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A descriptive case study with multiple data collection methods was carried out to understand how online grad-
uate students identify the characteristics of their physical learning environment. Equivalency theory and the
science of ergonomics framed the study. Participants were 10 online graduate students, all working adults
(60% female, most between ages 45 and 64), at a single university. Data were collected via an online ques-
tionnaire, telephone interviews, and photographs. Findings showed that home was the primary location par-
ticipants spent the majority of their time working on specific learning and research activities. Most used
overhead lighting, preferred temperatures between 68 and 74°F, sat in chairs at desks, and heard many types
of noise. The majority used laptops with Wi-Fi as Internet connection. The most difficult elements to manage
were family responsibilities, inadequate workspace, and inappropriate equipment. Participants overcame
those challenges with various innovations. Findings also showed that no participants received university
information to help design their learning environments for maximum effectiveness.

Physical space affects individual thoughts,
emotions, and behavior. Studies have identi-
fied a relationship between the physical work
environment and job performance and satisfac-
tion (Dul et al., 2012; Sundstrom & Sund-
strom, 1986; Vischer, 2007), and between
characteristics of the work place and employee
reactions (Oldham & Rotchford, 1983). Physi-
cal space is also known to significantly affect
student learning; studies have shown a rela-
tionship with school design and student out-
comes (e.g., Earthman, 2004; Higgins, Hall,

Wall, Woolner, & McCaughey, 2005; Hunley
& Schaller, 2009; Tanner, 2008).

According to Lippman (2010), the spatial
design of the learning environment in Ameri-
can education is specifically structured around
the traditional classroom. However, with the
paradigm shift in education to online learning,
the physical learning space has also shifted
from the brick-and-mortar classroom to one
outside of classrooms. Nonetheless, relatively
little attention has been given to identification
of the characteristics of the physical spaces in
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which online students conduct their learning
activities.

Distance education and the advent of
mobile technologies have changed the physical
learning space to anywhere at any time. Her-
man Miller Inc. (2009) recognized the impor-
tance of learning spaces and comfortable
surroundings and pointed out that comfort
depends on optimal temperature, lighting, and
furniture. Yet, colleges and universities sel-
dom provide online students with suggestions
for choosing an adequate workspace condu-
cive to learning.

The purpose of this study was to understand
how online students identify the characteristics
of their physical learning environment, specif-
ically graduate students in an online doctoral
program. The equivalency theory (Simonson,
1995) and the science of ergonomics
(Grayson, 2009; Legg, 2007; McVey, 2001)
framed the study. Three elements of the equiv-
alency theory—Ilearning experience, appropri-
ate application, and students—were used as
the framework to organize ideas and describe
the characteristics of the physical learning
environment of the participants. The science of
ergonomics was used to help understand func-
tioning values of the physical learning envi-
ronment.

Because the physical learning space of
online learning can be anywhere at any time as
a result of the use of digital technology, it was
considered useful to identify the learning expe-
riences and appropriate applications of the
equivalency theory to observe characteristics
of the physical learning environment of online
students. Four research questions guided the
study:

1.  Where do online graduate students spend
the majority of their time working on spe-
cific learning and research activities, such
as completing assignments, projects, and
examinations; participating in discussion
forums; and conducting Internet research?

2. How do online graduate students describe
their physical learning environment in

terms of light, temperature, furniture, and
noise?

3. What equipment, such as hardware and
networking capabilities, do online gradu-
ate students use to complete their learning
and research activities?

4. What elements of the physical learning
environment (light, temperature, furni-
ture, and noise) do online graduate stu-
dents find most difficult to manage while
learning online, and how do they over-
come the challenges of these environmen-
tal factors?

A descriptive case study was carried out.
Three stages were completed to collect quanti-
tative and qualitative data to answer the
research questions. Data were collected via an
online questionnaire, telephone interviews,
and photographs. Participants described the
location and work area in which they con-
ducted their learning, as well as the types of
equipment used to complete their learning
activities. The elements of the participants’
physical learning environment were examined
to help identify the look, feel, and sound in
terms of light, temperature, furniture and
noise. Challenging elements to the participants
and what they did to overcome them were also
examined.

It was anticipated that results of this study
would provide information to determine gaps
between the elements of the physical learning
environment of online students and the recom-
mended guidelines in the literature. Findings
would also help online students identify the
challenges they must overcome in their physi-
cal learning environments, and would provide
information for institutions to formulate guide-
lines for online students to help them increase
their awareness of the most beneficial physical
learning environment. Such set of guidelines
would also be useful to help students select or
change their learning environment to one that
better suits their needs with attention to light,
temperature, furniture, and noise.
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REVIEW OF THE LITERATURE

In traditional campus learning, the formal
learning space has been described as a place
where “space and pedagogy are undeniably
intertwined” (Hunley & Schaller, 2009, p. 34).
Studies have shown that (a) relationships exist
between the conditions of school buildings and
student achievement (Earthman, 2004); (b)
basic physical variables such as air quality,
temperature, and noise affect learning (Higgins
et al., 2005); (c) learning spaces encourage or
constrain behavior (Hunley & Schaller, 2009);
and (d) design patterns of movement and circu-
lation reduces regression and increase aca-
demic achievement (Tanner, 2008). Thus, the
quality of physical space is crucial to learning.

Following is literature related to the study
of ergonomics; ergonomics in learning envi-
ronments, including formal and informal
learning spaces; the three characteristics of the
equivalency theory that undergird this study,
learning experience, appropriate application,
and students; and the roles of light, tempera-
ture, furniture, and noise in this theory.

The Study of Ergonomics

The term ergonomics is derived from two
Greek words: ergos meaning work, and nomo
meaning natural law (International Ergonom-
ics Association, 2000; Pheasant, 1991).The
study of ergonomics is believed to have begun
in the 15th century when Leonardo de Vinci
studied human anatomy and physics. This
study resulted in the birth of biomechanics
(Kroemer, Kroemer, & Kroemer-Elbert, 2001;
Ozkaya & Nordin, 1991).

In the 1800s, during the Industrial Revolu-
tion, ergonomics gained awareness as the work
environment changed from homes and farms
to factories. Injuries and health concerns grew
because of employees’ long hours of labor in
awkward positions with repetitive motions.
During World War II, ergonomics was studied
from the standpoint of anatomy, physiology,
psychology, industrial medicine, industrial
hygiene, design engineering, architecture, and

illumination engineering (Gainer, 2008). Dul
et al. (2012) characterized ergonomics as a
systems approach designed specifically for
workers and their environments to help focus
on goal-oriented tasks, with the outcomes of
the ergonomic system focused on performance
and well-being. Miles and Perrewe (2011)
obtained evidence that verified ergonomic
intervention “can reduce medical cost, lower
absenteeism, and improve workers satisfaction
and productivity” (p. 729).

