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Abstract

A renovation incorporated Innovative Learning Environments' design principles. The exploratory study used a
Basic Mixed Method, Convergent Parallel Research Design. Behavioral observations and photographic tracing,
two surveys (pre- and post-intervention), interviews, and instrument testing. Overall findings: (8) students and
educators are excited to come to school, (b) far less negative/destructive behavioral issues, and (¢) a sense of
pride/belonging imbued. Specifically: (a) ILE designs at the ergo-dynamic furniture level are not as intuitive as
hoped, (b) teaching practices guide the use of solutions, () students made intuitive use of the ergo-dynamic
products in seated positions at both macro and micro levels, and (d) students still had too much sedentary time.
Recommendation - provide holistic understanding for all stakeholders of ILES' positive impact.

Keywords. design for educational settings, dynamic-movement, student engagement, Innovative Learning
Environments, secondary school, disaster response

1. Introduction

Brooks (2012) indicated that spatial designs have consequences aligns with Bgjer's (2021) statement, “Space
shapes us; but we are also affected by the way we interact with, and act within the space” (p. 33). Research is
scant regarding: (a) how the design of particular ‘ergo-dynamic’ (i.e., purpose-built/spatial affordances) furniture
for educational places, (b) their potential spatial adaptability, and (c) options for providing spontaneous,
self-organizing postural changes in ILEs impacts student wellbeing and academic engagement; particularly for
secondary grade level students. Thus, the argument is made for intentionally designing space, and its spatial
affordances (i.e., furniture, fixtures and equipment) (Whiteside, Brooks, & Walker, 2010; Byers, Imms, &
Hartnell-Young, 2014; Imms & Byers, 2017a; Imms, Mahat, Byers, & Murphy, 2017b; Imms, Cleveland, &
Fisher, 2016) with the belief that understanding the premise of why active learning, quality/dynamic movements
incorporated to support student wellbeing and academic engagement are important.

A unique opportunity presented itself after the unfortunate and devastating effects of two hurricanes that swept
through the US Virgin Islands, and ongoing COV ID-related closures. After all of the destruction and losses, the
opportunity to rebuild, renovate, and reimagine education for hundreds of teachers and students was generated
throughout the US Virgin Idlands. DLR Group’s K12 Education Practice, (led by Pamela Loeffelman, FAIA as
lead architect), began this arduous but important master planning project. One of the first schools to finish
renovations was The Wheatley Modernization Center for 9th Grade Students. VS America, Inc. was selected to
supply the furnishings due, in part, to their long-standing connections to applied research and understanding of
active body behavior, and the ability to supply ‘ergo-dynamic’, or dynamic movement (items that alow for
intuitive body movements based on the products’ design features) furniture solutions.

Answers to our research questions may contribute to multiple audiences decision-making abilities to ‘ get it right
for students’ This study introduces the reader to a body of knowledge recognizing that space does make a
difference. Specificaly, for the: (a) physiological (Brittin, Sorensen, Trowbridge, Lee, Breithecker, Frerichs, &
Huang, 2015; Brittin et a., 2017; Dave, 1970; Garcia, Huang, Trowbridge, Weltman, & Sirard, 2016), (b)
psychological (Elliot & Covington, 2001; Freeman, Eddy, McDonough, Smith, Okoroafor, Jordt, & Wenderoth,
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2014), and (c) interactively engaged opportunity connections (Kilbourne, Scott-Webber, & Kapitula, 2017) for
both students and educators. The work is grounded in the work of classic Environment Behavior Theorists
(Altman, 1975; Sommer, 1969; Hutchison, 2015; Harrow, 1972).

The physiological items will be a focus of this study and how these behaviors (e.g., macro postural movements
like walking/leaning, and micro/mindless movements like fidgeting), encourage more engagement in one's
learning process. What we know is in children and adolescents daily sitting time takes over 50% of the waking
day at 7 years and 75% at 15 years (Janssen et a., 2016). This high level of sedentariness, combined with the
fact that about 80% of children and adolescents are inactive (i.e., not reaching the physica activity
recommendations) (Farooq et al., 2018; Halla et al., 2012), led some scientists to propose the existence of what
they caled a “Sedentary & Inactive” profile (Saunders et a., 2013). Thus, we are currently at a time where
sedentary behaviors are a worldwide concern (Bernaards, Hildebrandt, & Hendriksen, 2016) and classroom
active seating and desks (i.e., ‘ergo-dynamic’ furniture solutions) have been proposed as a potential key to
counterbalance these adverse effects on health- wellbeing-related outcomes. It suggests the time of exposure to
ergo-dynamic furniture may be an important parameter to consider. Ergo-dynamic furniture solutions appear to
be promising tools in: (a) reducing sedentary behaviors in school environments, (b) increasing energy
expenditure, and (¢) supporting cognitive and academic performances.

