, in-class noise levels were relatively stable
(range: 70.8-86.7) and showed a decrease in mean from the baseline (M =79.9). The return to
baseline conditions resulted in a slight increase in mean in-class noise levels (M = 86.1) and some

variability across sessions (range: 75.3-94.0). In-class noise levels from the second intervention
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phase were also relatively stable (range: 81.2-91.5) but did not result in a noticeable change in mean

(M=87.5).

Class B baseline in-class noise levels were stable except for session 9 (range: 86.3-108.2, M =

102.3). The introduction of the intervention was associated with a noticeable decrease in in-class

noise levels (M = 85.2) and, with the exception of session 14, remained stable across sessions (range:

74.7-90.3). The reinstatement of the baseline conditions resulted in an increase in mean in-class

noise levels (M = 93.8) and variability (range: 80.8-103.2). During the second intervention phase, in-

class noise levels stabilised (range: 91.7-101.5) and there was a small increase in the mean from A2

(M=96.7).

Figure 5

Mean Classroom Noise Levels across Sessions for Classes A and B
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Table 6 shows that mean in-class noise levels decreased during the BodyfurnFlex chair
condition for both classes; however, these decreases were small and non-significant for Class A (-.28,
p =.29) and Class B (-.28, p = .30).

Table 6

Mean In-Class Noise Levels across Conditions with Ranges and Effect Sizes for Classes A and B

Baseline Intervention
M Range M Range Tau-U
Class A 88.9 75.3-105.8 83.7 70.8-91.5 -.28
Class B 98.1 80.8-108.2 91.0 74.7-90.3 -.28

Environmental Variables

The Ministry of Education requires the daily average CO, concentration to stay below 1,250
ppm, while the classroom temperature and humidity must remain between 18-25 °C and 35-70%,
respectively (Ministry of Education, 2022).

Carbon Dioxide (CO;)

Mean CO, concentrations for Classes A and B are presented in Figure 6 and summarised in
Table 7.

Figure 6 shows that Class A CO; levels during the first baseline phase were low (M =243.8
ppm) and stable across sessions (range: 217.3-275.1 ppm). CO;, levels during the first intervention
phase remained stable (range: 206.5-370.7 ppm), except for session 9, and did not show a
noticeable difference in mean from phase Al (M = 257.3 ppm). During the second baseline phase
CO; levels continued to remain stable (range: 217.6-283.1 ppm) with no visible change in mean (M =
240.6 ppm). The second intervention phase was associated with a slight increase in both variability
(range: 221.6-395.7 ppm) and mean CO; levels (M = 303.2 ppm).

CO; levels during the first baseline phase for Class B were also very low (M =291.8 ppm) and
showed a very slight increasing trend (range: 249.4-356.5 ppm). During the first intervention phase,
CO; levels also remained stable (range: 246.4-304.2 ppm), with a small decrease in the mean from

phase Al (M = 263.6 ppm). Except for session 18, the CO, concentration remained stable during the
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second baseline phase (range: 241.6-349.9 ppm), with no noticeable change in the mean from B1 (M

=269.4 ppm). The second intervention phase continued to display low levels of CO, concentration

(M =261.7 ppm) that remained stable across sessions (range: 222.5-284.2 ppm).

Figure 6

Mean CO; Concentration across Sessions for Classes A and B
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Table 7 shows that mean classroom CO; concentrations remained well below the required

Ministry of Education limit of 1,250 ppm for all sessions, and there were no significant differences in

the mean CO; concentration between conditions for Class A (.26, p = .32) or Class B (-.32, p = .24).
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Table 7

Mean Classroom CO; Concentration across Conditions with Ranges and Effect Sizes for Classes A and

B
Baseline Intervention
M Range M Range Tau-U
Class A 242.4 ppm 217.3-283.1 ppm 280.2 ppm  206.5-395.7 ppm .26
Class B 280.6 ppm 241.6-356.5 ppm 262.7 ppm  222.5-304.2 ppm -.32
Temperature

The mean classroom temperature for Classes A and B are presented in Figure 7 and
summarised in Table 8.

Figure 7 shows that classroom temperatures in the first baseline phase of Class A were
stable, except for session 2 (range: 21.2-24.6 °C, M = 22.2°C). During the first intervention phase,
classroom temperatures remained stable (range: 18.8-22.9 °C), except for session 12, and showed a
slight decrease in mean from A1 (M = 20.2 °C). Classroom temperature during the second baseline
phase remained stable (range: 21.5-22.8 °C) and showed a slight increase in mean (M =22.1 °C).
During the second intervention phase, classroom temperatures showed no noticeable change in
level or stability (range: 20.8-23.0 °C, M =22.0 °C).

Classroom temperatures during Class B’s first baseline phase showed moderate variability
across sessions (range: 20.2-24.6 °C, M = 22.1 °C). Temperatures during the first intervention phase
continued to exhibit moderate variability across sessions (range: 18.3-23.3 °C), with no discernible
change in the mean from Al (M = 21.7 °C). There was no change in the mean classroom temperature
(M = 21.6 °C) during the second baseline phase, with temperatures remaining stable across sessions
(range: 20.5-23.1 °C). There was a slight increase in mean classroom temperature during the second

intervention phase (M = 22.8 °C), which displayed a moderate increasing trend (range: 18.9-25.9 °C).
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Figure 7

Mean Classroom Temperature across Sessions for Classes A and B
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Table 8 shows that the mean classroom temperatures remained within the required Ministry
of Education range of 18-25 °C for all sessions, and there were no significant differences in the mean
classroom temperature between conditions for Class A (-.32, p =.22) and Class B (.08, p = .77).
Table 8

Mean Classroom Temperature across Conditions with Ranges and Effect Sizes for Classes A and B

Baseline Intervention
M Range M Range Tau-U
Class A 22.1°C 21.2-24.6 °C 21.1°C 18.8-23.0 °C -.32

Class B 21.9°C 18.3-23.3°C 22.0°C 18.3-25.9°C .08
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Humidity

Mean classroom humidity for Classes A and B are presented in Figure 8 and summarised in
Table 9.

Figure 8 shows that classroom humidity during the initial baseline phase for Class A
exhibited a high degree of variability across sessions (range: 42.0-75.4%, M = 58.3%). During the first
intervention phase, there was moderate variability in classroom humidity levels (range: 43.2-69.6%),
with no change in the mean from Al (M = 57.6%). Classroom humidity during the second baseline
phase exhibited a moderate decreasing trend (range: 44.6-69.0%); however, there was no change in
the mean from B1 (M = 60.5%). During the second intervention phase, humidity showed moderate
variability (range: 46.6-61.4%) and a slight reduction in mean from A2 (M = 54.4%).

Classroom humidity during the initial baseline phase of Class B remained relatively stable
across sessions (range: 52.2-63.8%, M = 57.7%). There was no noticeable change in mean classroom
humidity during the first intervention phase (M = 56.2%), which also remained fairly stable (range:
50.3-64.0%). Classroom humidity during the second baseline phase remained stable (range: 51.4-
56.3%) with no notable change in the mean (M = 53.3%). The second baseline phase showed
increased variability in classroom humidity levels (range: 50.0-65.1%), but again, no apparent change

in the mean (M = 56.3%).



Figure 8

Mean Classroom Humidity across Sessions for Classes A and B
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Table 9 shows that the mean classroom humidity remained within the required Ministry of

Education range of 35-70% for all sessions, and there were no significant differences in the mean

classroom humidity between conditions for both Class A (-.02, p = .94) and Class B (-.16, p = .55).

Table 9

Mean Classroom Humidity across Conditions with Ranges and Effect Sizes for Classes A and B

Baseline Intervention
M Range M Range Tau-U
Class A 59.3% 42.0-75.4% 56.0% 43.2-69.6% -.02
Class B 55.5% 51.4-63.8% 56.3% 50.0-65.1% -.16
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Correlations

A Spearman’s rank correlation analysis was conducted to explore possible relationships
between movement, environmental, and behavioural (collected in Study 1) variables. The results are
presented in Table 10.

