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ABSTRACT

International Study Program for Indoor
Environmental Research

by
Stoil Pamoukov
Dr. Douglas Reynolds, Examination Committee Chair
Professor of Mechanical Engineering
University of Nevada Las Vegas

This study examined the effect on student performance, percepitbrmood
caused by different physical classroom environmental conditions.eeTtlassroom
physical environmental conditions were investigated; room temperdigie intensity
and sound level. A two phase pilot study was performed where ¢besé@ions were
compounded into one and two levels were selected in such a wayte areormal and
extreme classroom physical environment. A total of 154 undergeadNitV students
participated in the two phase pilot laboratory study in whiely tompleted tasks related
to reading and listening to an oral presentation of a passage otiéngity technical
information. The test subjects’ performance scores and sumgyonses to the
classroom physical environmental conditions and their mood were conivesen the
normal and extreme classroom environments.

The Phase | study involved the test subjects reading the tesigpadhere was
no significant difference in their responses to how their task npeaface and attention to
the task were affected by the normal and extreme classnodanomments. There was no
statistical difference in the test scores between the groppsed to the normal

classroom environment and the group exposed to the extreme classromnreart. In

addition, there were also no reported differences in comfort lamelsnood between the



two test groups. A root cause analysis identified several po$adites that could have
contributed to these results. These included: insignificant éiféer in comfort levels
between the two test groups, the university student test graaipapable of filtering out
the negative effects of the extreme test environment, lawngsument sensitivity, low
statistical power, and the absence of a motivation factor talggveeading test passage a
fair effort.

In the Phase Il study the test subjects completed a task am wiey viewed an
oral presentation of the same test passage used in Phase the Fal presentation,
significant differences were found to exist in the test subjets performance, comfort
levels, irritability, and perception of how the environment afféc¢heir task performance
and attention to the task. The test subjects in the Phase\iveénd more susceptible to
the negative effects of the extreme classroom physical environmentai@ondi

The effect size which was identified in Phase Il study waallsand does not
justify performing a full factorial laboratory study fonvestigating the effects of
classroom temperature, lighting and sound on student learning perform@neceot
cause analysis identified the university student test group arddkef the motivation
factor as possible causes that could have influenced the effect size whidbtecied. A
useful way to somewhat isolate the influence of each parametiee @utput would be to
replicate the Phase Il pilot study three times in the exrist condition while each time
one of the parameters is set to its normal levels. Followisgeht, the next phase of the
study would be to replicate the laboratory pilot study in actudRKlassroom setting for

both the reading and oral presentation of an appropriate age-level test passage.
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CHAPTER 1
INTRODUCTION
1.1 Introduction

The U.S. Department of Education and the General Accounting oémeted
that substandard physical environments related to thermal comfititatren, acoustics,
and lighting, exist in 43-58% of U.S. K-12 Schools [1]. Over 14 milstrdents in the
U.S. attend school in buildings with substandard indoor environmental (lE@)tions
[1]. The objective of the International Study Program for InD&mvironmental
Research (I-SPIDER) is to identify and quantify relationshipat exist between
classroom physical environmental conditions and student learning amgbfp@noof their
classroom physical environment. Another objective of the programdsvelop casual
models that will yield predictable levels of improvement in studssgnition and
learning performance when the substandard conditions are improved.

The I-SPIDER initiative is multi-phase research prograr whih include both a
laboratory study and a field study. Prior to performing thel&llbratory study, which
would involve a large number of factorial test runs for the diffetertls of the
classroom parameters associated with room temperature, lightengsity and sound
level, a pilot study was performed. The main purpose of the pildy stas to determine
whether or not the selected student learning performance meastiiesteuments and
classroom physical parameter experimental protocols can be used to iddatibnships
between the classroom physical environment and student leamfognpance. A two
phase pilot study was conducted in the spring and fall 2010 semiesgersontrolled

laboratory setting, located in the Center for Mechanical & Enmemtal Systems



Technology at UNLV. This thesis describes the two phase pimly sivhich was

performed.

1.2 Goals and Objectives of the Pilot Study

o Determine weather or not engineering and learning performaaasumment and
assessment protocols can be used to identify relationships betaessured
classrrom physical environment parameters and student learniognpente in a
controlled laboratory setting,

o Determine weather a full or partial factorial laboratdrydy is justified based on
the results of the pilot study,

o Determine the most optimal way to investigate the effeciasfiscoom physical
environment assiciated with thermal comfort, lighting intensity aound levels
on student learning performance in the following phases of the study, and

o0 Make recommendations for further studies.

1.3 Limitations of the Pilot Study
0 The student learning performance study was conducted only imtsolted
laboratory setting, and was limited to reading the test passdgease | and an
oral presentation in Phase II.
o The classroom environment parameters that were investigated Invegted to
parameters associated with temperature, noise level, and dightensity. The

extreme condition sound source was limited to noise associated widhna



ventilator fan. The extreme condition lighting source wastdichio one type of
fluorescent lighting.

Since the three classroom physical environment parametersampmounded to
create two classroom environmental conditions, it was not possikdattact

individual parameter effects on student learning performance.

The pilot study test group was limited to undergraduate student velsinit
UNLV. The intellectual make-up of the university student testigrin the pilot
study was reasonably homogeneous. The intellectual capalfitiee students
were sufficient to be admitted to a university.

No information was collected with regard the test subjects’ gpad® average
and their previous knowledge of the topic of the test passage.

The student learning performance measuring instrument and therememtal

survey were specifically developed for this study and have notJsdelated by
other studies.

Maximum number of available students who could participate asulgscss was

around 100 per semester.



CHAPTER 2
REVIEW OF RELATED LITERATURE
2.1 Background

In today’s political and social world there are many disamsssurrounding the
U.S. educational system. Beginning in the early 1990'’s, this delmatednto the public
forefront due to the growing perception that the U.S. K-12 school sysgsnailing to
adequately educate children. A child’s potential for long termepsadnal and social
development is highly dependent on the quality of his/her K-12 educaé@rpatience.
This potential can be reduced if the child is consistently attgndchools with
substandard classroom physical learning environments [2].

Under the Clinton Administration, the U.S. Department of Educati@udenthe
topic on the effects of classroom environmental conditions on studenticogaitd
learning a center debate. The investigations that followed pmemearily organized
along two separate lines: (1) educational methodology and implamaniaterpersonal
Factors) and (2) environmental factors within the classroom learaimgronment
(Physical Factors). Most of the classroom studies have defamed along these two
lines of investigations. While these studies have been developed tfronsame
intellectual context and objectives, they are separated by @pmtoiat gap that results
from difference in language and terminology, investigation protocolss tgbedata

collected, how the data is analyzed, etc [2].



2.2 Overview of Current Conditions within K-12 Schools

Substandard indoor environmental quality (IEQ) conditions exist in many
classrooms throughout the U.S. The U.S. General Accounting Ofpoeted that 63%
of students in the U.S. attended schools where at least one building compasein
need of extensive repair, overhaul, replacement, or that containebrenegntally
substandard conditions. This fact equates to over 14 million studehtsihS. who are
attending schools with substandard classroom IEQ conditions [1].

In 1999 a report by the National Center for Education Statistickhe condition
of public school facilities collected information on satisfactierth six different
environmental conditions: lighting, heating, ventilation, indoor air quaditgustics or
noise control, and physical security of buildings. “43% of the schepisrted that at
least one of the six environmental factors was in unsatisfactondition and
approximately two-thirds of those schools had more than one environroenttdion in
unsatisfactory condition” [3]. The U.S. Department of Education tegdhe following
statistics in their surveys of 9,563 educational facilities and sshbak substandard
conditions were found related to: noise — 18-32%, ventilation — 26-32%, hedBfgp,—
indoor air quality — 22%, lighting — 20%. The estimated cost faectng the reported
IEQ conditions is $117-127 billion [3]. A report by the national eeribr energy
management and building technologies concludes that: (1) U.S. schomtaawely old
with median age of 35.5 years; (2) higher then recommended occupariydE) tight
budgets have resulted in poor maintenance, high ambient noise levels gbtiag I

conditions, high concentration of pollutants, and low indoor comfort; and €4) n



technologies that are common to commercial buildings have not beercdypdr used
in most schools [4].

Substandard conditions can diminish the quality of the child’s educational
experience and impair the development of the memory within the brain, espagcialhg
younger children. Unfavorable conditions may also affect the peafoce of the teacher
in teaching students. Eventually attending schools with substandarcbreneirtal
conditions may negatively affect the child’s potential for long temofessional and
social development [2].

A key obstacle for schools to improve their facilities is thbssantial cost [1].
The tight budgets result in delayed or poor maintenance, classmitenshave low
indoor comfort performance, high ambient and intermittent noise Jepety lighting
conditions, and high concentration of pollutants [5]. Therefore, the schaeks to
prioritize which problem areas to focus on. For this reason résaattdata is needed
that indicates which renovations would result in the highest improvemestudents

comfort and learning performance.

2.3 Review of Previous Studies
There are many published articles that document the affectdasgroom
environmental conditions on student performance and comfort levels. Many
environmental conditions have been investigated such as thermal corefativer
humidity, ventilation, lighting, noise, and others. Studies indicate ¢hahges in
classroom temperature affect student cognitive performance [6,7]8,9@ssroom

lighting effects on student performance studies show that appropridésigned



classroom lighting reduces distraction and results in an irereastudent test scores
[11,12,13,14]. Teachers believe high classroom background noise levels impair
academic performance [15], and reading and language based menmpasticslarly
vulnerable to noise exposure in children [16,17]. According to the U.S.tActlmal and
Transportation Barriers Compliance Board, “High levels of backgroors®nmuch of it

from heating and cooling systems, adversely affect learningoemeents, particularly

for young children, who require optimal conditions for hearing and compiehéns
Poor acoustics are also a particular barrier for children with hearin§l8s

Previous studies of the learning environment have been also mostly bee
concerned with either teaching methodologies and techniques dly stiie physical
factors of the environment. The problem with those studies along gfeeeral lines has
been the difference in language and terminology, investigation prottygoés of data
collected, how these data are processed etc [2]. Many diiffeeences arise from fact
the many studies are conducted by a team with a backgroundHeosame discipline,
such as education, engineering, architecture etc. These rd@omdeen a major
weakness that has resulted in many overarching conclusions andinsesnetven
anecdotal studies.

Many of the studies also base their findings mostly on responsasvieys by the
teachers and the students. Such information is necessarydn gkta of the students’
and teachers’ perception of how the environment affects theirpence; however, it is
insufficient to show any relationships between classroom physimaronments and
student learning performance. The studies that were able ta detezffect of the

environment on student cognition and learning do not present models shabedow



improvements in classroom conditions will result in quantitativel\yediotable
improvements in student cognition, learning performance, self sgpaffect, and
attendance [2].