Spatial situations have been measured for some time understanding how the design of classroom spaces impacts
student academic engagement levels (Scott-Webber, Konyndyk, & Denison, 2019a; Scott-Webber, Konyndyk, &
French, 2019b; Scott-Webber, Konyndyk, French, & French, 2018; Scott-Webber, Konyndyk, French, Lembke,
& Kinney, 2017).

2. Body of Evidence

Our study builds upon others (Gracia et al., 2016; Minges, Chao, Irwin, Owen, Park, Whittemore, & Salmon,
2016; Guirado, Chambonniere, Chaput, Metz, Thivel, & Duclos, 2021) who looked at the effects of
“...non-traditional (i.e., ergo-dynamic) school furniture on children’s physical activity (PA), energy expenditure
(EE), information retention...” (n.p.); for this study concentration levels was also studied. It is important for us
to operationalize some terms:

e Accelerometer = adevice, in this case worn around the waist, that measures movement of the hips and legs;
accesses PA —physical activity;

e Active learning design = the intentional design of both the placement of furnishing and the inclusion of
ergo-dynamic furniture solutions to support teaching modalities used to potentialy increase student active
movements and engagement levels;

e Cognitive performance = the ability to concentrate, is an essential prerequisite for coping with everyday
work tasks. Whether in sports, school or everyday work, the focus of attention is a limiting factor for
optimal performance. The positive influence of motion on the brain has aready been extensively researched
and confirmed;

e Energy expenditure = the amount of energy used as measured by an accelerator (EE);

e ‘Ergo-dynamic’ = Non-traditional school furnishings designed to physically promote quality/dynamic
movements [at the micro/mindless scale = small fidgeting movements; at the macro scale (standing up,
walking, lying down, etc.), and mindful body movements (i.e., postural changes from lying down to walking
and standing up)];

e |ILEs=Innovative Learning Environments (Immset a., 2017a & b);

e Quality/dynamic movement = physical activity — bodiesin motion at the macro and micro levels (PA); and
e Traditional school furniture = furnishings that are static and non-supportive of body movements.

2.1 Learning with the Whole Body

Learning with the whole body (i.e., body + movement) / embodied learning, is the basis for an individual to
experience themselves as part of the environment, to tap into it becoming part of that individual’s full experience
(Moser, Korper, & Lernen, 2016). “The body then is the means and medium” (Abraham & Miiller, 2010, p. 23),
and through this learning medium they can perceive, experience, recognize and act. At the same time, the body is
the *house’ from which we as humans come into contact with the world. In human existence, the body represents
physical existence in the here and now as well as in space and time, and is characterized by its own duality: on
the one hand, it separates people from the environment, on the other hand, it also provides access to, and a
responsibility of being within the physical and social world (Moser et a., 2016).
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Within the current state of interdisciplinary research on learning, teaching methods are recommended that see the
learner as a physically active ‘discoverer’ in their own appropriation of the world. An active form of learning is
based then on the fundamental importance that emotional, cognitive and physical processes function in an
interactive state. Consequently, learning with movement is the most suitable approach for efficient and at the
same time sustainable learning (Moser et a., 2016). This finding is by no means new. But in the context of
reforming pedagogical concepts such as “learning with head, heart, and hand” or “learning with all the senses,” it
has repeatedly led to a stronger integration of movement and physicality in action-oriented |earning processes.

Our research questions were:

1) Do ‘ergo-dynamic/purpose-built’ furniture designs impact the students' acts of being physically/actively and
engaged in their learning process?

2) Do specific professional development sessions for teachers make a noticeable difference in encouraging
dynamic movement/student engagement behaviorsin a 9" grade situation?

2.2 Evidence Between Physical Movement and Learning are Inseparable

Numerous studies prove the connections between movement and the effect on learning and show that the use of
specific movement activities may influence the actual ability to learn. Looking at the various study findings,
however, it quickly becomes clear that these are not strictly contributing relationships, but rather causa
correlations indicating significance from multidimensiona fields; results from a comprehensive analysis of the
dimensions of meaning of movement (Beudels, 2013).

In the favored concept of a school as alearning space, “ school is viewed as an open space of experience in which
the cognitive, emotional, social, aesthetic, exploratory opportunities may take place” (Klafki & Braun, 2007, p.
138). A modern and future-oriented school therefore represents a place where important knowledge can be
acquired, skills may be developed and practiced and ideas may be organized with a view to preparing for life
(Von Hentig, 2003). In the texts Rethink the School (Von Hentig, 2003) and INSYNC: Environment behavior and
the design of learning places (Scott-Webber, 2004), authors have been demanding a consistent rethink from the
school bureaucracies for over 10 years. The implementation of changed educational school concepts seems just
as in need of analysis and interpretation as the learning paradigms, and the relationship between learning and
teaching in schooal.