The study of ergonomics in education
began in the 1920s as a graduate study on stu-
dent posture and classroom furniture (Bennett,
1928, as cited in McVey, 2001). However, the
subject did not gain wide interest until the
1950s with a series of studies and publications
from Harmon (1953, as cited in McVey, 2001)
on the physical effects of the school environ-
ment (McVey, 2001) and pioneering reports
by K. U. Smith and M. F. Smith in 1966 (Legg,
2007). Researchers agreed that little attention
had been paid to ergonomics in schools (Ben-
nett, Woodcock, & Tien, 2006; Legg, 2007),
although the study and implementation of
ergonomic practices was “long ... considered
essential in the workplace” (Grayson, 2009, p.
15). Bennett et al. (2006) pointed out that ergo-
nomics in the school setting had several pur-
poses: to implement new designs, improve
current practices, protect learners’ health, and
enhance the learning and instructional environ-
ments. A more recent study revealed that the
furniture in the lecture theaters of a university
were not ergonomically suitable for students
(Odunaiya, Owonuwa, & Oguntibeju, 2014).
Odunaiya et al. found that 74% to 80% of stu-
dents had unsuitable seat height, desk clear-
ance, and desk height. The authors
recommended that similar studies be con-
ducted to help prevent health hazards due to
unsuitable furniture.

Ergonomics in Learning Environments

Ergonomics has been somewhat researched
in school settings (Grayson, 2009). The spa-
tial design of the learning environment in
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American education is specifically structured
around bricks and mortar classrooms that are
well designed and constructed with emphasis
on flexibility, comfort, sensory stimulation
and enabling technologies that support learn-
ing (Chism, 2006; Lippman, 2010). However,
with the proliferation of online learning, the
physical learning environment has changed
significantly to virtual, informal learning
spaces. The study of optimal characteristics of
the virtual learning environment has been lim-
ited to that related to students’ needs, prefer-
ences, and health needs that support learning

Continued efforts have been made by sev-
eral organizations to promote the science of
ergonomics in the workplace (e.g., Cornell
University, 2015; Mayo Foundation for Medi-
cal Education and Research, 2015; United
States Green Building Council, 2015; United
States Department of Labor Occupational
Safety & Health Administration, n.d.-a). How-
ever, safety prevention guidelines, best prac-
tices, and strategic planning have been
developed for the workplace environment, but
not for the learning environment. As ergonom-
ics has slowly been addressed in schools, the
focus of ergonomics has been on optimization
of new designs; improvement of existing
space, equipment and practice; and enhance-
ment of comfort, safety, and usability (Bennett
et al., 2006). Similar to ergonomics in the
workplace, for educational settings policies
and guidelines should be in place to safeguard
the physical and mental activities of students
and teachers (Smith, 2007).

Learning Spaces: Physical-Formal and
Virtual-Informal. Oblinger (2006) describes
two main types of learning spaces: physical-
formal and virtual-informal. In traditional
campus education, the formal learning spaces
are primarily the classroom and library
(Chism, 2006). Informal learning spaces may
be any place where learning may take place,
such as libraries, museums, social groups, and
home environments. Informal learning spaces
include any other place or space where learn-
ers study, read, research, or write. The shift
from formal to informal learning space

resulted from the changes in course offerings
and delivery methods, students, information
technology, and the understanding of learning
(Oblinger, 2006). Informal learning space can
be practically anywhere that has wireless net-
work. The advent of technology and mobile
devices, such as laptops, tablets, and smart
phones has enabled students to learn anywhere
at any time.

Physical learning spaces that are well-
designed and constructed emphasize flexibil-
ity, comfort, sensory stimulation, and enabling
technologies that support learning (Chism,
2006). However, with the proliferation of tech-
nology and online learning, informal learning
spaces have replaced classrooms and other for-
mal spaces for online programs. Research on
informal learning spaces has focused on the
architectural design of campus learning envi-
ronments to help “justify investment and cre-
ate a popular critical space on campus”
(Lippincott, 20006, p. 7.15).

Studies on Learning Spaces. Factors such
as collaboration, community involvement, and
support have been the focal points of studies
on informal learning spaces. Studies on infor-
mal learning spaces for online students have
centered on development of university library
space (e.g., Graham & Graham, 2013; Hall,
2013) or flexible space facilities (e.g., Hunter
& Cox, 2014; McLaughlin & Faulkner, 2012).
Studies also focused on design rather than on
use and users—“practitioners and learners”
(Blackmore, Bateman, Loughlin, O’Mara, &
Aranda, 2011, p. iii). Blackmore et al. (2011)
and Steel and Andrews (2011) identified gaps
and imbalance in research literature pertained
to the design and transition phases of both for-
mal and informal learning spaces; however,
they focused on what is primarily physical
space provided by educational institutions.

An ergonomic consultant to children
observed that when middle-school students
“work at an adjustable, ergonomically
designed workstation,” their risks of problems
of physical alignment are greatly reduced
(Lang, 2000, p. 24). A study of 240 students in
a 600-seat law lecture theater showed that the
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furniture in this lecture theater were not ergo-
nomically suitable. The researchers found that
74% to 80% of students had unsuitable seat
height, desk clearance, and desk height
(Odunaiya et al., 2014). This finding indicates
that perhaps additional research is needed to
determine the ergonomic and physical factors
that contribute most effectively to students’
comfort.

Comfort. Physical and psychological com-
fort is a major priority for basic human needs
(Gee, 2006). For any learning space, comfort
must be addressed. Herman Miller Inc. (2009)
explained, “Learning spaces that are physi-
cally and psychologically comfortable pro-
motes a sense of well-being, keep minds
focused, and limit distractions” (p. 3). Cattier
(2006) noted that learners are empowered
when they are able to choose comfortable loca-
tions to complete their work.

McVey (2001) enumerated several essential
characteristics of an effective learning envi-
ronment, such as lighting, color, sound, space,
and furniture. Thus, to ensure comfort, safety
and usability, learning environments should be
equipped with flexible lighting, temperature
controls, comfortable and adjustable furniture,
accessible natural light, and limited auditory
distractions (Herman Miller Inc., 2009).

In a landmark report from 1979, Watson
concluded, “Comfort activities in ordinary liv-
ing [activities not specified] can be supportive,
protective, or even corrective for a person’s
internal and external environments™ (as cited
in Kolcaba & Kolcaba, 1991, p. 1304). As a
result, guidance for supportive, protective, and
corrective actions may help individuals feel
comfortable, acquiring ease and peaceful con-
tentment. These qualities are especially
important in the learning environment.

Equivalency Theory
and Environmental Characteristics

The premise of the equivalency theory is
that equivalent learning experiences must be
provided for all learners regardless of location
for their academic success (Simonson, 1995).

Equivalency theory emerged as a result of the
rapid growth and impact of new technologies
and virtual education (Simonson et al., 2015).
Simonson (1995) identified four key elements
of the equivalency theory: learning experience,
appropriate application, students, and out-
comes.

Simonson et al. (2015) defined the learning
experience as “anything that promotes learn-
ing, including what is observed, felt, heard and
done” (p. 51). McVey (2001) suggested that
the learning environment should adequately
provide for maximum auditory and visual acu-
ity as well as physical comfort. Thus,
resources and technology are expected to be
available and suitable for individual learners
and their learning situations if learning is to
take place.