As shown in Table 10, several significant correlations were observed between variables. In-
chair acceleration had moderate positive correlation with on-task behaviour (rs(39) = .62, p <.01)
and moderate negative correlations with out-of-seat behaviour (rs(39) = -.37, p < .05) and chair
tipping (rs(39) = -.46, p < .01). Conversely, in-chair rotation had a large positive correlation with chair
tipping (rs(39) = .56, p < .05) and moderate positive correlation with out-of-seat behaviour (rs(39) =
.38, p < .05). In-chair movement had large positive correlations with both in-chair acceleration (rs(39)
=.51, p <.01) and overall movement in the classroom (rs(18) = .53, p <.05).

Additionally, on-task behaviour had moderate to large negative correlations with disruptive
behaviour (rs(47) = -.56, p < .01), chair tipping (rs(47) = -.38, p < .05), and classroom noise levels
(rs(47) = -.46, p < .05). Meanwhile, chair tipping had a moderate positive correlation with disruptive
behaviour (rs(47) = .30, p < .05), and a large positive correlation with out-of-seat behaviour (rs(47) =
.56, p < .01). All three environmental variables (CO,, temperature, and humidity) had small non-

significant correlations with all other variables.



Table 10

Correlation Matrix
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Variable 1 2 3 4 5 6 7 8 9 10 11 12
1. On-Task Behaviour -

2. Disruptive Behaviour -.56** -

3. Out-of-Seat Behaviour -.26 .21 -

4. Chair Tipping -.38* .30%* 56** -

5. In-Chair Movement .16 -.14 -.24 -.25 -

6. In-Chair Acceleration A2** -.26 -37*  -46**  51** -

7. In-Chair Rotation -.39 44 .38* .56* .33 -.23 -

8. Overall Movement 24 19 -.30 -41 .53* 44 22 -

9. Noise -.46* .16 -.15 -.03 .06 -.06 .09 44 -

10. CO; Concentration -.05 17 -.16 -.20 .03 .03 .01 .19 .07 -

11. Temperature -.06 -.22 -.05 -.02 -.05 -.04 -.08 -.15 .14 .01 -

12. Humidity -.09 -17 .05 .02 -.10 -24 .06 -.22 -21 -14 .07 -

Note: *p < .05, **p < .01
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Discussion

The aim of the current study was to investigate whether BodyfurnFlex chairs increased
students' movement compared to regular classroom chairs and whether that movement was linked
to their behaviour. Additionally, environmental factors (CO,, temperature, humidity) and noise data
were considered as potential confounding variables.

The results showed that in-chair movement increased for both Groups A and B when
students sat in BodyfurnFlex chairs; however, this effect was only significant for Group B. These
results are consistent with other research that has found dynamic chairs increase the movement of
participants compared to regular (static) chairs (Garcia et al., 2015; Grooten et al., 2017; Niesch et
al., 2018; Stanic¢ et al., 2022; Tanoue et al., 2016). Furthermore, the results showed that there was
noticeably more variation in the levels of in-chair movement across sessions during the intervention
condition. One explanation for these findings could be that BodyfurnFlex chairs enable students to
move as much as they need/want depending on the task they were completing that session. While
in comparison, when seated in the regular chairs, students essentially move the same amount every
lesson, regardless of the task or situation. However, the results did not find clear evidence to suggest
that in-chair movement is associated with the on-task or disruptive behaviours of students, with
small non-significant correlations between in-chair movement and all student behaviours.

The results also found that in-chair acceleration was increased when students were seated
in BodyfurnFlex chairs, with a large positive effect in both groups. Considering that acceleration is
the change in velocity (i.e., a higher mean acceleration tells us that an object’s velocity is changing
more frequently), the results suggest that on average students were moving more
frequently/consistently when seated in BodyfurnFlex chairs in comparison to the regular classroom
chairs (i.e., when the chair is not moving the velocity does not change, but when the chair is
constantly moving the velocity will consistently change). Additionally, in-chair acceleration had a
strong positive correlation with on-task behaviour and moderate negative correlations with out-of-

seat behaviour and chair tipping. These findings suggest that consistent in-chair movement is
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associated with increased engagement and a reduction in unproductive and disruptive movements,
such as out-of-seat behaviour and chair tipping.

Conversely, in-chair rotation decreased when students used BodyfurnFlex chairs; however,
this effect was only significant for Group A. Furthermore, in-chair rotation had a large positive
correlation with chair tipping. Considering that rotation is the change in orientation (i.e., as an object
rotates, its orientation changes), these findings suggest that in-chair rotation reflects large
movements that alter the angle of the chairs (e.g., chair tipping. It is important to note that although
the backrest and seat of the BodyfurnFlex chairs can pivot, these movements are minor and unlikely
to cause significant changes in orientation compared to chair tipping, which results in a substantial
shift in orientation. In-chair rotation also had a significant positive correlation with out-of-seat
behaviour. A potential reason for this could be that as students get out of their seats, they are
required to move the chair (from under the desk), which could result in a substantial change in
orientation (especially for the regular chairs, which cannot slide out like the BodyfurnFlex chair).

The in-chair motion data (movement, acceleration, and rotation) indicates that students not
only moved more when seated in BodyfurnFlex chairs, but also more consistently. Furthermore, the
results showed that the size or magnitude of in-chair movement was not significantly related to on-
task behaviour, but the consistency of that movement (i.e., in-chair acceleration) was. These findings
suggest that behavioural engagement is not related to how much students move but instead to how
consistently they move. The results also indicated that students not only moved less (in both amount
and consistency) when seated in the regular chairs, but the movement that they did engage in
appeared to be large, unproductive, and disruptive movements, such as chair tipping and out-of-seat
behaviour.

The overall movement data showed that movement in the classroom increased when
students were seated in BodyfurnFlex chairs in both classes; however, this effect was only significant
for Class B. Furthermore, a large positive correlation was found between overall movement and in-

chair movement. These findings suggest that the in-chair movement exhibited by students when
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seated in BodyfurnFlex chairs was substantial enough to result in a discernible increase in overall
movement in the classroom.

The sound data showed that out-of-class noise levels remained consistent across all readings
and were substantially below the mean in-class noise levels. These results indicate that a substantial
proportion of the in-class noise was behavioural (i.e., from the students and teacher) and not just
environmental. The mean in-class noise levels decreased when students were seated in
BodyfurnFlex chairs; however, this effect was small for both groups. Although classroom noise is
often seen as a sign of disruptive behaviour (Douglas et al., 2016; Olota, 2022), this study found no
evidence to support this view, with a small, non-significant correlation between the two variables.
However, there was a moderate negative correlation between noise and on-task behaviour. Given
that the results indicate that a substantial portion of classroom noise was behavioural (i.e.,
generated by students), this finding supports the assertion that classroom noise is indicative of off-
task behaviour (Chapman et al., 2023; Ludyga et al., 2021).

The environmental data revealed that mean classroom CO,, temperature, and humidity
remained within the Ministry of Education guidelines of < 1,250 ppm, 18-25 °C, and 35-70% (Ministry
of Education, 2022) across all sessions for both groups. Additionally, Tau-U showed that there was
no significant difference in mean CO,, temperature, and humidity levels between conditions for both
groups. Furthermore, all three environmental variables had small, non-significant correlations with
all other variables. These findings suggest that classroom CO,, temperature, and humidity were not
confounding variables in this study and did not have a significant effect on the behaviour or
movement of students.