Multi-parameter controlled laboratory studies which considers ffexte of
classroom environmental conditions associated with thermal comfori smaghlighting
on student learning performance, has not been previously completed ormeadblis
Staffan Hygge states in his study “Not many well-controllagdiss on noise and
learning have been reported [17]. A critical review artifléhe literature concludes that
little, strongly designed research between indoor pollutantsméheconditions and
human performance and attendance is available [19]. Major litensuviews by Daisey
and Angell [20], Daisey, Angell, and Apte [21], and Mendell andtHat the Lawrence
Berkley National Laboratories [19] support this observation. Th&oNal Research
Council, in its report, “Green Schools- Attributes for Health andrieg”, concluded
that nearly all classroom built environment design guidelinesbased on anecdotal
information [22].

Casual models, which currently do not exist, that yield quangtgiredictable
levels of improvements in mood and learning performance when clasdeaoning
environments are improved are required. Such information is impeefat optimally
allocating limited budgeted resources that will result in nimgirovements in student
comfort and performance.

There is a big justification and demand for classroom environmeffedt e
information since over 14 million K-12 students attend schools in thewds

substandard classroom physical learning environments. The I-SPIDERsteamposed



of Ph.D. level members from the Colleges of Education and Engigeerthin UNLV.

The whole study initiative is determined to close the conceptyalbgaveen most
previously conducted studies by developing casual models that yielditgtint
predictable levels of improvements in student cognition and learnnfigrp@nce when
classroom physical learning environments are improved. The pitbt stas an essential
part of this process. It was used to determine the direction dfttidy as well as to
figure out the most optimal method and testing instruments for tlwviof phases of

the study.

2.4 Cognition and Learning Cause and Effect Models
Working and long-term memory are involved in the intake, procesdiogng
and retrieval of information. Initially new information is procassn the working
memory and it is eventually transferred to and stored in the &ng-memory. The
working memory has limited capacity. Therefore, if the workimgmory is preoccupied
in processing external noises and perceived negative changég ienvironmental
conditions (thermal comfort, sound, lighting, etc.), fewer working mgmesources will
be available to focus on the learning process [2]. In contragotking memory, long
term memory is thought to have unlimited capacity. Figure 2.lineatlhow new

information is stored in the memory.



Phonological

\_/
Working Long-term
Memory Memory

Figure 2.1 Memory model [23]

Thermal comfort,
ventilation, sound,
lighting

Listening to speech or reading a text is initially processed in the vgomk@mory.
Comprehending the material from a new speech or reading aaxtvista complex
process which involves information that has been recently processetelbsas
information that has been previously stored in the working memorgce8sing such
information in substandard environmental conditions places a burden onothmgv
memory and possibly impairs to ability to transfer the new imé&dion from working to
long term memory [23,24]. The degree to which substandard environmenthtions
affect each type of learning task is different. During tetsdy the physical
environmental effects are going to be investigated for readiwgmaderials and listening

to new materials.

2.5 Learning Styles
There are three basic types of learning styles: visualfcaydand kinesthetic.
Most people learn through a combination of the three. However, most pesyaty

have a clear preference or strength at one of the leartytes §2]. Students with
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different learning styles may react differently to the jptaisenvironmental conditions in
a classroom.

Auditory learners would rather listen to the new information. s&hpeople
typically learn by listening, enjoy dialogues and recite miation out loud. Auditory
learners generally remember names better than faces. Ehegsly distracted by noise
in the study environment and often must work in relatively quiet environment.

Visual learners learn best by observing visual demonstratiofisey prefer
reading problems, looking at graphics and using notes and listgaoine their thoughts.
They may have difficulty focusing while listening to infornoati Visual learners
typically remember faces better than names. They are rals@ distracted by
movements rather than noise.

Kinesthetic learners best learn by “doing” or “hands on” eepeg. They
undertake new task and solve problems through physical activitiemviodve trial and
error exploration. Kinesthetic learners typically have higbeels of energy and sitting
still while learning information could be difficult for them. Thew anostly distracted by

activities within their immediate area.

2.6 Acute Versus Chronic Exposure
When investigating the effects of classroom physical environmenstudent
learning performance, a distinction should be made between acuthramic exposure.
Both types of exposure to noise have an effect on the working memoryex&mple,
impairment of the working memory occurred when students weredt@stinoisy versus

less noisy environment [16,17]. Children who were chronically exposecttafanoise
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also had impaired recall memory of a text compared to studéhtsuivthe noise [17]. It
is not known whether this impairment of the working memory wastduke same or
different processes. A hypothesis of these processes isathde noise temporarily
affects the working memory; however, after a period of silem tia full recovery of the
memory capacity is achieved. If the recovery time, howevemntisufficiently long, the
working memory will still operate on less than an optimal levels not known whether
this hypothesis related to noise exposure is valid for thermal comfort and lighting

It is reasonable to also expect a certain recovery tima wlassroom conditions
related to thermal comfort and lighting are improved. If, fanegle, the HVAC system
is repaired to provide from bad to good indoor air quality, it is nobredde to expect
the students learning performance to step increase on thelayext The progression
toward improvement will be most likely gradual. However, it is kratwn how long it
will take. In a Munich airport study, it took 6-18 months after tloése had been
removed for the students’ working memory to be considered optimalliginvgof17].
Studies are needed to document the recovery times after chronic exposuresatalaudbst

classroom environmental conditions.
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CHAPTER 3
METHODOLOGY
3.1 Design of Experiment

The scope, inputs and outputs of the pilot study are defined in @gi$ech Prior
to performing the experiment the testing protocol was carefulty thoroughly planned
and the main external noise factors that can influence thesreseate identified and
minimized. This was completed by using some of the desigrpafienent tools that are
shown below.

3.1.1 Energy Transformation Diagram

An energy transformation diagram (ETD) is a method for visuglizssential
dynamics of the system under study. The energy transformatimnach considers
certain inputs of a process and relates those inputs to desiredsoutpbe system
parameters are specified by the research team andedifféevels of the system
parameters are investigated to determine how they influenceutpats. The diagram
also considers non-controllable outside influences which are referi@sl noise factors
[25]. The general layout of the diagram is presented in Fi§ute The following
paragraphs and figures explain how this method was applied to ilga dégxperiment

for this pilot study.
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System
parameters

Energy Transformation

Input — i Output

Unintended
output

Noise
factors

Figure 3.1 General layout of the ETD

Learning is a complex process. Therefore, for simplification detter
understanding, two energy transformation diagrams similar to thehawen above were
used. The first part, shown in Figure 3.2 deals with the proceskich the information
presented by the teacher is being heard and seen by the studestis. an essential part
of the learning process. The students will have difficultynlieg if they have trouble
hearing or seeing the material presented. Thereforehifofitst energy transformation
diagram, the inputs are the lecture materials presented, aondtthgs are the students’
ability to hear and see the lecture.

There are many reasons for the information not to properly reacstutients.
The energy transformation diagram separates them into twa@oca®s system
parameters and noise factors. The system parameters irmltidge not limited to
variables such as lighting, noise, size of the classroomTéte. noise factors deal more
with individual differences that are more difficult or impossildeatcount for, such as
teacher performance, the students’ hearing or seeing alslitesrhe noise and lighting

affects in this case are at such levels that impair tlagirfge or seeing ability of the
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students. This study investigates these factors; howeverateey lower levels, in order
to determine their impact on attention and working memory. Thadrisof the second

part of the learning process, which is shown in Figure 3.3.

Lighting.
acoustics, size
ofthe room

i

Energy
Transformation

Lecture, B ——— Hear, See

visual presentation.

ete I

Teacher performance, students’
seeing or hearing abilities

Figure 3.2 First part of the learning process described in terms of the ETD

After the students have been presented with the new information and/éney
able to clearly see and hear it, then they are able to cotheninaterial to memory.
Thus, the outputs of Figure 3.2 become the inputs to Figure 3.3. The ouffgaief 3.3
can be considered to be how much of the lecture material is cmdnbit memory.
Many parameters can be investigated, such as temperatureticcoentilation, and
lighting that can possibly affect this output. There are exte@wak factors that can also
influence the output, some of which include student mood, motivation, ietetkgetc.

This diagram is shown in Figure 3.3.
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Temperature, sound.
ventilation, lighting

|

Energy , Comprehension,
Hear, Se¢ —>»  Transformation [—— —
4 learning. self-assessment
(this study)

|

Student mood., motivation,
intelligence

Figure 3.3 Second part of the learning process described in terms of the ETD

The system parameters in this study were not set at lewedse they would
obstruct the students’ ability to hear and see the study mat@harefore, for this study
the first energy transformation can be skipped and the experientecrepresented by
the second energy transformation diagram. The different componethis diagram as
they relate to the pilot study are described individually below.

3.1.2 Output

The outputs of interest in the pilot study were the test subjgetrmance on
the reading test and the survey responses. Sentence verifieafonque (SVT) [26]
was the instrument that was used to measure the participacddection of the reading
passage and the video lecture. The SVT scores were analymestity the impact of
the test room physical environment on the test subjects’ leap@rfgrmance for the

given task.
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Demographics survey, environmental survey, test anxiety survey [27] atidgosi
affect and negative affect (PANAS) survey [28] were adnerngst in this pilot study.
The survey responses were used to determine:

0 if the test subjects had similar test anxiety levels andodeaphics

between the test groups associated with the normal and extlessoom

physical environmental conditions,

o] how the test subjects associated with the two classroom physical

environmental conditions viewed their classroom environment, and

o] how the two classroom physical environmental conditions affected the

mood of the test subjects.

The instruments that were used to measure the outputs ardébe@sier the
Instrumentation and Data Collection section, and they are alsalétin the appendix.
The results and analysis of the outputs are described in Chapter 4.

3.1.3 Parameter Selection and Levels

The system parameters of the energy transformation diagmartha physical

environment conditions that were varied in order to determine thectadh the output.

The parameters that were investigated in this study are shown in Table 3.1.

Table 3.1 System Parameters

Parameters
1. lighting intensity levels
2. sound levels
3. temperature level
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In the pilot study, the three parameters were compounded togetheheatesbst
subjects were exposed to two different levels. The paramets levere selected to
create a normal and an extreme physical environment conditionlevidie in the normal
condition were the standards’ recommended levels related to theosméort, lighting
intensity and sound level for optimal comfort in a classroom [29,30]318.levels in the
extreme condition were selected to be slightly outside of théocbaone for the three

parameters. The parameter levels used in Phase | are show in Table 3.2.

Table 3.2 Parameter Levels in the Phase | Tests

Parameters
Lighting
Condition | Temperature sound Intensity
Level
Level
Normal 72 deg F 35 dBA 500 lux
Extreme 80 deg F 65 dBA 2500 lux

For the Phase Il tests the volume of the oral presentationevas 80 dBA for
both test conditions. A suround sound system was used to provide evéutiistrof
the sound level across the test room. In order for the spedwuh itdelligible in the
extreme condition, the test room sound level was decreased to 60\WBA.a 10 dBA
signal-to-noise ratio between the lecture and test room sound, l¢hlee was no
problem for the test subjects to clearly hear the lecture rd@$t of the parameters were
kept at levels shown in Table 3.2. The parameter levels thatuseckin Phase Il are

show in Table 3.3.
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Table 3.3 Parameter Levels in the Phase |l Tests

Parameters Oral
it . Sound Level Lighting Presentation
Condition emperature Sound Leve Intensity Level Sound Level
Normal 72 deg F 35 dBA 500 |
g e 70 dBA
Extreme 80 deg F 60 dBA 2500 lux

3.1.4 Noise Factors

Similar to all experiments, noises were present in the I-ERIBtudy. These
were external variables that the research team hadditth® control over. To account
for the noises, a researcher usually tests under different nomgbtions or tries to
minimize them as much as possible. In the I-SPIDER studyn#ie noises, which were
reduced, dealt with the classroom physical environmental conditrmhsha individual
differences of the test subjects.