Appropriate application, defined as the
availability of the learning experience, should
serve individual learners and their specific
needs in their learning situations (Simonson,
Schlosser, & Hanson, 1999). Simonson et al.
(1999) explained, “The idea of appropriate
application implies that learning experiences
suitable to the needs of the individual learner
and the learning situation should be available
and that the availability of learning experi-
ences should be proper and timely” (p. 71).
The environmental factors of light, tempera-
ture, furniture, and noise pertain to students’
learning experiences and appropriate applica-
tion of these factors for optimal learning.

Researchers have recognized light as an
important factor in the learning environment
(e.g., Dunn, Krimsky, Murray, & Quinn, 1985;
McVey, 1971) and have distinguished differ-
ent types of light that affect behavior, perfor-
mance, concentration, motivation, and
academic achievement (e.g., Dunn et al., 1985;
Mott, Robinson, Walden, Burnette, & Ruther-
ford, 2012; Schneider, 2002). Temperature
also plays an important role in the learning
experiences of students (Earthman, 2004;
Mendell & Heath, 2005; Wargocki & Wyon,
2007).

Noise and furniture are other important
environmental factor that affect student
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comfort and achievement. Noise has been
found to negatively affect health (Evans, 2006)
and academic performance (Shield & Dock-
rell, 2008). Researchers have suggested that
furniture be lightweight and ergonomically
designed to ensure comfort and flexibility
(e.g., Herman Miller Inc., 2009; Hunley &
Schaller, 2009; Kennedy, 2010; Timm, 2007;
Wroblaski, 2011). Kennedy (2012) found a
connection between inadequate furniture and
health problems; and Rudolf and Griffiths,
(2009) found effects of inadequate furniture on
motor skill, learning, and concentration levels.

METHODOLOGY

A descriptive case study design with multiple
methods was employed to collect quantitative
data followed by qualitative data. Three stages
were completed to collect data: Stage 1,
administering the Physical Learning Environ-
ment Online Questionnaire (PLEOQ); Stage 2,
conducting the telephone interviews; and
Stage 3, requesting photographs. Qualitative
data provided better understanding of the
quantitative results and helped produce a com-
prehensive depiction of the participants’ phys-

TABLE 1

Research Stages, Data Collected, and Instruments

Stages Data Collected Instruments
1 Quantitative data PLEOQ
2 Qualitative data Interview guide
3 Qualitative data Photography guide

TABLE 2

Equivalency Theory Elements With Definitions, Research Questions, and Data Analysis

Definition Research Question Data Analysis
Learning A learning experience is Where do online graduate students spend the Location
experience anything that happens to or majority of their time working on specific learn- Work area
with the student that promotes ing and research activities, such as completing Time per day
learning, including what is: assignments, projects, and examinations; partici-
pating in discussion forums; and conducting
* observed, Internet research?
- felt, How do online graduate students describe their Light
* heard, or physical learning environment in terms of light, Temperature
* done temperature, furniture, and noise? Furniture
Noise
Appropriate  Learning resources What equipment, such as hardware and network- Hardware
application (equipment = hardware, ing capabilities, do online graduate students use Network
software, network, etc.) that to complete their learning and research activi-
are available, proper, and ties?
timely
Students The individuals involved in What elements of the physical learning environ- Online graduate

the formal, institutional-based
learning activities of
instruction

ment (light, temperature, furniture, and noise) do
online graduate students find most difficult to
manage while learning online, and how do they
overcome the challenges of these environmental
factors?

students
Working adults
Demographics
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ical learning environments. Table 1 shows the describe the participants, the instruments, and
stages, data collected, and instruments used. the data collection procedures that were fol-
Table 2 depicts the alignment of the ele- lowed.

ments of the equivalency theory, the defini-
tions, the four study research questions, and .
the data that were analyzed. Figure 1 illustrates Participants
the recommended ergonomic appropriate
application of the aspects addressed in
Research Question 1 related to light (including

Ten participants were recruited from a uni-
versity social media website. Participants were

sight), temperature (including feel), furniture, working adult learners and who were or had
and noise (including sound), as well as the been completing coursework and research
hardware, software, and network requirements enrolled in an online doctorate program in edu-
for optimally comfortable and productive cation at a private university located in the
learning environments. The following sections southeastern region of the United States.

Temperature |/, | Humidity
— Overhead Sight 68-74°F 30-60%
Adjust light fluorescent Feel
depending .| Light
on task fixtures " Air movement

2040 per feet

Average Diffuser to Ergonomic
light «» reduce
intensity glare on &
should be o | screen
500 lux i Appropriate Chair ] Table
Application
Sound Enables: Enables:
m « Freedom of movement * Ample work
« Comfort surface
« Support ¢ Work zoneis
Perform HardwareiSoftware & + Accommodate a variety repetitive
learning Network of body sizes and access
activities in a postures . Accom_modaft
quiet location : advarl.ety o
PC & MAC Hardware PC Software a:d‘;:::‘sres
?verage > | Block 2.0 GHz Processor Windows 7 or 8.1 Operating System
requency noise Microsoft Office (Word, Excel, PowerPoint,
between 20 withear | | 4 GB RAM  Outlook)
820,000 Hz plugs 250 GB Hard Drive Adobe Acrobat Reader
Internet Browser(s): Varies per institution {Mozilla
v USB 1.0 Ports (2 recommended) Firefox, Google Chrome, Internet Explorer)
Play soft, ° CD RW Drive/DVD Drive
relavxing | (recommended) WAL Soitwe
music if Screen/Monitor: 15” minimum  Mac OS X version 10.4 or 10.5 operating system
necessary :::ankder?)‘rd (oxtemal or intemal Microsoft (Word, Excel, PowerPoint, Entourage)
Integrated HD Camera Adobe Acrobat Reader i
Microphone (external or Internet Browser(s): Varies per institution (Mozilla
headset bination) Firefox, Google Chrome, Internet Explorer)
Networking
Built-in LAN (Ethernet) for all syst - Wireless for laptop
FIGURE 1

Recommended Ergonomic Appropriate Application Developed by the Principal Researcher
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Data Collection Instruments

Three instruments were developed to col-
lect data and thoroughly examine the elements
of the physical learning environment of online
graduate students: the PLEOQ; the Telephone
Interview Guide; and the Photography Guide
with directions and examples for participants
to take photographs of their primary physical
learning environment. The PLEOQ was the
baseline for the data collection. The telephone
interviews and the photographs helped pro-
duce a comprehensive depiction of the partici-
pants’ physical learning environments. All
three instruments were designed for this study
following Czaja and Blair’s (2005) five-step
process; pilot tested, validated by a formative
committee; and approved by a summative
committee to enhance validity and reliability.

Physical Learning Environment Online
Questionnaire (PLEOQ). The PLEOQ con-
sisted of multiple-choice questions, yes/no,
short-answer questions, and open-ended ques-
tions in three sections: Section I, Demographic
Information; Section II, Location, Work Area,
Equipment, and Time; and Section III,
Description of Physical Learning Environ-
ment.