According to the constructivist theory (a current practiced theory) learning means actively perceiving,
experiencing, acting, experiencing and communicating (Stangl, 2010). Accordingly, learning is not limited to the
instrumentalization and reproduction of knowledge, but includes active, self-directed, emotionally motivating,
creative and communicative processes in the active engagement with the environment (V ogelsinger, 2016, p. 42).
Thus, the prior knowledge of the learner is of crucial importance in this perspective, as new knowledge is always
constructed in relation to it, and the activation of prior knowledge, its order, correction, expansion,
differentiation and integration in the process of gaining knowledge play the decisive roles (Stangl, 2010).
Individual constructs are built up, linked, reorganized and modified through learning, always under the principle
of current and future expediency.

“Movement and the body in the context of the learning paradigms within the current educational debate about
pre-school and elementary school education,” Fischer (2016, p. 71) recognizes two fundamental areas of
responsibility for movement: On the one hand, movement is important in order to differentiate the experience of
action that the general planning ability to cope with behaviorally conditioned learning processes. On the other
hand, the importance of movement lies in the transfer service for the acquisition of academic knowledge and
skills, for example in cultural techniques or scientific fundamentals. “In terms of developmental logic, scientific
knowledge arises from the exploration and play behavior of the child and needs a (movement) practical basis”
(Fischer, 2016, p. 72). In terms of phenomenology and philosophical anthropology, it is not about the mechanical
side of movement that has been stripped of the human being, but about the meaning of movement as action that
opens up meaning (Hildebrandt-Stramann & Laging, 2013). Positive metabolic changes are triggered if sitting
times are interrupted regularly (i.e., after 20 minutes at the latest.), Henson et al. (2013), found a positive
influence of interruptions on glucose metabolism, BMI and waist circumference in people with an increased
diabetes risk profile. Saunders (Saunders et al., 2013) working group found evidence connecting the phases of
sedentary behavior and an interruption to cardiometabolic risk in children with afamily risk of being overweight
and obese (Altenburg et al., 2013; Bailey & Locke, 2014; van Dijk et al., 2013).

2.3 The Cognitive Connection
For their study of the attentional performance of children in three classes in the course of a school morning
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reported, “highly significant differences between the children whose everyday school life was more active and
those who took part in conventional lessons’ (Dordel & Breithecker, 2003, p. 77). Significant correlations
between concentration performance and body coordination were also found in a study with 668 primary school
students (Graf et a., 2003). But long-term effects of exercise on school performance have also been previously
proven. With reference to the research by Castelli, Hillmann, Buck and Erwin (2007), who were able to
demonstrate a positive correlation between general fitness and success in arithmetic and reading in third and fifth
graders, studies by Schneider and Guardiera (2011) show that even after moderate but regular activity of 15
minutes on the bicycle ergometer, clear brain physiological changes take place in the sensory cortex and in
tempora areas, which are assigned to language processing. Research into neurophysiological and neurocognitive
mechanisms generally shows increased concentration performance as a result of physical activity (Hillman,
Pontifex, Raine, & Kramer, 2009; Bailey & Locke, 2014) combined with school performance (Coe, Pilvernik,
Womack, Reeves, & Malina, 2006; Garatachea, Torres Luque, & Gonzdlez, 2010). In summary, exercise
supports learning in multiple ways.

“Movement leads to better levels of adaptation in the central nervous system, strengthens the synaptic
connections, improves blood flow to the brain and stimulates the maintenance and regeneration of neural
networks’ (Hollmann, 2004, p. 7). The meta-analyzes carried out consistently come to the result that positive
correlations between physical activity and cognitive performance can be assumed. The mgjority of the
cross-sectional studies confirm a positive connection between motor and cognitive characteristics, which in
addition to the neurona changes promote the prerequisites and have a positive effect on the cognitive learning
ahility.

In recent years, neuroscience has found an empirically established relationship between physical activity,
creativity, and learning, which are key elements for learning success and innovation. Bodies in Mation
(Breithecker, 2009) is a concept inspired by our research on active learning and embodied learning in the
classroom (Breithecker, 2005) — key phrase: Schools in Motion. It's about inspiring people to break away from
passive behaviors and getting more physically and emotionally involved in one’s learning’s creative process.
Static sitting leads to physical, and mental deterioration and sabotages our ability to concentrate. Sitting still, or
any rigid behavior, is not an evolutionary biological state. Physical activity directly affects the cognitive
processing areas of the brain, which, according to studies, helps the center for learning and memory
(Hippocampus) — as well as our executive functions — participate.