Implications of Research

Despite research showing that dynamic chairs can increase movement in comparison to
regular (static) chairs (Garcia et al., 2015; Grooten et al., 2017; Niiesch et al., 2018; Stani¢ et al.,
2022; Tanoue et al., 2016), it has not been shown that this in-chair movement is associated with

student behaviour. The results of the current study show that BodyfurnFlex chairs significantly
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improved the consistency of in-chair movement compared to regular classroom chairs, and that
consistent movement while seated was associated with better on-task behaviour and a reduction in
disruptive behaviour (namely chair tipping and out-of-seat behaviour). These findings suggest that
dynamic chairs could be an effective alternative to movement breaks for incorporating movement
into the classroom. This would enable the behavioural benefits linked to movement integration,
such as increased engagement (Goh et al., 2018; Kerpan et al., 2019; Mahar, 2011) and decreased
disruptive behaviour (McGowan et al., 2021; Moon et al., 2020), without interrupting the lesson
(which reduces valuable learning time) and requiring the teacher training associated with movement
break interventions (Goh et al., 2018; Kerpan et al., 2019; Mahar, 2011

Aside from student behaviour, movement has several other crucial implications.
Incorporating movement into the classroom has been shown to positively influence academic
achievement (Donnelly & Lambourne, 2011; Petrigna et al., 2022; Shoval et al., 2018; Watson et al.,
2017). Furthermore, prolonged static postures are associated with musculoskeletal disorders (MSD)
(De Sio et al., 2018; Dong et al., 2022). In-chair movement and frequent postural changes have been
shown to reduce musculoskeletal pain/discomfort (Akkarakittichoke et al., 2023; Arippa et al., 2022;
Waongenngarm et al., 2021) and may be an effective intervention for preventing the development
of MSDs (Dong et al., 2022; Putsa et al., 2022). The results of this study indicate that BodyfurnFlex
chairs not only increase the amount of in-chair movement but also the frequency/consistency of
that movement (suggesting frequent postural changes), indicating that they may be able to improve
student comfort and help prevent the development of MSDs.

The study also demonstrated the use of a new potential tool for evaluating learning
conditions in classrooms, in the form of the Smart Classroom System. CO,, temperature, and
humidity not only affect students' attention, cognitive functioning, and performance (Aydin &
Goktas, 2023; Cho, 2017; Haverinen-Shaughnessy & Shaughnessy, 2015; Fernandes et al., 2019;
Shield & Dockrell, 2008; Woo et al., 2022) but can also have significant adverse health and social

effects, including respiratory infections, allergies, headaches, fatigue, agitation, feelings of
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depression, and decreased school attendance (Angelon-Gaetz et al., 2016; Derby & Pasch, 2017
Jaakkola et al., 2014; Makinen et al., 2009; Tu et al., 2021). Research has shown that many New
Zealand classroom do not fit within the required ranges for learning spaces (Building Research
Association of New Zealand, 2019a, 2019b), indicating that many students are not only currently at a
learning disadvantage but also risk of adverse health outcomes. A tool like the Smart Classroom
System could be a valuable resource that enables the assessment of learning space quality and
identifies which classrooms require interventions (e.g., air conditioning, heating, cooling, etc.) to
ensure students receive adequate and healthy learning environments.

Limitations of Research

One limitation to consider is that the in-chair motion data measured the motion of the
chairs, not the students. However, while the movement of the chairs is considered a good indication
of student movement, it is commonly used as a proxy for student movement in other studies
(Grooten et al., 2017; Niesch et al., 2018). However, including overall movement as a measure
provided further evidence that students' movement (not just the chairs) indeed increased when they
sat in BodyfurnFlex chairs. Overall movement increased in both groups during the intervention
condition, and a large positive correlation was observed between in-chair movement and overall
movement in the classroom.

Another limitation was that there was minimal variation in the environmental data, and
what variation there was remained within the recommended ranges (i.e., indicating they did not
affect the learning conditions). This meant that we were unable to gain insight into how the
environmental variables influenced student movement and behaviour. However, this is also a
positive aspect, as it meant that the environmental variables measured in this study could be ruled
out as potential confounding variables, adding further validity to the effect that the chairs had on

student movement and behaviour.
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Future Research

Although the findings of this study suggest that BodyfurnFlex chairs may serve as a viable
alternative to movement breaks for enhancing student behaviour, it should be noted that the effect
size of movement breaks and dynamic chairs on student behaviour was not compared in this study.
Considering that dynamic chairs do not require a break in the lesson, which takes away from
learning time, it is possible that they may be more effective than movement breaks at increasing the
amount of time students spend on-task. Future research should consider comparing the impact of
movement breaks and dynamic chairs on student behaviour.

Furthermore, considering that integrating movement into the classroom can improve
students' academic achievement (Donnelly & Lambourne, 2011; Petrigna et al., 2022; Shoval et al.,
2018; Watson et al., 2017), our results suggest that dynamic chairs, by promoting student
movement, may also positively influence academic outcomes. Since academic achievement can
significantly influence students' future quality of life (Edgerton et al., 2012; Starr et al., 2024),
Interventions that enhance achievement are valuable and warrant further study.

Conclusion

The current study offers valuable insights into how dynamic chairs can influence student
movement and addresses a gap in existing literature regarding how such movement relates to
behaviour. The findings suggest that BodyfurnFlex chairs could be an effective intervention for
promoting student movement through active sitting and support the hypothesis that active sitting

can enhance student engagement and minimise disruption in the classroom.
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Abstract

Recently many schools have begun to introduce dynamic seating options in an effort to
improve learning in the classroom. In contrast to standard classroom chairs, which are typically
inflexible and restrict movement, dynamic chairs are made to be flexible and encourage natural
movements which is believed to improve comfort and in-turn achievement. The present study
investigated if a new type of dynamic classroom chair, the BodyfurnFlex chair, could improve
students’ academic achievement and comfort in comparison to standard classroom chairs. A pre-post
intervention between-groups design was used to track the academic progression of students across
several mathematics assessments while focus group discussions were conducted to investigate
participants’ opinions of the chairs. The results revealed that there was no significant difference
between the test grades of the control and intervention group. However, there were several
indications that BodyfurnFlex chairs may have had a positive effect on the achievement of students,
including the intervention group having a larger effect size and a higher percentage of students
improving upon their baseline grades. Students reported far greater satisfaction with BodyfurnFlex
chairs in comparison to the standard chairs, stating that they were more comfortable, functional,
aided their ability to do their schoolwork and felt they had a positive effect on their test results. The
findings indicate that BodyfurnFlex chairs can increase student comfort and satisfaction, and may be
able to have a positive effect on academic achievement.

Keywords: dynamic chairs, academic achievement, physical learning environment, flexible

furniture, classroom comfort, student perceptions
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Introduction

Academic achievement plays a crucial role in enhancing an individual's overall quality of life
(Edgerton et al., 2012; Starr et al., 2024). Higher academic performance is linked to better well-being
(Nordlander & Stensota, 2014), greater life satisfaction (Lettau, 2021), boosted self-esteem
(Metsapelto et al., 2020), expanded job opportunities and higher earnings (Hahn & Chattopadhyay,
2019; Lallukka et al., 2019), enhanced physical and mental health (Kosik et al., 2018; Lé-Scherban et
al., 2014), promotion of economic growth (Heller-Sahlgren & Jordahl, 2024; Woesserman, 2016), and
a decrease in crime rates (Lankester et al., 2025; Martins et al., 2022). A variety of
personal/individual variables can affect academic performance, such as an individual’s intelligence
level (Lozano-Blasco et al., 2022; Roth et al., 2015), personality traits (Mammaddov, 2022), study
habits (Elango & Manimozhi, 2021; Walck-Shannon et al., 2021), motivation (Kriegbaum et al., 2021),
and attitude (Solpuk, 2017). While these personal factors can be difficult to change, there are
numerous external/environmental factors related to academic achievement that can be modified.
These include teaching style (Lopez-Martin et al., 2022), the overall school and classroom climate
(Erdem et al., 2024), and the physical learning environment (Barrett et al., 2015; Byers, Mahat, et al.,
2018; Cheryan et al., 2014; Fadhli et al., 2022; Opio et al., 2024). Several aspects of the physical
environment, such as the classroom noise levels (Brill & Wang, 2021; Shield & Dockrell, 2008),
temperature and air quality (Cho, 2017; Haverinen-Shaughnessy & Shaughnessy, 2015), classroom
layout and seating arrangements (Byers, Imms, et al., 2018; Imms & Byers, 2017; Nja et al., 2023),
and lighting type/intensity (Heschong et al., 2002; Mogas-Recalde & Palau, 2021), have all been
shown to significantly affect students' academic performance.