Section I, consisted of seven demographic
items that were both general and specific to the
study: gender, age, employment status, marital
status, family responsibilities, year of enrolling
as online graduate student, and stage of study
as a graduate student. These items have been
used in previous studies with graduate students
(Clinefelter & Aslanian, 2014).

Section II consisted of 21 questions formu-
lated to identify (a) the location and work area,
as well as the look, feel and sound of the phys-
ical learning environment; and (b) the equip-
ment online graduate students utilize to
complete their learning and research activities.
Answers to Section II addressed two research
questions: Research Question 1, “Where do
online graduate students spend the majority of
their time working on specific learning and
research activities, such as completing assign-
ments, projects, and examinations; participat-

ing in discussion forums; and conducting
Internet research?” and Research Question 3,
“What equipment, such as hardware and net-
working capabilities, do online graduate stu-
dents use to complete their learning and
research activities?”

Section III, consisted of 22 items (multiple-
choice questions, yes/no questions, and short
answer questions). Section III addressed
Research Question 2: “How do online graduate
students describe their physical learning envi-
ronment in terms of light, temperature, furni-
ture, and noise?” Based on the participants’
answers to the questions in Section II, they
were asked to identify the single location
where they spent the majority of their time car-
rying out their learning activities. This location
was identified as their primary physical learn-
ing environment.

Interview Guide. Phone interviews pri-
marily addressed Research Question 4, “What
elements of the physical learning environment
(light, temperature, furniture, and noise) do
online graduate students find most difficult to
manage while learning online, and how do
they overcome the challenges of these environ-
mental factors?” Interview answers also
helped to expand on the first three research
questions. Participants answered to nine open-
ended questions in a semistructured interview
format.

The phone interviews lasted approximately
30 minutes as recommended by Maxwell
(2005). The interviews were transcribed with a
speech recognition application powered by
ListNote (Google, 2016). Participants were
placed on speaker and the researcher used the
ListNote Speech-to-Text Notes application
(Google, 2016) on her phone to transcribe
what the participants said. In member check-
ing, to enhance reliability (Creswell, 2014),
transcriptions were returned to the partici-
pants, who were asked to assure the accuracy
of the transcriptions.

Photography Guide. Hunley and Schaller
(2009) described photography as a “direct
observational method” that offers a “validity
check for interpretation from other measures”
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(p. 13.7). As suggested by Szto, Furman, and
Langer (2005), photographs were used for data
collection, organizing, interpreting, and vali-
dating qualitative inquiries. A photography
protocol was designed to structure the tech-
niques of photography and ensure that partici-
pants efficiently provided the correct
information requested. The protocol was
accompanied by a photography guide that was
developed following Czaja and Blair’s (2005)
five-step process.

Participants were asked to supply visual
data that depicted their primary physical learn-
ing environment as directed in the photogra-
phy guide. The guide included directions and
visual examples for taking each type of photo-
graph, with specific items in the work area that
participants needed to capture. Directions
included selecting a camera the participant
could use to take the photographs, selecting a
location (home, work, library, etc.) where he
or she spent 2-3 days a week working on his or
her learning or research activities (e.g., com-
pleting assignments and projects, taking
exams, etc.), and visuals to exemplify the types
of shots for each photograph (e.g., wide angles
and close-ups of their working place, and wide
angle of her or himself sitting at his or her
work area).

Figures 2 through 5 depict the various pho-
tographs included in the photography guide
that participants were directed to take. A last
photograph was optional, and it would consist
of any other item(s) that might help describe
the participant’s physical learning environ-
ment.

Validity and Reliability. The PLEOQ, the
telephone interview guide, and the photogra-
phy guide were validated by formative and
summative committees. The final instruments
were piloted with a group of the sample popu-
lation of three online graduate students who
did not participate in the study. The pilot
results revealed that the instruments contained
the essence of the research questions and were
valid instruments to address the study purpose.

Data Collection Procedures

The following sections explain the sam-
pling procedure and the data collection stages
carried out.

Sampling. A purposeful sampling was used
to select 10 participants as recommended by
Gall, Gall, and Borg. (2007). Participants were
online graduate students who were working
adults and were, or had been, completing
course work and research. Volunteers were
recruited from a social media group of approx-
imately 240 online graduate students of a sin-
gle university.

Data Collection Stages. Data collection
was achieved through three main stages:
During Stage 1, quantitative data were col-
lected with the PLEOQ; during Stages 2 and 3,
qualitative data were collected from the tele-
phone interviews and from the photographs
submitted by participants. For data analysis,
the qualitative data were then connected to the
results from the quantitative stage, as recom-
mended by Clark and Creswell (2008).

Stage 1: Administering the PLEOQ. The
PLEOQ was developed with, and uploaded to,
the secure FreeOnlineSurveys.com website. A
five-step process for developing and adminis-
tering the PLEOQ was followed, as recom-
mended by Czaja and Blair (2005): survey
design and preliminary planning; pretesting;
final survey design and planning; data collec-
tion; and data coding, data file construction
analysis, and final report.

Stage 2: Conducting the telephone inter-
views. After completing the PLEOQ, partici-
pants were contacted via e-mail to schedule
individual 30-minute telephone interviews.
The development and administering of the
telephone interview questions also followed
Czaja and Blair’s (2005) five-step process.

Stage 3: Requesting photographs. After the
telephone interview, an e-mail was sent to the
participants with an attachment of the instruc-
tions and the Photography Guide to submit
their photographs as discussed during the tele-
phone interview. Participants were asked to
submit via e-mail a total of five photographs of
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Type of Photographs Items to
Photographs C
Click on each links below to see examples apture
#1 Wide Angle Entire room or

space to include:

e Work area
with sitting
furniture,
work surface
and
equipment.

e Ceiling to
display the
type of
lighting used.

Example:
Ceiling light,
window, or
desk light.

FIGURE 2
Example of a Wide-Angle Photograph That Captures the Entire Room

their primary physical learning environment
and sixth optional one, as detailed in the guide.
Participants were also instructed to use a digi-
tal device (e.g., mobile cell phone or digital
camera) to take two wide-angel photographs
and three close-up photographs of the physical
learning environment where they spent 2-3
days a week working on specific learning and
research activities.

Analysis of Quantitative Data

Quantitative data were collected from
PLEOQ Section I, Demographic Information;
Section II, Location, Work Area, Equipment,
and Time; and Section III, Description of
Physical Learning Environment. Data col-
lected from Section II were analyzed and cate-
gorized with themes to answer Research
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Photographs

Type of Photographs

Click on each links below to see examples

Items to
Capture

#2 Wide Angle

Close-Up Work

Have
someone
take a
photograph
of you at
your
physical
learning
environment
- sitting on
the
furniture, at
the work
surface,
with the
equipment.

surface
(e.g., desk,
counter or

#3

platform)
where the
equipment,
files, books,
etc. are
located and
where
writing
activities
take place.