“Executive functions are essentially processes that contribute to increasing the performance of:

e  Our working memory, the ability to retain and process a certain (relatively small) amount of information;
and

e Our flexible attention control, the ability to quickly and precisely switch focus between different
requirements, or alternately observe and process different aspects of a task. Attention control aso involves
paying attention to the task-relevant information, ensuring the optimum level of attention for the selected
aspects, and maintaining this until the end of the activity” (Diamond, 2013, n.p.).

The areas of the brain controlling the motor function (movement) are located in the frontal lobe — like the
executive functions — are better supplied with blood through regular physical activity and provided with
neuroplastic messengers (especially proteins and hormones), which neighboring brain areas such as the
executive functions and language areas share.

2.4 The Physiol ogical-Biochemical Connections

No matter what effects movement has on humans, it is always the muscular contractions that trigger them. One
of the most important keys to our holistic performance lies in the stimulation of the muscles (600 +); our largest
metabolic organ. Fibrous tissues are not just a self-contained system that mechanically propels us forward on the
instruction of the brain. They also form an important organ system connected to all organs of the body, and these
not only strengthens and revitalizes them, but also generates positive physical, mental, and emotiona
interactions. As soon as muscle fibers begin to move, a cocktail of molecular messengers is released (including
proteins, enzymes, hormones) that positively affect the metabolism throughout the body. In recent years,
researchers have identified nearly 3,000 different proteins that muscles release during their work — proteins that
are then fed into the bloodstream (Korte, 2013). Among these proteins are hundreds of hormone-like substances
that migrate into the body. This includes the brain maturation protein BDNF (Brain-Derived Neurotrophic
Factor), which is known to positively stimulate the structure of neurons, promote neurogenesis (nerve cell
formation in the hippocampus).
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Without exaggerating, “BDNF can be called ‘miracle fertilizer’ for our brain cells as it also supports the release
of dopamine (neurotransmitter), a hormone that supports neuroplasticity by integrating the newly formed
neurons into existing circuits’ (Nehls, 2014, p. 352; Melo Coelho et a., 2013; Stickgold, 2009; Lopes et al.,
2013). In addition, it should be noted that dopamine not only promotes selective attention, working memory and
long-term memory, but is also involved in arousing curiosity and making quick and safe decisions.

3. Research Methods & Techniques
3.1 Research Design

Understanding the impact of spatial designs is important (Whiteside, Brooks, & Walker, 2010; Byers, Imms, &
Hartnell-Y oung, 2014). For this Exploratory (George, 2021) study, a Basic Mixed Method, Convergent Parallel
Research Design (see Figure 1, Harvard Catalyst, 2022) requiring both quantitative and qualitative data
gathering was used.

Quantitative Data Collection

and Analysis

Compare
or .

v Relate

Interpretation

Qualitative Data Collection

and Analysis

Figure 1. Basic mixed-methods research design (adapted from Harvard Catalyst, 2022)

3.2 A Multiple Techniques Exploratory Sudy / POE

Qualitative and quantitative data were collected using multiple techniques: (a) observational mapping —
behaviors and photographic traces, (b) online surveys, (c) d2 concentration test, and (d) an accelerometric
measurement method to record physical behavior in onsite conditions. Two profession development sessions
were administered (the intervention) after the first two-day observation period — introducing the science behind
physical movement, engagement practices, and purpose-built/ergonomic designs for learning places. Cantent
from each technique was analyzed independently, then compared in order to generated interpretive findings.
Information on the techniquesis next.

The Condition

This research team observed as a Post Occupancy Evaluation (POE). The room and its furnishings were set up in
a manner to support an active learning experience (i.e., ILE) with as much ergo-dynamic furniture as both time
and budget would allow (see Figure 2).

o 0
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HEIGHT ADJ o L L‘P L{p
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rexciar @) (s = A
OUNGE SEAT | 101
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Figure 2. Typical Ergo-dynamic Furniture Solutions
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Behavioral Mapping

Mapping behaviors takes its procedures from anthropologica ethnography (Zeisel, 1984; Bectel, Marans, &
Michelson, 1987), recording for understanding particular in-situ behavior(s). What researchers want to discern is
how people actually behave in certain situations as opposed to what they think they do (e.g., surveys). Thus, time
on site viewing behaviors with a particular ‘lens' and recoding them with a short hand of agreed upon note
taking codes, along with written descriptions generates the data. The codes were developed to capture the
essence of the research questions, and each researcher was trained on how to use al data gathering techniquesin
order to be consistent across researchers. See Figure 3 for this research’ s behavioral method' s code, and recorded
data spreadsheet is shown in an example in Figure 4. These data points can be graphicaly illustrated for
quantifying the data (Tufte, 1983, see Figures 2-3).