The noises associated with the classroom physical environmentagswveiated
with creating, and maintaining the uniformity of the parameteelt in the test room
during each experimental session. Non-uniform physical environmmaohtnat being
able to accurately monitor and control the environmental teatrgders were noises that
were greatly reduced in the test laboratory. The laboratoryewther pilot study was
conducted is capable of accurately controlling, monitoring, and recptte physical
environmental test parameters.

The lights, speakers and diffusers were placed in the testtoooraate a uniform
physical environment at each test subject station. A fewrelffedesign options were

considered before making the final selection. The levels of #Hrangeters were
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measured at each station before conducting the study with the apgrapeasuring

instruments. They were again verified right before each testoseto ensure that the
parameters were at their specified levels that thereundsrmity of the levels among
each station.

The test laboratory’s state-of-the art instrumentation and contrale the
capability to accurately monitor and control the test room physiearonment. During
each test session, there was always a research team npredsnt in the laboratory test
room to monitor the test subjects, and there was a team mamiher control room to
verify and ensure that the test parameters were kept atiritesided levels. Detailed
description of the laboratory is given in the Laboratory Set Up section.

The experimental noise referred to as individual differences eeetwhe test
subjects dealt with factors, such as students’ intelligenceghaakd knowledge on the
test passage topic, and motivation. Two different subject pooks weed that created a
more diverse sample. To ensure that the affect of their individitfarences was
accounted for and minimized, random assigning to one of the two phsgsiceonmental
conditions was used. After the study, based on the responses tontbgrajehic
guestions and the test anxiety survey, it was verified that thegtaups were evenly
divided. This process and the exact demographics of the two qaoeigescribed in the

Test Subjects section.
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3.2 Data Collection Instruments

The test instruments in the pilot study were completed on laptoputers.
Computer software was developed by Academic Technologies Indisplgcifor this
study. The software consisted of the test instruments desdoélesv. A router
connected the computers to a secure server located in the CendMedbanical &
Environmental Systems Technology at UNLV. The software progvasiloaded onto
the server. That server was set up to only allow access testiteg software; there was
no internet access. The system was tracking and recordingespenses of each
participant according to their unique identification number.

The software was easy to use and it guided the test sub@ut®ne section to
the next. They had to enter their assigned unique identification mumbegin the test.
The test subjects were aware that their personal informatibmot be linked to their
score and responses. They completed a general demographic queHberesl by test
instructions and in order to proceed the test subjects had to clidkélyainderstood the
test instructions. A practice passage was then given on a diffeqgc than the test
passage. The practice passage was aimed at exposing subjests to how the reading
will be presented, how to navigate from one passage to the nextsariteaome familiar
with the interface of the software.

The practice passage was followed by the test readinggeadbe reading test,
and three surveys. The test subjects completed a test asuiegy, an environmental
survey, and a positive and negative effect survey. The survens imeestigating
different information that included the test subjects’ anxietgls during exams, current

feelings and emotions, environment perception and reasons that couldfeatedaheir
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performance on the given task. The study instruments are debandiividually below
and shown in the order at which they were presented by thegtesfitware. The testing
instruments are also included in the appendix.

The Phase Il study utilized the same instruments with the oiféyehce that the
reading test passage was presented in the form of a videaledtor the purpose the
testing software was modified by removing both practice and regéehgpassages. The
video lecture was shown at the beginning of the experiment and théesthaubjects
completed the rest of the study on the laptop computers. On toe leqnhputers, the
test subjects were presented with the same demographics queSti6hstest, and
surveys. The test subjects were instructed to not stargtieg software until the video
lecture was finished. Figure 3.4 presents the initial scredredesting software in both

Phase | and Il.

Pleasze enter the Student'somigque [IX

|_Eontrn1.|e: |

Copyrighr © UNLV/CMEST 2010,
Software developed by Academic Technologies

Figure 3.4 Testing software screenshot of the first screen
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3.2.1 Demographic Questions
The test subjects were asked general demographic questions, sugeh gender,
race, major and others. The demographic questions were specifieadiipoped for this
study. The same demographic questions were given in Phase | andlids. The
demographic questions and responses are presented in the Test Sdgeots A
screenshot of the demographic survey as it appeared on the laptop censgpsitewn in

Figure 3.5

What 15 vour age? Select Your Age

Male
Female

What 15 vour zender”

Caiicasian

Afncan-Amencan

Hispanic

Asian or Peedfic Islander

Amenvan Indian or Alaskan Native
Other

What 15 vour etreity?

Frechman
% Sephmors
Tama:
Junior
Semor
What 15 vour program of study at UNLV? Seledt your F'.r.ogjam o Study v

All of the time
Muost of the time
I'weareye glasses Some of the time
Decasionally
Never
All of the time
Mozt of the time
I'wenr contect glasses Some of the ime
Oecasionally

Never

&=
[ Cortnue |

Figure 3.5 Test Software Screenshot of the Demographics Questions
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3.2.2 Test Passage

There were two reading tasks in the Phase | study, a praetideng passage, and
the reading test passage. The texts were presented inntegh&4 words. Only one
section was presented on the computer screen at a time asdbjests had to advance
to the next one by clicking a button on the bottom of the page. Oncenthead forward
they were not able to go back to a previous section. The segmaetpresented in
proper punctuation and syntax.

Prior to the test reading passage, the test subjects were ajipeactice reading
passage. An edited version of an article from Michael H.s€hantitled “The
Matriculating Brain” [32] was used. The practice reading &adtal of 10 segments.
The reading test passage was a slightly modified version dfapter from Rachel
Carson’s acclaimed book, “The Sea Around Us” [33]. The test passegdesigned to
take about 30 minutes for a college level reader. The text nedtaformation on the
various minerals found in the ocean, names of famous oceanic explaceiseussions
of the ever more sophisticated types of machines used in undersesatompl and
research. The test passage was information dense arehgldifficult to comprehend
even for college students. Figure 3.6 and Figure 3.7 show the instruantid@ssegment
of the reading test passage respectively.

In the Phase Il study there was no practice passage aneatliag passage was
presented in the form of an oral presentation. Using the destadiucation services, a
research team member was recorded reading the same passadeachel Carson’s
book “The Sea Around Us”. A female speaker clearly and igitelly read the test

passage. The oral presentation was of good visual and audio quality.
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Instrucrions:

In this study we are concemed with how people leam from test matenal The text you will read will be presented ona
laptap computer terminal After reading the text yau will be given s comprehensive quiz. so study the text carsfully

The text is presented in groups of approximately 34 words. To advance the text from ons segment to the next
sezment chekoon the next page button. This will erase the segment that was on the screen and print a gew segmentin
its place You will contirme 1o repeat this procedure until vou finish the text

Before vou read the main passage vou will have an‘oppertunity to become acquainted with thie style of readinz. The
first few pages-of text are for practice so if wou have any problems or guestons please ask them dunneg this fune. Do
vou have any quastions now?

ERemember!

1) Press the next paze button to make the text move forward. You can't reread a segment once you have passed it so
make sure you read it carefully the first time.

2 Youwill be ziven = moderately difficult quic when you finish reading so be sure to read carefully.

[ I'have read and understood the above instmictions.

Figure 3.6 Testing software screenshot of the reading instructions

Test Paszage

Berwesn the suniit surface waters of the open zea and the hidden valleys of the ocean floor lies the least known
area on 2arth with its unselved problems backonme man. This area covers a

| Mot Fassage |

Figure 3.7 Testing software screenshot of the reading test passage
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3.2.3 Positive Affect and Negative Affect Scale (PANAS)

The Positive Affect and Negative Affect Scale (PANAS) [28]s used in Phase |
and Il studies as an indicator of students’ mood and well-beirgs i$ a two mood
factor survey in which the Positive Affect (PA) reflects thegree to which somebody
feels active, alert, and enthusiastic; and the Negative Affe&} gives an indication of
negative mood states, including fear, guilt, anxiety, and anger.mbbéd survey could
be used for different time intervals such as at this moment, tddayveek, this year.
For the purpose of this study the instructions specifically stated that tieoselmgs and
emotions at the present moment.

The correlation between the positive and negative affect sealges from -0.12
to -0.23; thus, for the two scales approximately 1% to 5% of theianaas overlap.
These values are significantly lower than those of many aitert PA and NA scales
[28]. It has been shown that the PANAS scales exhibit afisigini level of stability in
their findings and also to be a reliable, valid and efficient méansneasuring the
positive and negative affects of mood [28].

The survey consisted of 20 positive and negative affect descriptdis. tet
subjects indicated the extent to which they were feelingtaisegmotion at the present
time on a 5 point scale. The points on the scale ranged from igriysbr not at all to
extremely. The PANAS survey and responses are presented Butliey Responses
sections in Chapter 4 for the Phase | and Il tests. The instrsi@nd the first 10 items

of the survey as they were presented in the testing software are shoguaran3-B.
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Positive and Negative Affect Saale

This scale consi sis of anumber of words that desoribe diffevent fedlings and emobons. Read
each item and then merk the appropnate answerin the space next to that word Indicate to
what extent youfeel thisway nzht now, that 15, at the present moment Use the following scale
torscord your answers.

1= Very slightly or not at all. 2= A little, 3= Moderately, 4 = Quite a bit, 5 =E xtremely

:;rg'{drur Alirde Moderately Quitea bit Extremely

notatall

1 2 3 4 5
mterested r r r r r
distressed r r e r r
excted = r c C C
upset r r r r r
strong s r r r -
guilty r r r r r
regrad r r ' r r
Hostile E c r C o
enthusiasac ¢ r G r r
proud r r « r r

Figure 3.8 Testing Software Screenshot of the PANAS
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3.2.4 Sentence Verification Technique (SVT)

The test subjects in the pilot study were given the samtersme verification
technique (SVT) [26] in Phase | and Il tests. The SVT issafor comprehension that
could be adapted to any reading assignment or oral presentati®VTIthere are four
types of sentence questions, such as originals, paraphrases, mdamggsc and
distractors. Originals are exact copy of a phrase fronrdlding or oral presentation.
Paraphrases have most of the words changed but have the same rasatirgse from
the reading or oral presentation. A meaning change item comeng of the same
words but has a different meaning and a dictractor item cond¢bensame topic;
however, it has different words and meaning than the reading or oral presentati

The test subjects had to decide if the phrases are “old” or “new” to the réesling
passage or oral presentation. “Old” sentences were the @ah@z&l the same meaning
the as the test passage sentences (originals and paraphrddes). sentences had
different meaning than the test passage (meaning changedisarattors) [26]. The
testing software recorded each response, graded it and alsotgéalesaore for each test
subject.