A key aspect of the physical learning environment is classroom seating (Al-Hinai et al., 2018;
Chen & Tsai, 2024; Harvey & Kenyon, 2013). Recently, many schools have started replacing
traditional/standard chairs with dynamic/flexible seating options in an effort to enhance students'
learning and comfort (Anderson & Hartley, 2018; Attai et al., 2021; Cole et al., 2021; Putman et al.,

2024). Unlike standard classroom chairs, which are usually inflexible and limit movement, dynamic
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seating encourages flexibility and promotes active postural changes. Several studies have compared
the effects of dynamic seating options and standard classroom chairs on the academic achievement
of students (Fedewa et al., 2015; Joubert et al., 2017; Mead et al., 2016; Torbeyns et al., 2017). One
study found that stability balls had no effect on the test scores of students in comparison to
standard classroom chairs (Fedewa et al., 2015), while another found that they had a positive effect
on a mathematics comprehension test but no effect on a mathematics academic progression test
(Mead et al., 2016). Other studies have investigated the influence that cycle/bike chairs (a stationary
chair with a bike pedal attached at the base which allows students to pedal while sitting at their
desks) had on learning but found that they had no effect on the test scores of students in
comparison to standard classroom chairs (Joubert et al., 2017; Torbeyns et al., 2017). After
conducting a systematic review on the effects of dynamic seating interventions on academic
outcomes, Rollo et al. (2017) concluded that there is currently no clear evidence that dynamic
seating has a beneficial effect on the academic achievement of students. Rollo et al. (2017) also
highlighted that dynamic seating other than stability balls and cycling chairs requires attention.
While stability balls and cycle chairs are considered dynamic seating options (they promote and
encourage movement), they are not directly comparable to dynamic chairs (an ergonomically
designed chair that incorporates dynamic/flexible features). Furthermore, stability balls can have
negative effects on the behaviour of students in mainstream classrooms, including reducing on-task
behaviour (Fedewa et al., 2015; Hulac et al., 2020). Cycle chairs also present several shortcomings,
including being uncomfortable (Fedewa et al., 2017), expensive (Torbeyns et al., 2017), and students
having difficulty riding and engaging in class simultaneously (Polo-Recuro et al., 2021).

Research has shown that dynamic chairs can reduce discomfort/pain (Cardenas et al., 2024;
Cardoso et al., 2021; Frey et al., 2021; Martin et al., 2025; Pennington & Putman, 2022), increase
movement (Garcia et al., 2016; Grooten et al., 2017; Martin et al. 2025; Stanic et al., 2022; Tanoue et
al., 2016), and lead to better satisfaction/perceptions of the learning environment (Attai et al., 2021;

Martin et al., 2025; Pennington et al., 2022; Putman et al., 2024) in comparison to standard



108

classroom chairs. Discomfort/pain can have a significant negative effect on academic achievement
(Grimby-Ekman et a., 2018; Kosola et al., 2017; Ragnarsson et al., 2022; Voerman et al., 2017) while
integrating movement into the classroom (Donnelly & Lambourne, 2011; Petrigna et al., 2022;
Shoval et al., 2018; Watson et al., 2017) and better satisfaction/perceptions of the physical learning
environment (Edgerton & McKechnie, 2023; Hopland & Nyhus, 2015; Opio et al., 2024; Salar et al.,
2024) can have a significant positive effect on academic achievement. These findings indicate that
the academic outcomes of students could be significantly improved by dynamic chairs. Martin et al.
(2025) found that BodyfurnFlex chairs (a dynamic chair), significantly increased the movement of
students in comparison to standard classroom chairs, and the majority of participants reported that
they preferred BodyfurnFlex chairs and found them to be more comfortable. Furthermore,
BodyfurnFlex chairs significantly improved on-task behaviour and decreased disruptive behaviour of
students in comparison to standard classroom chairs. These findings suggest that BodyfurnFlex
chairs may be able to improve the academic achievement of students without the negative
behavioural effects of stability balls and the discomfort/cost effects associated with cycle chairs.

The present study compared the effect that dynamic and standard classroom chairs had on
the academic achievement of students. Academic achievement was measured by tracking the
progression/improvement of students across several mathematics assessments. Furthermore, focus
group discussions were conducted to gather social validity data from students and teachers. Social
validity data is essential for determining the acceptability of an intervention and whether
participants found it valuable (Common & Lane, 2017; Ferguson & Cihon, 2021; Huntington et al.,
2023). This is important because even if learning interventions are effective, they are only useful if
teachers and students are willing to use/implement it.

Methods

Participants

Six Year 9 mathematics classes, consisting of students aged 13-14, participated in this study.

Three classrooms were randomly assigned to the control group and the other three to the
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intervention group. Test grades were collected from a total of 172 students, with 87 in the control
group and 85 in the intervention group.

At the end of the study, we invited teachers and students from the intervention group to
take part in focus groups to discuss their views on the classroom chairs. Three teachers and six
students from the intervention classrooms (18 students in total) volunteered to participate in the
focus group discussions (participants from the control group only experienced the usual classroom
chairs so were not included).

Passive consent was obtained from all students and their parents or guardians prior to data
collection. Parents and/or children could opt to have their test data excluded from the study.
Additional signed consent was obtained from the teachers, students, and the parents of students
who participated in the focus group discussions.

Materials
Classroom Chairs

The dynamic chair used in this study was the BodyfurnFlex chair (Furnware, n.d.). The chair
has a sled base with separate polypropylene (plastic) backrest and seat panels that move/pivot with
the user and include an aeration pattern for ventilation and cooling (Figure 2). The chair stands
872mm tall with a seat height of 460mm. The seat panel measures 416mm x 431mm, the backrest
panel is 374 x 350mm, and the base area is 495mm x 575mm.

The standard chair used in this study (Figure 2) was a standard monobloc polypropylene
school chair that was 805mm tall and had a seat height of 460mm. The dimensions of the seat,
backrest, and base area were 365mm x 415mm, 400mm x 345mm, and 485mm x 510mm,

respectively.
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Figure 1

Dynamic Chair

Figure 2

Standard Chair
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Assessment

Students were taught following the New Zealand Curriculum (Ministry of Education, n.d.-b)
guidelines as required by the Ministry of Education for all state schools in New Zealand. Data was
collected for two separate mathematics subjects; Number and Algebra (Ministry of Education, n.d.-
c). Students were assessed using e-asTTle (Ministry of Education, n.d.-a), an online assessment tool,
that assigns students a grade based on the New Zealand Curriculum level system. A student receives
a grade based on their level (1-10) and sub-level (Basic, Proficient, and Advanced). Based on the
student’s age (13-14 years old), students were expected to receive a grade within levels 3-6, with
students who failed to meet the minimum grade (Level 3 Basic) assigned a Developing grade (i.e.,
fail) and students who achieved above the maximum grade (Level 6 Advanced) assigned a Beyond
grade.
Focus Group Discussions

A total of four focus group discussions were conducted, one with the teachers and one with
the students from each of the three intervention classrooms. Several different prompt questions
were created by researchers to facilitate the focus group discussions, these were; You have now had
the opportunity to try out two different types of chairs/have two different types of chairs in your
classroom, what are your impressions of them?, How do you feel that the different chairs affected
your/the students’ behaviour?, How do you feel the different chairs affected your/the student’s
ability to do their schoolwork?, What effect do you think the different chairs had on your/the
student’s test scores?, Do you have any other comments/feedback about the chairs or the study?.

Focus group discussions were recorded using an android phone and then transferred to a
password protected computer for transcription. The audio recordings were transcribed using
Otter.ai (Otter.ai, n.d.), an automatic transcription software, and then checked, edited, and analysed

by one of the researchers.
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Procedures
Dependent Variable

The dependent variable in this study was the test grades of students. Three different grades
were collected for each student; Number test 1 (T1), Number test 2 (T2), and Algebra.
Experimental Design

A pre-post intervention between-groups design was used to compare the progression of
students’ Number grades (from T1 to T2) for the control and intervention groups. Both groups used
the standard classroom chairs during the baseline (pre-intervention) condition, after which the
intervention group switched to the BodyfurnFlex chairs while the control group continued to use the
standard chairs. The Number T1 topic was taught during the pre-intervention condition, while
Number T2 and Algebra was taught during the post-intervention condition (Figure 3).
Figure 3

Research Design
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(n=287)
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Data Collection

All classrooms followed the same learning and assessment schedule, being taught the
subject material during the same time period and taking the e-asTTle test at the end of the teaching
period (Table 1). Test grades were anonymised and shared with researchers after the completion of
the final test (Number T2). Focus group discussions were conducted after the completion of the final

test and were led by one of the researchers.