The behavioral mapping short hand codes for this study included: # of Students; Movement =/ for leaning on
something, W for walking, L for sitting, ” for standing, > for a prone position, ~ for fidgeting. The Engagement
(i.e., Interaction) included: S/C for Student-to-Content, S/S for Student-to-Student, S/F for Student-to-Faculty,
SE for Student-to Environment/or Environmental Object (e.g., a computer or whiteboard), F/S for
Faculty-to-Student. The Practice included the teaching practices of: WG for Whole Group, SG for Small Group,
and Ind for Independent work. The tallies below each column are the number of observables in-situ conditions
(tallies n=5008).

# | DESCRIPTION

S MOVEMENT M.sum ENGAGEMENT E.sum| PRACTICE P.suml
/| W[ L Al ~ s/c|s/s|S/F|S/E|F/S WG SG | Ind

KEY: KEY: KEY:

S = Student S/C = Student-to-content WG = Whole group

/ = Macro leaning S/S = Student-to-student SG = Small group

W = Walking S/F = Student-to-faculty IND = independent

L = Sitting S/E = Student-to-

A = Standing environment

> = Lying on surface F/S = Faculty—to-student

~ = Wiggling

Figure 3. Behavioral mapping code

ROOM DAY TIME # DESCRIPTION NOTES
A|B C E F G H|M|T|W TH|BLK|Clock [AMPM| S MOVEMENT Msum| ENGAGEMENT |Esum| PRACTICE [P.sum
,l'[ w ’ L ] A ’> | - s{c[s,fs[s,‘rlsﬁ]r;s WGESG_E Ind
3:07 1 1 1 1 s =walks out
3:08 5 10 5§ 1|1 1] 1|1 5 =waks, stands, sits back down
1 1 1 1 t=walks out
2 1 1 1 s =works on white board
3:09 1 1 1 1 s =walks around room
2 1 1 s = stands up/sits down
1 1 1 s = twisting in chair
3:10 10 5 11 1 1] s = game against teams
312 1 1 1 1 s =walks back in
Figure 4. Mapping data input
Photographic Traces

Photographic traces (Zeisel, 1984) are another important mapping technique providing artifact analysis. Where
the maps using analogue, or a written dialogue and graphing, and give an ongoing sequence of events as a
written record by the researchers, photographs provide visual traces of these same events capturing specific
pointsin time (Zeisel, 1984). By providing a‘trace’ in a photographic record, that is time sequenced (in this case
every 15 minutes by each observer's camera) these records can be compared individualy, and then cross
referenced with other data collection techniques to add clarity and consistency, begin defining categories of
situational types, and reduce bias during the analysis phase (see Figures 4 & 6).



jel.ccsenet.org Journal of Education and Learning Vol. 12, No. 1; 2023

|IMG.2757
P 228122

9:21AM

Day 1 Block 1 DMS/AM
= Small group / whole grou

T /WL"~

POSTURE

Figure 5. Photographic trace mapping / a (one photograph)

IMG.2843 IMG.2847
12:54PM 1:09PM

Day 1 Block 3 DME/PM
POSTURE *Su/lt»~

“T:W*

Figure 6. Photographic trace mapping / b (two photographs)

Comprehension Testing

The d2 test, d2 for short, is a standardized, neuropsychological test for recording attention and
concentration. The test can be used on people aged 9 to 60 years. Individual and group test for the age
range from 9 to 60 years. Is used in amost al psychological work areas, including in the areas of clinical
and medical, neuro-, educational, traffic, as well asindustrial and organizational psychology. The d2 test is
timed for 10 minutes, and consists of 14 linesin which alarge number of the letters ‘d’ and ‘p’ appear next
to each other. These two letters have one or two dashes above and / or below them. The test person’stask is
to cross out all ‘d’ with two lines (target object). All other stimulus constellations, that is, all ‘p’ and al ‘d’
with fewer or more than two lines, are referred to as distractors. The test person has exactly 20 seconds to
complete for each row (Brickenkamp, Schmidt-Atzert, & Liepmann, 2002, n.p.).

The d2-R is a revised and newly standardized version of the attention test d2 (Brickenkamp et al, 2002). It
records the concentrated attention in the age range from 9 to 60 years in the form of the concentration
performance (KL), in which the speed (BZO) and accuracy (F%) of the machining are included. Central changes
compared to the d2 are written instructions for the participants, copy sheets for the evaluation, an increased
number of items and revised parameters. Areas of application are in assessing the suitability of employees in
occupations that require concentrated work, as well as identifying performance restrictions in educational,
clinical and neuropsychological contexts. For our purposes, two classrooms of students took this test at the same
time period.

‘Wearable’ / The Accelerometer

“The International Children’s Accelerometry Database (ICAD) (Sherar, Griew, Esliger, Cooper, Ekelund, Judge
& Riddoch, 2011), has developed standardized methods to create comparable physical activity variables from
more than 20 studies including more than 32,000 participants (Cooper et al., 2015), and used this database to
describe variations in physica activity and sedentary time between seven European countries’
(Steene-Johannessen et a., 2020, p. 2).