FIGURE 3
Details of Wide Angle of Participant in His or Her Learning Environment

Questions 1 and 2. Section III data were also
analyzed and categorized with themes to
answer Research Question 3. Descriptive sta-
tistics were obtained to answer the first three

research questions. A static report was gener-
ated from the FreeOnlineSurvey.com website
and imported as a Microsoft Office Excel
spreadsheet. Participants’ names were coded,
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Photographs

Type of Photographs

Click on each links below to see examples

Items to Capture

Close-Up

Furniture you sit
on. Capture the
furniture from a
side angle
showing the seat,
back rest, and
base/bottom of the
furniture.

FIGURE 4
Example of Close-Up Photograph of the Furniture on Which the Participant Sits

alphabetized, and assigned identification num-
bers. Each PLEOQ question was sorted, from
largest to smallest, to determine the range,
mode, and frequency of responses.

Analysis of Qualitative Data

The interview responses were entered into a
Microsoft Office Excel spreadsheet and the
Photography Checklist was used (Figure 6) to
help examine, categorize, and interpret the
ergonomic and appropriate application setting
and items identified in the photographs sub-
mitted by the participants. The interview
responses and digital photographs were ana-
lyzed with content analysis and theme discov-
ery. Content analysis is used to study texts and
their meaning and to investigate visual repre-

sentations, such as pictures and symbols (Neu-
man, 2011).

Inductive reasoning as recommended by
Creswell (2014) and Patton (2002) was used to
interpret both the quantitative and qualitative
data, interpret the themes and elements of the
physical learning environment, and answer the
four research questions. The elements of the
equivalency theory and ergonomic principles
were also considered. A combination of the
transcribed interviews and the use of reflective
notes documented in Microsoft Office Word
enabled the researcher to generate a common
word list and to sort data into themes. Com-
mon themes were sorted and categorized perti-
nent to the environmental factors (i.e., light,
temperature, furniture, and noise) and the ele-
ments of the equivalency theory (i.e., learning
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Type of Photographs Tteins to
Photographs C
Click on each links below to see examples apture

Close-Up Equipment -
Hardware (e.g.,
Desktop, laptop

or tablet), plus
PC Camera network device
(e.g., modem,
router, satellite,
etc.)
Mouse i
#5
Personal Computer
- PC
Internet cable
Take a photo of
any other item
that may help to
. describe and
#6 Optional .

illustrate your
physical
learning
environment.

FIGURE 5

Example of Close-Up Photograph of the Equipment and Directions for Optional Photograph
That May Help to Identify the Items in the Physical Learning Environment
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Photographs Type of Items to Capture Ergonomics & Appropriate
Photographs Application
#1 Wide Angle Entire room or space to Items include:
include:
o) Desk
e Work area with Chair
sitting furniture, work - Equipment
surface and Light
equipment. o Desk light
e Ceiling to display the o Ceiling light
type of lighting used. o Window
Example: Ceiling Door
light, window, or
desk light.
#2 Wide Angle Have someone take a
photograph of you at your
physical learning environment
- sitting on the furniture, at the
work surface, with the
equipment.
#3 Close-Up Work area (desk, counter or Desk:
platform) where the
equipment, files, books, etc. Ample work surface
are located and where writing Work zone is repetitive access
. e Accommodate a variety of
tivities take place. :
activifies fake place body size and posture
#4 Close-Up Fumiture you sit on. Capture Chair:
the furniture from a side angle
showing the seat, back rest, - Freedom of movement
and base/bottom of the Comfortable
furniture. Supportive .
Accommodate a variety of
body sizes and postures
Equipment — Hardware Equipment:
(Desktop, laptop or tablet),
» Close-Up plus network device (modem, =) Desktop & monitor
router, satellite, etc.) Modem &/or router
1 Laptop
Take a photo of any other item
46 Optional that may help to describe and

illustrate your physical
learning environment.

FIGURE 6

Researcher’s Photography Checklist
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experience, appropriate application, and stu-
dent).

DISCUSSION OF RESULTS

Following is a summary of demographics and
a discussion of results related to the study’s
research questions.

Participants’ Demographics

Of the 10 participants, 6 were female, 2
were between 24 and 44 years old, and 8 were
between 45 and 64 years old. Six participants
were married, three were divorced, and one
had a partner. Eight of the participants cared
for a child/children, one cared for a child/chil-
dren and an elderly person, and four cared for
a pet. The years in which participants enrolled
in the online graduate program were from
2009 to 2016. Regarding their current disserta-
tion stages, two participants were working on
the concept paper, four were working on the
proposal, and four had completed the disserta-
tion.

Research Question 1

“Where do online graduate students spend
the majority of their time working on specific
learning and research activities, such as com-
pleting assignments, projects and, examina-
tions; participating in discussion forums; and
conducting Internet research?”” Results showed
that home was the primary location where
online graduate students spend the majority of
their time working on specific learning and
research activities. Nine participants stated
that home was their primary physical learning
environment, and one responded that work
was his primary physical learning environ-
ment.

This finding is supported by Harrop and
Turpin’s (2013) results that many learners pre-
ferred to study at home rather than other envi-
ronments. Harrop and Turpin concluded,
“Home was seen as a place offering private

space and was associated with being relaxed,
cozy, comfortable, and with being able to sit
how you like” (p. 69). Similarly, Willging and
Johnson (2004) observed that students pre-
ferred to perform their coursework at home
were they had privacy with few interruptions,
were able to concentrate better than in a public
environment, and had comfort and convenient
access to course materials.

On the other hand, results of the study
showed that the locations where participants
spent the majority of their time varied for each
activity. It was noted that different tasks, activ-
ities, and learning styles called for different
physical learning environments, similar to
findings by Chism (2006) and Farmer (2009).
Home was the preferred location to complete
assignments and projects (n = 8), taking exam-
inations (n = 6), participating in online discus-
sions (n = 9), and conducting Internet searches
(n=9).

It was surprising that only one participant
used the library, and it was to conduct Internet
searches. Traditionally, libraries offered tech-
nology, content, and services; however, with
the paradigm shift to electronic devices, many
institutions are renovating and/or constructing
library facilities to create more comfort and
conveniences. The libraries have increasing
harmonious space with flexible furniture,
wireless Internet connections, extensive soft-
ware, and allowance or offers of food and bev-
erages (Chism, 2006; Lippincott, 2006).

The cafeteria and/or restaurant was selected
by only one participant, who chose this place
for taking examinations. Obviously, some
physical learning environments, such as cafe-
terias and restaurants, have more distractions
than others. As the participants noted, stu-
dents’ awareness of distractions and ability to
control the physical learning environment are
both important to learning success (Latha,
2014).