Table 1
Teaching Schedule
Subject Start Date End Date Duration
Number T1 18 March 2024 5 April 2024 3 weeks
Algebra 22 July 2024 30 August 2024 6 weeks
Number T2 14 October 2024 1 November 2024 3 weeks
Coding of Data

Test grades were each assigned a numerical value for data analysis (Table 2).
Table 2

Test Grades and their Assigned Numerical Code

Grade Code
Developing 0
Level 3 Basic 1
Level 3 Proficient 2
Level 3 Advanced 3
Level 4 Basic 4
Level 4 Proficient 5
Level 4 Advanced 6
Level 5 Basic 7
Level 5 Proficient 8
Level 5 Advanced 9
Level 6 Basic 10
Level 6 Proficient 11
Level 6 Advanced 12
Beyond 13
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Data Analysis

The distribution of grades was presented using box-and-whisker plots for each test. The
Mann-U Whitney test was used to compare the grades between the control and intervention group
while the Wilcoxon signed-rank test was used to compare the T1 and T2 Number grades for each
group. Key themes from the focus group discussions were summarised and supported with direct
quotes.

Results
Number Grades

The distribution of the Number T1 and T2 grades for the control and intervention groups is
displayed in figure 4.

As seen in figure 4, the Number T1 test the control group had a median grade of 5 (IQR: 4-8)
while the intervention group also had a median grade of 5 (IQR: 3-8). The Mann-Whitney U test
revealed that there was no significant difference between the Number T1 grades of the control and
intervention groups (U =3621,z=-0.24, p = .81, r=-0.02).

For the Number T2 test the control group had a median grade of 6 (IQR: 4-8) while the
intervention group also had a median grade of 6 (IQR: 4-8). The Mann-Whitney U test revealed that
there was no significant difference between the Number T2 grades of the control and intervention

groups (U =3654,z=-0.14, p = .89, r = 0.01).
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Figure 4

Number T1 and T2 Grades for Control and Intervention Groups

10

Grade

6

R

T1 Control T1 Intervention T2 Control T2 Intervention

The Wilcoxon signed-rank test revealed that there was a significant difference between the
Number T1 and T2 grades for the control (z=-4.41, p < .01, r = .47) and intervention group (z=-5.02,
p < .01, r =.54), with the control condition having a significant moderate positive effect on the
academic progression of students while the intervention condition had a significant large positive
effect on the academic progression of students.

The results also revealed that the percentage of students who improved upon their baseline
grade (i.e., progressed) was higher for the intervention group (64.7%) than the control group
(56.3%). Furthermore, the percentage of students that received a worse grade in Number T2 than T1
(i.e., regressed) was higher for the control group (16.1%) than the intervention group (12.9%) (Table

3).
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Table 3

Academic Progression of Number Test Grades for Control and Intervention Groups

Control (n = 87) Intervention (n = 85)
Progressed 49 (56.3%) 55 (64.7%)
Regressed 14 (16.1%) 11 (12.9%)
No Difference 24 (27.6%) 19 (22.4%)

Algebra Grades

The distribution of the Algebra grades for the control and intervention groups is displayed in
figure 5.

As shin in figure 5, the control group had a median grade of 5 (IQR: 4-7) for the Algebra test
while the intervention group also had a median grade of 5 (IQR: 4-8). The Mann-Whitney U test
revealed that there was no significant difference between the Algebra grades of the control and
intervention groups (U =3241,z=-0.52, p = .60, r = 0.04).

Figure 5

Algebra Grades for Control and Intervention Groups
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Focus Group Discussions
Comfort

All students agreed that they preferred the BodyfurnFlex chairs in comparison to the
standard classroom chairs, with the key reason being that they were more comfortable. One student
stated, “Those chairs (standard) are just, you know, hard and sore. But this one (BodyfurnFlex chair),
you can just get comfortable straight away.” This sentiment was reiterated by the teachers, with one
teacher stating, “When there was a changeover of chairs, they (students) did make a lot of
comments about liking the new chairs (BodyfurnFlex) and them being more comfortable.”

Pain was a common reason given for why the standard chairs were less comfortable than
the BodyfurnFlex chairs, with one student stating, “They (BodyfurnFlex chairs) don’t make my butt
hurt, like the other chairs (standard).” Another student explained, “Those chairs (standard) are really
stiff and hurt your back.”

The ventilation provided by the BodyfurnFlex chairs was another common reason given by
students for finding them more comfortable. One student explained, “These kind of chairs
(BodyfurnFlex) have the holes and are not as sticky. Usually | get sweaty and stick to the other
(standard) chairs when it’s hot, but not with these ones.”. This sentiment was echoed by the
teachers who felt that the ventilation of the BodyfurnFlex chairs was not only beneficial for
improving student comfort but also for removing potential embarrassment. One teacher stated in
reference to the BodyfurnFlex chairs,

The breathability of the chair, in terms of having the holes, means that they (students) are

not sticking to their chair and needing to peel themselves off. So, it provides more personal

comfort and that little bit more protection of dignity by not having that “kerrr” (sound of
peeling off chair) when they get out of the chair. So, | think definitely that creates a situation
for a little bit more confidence within the class in terms of, okay, | don’t need to constantly

lift and get out of my chair to ensure that does not happen.”
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However, the flexibility of the BodyfurnFlex chairs was the most frequent reason given for
finding them more comfortable. In reference to the standard chairs, student explained, ‘They’re very
uncomfortable, you can’t move around in them and you have to hunch at your desk. But if you lean
forward with the other chairs (BodyfurnFlex) it goes with you and supports you.” The difference in
movement/flexibility was also noticeable to the teachers, with one teacher stating: “I would say that
they (students) definitely move a little bit more on these (BodyfurnFlex) chairs versus the normal
(standard) ones.”

Functionality

The functionality of the chairs was another theme that appeared throughout all the
discussions. Several students mentioned that they found the sled base of the BodyfurnFlex chair to
be beneficial for being able to slide in and out from under the desks and to adjust position when
needed. Conversely, the standard chairs cannot slide and require the students to get out of the chair
to move it. When referring to the BodyfurnFlex chairs, one student mentioned, “They are easier to
slide out from under the desk, because the other ones (standard chairs) are quite hard to pull out,
but these ones are quite smooth.”.

One teacher also mentioned that the BodyfurnFlex chairs appeared to be more durable than
the standard chairs. Noting that over time the standard chairs tend to bend out of shape when
students rock on them, stating:

“One thing I've noticed is that when students rock and play on them, especially the older

heavier students, they bend. And so, within a couple years of having the chairs, they don't

seem to last. So, then it creates this group of chairs that have been bent and you sit really
awkwardly at a table. But | haven't noticed it (bending) happening to the new chairs

(BodyfurnFlex).”

Effect on Schoolwork
The majority of the students, 14 out of 18 (77.8%), felt that the BodyfurnFlex chairs had a

positive effect on their schoolwork in comparison to the standard classroom chairs. The other four
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students (22.2%) stated that they felt that the chairs didn’t make a difference, with no students
feeling the standard chairs made it easier to do their schoolwork. The most common reason given
was that the improved comfort of the BodyfurnFlex chairs helped them to better focus on their
work. One student explained, “I feel like | could concentrate on my work more because | wasn’t
focused on my posture and | was actually comfortable.”