A 40 item SVT task was developed specifically over the teggnmhto which the
test subjects were exposed to either in a form of readingabp@sentation. There was
an equal number of “old” (true) and “new” (false) types of qoesti There was also an
equal number of each of the types of questions, such as, originals, paespimeaning
changes or distractors.

The testing software displayed 10 questions per page with theciistis shown

in all of the four pages. The test subjects had to respond to atlaquan order to go to
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the next page; however, they were able to go back to previous gadeshange their
answers if they decided to do so. A screen shot of the inetitscand the first 10

guestions are show in Figure 3.9, and the whole SVT is included in the appendix.

Text Quiz

The following quiz contans sentences telated to the passage yourread from “The S22 Around Us™ It 1s up to you to judze whether each
sentence s old”, meamng it 1= an onginal sentence from the passaze or g paraphrase of the matenal or “new”. meamng that the sentence
mtroduces @ newidea or contamns meorect mformation. When you are finshed with all of the study matenals, youwill be ziven your number
of cotrect responses to the quiz questions:

If 1t helps make things clear, you can thnk about the Sold” category a5 contawung mformanon you beheve 15 true from the text and the “new”
category asnformation that is etther false related to the text orinformation that was not m the test youread Thnk carefully about what you
read and then make your choce as to whether each sentence s old ornew

You will be able to zo back and review your quiz answers while vouare takmg the quir by usmne the "previous” and "next” buttons

Cid New
1 Between the sunlit surface watets of the open sea and the hidden vallevs of the ocean floor es the least lnown
" arexon sarth with its unsolved protdems beckonittz man.

(%]

Vety few men have had the-expenence of diving farther than the range of vishle lizght.

5 The exclusive domatn of the deep seawas reached with & dive i the water of the open ocean in:a device called a
" bathysphere.

Before sphencally shaped diving beats were introduced. manwas able to reach farinto the deep bv-simply

weanng a complete diving suit

The fundmng for development of the diving boat was provided by mumegous seientists and individual ezearchers
who were amazed by the scope of the project and excited sbout any new discovenes,

b=

LM

6 Due to the lack of precise instruments during the first vears of deep sea exploration. the description of the ocean
" floor was mastiv formed by the fow men who had made the descent.

- Like the sinfiare waters, the deep witers are sensitive to every sust of wind. know day and meht, respend to the
" pull of the sun and the moon. and change as the seasons change.

&, Deep down below the surface of the ocean. thers is no light and darkmess altemation

Formast creates sroping their way endiesshy throush its black waters, the desp sea must be a place of peacs,
9 whers food is abundant and easy te find, a place where there is sanctuany from sver-prezent-enemiss whre one
* canmove on and on, from birth through death. through the dadmes=s confined a5 if in 2 womb to hiz own
particitlar laver of ses '
 Themital evidence showmg that life emsts beyond the reach of the sun's rays was provided by finding woms
* from a semple of mud collected at depth of 1000 fathoms

i et ]

Figure 3.9 Testing software screenshot of the SVT questions
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3.2.5 Test Anxiety Survey
The test anxiety survey [27] involved questions about the geresaltaking
behavior of the subjects. This survey was used to determine whbethet the two test
groups can be considered even in terms of their test anxwetg.leThe test subjects had
to respond to twenty statements about their test taking habitssafie anxiety survey
was given in Phase | and Il studies. In Figure 3.10 is a ssherof the testing software
test anxiety instructions and first 10 questions. The whole survewclisded in the

appendix.

Drrections:

A mumber of statements which people have descrbed themselves given on the followmg page: Read each statement and
then circle the appropiats number tothe nzht 'of the statement to indicate how vou generally f=il:

1 = Almost Never, 2= Sometimes. 3= Often, 4 = Almost Always

Theiz are no wrong oraght answers. Do not spend toomuch tima-on one statement but give the answer which seems to
descnbe how yvou genemlhy feel

Pleassanswer every sfatament

1 2 3 4
Almost x Almosi
Never Sometimes Often Al

1. Ifeel confident and reiaxed when (akins tests
2 While taldng examinations I have an uneasy. upzst fesling
3. Thinkms about my grade ;o cotrse interfeces with my work on tests

4. Ifreeze up opnunportant exams

During exams [ find myself thinking sbout whether Ill evér zetithroush
school

6. The harder Iworl at taling a test, the more confused I get
Thoughts of doins pootly interfere with my concentistion on tests
8. Ifeelvervjittery when talinz an imporiant fest

9 Evenwhen 'm well prepared for a test. [fzel very nervous about it

10, 1 start feeling varv uneasy just befors zetting a test paper back

Figure 3.10 Testing software screenshot of the test anxiety survey
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3.2.6 Environmental Survey
The environment survey was developed specifically for this studycamsisted
of set of questions on about the test room environment. There wereéntedo the
survey. The first one was about how the test subjects perceiveddlagstoom. The
possible responses ranged from 1-5, where 1 was the high end of theteasa(too
warm, too loud etc.), 3 was a perfect environment and 5 was the ridwofethe
parameters (too cool, too quiet, etc). A screen shot of that pane afnvironmental

survey is shown in Figure 3.11.

Directions::

Bead each statement and then circle the appropiate number to the nght of the statament to mdicate how you felt. There are no wrong ornight
enswars: Do not spend too much time on one statement but zive the answer which seems to descabe how you felt. Please answerevery
statement.

You will be able to go back and review your quiz enswers while vou are taking the quiz by using the "previous” and "next” buttons

Computer Screen Segment 1
. oo humid perfact too dry
L. Tha room moisturs level was:
too warm petfact tow cool
1 The room temperaturs was:
too stuffy petfect too drafty
5. The room air felt
too boght perfect too low
4. Tha room hehting was :
. Glare ol my computer scréen unoticeable mederately notceable very nobiceabis
T was:
tow loud petfect oo guet
6. The room soumnd levels were:
T |
| Nes |

Figure 3.11 Testing software screenshot of the first part of the environmanty s
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The second part of the environmental survey involved questions about the
comfort of the furniture and equipment, such as desk, chair, and computbe i
laboratory. There was also a question regarding the generabrtdenfel in the test
room. The test subjects indicated their comfort levels regamhng aspect in the test
room on a scale ranging from very comfortable to very uncomfertdbl this part of the
survey the test subjects were also able to type their comrabatd their experience
during study. The test subjects’ responses and comments weréoudetermine and
compare their comfort levels between the two test room physngironmental
conditions. The comments are shown in the appendix. Figure 3.12ydispéasecond

part of the environmental survey as it appeared on the testing software.

Computer Screen Segment 2
Rate your comfort with respect to the following aspects of your study environment:

very comfortable Wi
comfortable uncomfortable

7. desk f (i
& chair
9. computer kevboard

10. computer monitor o @ ' i r

Rate vour general level of comfort in the P I

LL. studvroom today.

In'vour own words, please explain why
12, vou were comfortable or uncomfortable
in the study room today

T 6 R

Previouz I Hext I

Figure 3.12 Testing software screenshot of the second part of the environmenetal sur

32



The last part of the environment survey dealt with factors thatdcbale
negatively affected the test subjects’ performance during tloly.stA number of causes
were given to which test subjects had to indicate their Idvageement/disagreement.
The statements included questions about thermal comfort, noise levels, lightirtgrenois
and glare as possible reasons that could have negatively affeetéest subjects. For
each possible cause there were two questions one regarding ttreulipsts’ task
performance and one regarding their attention to the task. Rhg sfirvey is shown in

Figure 3.13 as it was presented to the test subjects.

Duechions::
Read each statement and then cacle the appropiate number to the nght of the statement to mdicate how you felt. There are no wrong or right
enswers: Do mot spend too much time on one statement but grve the answerwhich seems to:desenbe how youfelt. Please answerevery

statenyent

You will be ableto go back and review your quiz answers while you are talang the quiz by using the "previous” and "next” buttons

Computer Screen Segment 3
Rate yourlevel of azreenent disazresment with ths following statements

neither

strongly somewhat agree somewhat strongly

agrEe agrEe nof  disagres disagree
disagres

;3 The room moisture negatvely affected my performance on the reading and tast
| ASSIZNIMENLS.

, 1had difficulty forusing my attention on-the reading and test assiznments because of the
mom mefsture.
+ The mem temperature negatively affected my peformance on the reading and test
EESISTUNENTE.
1 had difficulty focusing my attention on the réading and test assiznments because of the
"room femperatre.
7 The room sir {stuffy/drafty) nezanyely affcted my performance on the reading and test
sssigaments.
Thad dffieulty focusing my attention on the réading and test assiznmenis because of the
“room ar (stuffy drafty).
o The mom highting nzgatively affsctad my peformarice on the reading and test
" assizniments.
5, Thad difficulty focusing my attention on the reading and test assignments because of the
" room hizhting,
, Clare onmy computer screen negatively affected my performance on the readme and test
= ssignments.
Thad difficulty focusing my attention on the reading and test assiznments becanse of the

a

7 glare on my computer screen

Figure 3.13 Testing software screenshot of the third part of the environmentgl surve
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3.3 Laboratory Set Up

The pilot study was conducted in the Ventilation and Acoustics Sgstem
Technology (VAST) laboratory within the College of Engineerifidpis is a unique state
of the art room where temperature, ventilation, acoustics andniggbéin be accurately
controlled and measured. This room has floor dimensions of 2byegl feet and a
ceiling height of 10 feet. The laboratory is equipped with both ditibaal air
distribution (CAD) system and UFAD system, and it can bdyeestonfigured between
the two systems. The laboratory can be set up as an office, spaegng room, a
classroom, or a hotel suite. For this study the test roomawasged to simulate a
classroom as described below. Within this classroom environmeadénstattention and
learning were measured in response to the different physicabemental conditions.
Some of the laboratory precision measuring capabilities atedeto this study include
[34]:

o0 Temperatures at multiple walls, floor, ceiling, under-floor, and abbee t

ceiling airspace locations;
o Airflow, temperature, humidity in the supply and return ductwork plenums;
o Energy inputs from interior room, room lighting, and energy consumption of

the HVAC system.
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computer.