During the interviews, participants
explained their preferences for different loca-
tions in their primary physical learning envi-
ronment based on particular activities. One
participant preferred having different work
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areas for different tasks. For example, Partici-
pant 6 used her kitchen table to read and take
notes and her computer desk in another room
for research and submitting assignments. She
also had two separate rooms for each course
she was taking and the work required. Partici-
pant 4 stated she went to the library to find a
quiet space conducive to learning. For her,
home was a distraction, especially because of
her children. However, she mentioned that
travel and time constraints limited her library
visits. Participant 3 stated that he was “Very
easily distracted in libraries and coffee shops.
Those locations [are] not good for writing.”
Although for some participants, the home had
less privacy with distractions because of other
family members, it appears that for most the
home was the most comfortable, adaptive, and
convenient location where students preferred
to conduct their specific learning and research
activities.

Research Question 2

“How do online graduate students describe
their physical learning environment in terms of
light, temperature, furniture, and noise?” All
ten participants described each of the elements
of the physical learning environment (i.e.,
light, temperature, furniture, and noise) as
manageable and achieved comfort, safety, and
usability after many trials and errors. Follow-
ing is a discussion per element.

Lighting. Participants’ indicated several
types of preferred lighting elements. Seven
participants used overhead light, of which four
also used a lamp/task light, and one chose only
lamp/task light. Seven preferred high lux light
levels, of which two favored a bright summer
sunshine (50,000 lux) and five chose a well-lit
room (500 lux). Seven participants mentioned
light as one of the most important elements
when considering a comfortable and functional
physical learning environment. Participant 4
stated, “With light [one] can see and can do
anything.” Studies have shown that overhead
lighting, such as fluorescent light with a 1000
lux level, increased oral reading fluency; aided

speed, accuracy, attentiveness or focus; and
produced higher student achievement (Earth-
man, 2004; Mott et al., 2012). However, most
of the present participants preferred lower
lighting. The preference of lux level light
ranged from 1 to 5000. The mode was 500 lux
level and the average was 1,310. Over half the
participants selected 500 lux level (well-lit
office) or less, and only two selected 50,000
lux level (bright summer sunshine) in their pri-
mary physical learning environment. Mott et
al. (2012) considered 500 lux level normal,
creating enough illumination to see easily.

Findings were not surprising, because natu-
ral light was an alternative light source that
students preferred to use. In addition to artifi-
cial light, eight participants indicated that their
primary physical learning environment had
windows with shades/blinds. Previous studies
have indicated that natural light had positive
effects on student achievement (Earthman,
2004), was considered the best lighting condi-
tion for learning (Schneider, 2002), and was
favored among students who considered natu-
ral light softer and more relaxing than artificial
light (Dunn et al., 1985).

On the other hand, qualitative statements
about lighting revealed participants’ desires to
enhance, change, or modify their primary
physical learning environment by adding more
light. Participant 5 stated, “Proper lighting is
needed.” Participant 8 explained that she
“would like more light in the evening. Would
work more at night if had better light. Get tired
with low light.” Overall, for 70% of the partic-
ipants, light was the common theme as one of
the most important elements when they con-
sidered a comfortable and functional physical
learning environment.

Temperature. The temperatures ranged
from 65 to 95 degrees °F. Eight selected 68 to
74 °F as comfortable temperature level, one
chose 75 to 81 °F, and one chose 82 to 85 °F.
Two chose temperature as one of the most
important elements when considering a com-
fortable and functional physical learning envi-
ronment. Participant 8 explained, “Don’t like
air conditioners very much, Get cold very

Downl oaded from http://ftp. nowpublishers.con qrde/article-pdf/20/2/29/10421704/ qrde- 11-2019-0003en. pdf by guest on 24 June 2026



How Online Students Describe Their Physical Learning Environment 45

fast.” Participants selected over five different
temperature levels, ranging from 65 to 95 °F.
Each participant experienced different degrees
of temperature and had different preferences
for a comfortable physical learning environ-
ment.

Nine participants indicated the temperature
in their primary physical learning environment
was comfortable, and one indicated it was not.
Participant 3 commented that he was cold and
uncomfortable. McVey (1971) explained that
comfort varies depending on the “student’s
age, sex, levels of physical activity, clothing
density, and adaption to local climate” (p.
330). Conversely, the two participants who
chose 75 °F and over were male and female,
ages 53 and 50, in the similar climates of Sin-
gapore and Florida.

Relating to temperature, movement and air
circulation were also examined; six partici-
pants indicated they felt air movement/circula-
tion in their primary physical learning
environment, and four indicated they did not.
According to Earthman (2004), temperature is
a form of human comfort regulated by ade-
quate heating ventilation and air conditioning;
temperature is a basic criterion of safety and
health that impacts student achievement. The
human body maintains a temperature of 98.6
degrees °F; thus, it is suggested that air tem-
perature, radiant temperature, humidity, and
air movement be regulated (Emmons &
Wilkinson, 2001; McVey, 1971). However,
according to adaptive theory, people can
change, alter, or adapt to their environment to
produce or restore comfort (Zhang, Zheng,
Yang, Zhang, & Moschandreas, 2007). In var-
ious studies, the recommended appropriate
application regarding temperature should be
68—74°F. In addition, humidity should be
maintained of 30% to 60%, and air movement
of 20 to 40 feet per minute (Earthman, 2004;
Emmons & Wilkinson, 2001; Lane, 1968;
Wargocki & Wyon, 2007).

From the interview analysis, it was found
that temperature was the least mentioned ele-
ment. Only three participants indicated they
would change the temperature in their physical

learning environment to increase comfort.
Two participants preferred a cooler tempera-
ture, and one stated he would add a heater for
greater warmth. Although temperature was not
a major concern among the participants in this
study, temperature has been known to impact
health and schoolwork performance greatly
(Mendell & Heath, 2005; Wargocki & Wyon,
2007).

Furniture. Most participants (80%) spent a
most of their time in their primary physical
learning environment in sitting positions.
These participants used a chair as their choice
of sitting furniture. Three of those participants
also switched to a sofa because of body pains
(back, neck, and shoulders) from sitting too
long or due to previous injury and/or surgery.
Participant 9 used her sofa, Participant 6
switched location and furniture, and Partici-
pant 3 used a yoga ball exclusively to conduct
their learning activities. According to Kennedy
(2012), inadequate furniture is known to cause
discomfort and fatigue.

Six of the nine participants stated that their
sitting furniture pieces were adjustable, and
they all adjusted their sitting furniture to their
comfort levels. Emmons and Wilkinson (2001)
suggested, “A well-designed ergonomic chair
will provide freedom of movement, comfort,
support, and accommodate a variety of body
sizes and postures” (p. 9). Participant 4 was the
one participant who spent a majority of his
time standing used a treadmill. He stated that
he felt back pains from sitting too long, and
transitioned to a standing desk, having recently
upgraded to a walking desk. Only one partici-
pant indicated his desire to change his chair for
greater comfort.

Two participants further explained during
their interview that they would change their
furniture to increase comfort. Additionally,
three considered furniture as the most import-
ant element. For most participants, their digital
photographs showed that they had sitting fur-
niture that was adjustable and provided back
support. The participants may have considered
the importance of comfort prior to purchasing
their furniture and made the appropriate pur-
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chase. Alternatively, because of increased gen-
eral awareness of ergonomics, the furniture
bought by participants was mostly lightweight,
flexible, and adjustable (Herman Miller Inc.,
2009).