One student mentioned that they were able to get more work done in the BodyfurnFlex
chairs because they didn’t feel the need to leave their seat, stating, “I've been doing much more
work honestly, because my butt is not numb and | don’t have the need to want to get up walk
around as much.” Another student stated that they were able to get more work done in the
BodyfurnFlex chairs because they were less likely to fidget:

“Yes, because | don’t know about you guys, but | like to fidget a lot. Having that extra little

bit of wobble in the fern (Bodyfurn) chairs, | don’t really need to like, fidget with others

things like a pencil.”
Some students also felt that the BodyfurnFlex chairs were less distracting by not making squeaking
noises like the standard chairs when their legs scrape on the floor as students moved in them, with
one student stating, “They are good for when you get up, they are not too loud when you slide out
(from under the desk), so it doesn’t disturb others.”

Conversely, there were some students that felt the chairs didn’t make a difference to their
ability to do their schoolwork, with one student stating, “No, | don’t really think a chair can help with
that (doing schoolwork).”

The teachers stated that they didn’t notice any observable difference between the standard
and BodyfurnFlex chairs effect on the students doing their schoolwork. However, they did feel that
BodyfurnFlex chairs were beneficial, in theory, with one teacher stating:

“l can’t say that | have noticed any difference. But if you’re more comfortable, that should

increase your likelihood of how well you can sit and actually keep your focus. So, | think

theoretically there should be at least a small improvement.”
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Effect on Test Grades

The majority of students, 12 out of 18 (66.7%), also felt that BodyfurnFlex chairs had a
positive effect on their test grades, while the other six (33.3%) felt like they didn’t make a difference
or were unsure. Of the students who felt the BodyfurnFlex chairs had a positive impact on their test
grades, the general consensus was that they felt they got more work done in the BodyfurnFlex chairs
and that translated to a better grade, with one student stating, “Yeah, | got a better score when |
used the Bodyfurn chairs, at the start (T1) | got a 3B and then when we did it again (T2) | got a 4A.”.
When asked by the moderator why they thought that was, the student responded, “Because when
you’re more comfortable you can just get more work done and learn better.” However, some
students were unsure, with one student stating, “l got a better score (in T2), but | don’t know if that
was because of the chair”.

The teachers were unsure whether the chairs made a meaningful impact on the test grades
of the students with one teacher stating:

“That's always a difficult question, because there's so many factors that go into learning.

And it even comes down to, can we say that the student’s improvement over the year is

because the chairs have changed? Or is it that, just in general, students improve throughout

the year. We're meant to see improvement. Whether or not we can say that that is because

of the chairs, it's hard to say.”

Discussion

The present study examined how BodyfurnFlex chairs impacted students' academic
achievement and opinions/perceptions in comparison to standard classroom chairs. The results
revealed that there was no significant difference in the grades between the control and intervention
groups across all three tests, indicating that the chairs did not have a significant effect on the
academic achievement of students. These results are consistent with other research that found
dynamic seating options such as stability balls and cycle chairs had no significant effect on the test

scores/grades of students (Fedewa et al., 2015; Joubert et al., 2017; Torbeyns et al., 2017). However,



121

several limitations to the data may have prevented finding significant results. Firstly, the New
Zealand Curriculum employs a level grading system (Ministry of Education, n.d.-b) which can make
detecting small changes/differences difficult (Cain et al., 2022; Guskey & Bailey, 2001; Micha et al,
2015). Secondly, on average students displayed very little progression in their test grades from
Number T1 to T2, with both groups showing a median grade increase of only one sub-level (from
Level 4 Proficient to Level 4 Advanced). Such small academic progression makes it unlikely for an
intervention effect to be detected. And thirdly, the teaching periods for each topic were relatively
short, with students only being taught the subject material for 3-6 weeks before for each
test/assessment. The short time period that students experienced the intervention made it less
likely for academic progression to be seen (Watson et al., 2017).

Despite this, there were several indications that the BodyfurnFlex chairs may have had a
positive effect on the academic performance of students. Firstly, although both groups showed
significant improvement in the median grade from T1 to T2, the Wilcoxon signed-rank test revealed
that there was a larger z-score for the intervention group (z =-5.02, p < .01) than the control group
(z=-4.41, p < .01), indicating a larger difference between the T1 and T2 medians for the intervention
group. Secondly, the results revealed that there was a larger effect size for the intervention group (r
= .54) than the control group (r = .46), indicating the BodyfurnFlex chairs had a large positive effect
on the test grades of students while the standard chairs had a moderate positive effect. Finally, a
higher percentage of students from the intervention group (64.7%) improved upon their T1 Number
test grade compared to the control group (56.4%). Although small differences, these results indicate
that BodyfurnFlex chairs may be able to have a small positive effect on the academic achievement of
students.

The focus groups revealed that all students who participated in the discussions preferred the
BodyfurnFlex chairs and found them to be more comfortable than the standard classroom chairs.
These results are consistent with the findings of Martin et al. (2025) who also found the majority of

students preferred BodyfurnFlex chairs over standard classroom chairs. A number of students stated
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that the standard classroom chairs caused pain to their backside and/or back, which supports the
current research that found dynamic/flexible seating options caused less pain and were more
comfortable than traditional classroom chairs (Cardenas et al., 2024; Cardoso et al., 2021; Frey et al.,
2021; Pennington et al., 2022). However, the most common reason given for why the BodyfurnFlex
chairs were more comfortable was their flexibility. Students explained that being able to move and
adjust positions freely enabled them to be more comfortable and better focus on their work.
Considering that discomfort/pain are negatively associated with academic achievement (Grimby-
Ekman et a., 2018; Kosola et al., 2017; Ragnarsson et al., 2022; Voerman et al., 2017) and students
who express better perceptions/satisfaction with their physical learning environment have
significantly better academic outcomes (Edgerton & McKechnie, 2023; Hopland & Nyhus, 2015; Opio
et al., 2024; Salar et al., 2024), these findings support the hypothesis that BodyfurnFlex chairs could
have a positive effect on the academic achievement of students in comparison to standard
classroom chairs.

The majority of students (77.8%) reported that they felt the BodyfurnFlex chairs had a
positive effect on their ability to do their schoolwork. A number of students mentioned that they felt
they were able to get more work done in the BodyfurnFlex chairs for several different reasons,
including; not feeling the need to leave their seat because of discomfort/pain, reducing fidgeting,
and not being distracted by other students squeaking on the standard chairs. These findings are
consistent with Martin et al. (2025) who found the majority of students reported that BodyfurnFlex
chairs made it easier to complete their schoolwork and that BodyfurnFlex chairs resulted in a
significant decrease in out-of-seat behaviour and instances of students being disrupted/distracted
from their work. The majority of students (66.7%) also stated that they felt BodyfurnFlex chairs had a
positive effect on their test results. Many participants stated that the BodyfurnFlex chairs were part
of the reason why they received a better grade in the Number T2 test, feeling that because they

could get more work done during class they were better prepared for the test. These findings



123

support the hypothesis that BodyfurnFlex chairs can make a meaningful impact on the learning and
achievement of students in comparison to standard classroom chairs.
Research Implications

While there is research that examines the effect that alternative dynamic seating options
such as stability balls (Fedewa et al., 2015; Mead et al., 2016) and cycle chairs (Joubert et al., 2017;
Torbeyns et al., 2017) have on the academic achievement of students, there is currently no research
on the effect that dynamic chairs have on the achievement of students (Rollo et al., 2019). This study
fills an important gap in the literature by evaluating the effect that dynamic chairs have on the
academic achievement, progression, and perceptions of students in comparison to traditional
classroom chairs.

Although the results did not find any conclusive evidence that BodyfurnFlex chairs could
significantly improve the test grades of students, there were several indications that they could have
a positive effect on their academic achievement. Considering that better academic achievement is
associated with significantly improved personal (Edgerton et al., 2012; Starr et al., 2024) and societal
benefits (Heller-Sahlgren & Jordahl, 2024; Lankester et al., 2025; Martins et al., 2022; Woesserman,
2016), these findings suggest that BodyfurnFlex chairs could be an important tool/intervention.