UFAD Supply
Ajr Ducl

Calling Retum

b Al Planum

Raturn Air Duwct

Aarlle Cantal Undar Floar Sola Smulakion

Dampers for CAD and  Temperalure Control Light Box
LIFAD Supply Air Planum - Zonas 12 LIFAD Pl
and 13

Figure3.14 Side View of the UNLV VAST Lab [34]

The instrumentation and equipment are capof working together in order 1
create isothermal conditions in the VAST laA central computer is used to contl
monitor and record the conditions of the laboratorfhe custom written LabVie'
program simultaneously monitors test room conditions and insment performance
Figure 3.15 and Figurd.16 show the interfacef the software monitoring the sers,
supply duct parameters, and the temperaturesfatetit location: The central compute
is located in the control room, which is adjacenthte experimental room. In this stu
there was a resedr team member in the experimental rcduring the vhole duration of

each testis well as a research team member in the contooh nmonitoring the centr:
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| »E@lu] 2

CiiDocuments and Settings\Al Bl eTe

Figure 3.15 LabView main interface for monitoring test room conditions

Figure 3.16 Lab View interface for monitoring the laboratory wallgptyatures
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The lighting intensity levels and the sound levels were measvitechand held
devices. Konica Minolta illuminance meter T-10 was used to medseiighting levels.
This is a multi-function digital illuminance meter with detacleatdceptor head. This
meter has an extremely large measuring range of 0.01 to 299,0@6 kuwomatic range
switching and a large, backlit LCD. This portable meter allofeedneasurements at
every test station to ensure that the levels are withinpafged range. The instrument
is powered by standard AA-size batteries. The accuradyeofeter is +2%z+1 digit of
the displayed value [35]. The Konica Minolta meter that was used for this stskdgwn

in Figure 3.17.

Figure 3.17 Konica Minolta illuminance meter T-10

37



The sound levels were measured using SVANTEK 958 four channel, 2fe&Hz
time, sound and vibration analyzer. The SVAN 958 can perform soundiraeesnts
with accuracy of Type 1. The instrument is capable of meassgonnd by the use of
four independent microphones. The analyzer gives the user a possibdibtain Leq,
LMax, LMin, LPeak, Spl, SEL with different weighing filters tine same time [31]. The
analyzer is equipped with 32 MB of internal memory. The total dimaamge of the
instrument is 17dBA RMS — 140 dBA Peak, with 50 mV/Pa microphone sétysitlThe
frequency range is 0.5 Hz — 20 kHz [36]. The SVAN 958 with thepglarized

condenser microphone that was used for this study is shown in Figure 3.18.

Figure 3.18 Svantek 958 four channel sound and vibration analyzer
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The VAST lab has white 4 feet by 8 feet wall boards on théswaWhite panels
cover the gaps for the instrumentation wire and cables betwedyoénds. The floor is
covered with gray 2 feet by 2 feet floor tiles. The ceilas typical 2 feet by 4 feet
white ceiling panels. There are two windows on the back sidthedfstudy room
overlooking the control room. After modifications and furnishing the laboravery
closely resembled a typical classroom. Figure 3.19, Figure 3ig0reF3.21 show
pictures of the experimental test room.

3.3.1 Devices Used to Achieve the Physical Environmental Parameter Levels

In the VAST Lab various studies take place, and in order to sienalalassroom
the test room was modified and furnished. To be able to simhlatevd conditions

additional lights, diffusers, and ceiling speakers were installed.

Figure 3.19 VAST lab before modification
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Figure 3.21 VAST lab for the Phase Il tests
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3.3.1.1 Lighting

In order to achieve the specified lighting intensity levels, tdst room was
equipped with a total of 10 fluorescent light fixtures and 8 floodtdig 2 feet by 4 feet
32Watt T8 fluorescent ceiling fixtures shown in Figure 3.22 weralladtin the ceiling.
4 Sylvania T8 fluorescent bulbs were used in each fixture. THrs bvdre available in
many variations of the lighting spectrum. After considering “csbite” or “natural
white” bulbs, “cool white” bulbs shown in Figure 3.23 were selecte latter option to
create both physical environmental conditions. The flood lights showigure 3.24
were used to achieve the light levels for the extreme condilibey were evenly placed
along the walls on the ceiling. The lights were placed in swehyato produce the most
uniform light intensity levels throughout the room. The ceiling diagia Figure 3.28

shows their locations.

Figure 3.22 The fluorescent ceiling fixture used in this study
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Figure 3.24 Flood lights
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3.3.1.2 Acoustics

To achieve the specified sound levels four Armstrong Applaus segiBsgc
speakers were installed in the ceiling. The speakers 2viret by 2 feet and they were
drop down in the ceiling in the place of the ceiling panel. Thes&kasewere selected
for their design, performance and ease of installation. The speskedesigned to blend
into the ceiling so they cannot be noticed. The speakers areata28WV each and they
have very broad sound dispersion. They have a maximum of sound pressuid B8
dB at 1 meter and sensitivity of 84 dB. There are three awaitapl settings at 7.5W,
15W, and 30W; the 15W setting was used [37].

The speakers were evenly spaced to create uniform sound lenalgltout the
test room. The sound levels were measured with the sound meter described ahcive at e
station to verify that the levels were according to speciboati The speakers were
connected to an amplifier in the control room. All of the cablesewen above the
ceiling and behind the wall panels so there were no visible cables.speakers were
controlled from the main computer in the control room. The extrenditton sound
was associated with a room ventilator fan. The sound source had gt
characteristic and a broad sound spectrum. This ventilator fan regeves looped and
played throughout the whole experiment in the extreme test roorncahgsvironmental
conditions. One of the ceiling speakers that was used in the fitht & shown in

Figure 3.25.
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Figure 3.25 Armstrong ceiling speaker [37]

3.3.1.3 Temperature

The conditioned air was supplied by two diffusers. 12 inch by 12 imakger
SHR/5SHR series diffusers were used [38]. The diffusersatbisg selected had 4 way
throw in order to produce uniform discharge air patterns on all sibesgrams of the
layout of the ceiling are shown in Figure 3.27 and Figure 3.28 fondhmal and the
extreme test room physical environmental conditions respectiv@lye of the Kruger

diffusers that was used is shown in Figure 3.26.
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Figure 3.26 Kruger diffuser used for the study

3.3.2 Creating the Test Room Physical Environmental Conditions

The lights, speakers and diffusers described above made possitbd¢ &md
maintain the specified environmental parameter levels. Bel@awisscription of which
ones were used to create the normal and extreme physical environmentabeendit
3.3.2.1 Creating the Normal Test Room Physical Environmental Condition

To create the normal physical environmental condition four of thardhcent
light fixtures were used, the speakers were turned off antethperature was set and
maintained at 72 degrees Fahrenheit. Figure 3.27 indicates thernogfthe lights and
diffusers that were used. The lights that are in yellow andlithesers that are in blue
were used to achieve the specified levels and create uniformtioosdat each test
subject station. The flow rate from the diffusers was agljlugi produce sound level to

the specified level of 35dBA.
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Window
Figure 3.27 Diagram of the ceiling in the test room during the normal physica

environmental condition tests in Phase | and Il

3.3.2.2 Creating the Extreme Test Room Physical Environmental Condition

To create the extreme physical environmental condition all ofligts and
speakers were turned on, and the temperature was set andimeainat 80 degrees
Fahrenheit. A recording of a ventilator fan was played throughptb&kers. This is a
typical noise that could be present in a classroom with bad heatntitptreg and air
conditioning system. Combining the recording with the noise fromdifiesers it
appeared as if the noise originated from an actual defectiverathiér than being
artificially created. Concluding from the comments the se$jects did not detect that
the noise was being played through speakers as many of tfegnedeo it as the noise
from the air conditioner. Figure 3.28 displays the location ofhalldevices that were
used to create the extreme test room physical environmentaliooadit the Phase | and

Il study.
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Figure 3.28 Diagram of the ceiling of the test room during the extreméephys

environmental conditions tests in Phase | and Il

3.3.3 Furniture and Electronic Equipment in the Test Room

3.3.3.1 Tables and Chairs

Sixteen tables and chairs were purchased for the study; theshawn in Figure
3.29 and Figure 3.30. The tables were 4 feet by 2 feet and weteasetedium height at
29 inches from the ground. There was one table per station. haivs were regular
classroom chairs with padded seats. The same furniture, equipmentlassroom
arrangement was used in Phase | and Il studies. The tablebarsgdveere arranged in
four rows with four testing stations per row with the exceptiotheffront row which
was set up with three testing stations. The test subjects alde to indicate their
comfort levels and comment about the furniture and equipment of thersimth in the

second part of the environmental survey.
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Figure 3.30 Tables used for the Phase | and Il studies
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3.3.3.2 Computers

Sony Vaio laptop computers were used for the Phase | and lIstutie laptops
were equipped with a 14 inch display, Intel processor, 4GB of RAM, BOfiGrage
capacity and a Windows 7 operating system [39]. They computers seergp on

network and they communicated with the server via wireless router.

Figure 3.31 Laptop computers used in the study

3.3.3.3 Television

A 55” Samsung LED HDTV was used in the Phase Il study to ¢gispavideo
lecture. The video lecture was created by the univerdgligtaint education services. A
research team member was recorded reading the test pas3agetelevision was
mounted at an elevated position in the front of the test room whehegthguality video

lecture was easily seen from everywhere in the test room.
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Figure 3.32 55” Samsung LED HDTV used in the Phase Il study [40]

3.3.3.4 Surround Sound
For the Phase Il study the classroom was wired with SOMiYponent surround
sound system with DVD player. The speakers were placed aroundadimeto create

more uniform sound levels.

Figure 3.33 SONY DVD player with surround sound system [39]
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3.4 Experimental Protocol

The procedures that were closely followed to conduct the pilot study arédddscr
below. Because of the slight difference in the protocols fromPtiese | to Phase Il
studies they are explained separately.

3.4.1. Phase | Experimental Protocol

The physical environmental conditions in the test room were $easttan hour
prior to each testing session in order for the environment toliagabiOnce the test
subjects started arriving to the room, they were signed in byetearcher, given their
unique identification number and allowed to select a work stationevthey waited until
the test started. At the scheduled time, the researcher fgaher instructions for
completing the study and general laboratory rules and theutgiscts were then able to
begin. The participants were reminded that they are partiggpat a study that is
investigating reading on computers. They were told to read tsagmsarefully because
a difficult test will follow the reading task. In addition, thest subjects were given
instructions as to how the text is presented, and how they shouldcad¥eiaugh the
test. The instructions which were read to the test subjettte Aeginning of each testing
session are included in the appendix.

To start the testing software the participants first had tereheir unique 1D
number on the laptop. On the second screen, the test subjects were given the demographic
survey. In the survey, they have to enter their gender, age, atdjdLV and respond
to several other questions. In screen three, the test subjeespresented with the
reading instructions with which they had to agree/confirm in omendve forward. In

the following screens, the test subjects were presented ttteceneeading passage. The
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passage consisted of 10 screens, and the participants hackttPecbceed to Reading
Section” when they were finished. The reading test passage then followed.

The test passage consisted of a 4500 words that were broken d@4nvard
segments. Each of the segment was displayed on separae, soré the test subjects
had to proceed to the next segment clicking on the “proceed to xh@age” button.
The system was tracking the time in miliseconds it took thiesigbjects to move from
one segment to the next.

Following the reading test passage the participants completatdbée survey
(PANAS). This survey was followed by the sentence veriboatechnique (SVT)
comprehension test. After the SVT comprehension test, thernegtyaquestionnaire
and the environmental survey followed. After the test subjects ctedpédl of the
testing instruments their SVT score appeared on the computen.saée¢hat point they
knew they were finished with the experiment and upon checking outlvaitresearcher
they were able to leave the testing room. This process was datky eutih as little as
possible distraction to the other test subjects.