Nine participants indicated that they used
desks for the surface area in their primary
physical learning environment. The other one
used her lap for her laptop, and acknowledged
an ergonomically correct place for a laptop.
For maximum correctness, Kennedy (2010)
suggested placement of an empty 2- or 3-inch
binder beneath the laptop and on the knee. This
placement creates an angle that helps keep the
wrists remain straight while typing. Participant
9 sat on the sofa using her laptop a majority of
the time. She stated she would move to the
kitchen table to complete assessments for more
focus and room. All participants except one
stated the desks had sufficient space under the
surface area for their legs and thighs.

Eight participants also indicated there was
sufficient space on the surface area so that the
necessary equipment and other resources (e.g.,
papers, books, telephone) were within easy
reach. Seven participants indicated that the
edges and corners of the surface area were
rounded. According to the literature, the sug-
gested appropriate application for maximum
comfort of furniture is the ability to adjust the
furniture to fit students' body types. Adjust-
ment should allow them to align their eyes
with the computer monitor or electronic device
(Albin, 2008; Kennedy, 2012). The U.S.
Department of Labor (n.d-b) suggested that
desks should accommodate a variety of work-
ing postures. The work surface of a desk
should have depths that allow view of the mon-
itor at a distance of at least 20 inches.

Noise. Quantitative and qualitative findings
for the physical learning element of noise had
a common theme of external sounds: people,
animals, transportation, and equipment. When
asked to describe the sounds they heard, six
participants stated they heard children, two
heard cars/traffic, two listed footsteps/walk-
ing, two wrote talking/conversations, two
listed trains, and two stated water. Other

sounds listed were the following: phone ring-
ing, doors opening/closing, air condition blow-
ing, refrigerator humming, radio or television,
and birds. Findings indicated half of the partic-
ipants had doors that could be closed in their
primary physical learning environment.

For noise level (dB), one participant
selected 30 dB, two picked 40 dB, two chose
50-60 dB, one listed 50—65 dB, one selected
70 dB, one chose 80 dB, one picked 80-100
dB, and one chose 110 dB as the noise level
that applied to their primary physical learning
environment. For the most part, all partici-
pants’ noise levels were below 85-90 dB,
which is the level that hearing damage begins
(U.S. Department of Labor Occupational
Safety & Health Administration, n.d.-c).
Earthman (2004) pointed out that high levels
of noise negatively impacts student perfor-
mance. The National Institute on Deafness and
Other Communication Disorders (2014) rec-
ommended avoidance of noise above 85 dB.
To block noise, Reed (2013) suggested chang-
ing time and/or location of learning activities
or using ear plugs.

On the other hand, some students preferred
to hear background noise. This noise helped
their relaxation or motivation while studying
or completing their work (Reed, 2013). For
optimal learning and performance, it was rec-
ommended that students seek a quiet place for
their learning activities (Reed, 2013) when
working individually (Harrop & Turpin,
2013).

Research Question 3

“What equipment, such as hardware and
networking capabilities, do online graduate
students use to complete their learning and
research activities?” The equipment used was
primarily laptops, and several desktop com-
puters. Most used laptops to complete assign-
ments and projects (70%) and to participate in
discussions. The majority used laptops to con-
duct Internet research (60%) and to take
examinations (50%). Nine participants indi-
cated they were prepared to work with their
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equipment. Most participants had previous
technology experience. Participant 5 stated
she had a “master’s degree in computer secu-
rity, computer technical savvy, and work in
both Mac and Windows.”

A majority of the Internet connection was
derived mostly from Wi-Fi, and a few from
cable. The majority of participants (60%) used
Wi-Fi to complete assignments and projects, to
participate in discussions, and to conduct
Internet research. Four participants used Wi-Fi
and two used cable to take examinations.

It was surprising that none of the partici-
pants selected tablets or smartphones as their
equipment of choice for the four categories.
Laptops are the most commonly used mobile
device for school work (Kennedy, 2010), and
approximately 40% of college students used a
smartphone and 66% used a tablet for school
work on a regular basis (Foster, Fazelian, &
Cytron, 2014).

Desktops were less favored but were used
by several participants for certain activities.
Three participants used desktops to complete
assignments and projects and participate in
discussions, four to conduct Internet research,
and two to take examinations. In addition to
desktop and mobile devices, some participants
preferred multiple screens when completing
learning activities. Photographs showed that
60% percent of the participants used two or
more monitors/screens in their primary physi-
cal learning environment.

The other pieces of equipment online grad-
uate students used for Internet connection were
routers to connect Wi-Fi or cable. Wi-Fi was
the favored Internet connection among the par-
ticipants. Six participants used Wi-Fi to com-
plete assignments and projects, participate in
discussions, and conduct Internet studies, and
four used Wi-Fi to take examinations. Milne
(2006) commented, “Mobile technologies such
as laptops, cell phones, PDAs, tablet PCs,
iPods, digital cameras, Wi-Fi finders, USB
drives, and GPS systems and more are part of
our personal communication culture” (p. 11.3).
Students’ space should be equipped with
power and reliable Internet service to connect

them with instructors and course materials
(Simonson et al., 2015).

From the interview responses, it was found
that nine participants indicated they were pre-
pared to work with the equipment (e.g., hard-
ware, software, and network) to conduct their
online graduate learning and research activi-
ties. Most of the participants had previous
technology experience. Only one participant
explained that she entered a new field of tech-
nology and had no prior experience.

Research Question 4

“What elements of the physical learning
environment (light, temperature, furniture, and
noise) do online graduate students find most
difficult to manage while learning online, and
how do they overcome the challenges?”” Qual-
itative data were collected for this research
question. The primary elements of the physical
learning environment that participants men-
tioned as challenging were family responsibil-
ities (e.g., children and pets), inadequate
workspace, and inappropriate equipment.

Responses varied, with noise as the most
challenging for 60%, furniture for 50%, light
for 30%, and temperature the least challeng-
ing, for 10%. More than half the participants
stated that noise was one of their challenges.
The sounds they heard in their physical learn-
ing environment included children, cars/traf-
fic, footsteps/walking, talking/conversations
trains, and even water. Approximately half the
participants had doors to muffle some of the
sounds they heard. Most of the participants’
noise levels were below the recommended
avoidance noise level of 85 dB and above
(National Institute on Deafness and Other
Communication Disorders, 2014). To achieve
a comfortable, safe, and usable learning envi-
ronment, three (30%) participants stated that
light was the most important element and
added additional lighting to resolve the prob-
lem. One (10%) cited temperature and
installed an electric heater to combat the cold.
Five (50%) described furniture, and to resolve
the challenge three purchased new ergonomic
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furniture, and one occasionally stood, walked,
and stretched. Six (60%) participants referred
to noise, and three (30%) shifted their study
time to avoid intrusive noises. One wore head-
phones to block the noise, one acknowledged
the dog barking, and the other addressed intru-
sive noises by working at quieter times.