In addition to academic achievement, musculoskeletal pain, which is a prevalent issue
among students (Chambers et al., 2024; Gogoi et al., 2024; Kandasamy et al., 2024; Minghelli, 2020;
Ogunlana et al., 2021), can also have a significant effect on students’ quality of life and is associated
with depression, physiological distress, and poor sleep quality (Alsaadi, 2022; Kitis et al., 2017).
Furthermore, student satisfaction is associated with better school involvement/engagement
(Baltatescu, & Cernea-Radu, 2025; Elmore & Huebner, 2010). The findings of this study suggest that
BodyfurnFlex chairs may be able to improve student’s quality of life and increase school engagement

by reducing pain and improving student satisfaction.
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Research Limitations

As discussed earlier, a key limitation in this study was the level grading system used to assess
the students and the relatively short teaching periods before each test. Unfortunately, because all
state schools in New Zealand are required to utilise this curriculum and assessment procedure (Te
Kete Ipurangi, 2009), this left no room for the researchers to assess longer teaching periods and
implement different assessment procedures such as percentage-based testing. Furthermore, the
relatively limited academic progression shown by the students greatly limited the results of this
study.

Another limitation was that there was no baseline data for the Algebra test. Because there
was no pre-intervention test for Algebra, this meant that academic progression could only be
analysed for the Number topic. Finally, only one school subject (mathematics), age group of students
(13-14 years old), and type of dynamic chair were assessed during this study.

Future Directions

Considering that this study could not find any conclusive evidence that dynamic chairs can
significantly improve the academic achievement of students, due to limitations around the data, the
impact of dynamic chairs on the academic achievement of students requires further investigation.
Future research should look to use percentage-based testing, longer teaching periods, and include
different subjects/age groups of participants, in particular students with learning difficulties who
have been shown to significantly benefit from dynamic seating interventions (Brennan & Crosland,
2021; Fedewa & Erwin, 2011; Krombach & Miltenberger, 2020; Matin Sadr et al., 2017; Schilling &
Schwartz, 2004). Future research should also consider the use of progress monitoring tools/tests
which are more likely to show improvement in academic achievement of short-term interventions
than standardised tests which are not sensitive to short-term progress (Watson et al., 2017).
Conclusion

The study's findings suggest that BodyfurnFlex chairs may serve as a practical solution for

enhancing student comfort, satisfaction, and overall learning experience by encouraging healthy
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movement through active sitting. While the results did not provide strong evidence that these chairs
directly impact students' test scores, there are hints that they might positively influence academic

performance, which calls for further investigation.
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Chapter 6: General Discussion

In this thesis, we conducted a series of studies that investigated how dynamic chairs,
specifically the BodyfurnFlex chair, affected students' behaviour and achievement, and why. In Study
1, we investigated the effect that BodyfurnFlex chairs had on the behaviour, movement, and
perceptions of students in comparison to the regular classroom chairs. Additionally, we monitored
the environmental conditions in the classroom as potential confounding variables. In Study 2, we
carried out a detailed analysis of the movement and environmental data collected during Study 1.
This involved examining various aspects of the in-chair movement data, including acceleration and
rotation, whether the chairs affected classroom noise levels, and exploring potential links between
the movement, environmental, and behavioural variables. Finally, in Study 3, we explored whether
the behavioural and movement benefits demonstrated by BodyfurnFlex chairs in the first two
studies translated to improvements in academic achievement. Additionally, focus group discussions
were conducted to gain a deeper understanding of teachers' and students' perceptions of the chairs
and their influence on learning.

In conjunction, the key findings of these three studies showed that BodyfurnFlex chairs can
improve students’ on-task behaviour and reduce disruptive behaviours, including chair tipping and
out-of-seat behaviour. These behavioural improvements were shown to be significantly associated
with changes in student movement, specifically in-chair acceleration (i.e., consistent/frequent
movement). Furthermore, the results showed that student behaviour was not associated with in-
chair movement (i.e., displacement), indicating that students' engagement and disruptive
behaviours are not related to the size/magnitude of their movement but rather to how consistently
they move. While we were unable to show that the improvements in student behaviour translated
into academic achievement, several key limitations, including the grading system, short teaching
periods, and minimal academic progression, likely prevented us from finding any significant

differences between conditions.
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The findings of this research emphasise the importance of consistent movement as a
fundamental human need that plays a crucial role in maintaining comfort and engagement. When
individuals find themselves in situations where movement is restricted, such as being required to sit
for extended periods without breaks, this increases the motivating operations to move. For
students, this appears to manifest in off-task/disruptive movements, such as out-of-seat behaviour,
chair tipping, and fidgeting. However, when this need for movement cannot be met, it can result in
students struggling to focus/concentrate on their work due to discomfort. The results of this thesis
suggest that dynamic chairs help to fulfil the basic human need for movement through active sitting,
thereby reducing the motivating operations to engage in other types of movements (e.g., out-of-seat
behaviour and chair tipping) and allowing students to focus on their work.

Implications for Research

The findings of this thesis also have important implications for future research. Other studies
that have investigated the effect of dynamic chairs on the movement of occupants have used
different methods for measuring active sitting, including displacement (Grooten et al., 2017; Niesch
et al., 2018) and acceleration (Garcia et al., 2015; Stani¢ et al., 2022; Synnott et al., 2017; Tanoue et
al., 2016). While these are both measures of movement, they are not the same thing and should not
be conflated. Displacement refers to how far something has moved (i.e., the size/magnitude of the
movement), while acceleration is the change in velocity. However, while movement is a key part of
active sitting, the size/magnitude of that movement is not. Active sitting is defined as maintaining
consistent movement while seated through postural adjustments (Akkarakittichoke et al., 2023;
Arippa et al., 2022; Hyeong et al., 2014). Considering that acceleration is the change in velocity (i.e.,
a higher mean acceleration tells us that an object’s velocity is changing more frequently), this
suggests that acceleration is a more accurate measurement of active sitting than displacement.
Furthermore, the current research demonstrates that not all movement is beneficial. While students
moved less overall in regular chairs, they still exhibited significant movement, but the movement

they did engage in appeared to be large, unproductive/disruptive movements, such as chair tipping
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and out-of-seat behaviour. Future research should consider using acceleration as a measure of
active sitting, rather than displacement.
Implications for Practice

This understanding of the necessity of consistent movement has important implications for
the way we view other behaviour/movement interventions. Behavioural interventions such as
differential reinforcement (Crewdson et al., 2023; Kirkpatrick et al., 2019), self-management
strategies (Bulla & Frieder, 2018; Smith et al., 2022), and social stories (Ozdemir, 2008; Scattone et
al., 2002) typically target the reduction of unproductive/disruptive movements like out-of-seat
behaviour and chair tipping. Although effective at reducing undesired movement, these
interventions target the consequence of static sitting. By restricting student movement, these
interventions/strategies are preventing a fundamental human need for movement, which is likely to
result in decreased engagement (due to discomfort) or, alternatively, students may engage in other
disruptive behaviours (e.g., fidgeting) to fulfil this need for movement. Conversely, dynamic chairs
can be conceptualised as an environmental adaptation, an antecedent intervention that provides
the opportunity for acceptable (non-disruptive) movement, thereby removing the motivating
operation (i.e., static sitting) for these undesired behaviours and preventing them from occurring in
the first place.

Most commonly, schools have looked to integrate movement into the classroom using
movement/physical activity breaks (Gilmore et al., 2024; Turner & Chaloupka, 2016). However, while
movement breaks have been shown to be effective at improving students’ on-task behaviour (Broad
et al., 2023; Mavilidi et al., 2021; Watson et al., 2017) and reducing disruptive behaviours (Broad et
al., 2023; McGowan et al., 2021; Moon et al., 2020), they require a break in the lesson and additional
teacher training (Goh et al., 2018; Kerpan et al., 2019; Mahar, 2011). However, the current findings
suggest that dynamic chairs offer an effective alternative to movement breaks, for meeting the basic

need of movement and improving student behaviour, without requiring the lesson to stop (taking
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away from valuable learning time) or putting extra pressure on teachers to learn how to implement
the breaks and finding time to schedule them into their lessons.