3.4.2 Phase Il Experimental Protocol

As performed in the in the Phase | study, in the Phase I shel physical
environmental conditions in the test room were set at least anphiourto a testing
session. Prior to the arrival of the test subjects each lasset to the initial screen of
the testing software. As the participants started to athigg were checked in by the
researcher, allowed to choose any seat and instructed to wh#rfimstructions. At

check in the test subjects were given their individual identiioatiumber which was
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required to start the testing software. At the scheduledrniomene else was allowed in
the study room and the researcher gave further instructions.

The test subjects were instructed that they will be presevitedh video lecture
on the televesion and that a difficult test based on the informaban tfre lecture will
follow. The test subjects were also instructed that they carsgothe laptop computers
until the video lecture is finished. The full instructions thatenread to the participants
at the beginning of each testing session are included inpgendix. If there were no
guestions at the end of the instructions, the researcher stratddebeand took his seat
at the back of the room.

Once the video lecture finished the students started the testitvgar® by
entering their unique identification number on the first scrédme testing software was
modified for the Phase Il study by having the reading passagesved. The software
guided the participants through the demographics questions, sentencatu@niftask
and the surveyes similarly to the Phase | study. After comgl#ie testing instruments
the test subjects’ SVT scores appeared on the screen and upkimgled with the

researcher they were able to leave the test room.
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CHAPTER 4
FINDINGS OF THE STUDY

The pilot study was conducted in two phases where the mainedife between
the two was the method of presenting the information. In the Plsasgyl completed in
the April 2010, the test subjects obtained the information for the 8%Tbly reading a
passage on the laptop computers. In the Phase Il study, compléiesember 2010,
the test subjects were shown an oral presentation of the satagain The parameter
levels in both phases were the same with the exception of a glighge in the noise
level of Phase Il. The SVT scores and survey responses ia Paas Il were analyzed
for differences between the two built test room physical envirateheonditions. The
findings of the pilot study are presented separately for the Plaagell studies. Prior to

analyzing the results the characteristics of the test subjects xzemened.

4.1 Test Subjects

Two subject pools of student volunteers were used for the Phasellsandi¢s:
one from the College of Education and one from the College of Enmgigeat the
University of Nevada, Las Vegas. The subject pools were ptymeosmposed of
freshman and sophomore undergraduate engineering students and upper division
educational psychology students. Having participants from two conypldifeerent
colleges not only increased the overall number of test subjects/sbutraated a test
sample with greater diversity in terms of educational and ellbhackgrounds and made

even the male-to-female ratio.
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4.1.1 Recruitment of Test Subjects

For the purpose of the Educational Psychology students, this studylypartia
fulfilled research requirements related to their coursewdik. the engineering students,
a choice was given between participating in the study or doiraglditional homework
assignment. Educational Psychology students were presentechigiudy as one of
their options through the electronic Experiment Management Systiéminstructions to
send a research team member an email to sign up to particighte I-SPIDER study.
Engineering students were given the same information during ¢benses and also
instructed to contact the research team member via emailstide ad is attached in the
appendix. Recruitment lasted for 3 weeks in the spring 2010 s¥nfiesthe Phase |
tests and 3 weeks in the fall 2010 semester for the Phase Il tests.

During the consent process, the test subjects were informed that the purpose of the
study is to understand reading and attention in a controlled rabass physical
environment. They were not given more details about the studiye sfudents were
unaware of the physical environmental parameters that werestipated and the
conditions that were created for the study.

For the purpose of assigning credit for participation and assignidgrgs to test
groups, student names were collected, but their names were not inkee actual data
collected. Preserving anonymity was implemented in ordprdiect the privacy of the
test subjects. This was an important part for the IRB approRather than personal
information, student responses were only linked to a unique idensBegreed by the lab
attendant. The test subjects were notified about the minimum mgélved in the study,

and that the room physical environment may feel slightly uncoaiflert Before
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proceeding to participate in any research activities (e.gmpleting research
instruments), the test subjects read the consent form and acknegvigaderstanding of
the research process, their rights as research subjecty¢bugtary participation and the
right to withdraw from the study at any time), and who to contémt
comments/questions. Also the contact information (i.e., telephone nwambee-mail
address) of all researchers was given. The consent form is included in theappendi
4.1.2 Assigning to Test Conditions

After the deadline for registration for the study had passed, no wbheteers
were allowed to sign up for the study. In order to reduce thectatf individual
differences, such as level of intelligence, background knowledge atatiam on the
output, random sampling was used to assign the students to a test condition.

Random sampling is a commonly used method in selecting and or agsigsi
subjects to groups. Since this study consisted of volunteers only raassgning was
used. Simple random assigning was performed in order for eadtigzent to have an
equal chance of being assigned to one of the two test room envirohoweTd@ions for
the Phase | and Il studies. The random number generator functiotceh izas used.
Following that, the test times were selected.

Four test sessions were conducted in each environmental testawomdRhase |,
and three were conducted in Phase Il. The available testing tiaee sent to the
randomly assigned test subjects for each condition. The testctsulnetified the

researcher, indicating which of the available test times they weréoadutiend.
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4.1.3 Phase | Demographics of Test Subjects
A total of 85 students participated in the study, 43 in the noresl room
physical environmental condition and 42 in the extreme environmental ioondifable

4.1 shows the time, days and how many test subjects participated in each tesitamg ses

Table 4.1 Phase | study dates, times and number of test subjects

Sessior] Normal Conditio Time Participanty Sessioph Extme Condition Time Participants
1 4/14/2010 5:00 PM 10 1 4/15/2010 8:00 AM 7
2 4/20/2010 10:00 AM 9 2 4/20/2010 5:00 PM 15
3 4/21/2010 8:00 AM 9 3 4/21/2010 5:00 PM 11
4 4/23/2010 10:00 AM 15 4 4/23/2010 3:00 PM 9

From Table 4.2, it can be observed that the demographics of the tvgraess
were fairly similar. The distributions for age, gender and magre very close between
the two environmental test conditions. The average age, the numbmeales and
females were almost the same between test subjects itwthéest room physical
environmental conditions. There was also very similar number ohesgng and
education students. The number of test subjects who wore glasse®rdgacts was
almost the same between the two test groups. The extrengrdaepthad seven more
seniors. However, the higher number of upperclassmen students did robttladfe
results; their average scores were consistent with the ooes the lowerclassmen
students. Therefore, based on the demographics questions it wasledrtbat the test
groups were evenly divided between the two test room physical oeamntal

conditions.
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Table 4.2 Phase | demographics of the test subjects

Age
Normal (average) 22.5
Extreme (average) 22.2
Gender male female
N ormal. (_number of 24 19
participants)
Extremg .(number of o5 17
participants)
. . African- . .| Asian or Pacific| American Indian
Ethnicity Caucasian American Hispanic Islander or Alaskan Native Other
N ormal. (_number of 18 1 9 8 1 6
participants)
Extrem(? .(number of 27 3 3 4 0 0
participants)
Class Standing Freshman| Sophomorg  Junior Senior
Normall (pumber of 14 14 13 5
participants)
Extremg _(number of 10 13 10 9
participants)
Major Education |Engineering | Other
Normal. (_number of 16 23 4
participants)
Extremg .(number of 16 20 6
participants)
All of the | Most of the [ Some of .
| wear eye glasses . . . Occasionally Never
time time the time
N ormal. (_number of 5 3 10 6 19
participants)
Extrem(? .(number of 4 4 7 9 18
participants)
All of the | Most of the | Some of .
| wear contact lenses . . . Occasionally Never
time time the time
N ormal. (_number of 1 7 4 5 29
participants)
Extremg .(number of 5 9 1 3 27
participants)
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4.1.4 Phase Il Demographics of the Test Subjects

The demographics of the test subjects from the Phase Il anglynformation
about the testing are shown in the Table 4.3 and Table 4.4. Table 4.4taadltat the
average age of the test subjects in the normal test room phgsiceinmental condition
was slightly higher than the participants in the extreme dondit However, after
reviewing the scores, it was concluded that there was no isatifdifference in the
performance between the older and younger test subjects for thel numgsacal
environmental condition.

In terms of the other parameters, the test subjects wetg é&axienly divided
between the two test room physical environmental conditions. Thberwhmales and
females was nearly the same, and the ethnicity distributioheopérticipants was also
very similar between the two test conditions. In terms of thescstanding, the number
of lowerclassmen and upperclassmen and the area of study o$ttseligects were also
fairly similar. The responses were also very similararms of the number of test
subjects who wore classes and contacts. Based on the available rajgnusg
information it was concluded that the test subjects of the Phasidy were fairly

evenly divided between the two test conditions. Table 4.3 shows the tates and

number of test subjects in the Phase Il experimental sessions.

Table 4.3 Phase Il study dates, times and number of test subjects

Sessior] Normal Conditio Time Participanty Sessiop Extmme Condition Time Participants
1 11/192010 11:45 AM 13 1 11/18/2010 4.00 PM 11
2 11/22/2010 4:00 PM 13 2 11/19/2010 3:15 PM 12
3 11/23/2010 8:00 AM 8 3 11/22/2010 10:00 AM 12
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Table 4.4 Phase Il demographics of the test subjects

Demographic Questions

Age

Normal (average) 24
Extreme (average) 22.2
Gender male female
N ormal. (_number of 22 12
participants)
Extremg _(number of 29 13
participants)
. ) African- . .| Asian or Pacific| American Indian
Ethnicity Caucasian American Hispanic Islander or Alaskan Native Other
N ormal. (_number of 20 1 5 6 0 2
participants)
Extremg _(number of 18 0 5 7 1 4
participants)
Class Standing Freshman| Sophomorg  Junior Senior
N ormal. (_number of 4 17 10 3
participants)
Extremg (number of 11 14 6 4
participants)
Major Education |Engineering | Other
N ormal. (_number of 10 19 5
participants)
Extrem(? .(number of 12 20 3
participants)
All of the | Most of the [ Some of .
| wear eye glasses . . . Occasionally Never
time time the time
N ormal. (_number of 6 3 4 9 12
participants)
Extremg (number of 5 3 4 6 17
participants)
All of the | Most of the| Some of .
| wear contact lenses . . . Occasionally Never
time time the time
N ormall (pumber of 3 4 1 3 23
participants)
Extremg _(number of 3 3 1 1 27
participants)
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4.1.5 Excluding Test Subjects from the Analysis

The results were examined for obvious indications of test subjack of effort

on the assigned tasks. A general criterion was developed fadexgla test subject’s
SVT scores who clearly exhibited such performance. Those iwvloef criteria were
removed from the data in order to reduce their affect on thesesihie test subjects that
fit the criteria are listed in Table 4.5. For a test suliigdte removed from the analysis
he or she had to fit at least at least one of the criteria:

o Criteria 1: Two standard deviations below the time averagecimpleting the
reading assignment. Such times would be considered outliers asd it i
statistically acceptable to be removed from the data. Comglétie reading
that quick indicates that the person rushed through the reading wityiogt tr
to retain the information required for the SVT test. Two standarzhtitens
below the time average equated to 10.9 minutes in the normal test room
physical environmental condition and 10.5 minutes in the extreme condition.
For the Phase Il tests this criteria was not used sincthaltest subjects
viewed the oral presentation; thus, no time data was available for that phase.

o Criteria 2: A student answered ten or more questions consecutitalythe
same response. The SVT test was presented on the computer tecreen
guestions at a time. Therefore, having the same responsétfe questions
on the screen is an indication that the test subject just file@hswers in

order to quickly complete the test without giving it a fair effort.
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Table 4.5 Test subjects that were removed from the analysis in the Phabe | s

3 - =
Tew St ID)| Baviramsigal | o L ooae | Cnfe |
2 e (for a total of for Details
Number Condition
40 removal
~ 8.2 munmntes to read the
119 MNormal 21 1
test passage
2 )
139 N ! 10 2 l_.iﬂd 10 of the same
SVT responses in a row
20 of the s SVT
149 Nermzal 21 2 N
rESPONSes in a row
340 Extrems 22 y  [|P3ofthesame SVI
TESPONSES N & TOW

Table 4.5 lists the test subjects from the Phase | studyfiththe criteria for
exclusion and were not considered in the analysis. Three peopldaheonormal test
room environmental condition and one person from the extreme condition wereeck
These test subjects clearly did not take the task seriousipeasompleted the reading
well below the two standard deviation range and the rest anseenauber of questions
with the same response.