Accelerometers are acceleration sensors that measure the duration, frequency and intensity of human activity or
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inactivity. Depending on the positioning, accelerometers alow conclusions to be drawn about some of the
relevant movements, but not about all physical activities equally well. Since the accel erometer does not measure
movements that only the upper body makes if it is worn on the hip, the device sometimes underestimates the
energy expenditure.

For this study, physical activity was measured using an ActiGraph accelerometer (model GTX3). The ActiGraph
is the most intensively studied device for accelerometric measurement of physical activity in international
specialist literature, and provides proven valid and reliable measurement data (Santos-Lozano et a., 2012; Kelly
et a., 2013; Hanggi, Phillips, & Rowlands, 2013). Accelerometers not only alow the intensity of an activity to
be measured, but also a high-resolution (second-precise) representation of the activity profile over the wearing
period. The device is worn on the side of the hip with an elastic belt (see Figure 7). When positioned near the
center of the body, a high correlation of the accelerometer signal with physical activity and energy expenditure
may be observed (Garatachea et al., 2010).

Figure 7. An example of a person wearing the ‘wearable’ — the accel erometer

We used accelerometers to record the students’ physical behavior during the lessons in two scheduled blocks.
The aim was to find out to what extent classroom conditions (i.e., pedagogical and facility design features) were
weighted with an increased focus on changing postures such as active-dynamic sitting, standing and movement
in the room, were also reflected in better metabolic-physiological values in the students (Altenburg, Rottevee,
Dunstan, Salmon, & Chinapaw, 2013). In the present study, an epoch length of 30 seconds was chosen for
storing the activity units.

Professional Development

The Professional Development (PD) sessions for the educators consisted of two, synchronously delivered cnline
sessions. The first was delivered by the Co-Pl on quality/ergo-dynamic movement. The second was delivered by
the Pl on engagement factors and active learning. Both delivered after school via live zoom meeting.

Surveys

Two surveys were sent online to both the educators (n=8), and the students (n=90); one was pre-intervention.
The other was post.

4. Interpretive Findings
4.1 Behavioral Mapping

Observations reflected students were seated 72% of their class time overal (see Figure 8). The macro
movements (i.e., major body leaning — forward or backward; walking; standing) these segments of physical
postural changes reflected 42% leaning, 36% walking, and 21% standing (students stood to walk in or cut of
class) (see Figure 9). For the overal micro movements, these were split between lying down on the desk (70%)
or wiggling (30%) (see Figure 10).
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69% of P =STUDENTS 72% of
time WORKING time
INDEPENDENTLY V= STUDENTS NI KEY:
/ = Macro leaning
WORKING IN W = Walking
P.SUM = SEATED L = Sitting
73% of o ). POSITIONS et s S
time ﬂ A ~=Wiggling
E = STUDENTS @) ENGAGEMENT KEY:
WORKING ON R ) “ s/C = Student-to-content
CONTENT ON & b = e S/S = Student-to-student
) ] S/F = Student-to-faculty
Cgl\igg?gl;\é S/E = Student-to-environment

F/S = Faculty—to-student

. PRACTICE KEY:
WG = Whole group
SG = Small group

M.SUM = IND = independent

3,682

Figure 8. Mapping summary — overall / students

MACRO MOVEMENT KEY:

[l /=Leaning
B W=Walking
Il *=standing

af mW mh

Figure 9. Macro movements / students

MICRO MOVEMENT KEY:

[ >=Lying/head down
l ~ = Wiggling

=> 8"

Figure 10. Micro movements/ students

Students were engaged primarily with their environment (dominantly on the computer, but some on notebooks,
or on some occasions on the vertical white board). 12% was student-to-student in interactive discussions. Only 2%
of the time students went directly to the faculty member for one-on-one (see Figure 11).
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A

2%

u5/C =S/S =S/F mwS/E =F/S

ENGAGEMENT KEY:

S/C = Student-to-content
S/S = Student-to-student
S/F = Student-to-faculty

S/E = Student-to-environment
[on personal computers]

F/S = Faculty-to-student

Figure 11. Interactive engagement overall / students

The teaching practices revealed a dominant whole group strategy (69%), with 16% for both small group or
individual instruction (see Figure 12). the photographic traces.

s WG =»SG =Ind

PRACTICE KEY:

o WG = Whole group
[l SG = Small group
I IND = independent

Figure 12. Teaching practices overall / students

4.2 Comprehensive Testing
Objectivity Implementation

Evauation and interpretation of the d2-R are described in detail in the text (Brickenkamp et a., 2002). Thed2-R
is an established and extensively analyzed test method for recording attentional performance that can be used on
children and adults. With an implementation and evaluation time of around 15 minutes, the test enables an
economical, objective, and reliable recording of concentration performance and work speed. The accuracy value
(F%) should not be interpreted because of its limited reliability and the inconsistent findings on convergent
validity. Predictive decisions should therefore primarily be based on (KL) or (BZO).