The findings of this research also demonstrate that, unlike other dynamic seating options,
dynamic chairs can have a positive influence on students’ behaviour in general education settings.
When implemented in mainstream classrooms, both stability balls and cycle chairs have been shown
to have a negative effect on students’ behaviour (Fedewa et al., 2015; Fedewa et al., 2024; Hulac et
al., 2020). A key reason for this is likely that neither stability balls nor cycle desks have been shown
to promote active sitting. Erwin et al. (2016) found that stability balls significantly decreased the in-
chair acceleration of students compared to regular classroom chairs, indicating that they actually
increased static sitting. Meanwhile, although cycle desks have been shown to increase the energy
expenditure and heart rate of students (Fedewa et al., 2017; Torbeyns et al., 2017), there is no
evidence that they can promote active sitting. Given that the seats and backrests of the cycle chairs
are not dynamic (i.e., don’t allow upper body movement), it is unlikely that they can promote active
sitting (i.e., postural changes). These findings suggest that schools looking to introduce dynamic
seating options should invest in dynamic chairs, rather than other dynamic seating options, such as
stability balls and cycle chairs.

Social/Health Implications

The positive effects of BodyfurnFlex chairs shown in this research may also have other
important social and health implications. In addition to reducing short-term pain/discomfort
(Akkarakittichoke et al., 2023; Arippa et al., 2022; Waongenngarm et al., 2021), active sitting may be
an effective intervention for preventing the development of MSDs (soft tissue injuries that affect the
muscles, tendons, nerves, ligaments, joints and/or blood vessels) (De Sio et al., 2018; Dong et al.,
2022). Given that MSDs are common in schools, impacting more than 1 in 4 students (Chambers et
al., 2024), and that prolonged static sitting greatly contributes to this high prevalence (Harithasan et
al., 2022; Ogunlana et al., 2021), it is reasonable to assume that decreasing static sitting through the

use of dynamic chairs could potentially lower MSD incidence in students.
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Disruptive behaviour in the classroom is considered the primary social stressor that
increases teaching demands (Kollerova et al., 2023) and is strongly linked to teacher burnout and job
dissatisfaction (Otero-Lopez et al., 2009; van den Brink et al., 2024; Vidi¢ et al., 2021). Conversely,
increasing on-task behaviour improves teacher-student relationships (Engels et al., 2016) and has a
significant positive impact on students’ subjective well-being (Wong et al., 2024; Zhu et al., 2019)
and self-esteem (Karababa, 2020; Eryilmaz & Kara, 2025). Additionally, chair tipping presents a
serious risk for classroom injury (Goss, 1992; Salminen et al., 2014; van Dyne, 2010), while out-of-
seat behaviour can be a safety concern, particularly for young and disabled students (Cao et al.,
2022; Flower et al., 2014; Pennington et al., 2012). The current research suggests that by improving
students’ on-task behaviour and reducing disruptive, out-of-seat, and chair tipping behaviours,
dynamic chairs could potentially have a positive impact on the well-being of teachers and students,
while also creating a safer classroom environment.

The current research also introduced a brand-new tool, the Smart Classroom System. In
addition to demonstrating that it can be an effective research tool for investigating different types of
movement, the Smart Classroom System also offers a potential solution to the issue of the
environmental conditions in New Zealand classrooms (Building Research Association of New
Zealand, 2019a, 2019b). The ranges/limits for the environmental conditions set by the Ministry of
Education are not just recommended, they are required (Ministry of Education, 2022). However,
currently, nothing is being done to enforce these requirements. Considering that the environmental
conditions in classrooms have a significant impact on the learning (Haverinen-Shaughnessy &
Shaughnessy, 2015; Liu et al., 2021; Wargocki et al., 2019l; Wargocki et al., 2020) and health
(Angelon-Gaetz et al., 2016; Derby & Pasch, 2017; Jaakkola et al., 2014; Makinen et al., 2009; Tu et
al., 2021) of students, tools like the Smart Classroom System could be of great value.

Strengths and Weaknesses
Due to the complex nature of analysing student movement, behaviour, and achievement,

the current research was not without limitations. As previously mentioned, limitations to the test



144

data greatly restricted the findings of Study 3. However, due to the structure of the New Zealand
curriculum and grading system, we were left with little room to overcome these limitations.
Secondly, purposive sampling was used in Studies 1 and 2 to minimise ceiling and floor effects.
However, this may restrict the generalisability of the findings to the wider population, particularly
students with behavioural issues who may find BodyfurnFlex chairs especially beneficial. Finally, due
to connection issues, several sessions in Studies 1 and 2 contained incomplete sensor data, resulting
in their exclusion from the results. Additionally, the Raspberry Pi motion cameras were not
operational for the first half of data collection.

However, the current research also has a number of strengths that significantly enhance the
quality and rigour of the findings. A key strength of this thesis was that we not only examined
whether BodyfurnFlex chairs affected the behaviour and outcomes of students, but also investigated
why. This is important because if seating conditions for students are to be improved, it is crucial that
we understand which aspects of the chairs are actually making a difference, rather than investing in
seating options that lack these features. Another strength of this thesis was the use of both data and
methodological triangulation. In the first two studies, data was collected from two different classes,
school subjects, age groups, timeframes, and types of regular chairs. Additionally, we employed
multiple data collection methods, including observations, surveys, focus group discussions, and
sensors. The current research also encompassed other aspects of the learning environment,
including monitoring environmental conditions, maintaining consistent settings (e.g., classroom
layout), and controlling for pedagogical outliers across sessions. Controlling these potential
confounding variables significantly enhances the validity of the findings, indicating that the chairs did
in fact have an effect on the behaviour and movement of students. Finally, as part of this research,
we gathered extensive social validity data from students and teachers. This was not only important
for understanding how the chairs affected their behaviour, but also for evaluating their acceptability.
Ultimately, even if interventions are effective, they are only useful if both teachers and students

believe that they are helpful and are willing to use them.
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Future Directions

As with all research, particularly single-case research, there is a need to replicate the results
to enhance the generalizability of the findings. In addition, future research should explore the use of
different types of dynamic chairs and include students with learning difficulties, who have been
shown to benefit significantly from other dynamic seating interventions (Rollo et al., 2019). The
current research also suggests that the effect of dynamic chairs on academic achievement warrants
further investigation. The use of percentage-based testing or progress monitoring tools, along with
longer-term data collection (at least a full year), should be considered to avoid the limitations of
Study 3. Researchers may also want to consider studies that investigate the potential long-term
social/health benefits of dynamic chairs, including their effect on MSDs, classroom injury, and
student and teacher well-being. Finally, the findings of this research suggest that it is worthwhile to
investigate the impact of dynamic chairs in settings beyond the classroom. Workplaces, particularly
those that require prolonged sitting (e.g., office jobs), may greatly benefit from incorporating
dynamic chairs, as conventional office chairs are typically not dynamic (Ellegast et al., 2012; Grooten
et al., 2017). By promoting active sitting, dynamic chairs may help improve office workers' comfort,
increase work engagement, and eliminate the need for microbreaks (short breaks used to break up
prolonged periods of sitting by standing up and walking/stretching; Albulescu et al., 2022; Radwan et
al., 2022).
Conclusion

In this thesis, we examined the effect that BodyfurnFlex chairs had on the behaviour,
movement, comfort/perceptions and achievement of students. Despite not finding any conclusive
evidence to suggest that BodyfurnFlex chairs can improve academic achievement, our findings
provided strong evidence that they can significantly improve student engagement and reduce
disruptive behaviours in the classroom. The findings show they effectively satisfy the basic need for
movement via active sitting, reducing the need for unproductive movements like chair tipping and

out-of-seat behaviours. Overall, students reported far greater satisfaction with BodyfurnFlex chairs



146

in comparison to regular chairs, stating that they were more comfortable, functional, aided their
ability to do their schoolwork, and enabled them to be better prepared for their assessments.
Behavioural problems, such as disruptive and off-task behaviour, are a common problem in
New Zealand classrooms, which are amongst the worst in OECD nations (Education Review Office,
2024). To address this issue, the Education Review Office has emphasised the need for interventions
and strategies that target the underlying causes of these behaviours (Education Review Office,
2024). The current research suggests that dynamic chairs are not only an effective intervention for
improving student behaviour, but also address a key underlying cause of disruptive/off-task
behaviours, preventing them from occurring in the first place, without adding to teacher stress or

workload.
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