In the Phase Il study, there was no time data for the prasentdtthe reading
passage since every test subject had to view the video leathex than reading it at
their own pace. Therefore, the first criteria for excludes} subjects from the analysis
cannot be used. There were no participants who fit the secontbgtiterefore, all of
the test subjects in Phase Il study were considered in the analysis

Observing the scores from Phase | and 1l studies, thergasd probability that
there are other test subjects who did not take their participsgitously and could have

simply guessed on the quiz. However, they did not fit the tweriaifor exclusion and
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were not removed from the analysis simply because they performdg. pidus comes

down to the topic of motivation which is discussed in the analysis and discussion section.

4.2 Phase | Findings

After the demographics of the test groups were shown to be éaeely between
the two test room physical environmental conditions, the resultheofstudy were
examined. The findings of the Phase | study are present&td fiThe Phase I
experimental results, analysis and discussion and root cause sayshown in this
section. Following the Phase | results, analysis and discusk®same procedure is
performed for the Phase Il tests.

4.2.1 Phase | Experimental Results

After the Phase | tests were performed, the outputs, whichded!|the SVT
scores and the responses from the three surveys, were examinese ré@sdts are
presented in this section and analyzed in the Analysis and Discussion section.
4.2.1.1 Phase | SVT Results

The SVT test was the instrument that was used to determineghsubjects’
comprehension of the reading test passage. The SVT was sfiigaifeseeloped for this
study, and it was designed to be of medium difficulty for colllegel students. The
PANAS survey was given after the reading test passage sSMhdest was not taken
immediately after passage. The test subjects’ SVT stamesPhase | are presented in
this section and analyzed in the Analysis and Discussion section.

The test subjects’ scores on the SVT are presented by theenwhquestions

answered correctly. Since there were a total of 40 questiortsghest possible score
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was 40. The scores are presented by the mean values anddstindations as well as
box plots for each test room physical environmental condition. Boks @re a

convenient way of graphically portraying information through the afskve number

summaries [41].

A five number summary includes the values for the sample mininfust,
guartile, median, third quartile, and the sample maximum. This gdegeristatistic
provides information about the spread of the quartiles, the locatittve hedian and the
range of the data [41]. The sample minimum and maximum arsntiddlest and the
largest SVT scores; those values are shown by the ends afidbeot whiskers that are
coming out of the box. The median is the middle number when the scores are amanged
ascending order and it is shown by the band inside the box. Tharfitghird quartiles
are the medians of the data after the scores have been ggit by the median. The
first quartile represents the lowest 25 percent or tﬁbp%centile and the third quartile
corresponds to the highest 25 percent or tH& pecentile of the SVT scores. Those
values are represented by the bottom and the top ends of the box respectively.

The SVT scores from each experimental session were examineidliradlly prior
to combining them for the respective test room physical environimesndition. The
four testing sessions in each test room conditions were plotted togetherab\dwitware
was used to create the descriptive statistics and the box pleésSVT results from the

normal and extreme test room physical environmental conditions are shown in4=igure
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SVT Scores for the Different Sessions
40-
35- -
o 301
(@)
[&]
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5 25
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I Extreme
|:| Normal
15
1 2 3 4 1 2 3 4
Session

Figure 4.1 Phase | box plot for the SVT scores in the different test sessibasorinal

and extreme test room environmental conditions

The results from each test session were combined for an osta#ilitical
description in the respective test room environmental condition. Afiew test subjects
were removed from the analysis (described in the Test Subgxtien), a total of 40 test
subjects were considered in the normal test room environmental oonalitd 41 in the
extreme condition. Table 4.6 displays the descriptive statistick as the mean,
standard deviation and the five number summary. This informatialsasgraphically

displayed by the box plot in Figure 4.2.

Table 4.6 Phase | total SVT results

Condition N Mean | Std Deviation| Minimom| Q1 Median Q3 | Maximum
Normal 40 26.850 5419 15000 | 25.000 | 27.500 | 31.000 | 38000
Exdreme 41 27854 5425 16,000 | 23.000 | 28000 | 32000 | 36.000
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Boxplot of SVT Scores

40-

35+

30+
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SVT Scores

20+

151

T T
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Condition

Figure 4.2 Phase | SVT results for the normal and extreme environmentairtdgions

4.2.1.2 Phase | Surveys Responses
The average responses from the surveys were then examined. Vhgssur

included the test anxiety survey, the environmental survey and thev@@sid negative
affect scale. The responses are graphically presentedoneath question for the two
test room physical environmental conditions. On the tables belowgpthedicates the
location of the mean and the range, in which the brackets “[€]’eaclosed, are the
values for one standard deviation away from the mean. Next to gragiical
presentation, the numerical value of the mean is listed in passatfollowed by the
standard deviation. The responses for each survey are displdged dvel they are

analyzed in the Analysis and Discussion section.
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4.2.1.2.1 Phase | Test attitude survey responses.

Each question from the test attitude survey is shown withesgonses from the

normal and extreme test room physical environmental conditions. &reeetotal of 20

guestions presented in two tables.

guestions 11-20 are shown in Table 4.8.

The first 10 questions areishdable 4.7 and

Table 4.7 Phase | test attitude survey questions 1-10

s o s N
_ s | 8| £ 5 S
Test Attitude Inventory S B E5 Z g E =
2 < Z E < <
1 2 3 4
1]
I feel confident and relaxed when taking tests Normal [ o ] (249)=103
Extreme | S PR ] (233)20.82
2 1 | 2 | 3 | 4
|| While taking examinations I have an uneasy. upset | Normal [ 0 ] (2.07)=0.96
feeling Extreme [ ] (2.147=0.93
3 1 | 2 | 3 | s
| | Thinking about my grade ina course interferes with | Normal [ o ] (2.30)+0.99
my work on tests Extreme [ o 1 (224)+093
4 1 | 2 | 3 | 4
= ; Normal [ ] 21210
— I freeze up on important exams : —
Extreme | Qe 1 (L.79)£0.75
= 1 |2 ] a2 ] 4
| | During exams I find myself thinkg about whether I'll | Normal [ 1 (1.77)=1.00
ever get through school Extreme [ o ] (1.83)20.88
6 1 I | 3 | 4
] The harder I work at taking a test, the more Normal  F——— R 1 (1.79)+0.80
confused I get Extreme | S N —— ] (1.98)=0.92
7 1 |2 ] 3 ] 4
] Thoughts of doing poorly interfere with my Normal — L ] (1.91)=0.81
concentration on tests Extreme [ o ] (1.86)=0.87
8 1 I E | 4
—  Ifeel very jittery when faking an important test Hormal L 1 (.2'19:1 L
Exireme [ o 1 (2.14)=+1.00
0 1 |2 ] 3 ] 4
|| Even when I'm well prepared for a test. I feel very | Normal [- o ] (228)=1.05
nervouse about if Exireme I 1(243)£1.13
10 1 E E | 4
| | Istart feeling very uneasy just before getting a test | Normal [ o ] (2.28)=0.88
paper back Extreme [ ] (236)£103
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Table 4.8 Phase | test attitude survey questions 11-20

s [ . 5 . =
_ % 5 g5 £ 5 :z
Test Attitude Inventory = E E: 3 = E =
= =7 g < T
v 2
2 3 4
11
— During tests [ feel very tense Nommal (1.95) 0.9
- ) Extreme (217T)=1.06
12 2 4
i e [ . Normal 1(2.47)=128
— I wish examinations did not bother me so much
Extreme 1
13 [ 4
] During important tests [ am so tense that my Normal (1.56) =0.85
stomack gets upset Exitreme (1.60)=0.80
14 4
I seem to defeat myself while working on important | Normal (1.63) £0.81
tests Extreme (L60)+0.83
15 | 4
. . Normal (L91)=+104
— [@feel very panicky when I take an important test
% Extreme (1.83)+1.086
16 4
I worry a great deal before taking an important Normal (2:28)£0.98
examination Extreme ] 24 £1.01
17 4
] During tests I find myself thinking about the Normal (2.09)20.97
consequences of failing Extreme (2.02)=1.02
18 | 4
I feel my heart beating very fast during important | Normal (1.79) =0.86
tests Extreme (1.713£0.82
19 4
| |After an exam is over I try to stop worrying about it. | Normal (1.81)=0.88
but T can't Extreme (L.67)£1.00
20 2 4
During examinations T get so nervouse that I forget | Normal (2.12)+1.00
facts I really know Extreme {1.86)=0.87

4.2.1.2.2 Phase | environmental survey responses.

The first part dealt with the test subjects’ perception oftéds¢ room physical
environment. The main questions of interest addressed to the envirohpaeataeters
of the study: temperature, noise level and lighting intensity. SHwend part of the
environmental survey asked questions about the furniture and equipment] as we
guestion about the overall comfort in the study room. The test ssibjechments are

included in the appendix.
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Table 4.9 Phase | first part of the environmental survey

too humid perfect too dry
i 1 2 3 4 5
The room moisture level was: =
Normal | (3051043
Extreme [ o 1 (2.79)0.87
too warm perfect too cool
1 2 3 4 3
The room temperature was: -
Normmal [ LG 1 (3632076
Extreme [ ] (2261086
too stuffy perfect too drafty
. 1 2 3 4 5
The room air felt: - 2
Nommal e S— ] (3.2130.67
Extreme | T——— A 1 (217076
too bright perfect too low
. 1 2 3 4 5
The room lighting was: -
Normal | S W (2.77)20.61
Extreme [ 1 (2481086
unnoticable mndfzr:ne By very noticable
noticable g
Glare on my computer screen was: 1 2 3 4 5
Normal e e ] (1.60)-0.90
Extreme L 1 (2.171.08
too loud perfect too quiet
1 2 3 4 3
The room sound levels were: =
Normal [esssrsss i ] (2.01=0.81
Extreme [ 1 (2.149=0.81