Test Evaluation

The following measured values are included in the evaluation of the present study the:
e Total number of all processed characters (GZ) as a criterion for processing speed,;
e Raw error score (F), the sum of al errors (both omissions and mistakes of confusion) as a criterion for the

accuracy of the work;

e Total number of al processed characters (GZ-F) reduced by the number of errors as a total performance;
here the quantitative part is weighted more heavily than the qualitative aspect of the service; and

e Concentration performance value (KL), which consists of the number of correctly crossed out relevant
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characters reduced by the number of mistakes made for confusion; the qualitative aspect of performance
plays agreater role here than in the case of overall performance.

The recorded raw values are converted to standard values using the standard tables. Norms are available for
children from 9-years of age and up (Hanggi, Phillips, & Rowlands, 2013). The norms that are currently
proposed as a standard are presented in detailed tabular form and serve as an optimal basis for comparison. They
contain almost all expected raw values of GZ, GZ-F and KL. In the current edition of the attention stress test, the
test refers to German norms based on different samples, since no US American norms were available for the
corresponding age group. Results of concentration tests are listed and compared here in tabular form. The
performance or changes of al students are compared, and performances or changes after the two classes are
compared (see Tables 1 & 2).

Table 1. Two classrooms - d2 test findings / students

Parameter Average Value Standard Parameter Average Value Standard
[Room 1] Deviation [Room 2] Deviation
N =10 N =6

Gz 481,80 64,65 Gz 345,33 73,86
Fin Total 34,70 18,48 Fin Total 30,67 14,02
GZ-F 447,30 46,78 GZ-F 276,83 64,13

KL 173,70 21,39 KL 118,83 28,47

Note. GZ = all marks; GZ-F = correct marks; F = wrong marks; KL = concentration performance.

Results of d2 test indicate the two classrooms had very different levels of engagement. With 14 lines of the test;
one class had every line completed. The other class 3-4 students did not complete the lines. The results should
not be overestimated, since the sampleis relatively small and the survey was only carried out on one day only in
two classrooms at the same time period. Both classes show a dlightly above-average number of processed
characters, as a criterion for processing speed. At the same time, both classes also have a high number of errors,
which includes omissions, mistakes, or confusion. These are al signs that the qualitative aspect, the
concentration (accuracy) on the relevant signs for both classes was only average (about 50% of the age group). If
one looks at both classes separately, there are clear differences. Room GN has a dightly above average
processing speed, yet an average focus on crossing out the relevant characters. Their attention span is therefore
average (about 50% of the age group). Room 103 not only has a processing speed that is well below average, but
their attentional performanceis also well below average (about 10% of the age group).

Table 2. Combined results for d2 test / students

Parameter Both Classrooms Average Value Standard Deviation
GZ N =16 430,63 50,08
FinTotal 33,18 26,91
GZ-F 383,25 50,80
KL 153,13 30,71

Note. GZ = all marks; GZ-F = correct marks; F = wrong marks; KL = concentration performance.

Wearables/ Accel erometer

The ActiGraph weighs 27g and measures 4.6x3.3x1.5cm; 19g. It measures accelerations of the vertical axis.
Physical activity is described in units (so-called “activity counts”). In the accelerometry, limit values (cut points)
are then defined, which classify the activity of the subject into corresponding intensity categories based on the
measured activity counts. The following applies here: the higher the intensity of the activity, the higher the
resulting activity counts. Based on this classification, it can consequently be determined how much time or what
proportion of time the participant spends in individual intensity ranges. With regard to the intensity categories,
we refer here to the work of Troiano et a. (2008), who for their part used the criteria of four different studiesasa
basis for establishing the limit values:

e Lighttolow intensity (light): < 2020 counts per minute cpm (corresponds to approx. 1.5-2.99 MET));
e Moderate intensity (moderate): = 2020 cpm (corresponds to approx. 3 METs-5.99 METS); and
e Intenseintensity (vigorous): = 5999 cpm (equivalent to 6 METs-9 METYS).

11
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The definition of inactive behavior as < 100 cpm is now also generally accepted (Hagstromer et a., 2015; Trost
et al., 2011).

Evaluation

The data collection has been done during two morning classroom blocks. It has been prepared with detailed
instructions on how to use the ActiGraph, and a written request for some personal information (e.g., age, gender).
Subsequently, atotal of 6 randomly selected subjects (4 female / two male in the age 15 and 16) were each given
an accelerometer with the request to keep them on for the morning (i.a., 8:30-12:30). The initialization and
evaluation of the data was carried out with the ActiLife Lifestyle Software.