Regarding furniture, participants indicated
that finding comfort to alleviate body pain was
a challenge. According to Emmons and
Wilkinson (2001) and the Mayo Foundation
for Medical Education and Research (2015),
sitting furniture should be well-designed ergo-
nomic chairs that provide free movement, as
well as support and comfort. Various body
sizes and shapes should be accommodated, in
addition to individual posture. Legg (2007)
found that adjustable desks and chairs pro-
moted better sitting postures that decreased
tension and alleviated pain. Binboga and Kor-
han (2014) acknowledged that resources were
scarce that investigated posture and musculo-
skeletal problems with mobile devices, such as
laptops and tablets, and desktop computers.

Not having enough light was a challenge
indicated by three participants. Seven partici-
pants preferred high lux light levels. The solu-
tion they found was adding more light, such as
a desk light or moving to a location that had
brighter lighting.

Implications and Recommendations
for Future Research

As participants shared their challenges in
their physical learning environments, they also
provided means for overcoming them. Other
online graduate students who may experience
similar challenges can use these suggestions.
The findings can help the development of
appropriate learning environments for the
three human senses of sight, touch, and hear-
ing. Findings can encourage colleges and uni-
versities to provide online students with a
user’s guide, including suggestions and web-
site links with videos for choosing an adequate
workspace conducive to learning.

There should be discussions among educa-
tional institutions about optimizing student’s
physical learning spaces. Educational institu-
tions should design and distribute guidelines
for online students to help them select or
change their physical learning environment to
one that optimally suits their needs. The results
showed that none of the participants received
any type of information, such as pamphlets,
links to websites, videos, or training materials
from their educational institutions to help them
identify and select comfortable and functional
learning  environments.  Participant 1
responded, “I never received any information
at all. Never had any official communication
about space.”

Based on the literature review, recommen-
dations for appropriate application from an
ergonomics standpoint were made to maxi-
mize learning and create a better physical
learning environment. Figure 1 illustrated this
application of aspects of the physical learning
environment as addressed in Research Ques-
tions 2 and 3 of light, temperature, furniture,
and noise. Included are the hardware, software,
and network requirements for optimal com-
fortable and productive learning environment.

Findings showed that home is the place
where online graduate students spent the
majority of their time working on specific
learning and research activities. Data and
knowledge are lacking for other informal
learning environments and student learning.
Further research could explore the advantages
of additional informal venues, such as librar-
ies, cafes, and restaurants. Future studies can
also explore how health hazards could be pre-
vented from online students’ poor lighting,
inadequate temperatures, unsuitable furniture,
and harmful noises.

Regarding the equipment online graduate
students used to complete their learning activi-
ties, such as hardware and network devices,
most participants indicated that they used lap-
tops and Wi-Fi connection. Future research is
recommended for online students’ use of addi-
tional mobile devices. As technology changes,
the devices and needs of online students may
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also change. Foster et al. (2014) provided a
broad view of college students and the technol-
ogy they used for learning. However, the
report did not differentiate between campus
and online students.

Most participants named noise and furni-
ture as their greatest challenge in online set-
tings. Because this study focused only on the
four elements of light, temperature, furniture
and noise of the physical learning environ-
ment, additional research could expand to
additional environmental aspects such as, for
example, sensory stimulation regarding colors,
space layout, and shapes.

The small sample size prevents generaliz-
able results, and the instruments may not have
incorporated all environmental aspects that can
be considered. Additional research could
expand the questions to other characteristics of
the physical learning environment. Addition-
ally, social desirability in which participants
may respond as they assume the researcher
would expect or want to hear or to raise their
self-image (Gall et al. 2007; van de Mortel,
2008) may also have taken place.

Future longitudinal studies could follow up
on the participants for changes in their experi-
ences with their physical learning environ-
ments. Studies could document the reasons for
their additional thoughts, changes, and
improvements. Further research can also deter-
mine the relationships between the physical
learning environment, achievement, and per-
sistence. Additional questions could be
explored. For example, would participants rec-
ommend online learning to their peers? What
advice would participants provide to students
enrolling in online learning for the first time?
What types of technology would participants
suggest as best meeting online learning goals
and enhancing success? Such investigations
could help students contemplating online
study decide whether to pursue this mode of
learning.

Additionally, virtual reality and augmented
reality have slowly entered the educational
arena. Both modes utilize technologies and are
beneficial for actively engaging students in

new interesting, exciting, and fun ways to
increase retention (Burch, 2016). Numerous
virtual reality and augmented reality applica-
tions and devices provide live three-dimen-
sional (3D) content and enhance human
interaction remotely on a global level. For
example, in relation to courses, students can
experience virtual reality sights and sounds of
travel expeditions to outer space, underwater
coral reefs, and the exploration of the human
body. virtual reality and augmented reality are
cutting-edge technologies in education that
may completely change the physical learning
environment.

With regard to theory, the science of ergo-
nomics should be further explored to help
online students choose the appropriate applica-
tions for selecting adequate workspaces con-
ducive to learning. Especially because of the
proliferation of mobile devices and their use,
the physical impact of mobile technologies on
students’ health should also be studied. If the
equivalency theory is used for future studies,
perhaps the fourth element, outcome, could
further explore two measurable areas: instruc-
tor-determined outcomes and learner-deter-
mined outcomes. The instructor-determined
outcomes measure the course goals and objec-
tives to identify learners’ accomplishments.
The learner-determined outcomes are personal
to each learner and relate to what the learner
hopes to accomplish upon completion of a
given course (Simonson et al., 2015).

Environmental psychology (Pappas, 1990)
might have had more explanatory power than
the equivalency theory. The four key elements
of environmental psychology include spatial
behavior, physical characteristics of the envi-
ronment, the role of tradition, and the affective
(Pappas, 1990). Those elements would likely
have promoted a better understanding and pro-
vided a future direction for online students and
their physical learning environment.

Overall, findings had practical implications
that were intuitive and made common sense.
However, additional research is needed
regarding the physical learning environment of
online students. Replication of the present
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study can be conducted with larger samples
and drawn from more universities nationwide.
Studies should also include a variety of stu-
dents from different online programs. For
greater understanding of online graduate stu-
dents, expanded demographic characteristics
should be collected, including ethnicity, socio-
economic status, residence location, and moti-
vation for online education.

This study was a first step in filling the gap
in understanding how online students learning
outside the formal classroom in informal set-
tings, primarily the home. More research is
needed regarding the optimal learning environ-
ment to maximize positive educational out-
comes. It is hoped that future studies will build
on these findings to help online graduate stu-
dents gain maximum comfort, flexibility, and
access to necessary resources in their physical
learning environment.

Distance education and informal learning
spaces are the tip of the iceberg in terms of
how, when, where, and what students are
learning. With the advancement of mobile
devices, virtual reality, augmented reality,
robotics, and artificial intelligence, the land-
scape for learning will change the field of edu-
cation. How will such changes affect how,
what, and where students learn?
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