We knew that to collect reliable data, the accelerometers should be worn for at least 7 days. However, for
technical, COVID-related, and organizational reasons, data collection was only possible on one school morning.
The knowledge gained in this regard has limited but no representative significance. The following Figure 13 (see
Figure 13) shows physical activity based on cpm values during lessons over the course of the school morning.
Since the accelerometer does not measure movements that only the upper body makesiif it isworn on the hip, the
device sometimes underestimates the energy expenditure. The Activity Level in cpm during Block 1 (8:50-10:10
am) and Block 2 (10:20-11:40 am) = blue: a student’s highest measured cpm score; orange: a student’s lowest
measured cpm score; grey the average cpm of all students.

120

100
80
60
40
20
U i = |

Block 1 Block 2

mcpm high ®mcpm low Ccpm average

Figure 13. Measured activity levels/ cpm

From this data it can be inferred — as was aready shown in the behavior observations — that these students were
maintaining a sitting, mostly inactive behavior ailmost exclusively during the lessons (inactive behavior < 100
cpm). On the basis of metabolic-physiological consequences, this data suggests that the subjects were exposed to
an unphysiological metabolism over an extended period of time.

It can be stated that evidence from intervention studies provide indications of the positive effects of active
interruptions on glucose metabolism during sedentary behavior. The levels of ‘interruptions’ here need to be
improved.

Surveys & Interviews

What we think we do (i.e., surveys) and what we actually do (i.e., observations of actual behavior) are often
somewhat different. Affirmation was attained with interviews. Notably, both students and educators were:
excited (and remained so throughout the term) to be in this newly designed place with special furniture. Across
the term, there was: (a) a significant lack of disruptive, and destructive behaviors, (b) more motivation to come
to school and be there early, (¢) new senses of pride and belonging, and (d) a report of more motivation to
achieve higher grade levels and be more engaged in their learning process.

After the interventions, educators indicated they were working to include more interactive engagement practices,
allowing students to move at will, and allowing them to use the ergo-dynamic furniture as intended more The
most favored furniture feature was the ability to encourage movement (i.e., standing desks, chairs with wheels,
height adjustable tables). In their own words, educators indicated, “They felt empowered to alow students to
become independent in navigating the classroom.

12



jel.ccsenet.org Journal of Education and Learning Vol. 12, No. 1; 2023

4.3 Limitations

Asin any exploratory study, there are aways limitations; factors not under our control as researchers. Multiple
factors complicated this study. The primary one was the shutdown of classes due to COVID resulting in the
second observation and test opportunities being lost. The two PD session were held virtually, and that situation is
not always the best for helping attendees practice, and be observed in that practice to help them retain their new
knowledge. These closures meant that the comparative analysis was not as robust as hoped.

4.4 Insights

The data indicates that the ergo-dynamic furnishings are providing the much-needed interruption with seated
postures allowing for the micro movements and some macro-ones all humans need. It is also recognized that
teaching practices (e.g., what teachers alow/ask of students) is a critical component of student behavior, and
behavioral possibilities. Concentration levels are affected when seated situations are the norm. Some behavioral
changes, relative to the amount of student movements were noted after the professional development sessions
were administered.

The gap is clear...intentional research-informed designs must connect with pedagogical practices. Therefore, itis
important to understand that:

e Ergo-dynamic furniture is intuitively used by students — at least at the micro levels, and some seated
macro-ones; it seems to be one of their only opportunities to physically change postures and support the
human body’ s mechani stic needs when teaching practices are not fully implementing an ILE condition;

e No matter the design, or the designs of ergo-dynamic furniture designs, if teachers are uniformed of these
new designs (i.e., technologically enhanced and research-informed design solutions) practices do not
connect with the opportunity the solution provides. Thus, the maximum advantages of the intentional
designs for learning are not being reaped; and

e The message that individuals must move to learn is not yet integrated into the classroom.
4.5 Conclusion

e Embed into teaching practices the research evidence for how the human brain learns through movement (see
Figure 14);

)

8 BACKWARD
@l STRADDLE

SOURCE: Scott-Webber, L, Breithecker, D., Sorensen, D. & Loeffelman (2022)

Figure 14. Magic happens when pedagogy embraces design solutions

e Provide robust Professional Development ‘Spatial Orientation’ courses (preferably starting at the college
level educators degree path); at the very least, whenever new design solutions are being introduced for a
solution orientation to the ‘why learners must move to learn’ must be part of any real transition into the full
use, and knowledge of space and its solutions as atool for active learning;

¢ Recognize that research evidence brings the responsibility to provide for appropriate design solutions, BUT
must help the educational community change their mind sets and use these designs to support students
ability to learn; and
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e Have a global picture on the role of classroom active desks on improving health-related outcomes of
children and adol escents is needed to inform policy and practice.
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