Table 4.10 Phase | second part of the environmental survey

Rate your comfort with respect
Very Yery
i i 3 fortabl *
to the following aspects uf your comfortable comiortanie uncomfortable
study envirenment:
1 2 3 4 5
Normal ] (2.91)=0.89
Desk —=
Extreme [Frme Qmmmmmi e ] (290)+11
. Nommal [rremmmem e Qremmmnemmee e i (3.00e1.02
Chair —
Extreme [ = ] (2.88)=1.27
Normal [ o ] (2.650.87
Computer Keyboard S =
Extreme [ 1 (2.57)=0.83
; Normmal [ o 1 (2.600=1.00
Computer Monitor -
Extreme [ ] (2.6410.91
Rate your general level of comfort Normal I 1 (2.70)=0.89
in the study room today. Extreme == ————| (2931108

In your own words, please explain
why you were comfortable or
uncomfortable in the study room
today.
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The last part of the environmental survey dealt with factors ¢batd have
negatively affected the test subjects’ task performance andiatt¢o the task. The test
subjects indicated their level of agreement/disagreement kethsted statements. The
responses are split for each environmental parameter andesenied in Table 4.11,

Table 4.12, Table 4.13, Table 4.14

Table 4.11 Phase | affect of temperature on the subjects’ task perferanach attention

Rate your level of neither
o ; strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor . .
. agree agree 2 disagree disagree
the following statements dissagree
1 2 3 4 5
The room temperature negatively Normal (3.65)=140 [ - I

affected my performance on the
reading and test assignments. Extreme (3.55)EL47 L o ]

I had difficulty focusing my

. i Normal (3.72x132 [ o 1
attention on the reading and test
i ts b se of th
assignments because of the room Extreme (64143 [ I
temperature.
The room air (stuffy/drafty) Sommi LS
negatively affected my o RS C h ]
performance on the reading and
. _ Extreme (3.55£1.47 [ |
test assignments,
I hgd difficulty foc.usmg my Normal GO1%113 [ I
attention on the reading and test
assignments because of the room - (451143 I o !

air (stuffy/drafty).

Table 4.12 Phase | affect of noise on the test subjects’ task performandeationa

Rate your level of neither
= . . strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor 2 s
. agree agree i disagree disagree
the following statements dissagree
1 2 3 4 5
The room sound levels negatively Normal (3.44)+1.28 [ o I
affected my performance on the
reading and test assignments. Extreme (3.26)+1.40 [ ]
I had difficulty i ' =
a. ifficulty oclusmg my —— (513122 [ I
attention on the reading and test
assignments because of the room . i
Extreme (3.26)p145 [ ]

sound levels.
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Table 4.13 Phase | affect of lighting on the test subjects’ task perfoenaad attention

Rate your level of neither
2 _ N strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor : .
) agree agree - disagree disagree
the following statements dissagree
1 2 3 4 5
The room lighting negatively Nommal (3.88)+1.03 [ - ]
affected my performance on the
reading and test assignments. Extreme (3.62)=141 [ @ 1
I had difficulty focusing my x (4.02)£1.06 ( :
attention on the reading and fest N o
assignments because of the room yrsgs E03EL 43 0 3
intifing. Xireme B0)=1.43
Glare on Im}- computer screen Rosiial (40712103 [ _ ]
negatively affected my
performance on the reading and
" Extreme {(3.813=127 [ 1
test assignments.
[ had difficulty focusing my
. e Normal 4.07)=1.06 o
attention on the reading and test Glls L :
assignments because of the glare
Extreme (3.86)=130 [ o ]
on my compufer screen:

Table 4.14 Phase | affect of moisture on the test subjects’ task perferanahattention

Rate your level of neither
) . strongly | somewhat somewhat strongly
agreenent/disagreement with aeree aeree agree nor disagree disagree
the following statements 8 & dissagree & 8
1 2 3 e 5
The room moisture negatively Nomnal (3.86):1.17 [ " ]

affected my performance on the

reading and test assignments. Extreme  |0.75116 L ° ]

I ha‘d difficulty foclusmg my Normsl (409106 [ . :
attention on the reading and test
assignments because of the room Extreme (4.00£1.10 [ . ]

moisture,
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4.2.1.2.3 Phase | PANAS responses.

The Positive and Negative Affect Scale survey consisted of 2@swthat
describe different feelings and emotions. The test subjects haditate the degree to
which they were experiencing each feeling at the time of tperement. The average
results are shown by two tables. The first 10 questionprasented by Table 4.15 and

guestions 11-20 are shown by Table 4.16

Table 4.15 Phase | PANAS affects 1-10

Verv slightly
- » 4 h }L’ ¥ . - 3 »
ey A liitle loderately Quite a bit | Extremely
1 2 3 4 5
. |Nommal e T 1 (293)=118
el — [ersssserssmons S ] (283)=140
_ Normal foemnens Qoo ] (1.88)=0.93
distressed
TESSE N Extreme —— FeE— ] (195) =103
: Notmal T S ] (1.93)=1.12
cited .
B Fxtreme Froeees I i (2.00) =1 21
— Normal [--—--- Q------ ] (1.35)+0.72
o Extreme [messssesess facsiessoaod ] (1.6T) =098
oo Nomnal [ O ] (1883095
"% |Bxtreme ey g ] (1.98) =1 14
Normal [—— O--—-- ] (1.16)=0.33
guilty Extreme [—o-—] {(1.10y =030
Normal [--—- o-—-- ] (1.14) =041
=d
e Exireme [-—--—-- O-—-mmm- ] (131y+064
Notmal B (123)0.57
hostile
"= |Eatieme I o ] (152)=0.94
. |Normal = P ] (193)=096
enth i
il [Tv— lenssssrmssms e ] 21T <125
Normal [ooommremmmommeem O mmemmeen ] (1.86) =119
ud
pro o e PETET—— ] (198)=1 16
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Table 4.16 Phase | PANAS affects 11-20

Verv slightty
. g 4 £ 1, ¥ * 3 3 &
e A liitle Toderately Chuite a bit Extremely
1 2 3 4 3
) Normal [ B ] (2.09) £1 09
irritabl
©  |Extreme S 1 (2.24)+1.30
W S - T ] £ ]
o |Nommal [ o ] 249)£120
Extreme e, e ] (2.10)=1.12
Normal [--—- o-—--] (1.09)=0.37
shamed -
e [<—-0-—] (1.07)+034
L. |Nommal s e ] (2.14) £1.08
P I Ftreme T S ] (2.00} =127
S MNomal e Q- 1 {1.33) 2057
Extreme - Q- ] (1.48) =083
., |Normal [ P ] (2.53)+133
determined
“C [Extreme [ P ] Q239 <14
o |ommal [rrrmmm e P 1 @27)+122
Exfreme [ ' T e e TR T 1 (248117
o, |Nomal R O ] (156) =085
s S ' P 1 (1.74)£1.17
e [Nommal [ S ] (2.19) 120
" |Extreme —— e ] (1.79) =120
I Nommal 0] (1.12)+032
afraid
Eitreme e o ] (1.17)+0.58

4.2.2 Phase | Analysis and Discussion of Results
The results presented above were analyzed for differermte®dn the two test
room physical environmental conditions. An ANOVA statistical asialyvas used to
compare the SVT scores and survey responses. Correlationsrbéte&/T scores and
different variables were also investigated. The reading timese analyzed for
differences and for different reading patterns between the tésb room physical

environmental conditions. Minitab and Excel were used to analyze the results.
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Prior to performing analysis, the two test groups were enedni In the Test
Subjects section, the demographics of the participants were shslcu3 o further verify
that the two test groups were evenly divided, the test anxietgysuesults were studied.
If there were significant differences in the responsesdmivthe two test conditions, that
would be an experimental noise which could affect the results. ndhgd able 4.7 and
Table 4.8, it was concluded that the average responses were mday sr all of the
guestions between the two test room physical environmental condifonsnany of the
qguestions, the responses very closely overlapped and there were tionguskere the
responses differed significantly. Based on this survey itegasluded that there were
no significant differences in general test taking anxietglebetween the test subjects of
the two test room physical environmental conditions. This is a furideation that the
participants were evenly divided between the two test conditions.
4.2.2.1 Phase | Analysis of Variance

ANOVA was one of the methods used to analyze the data fostilnily. This
statistical test is used to determine if two or more samglans are equal. The test uses
F-distribution (probability distribution) function to compare the variati@tween the
means to the variability within each sample [41]. This analyss first used to
determine if the mean SVT scores from all of the experiateassions from the two test
room physical environmental conditions can be considered to be fromathe s
population. Then all of the SVT scores from the normal test roonsigqaly
environmental condition and the extreme condition were analyzed for differences.

Prior to performing the analysis, the data were checked andedefdr the

ANOVA assumptions required to perform the test. Those included [41]:
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o Independences of cases: all of the subjects were randomgnessto
conditions and sessions.

o Normal Distribution: normality test was performed on Minitab to ronf
that the data were normally distributed.

o Equal Variances: variance test were performed on Minitab tiby vitre
homogeneity of the variances between the different samples.

In order to perform the ANOVA analysis, the test hypothesist rhasstated.
There are two types of hypothesis. The analysis testsulhéypothesis, identified by
the symbol Ho, is defined as: the means from all test groupsha same. The
alternative hypothesis, identified by the symbol Ha, is defiedreere is at least one
sample mean that is different. Minitab was used to perfornaribsis. The P-values
and the confidence interval (Cl) graphs obtained from the softwkre &r direct
conclusions whether to accept or reject the null hypothesis. Ipha gignificance level
of 0.05, was selected which was compared to the p value. If thei®wask less than the
significance level, the null hypothesis was rejected in favohefalternative hypothesis,
otherwise it was not be rejected [41].

4.2.2.1.1 Phase | ANOVA analysis between each test session.

ANOVA analysis was performed for the test sessions innthrienal and the
extreme condition test room physical environmental condition. THes$dres from the
four test sessions in both test conditions were analyzed faneas. One way ANOVA
was performed with a significance level of 0.05. The null hypathdsi was stated as:
the mean SVT scores between the different sessions in thetsstme®ndition are not

significantly different. The alternative hypothesis Ha wted as: at least one of the
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means is different. Figure 4.3 and Table 4.17 show the analysitsrigs the normal

test room physical environmental condition.

Table 4.17 Phase | ANOVA results in the normal test condition test foossdsi2, 3, 4

Source DF S8 MS F P
Factor 3 46.8 15.6 0.51 0.677
Error 36 1098.3 30.5
Total 39 11451

Normal Condition Experimental Sessions
95% ClI for the Mean

324 N

304

281

26

SVT Score

241

22- . .

20-

Session

Figure 4.3 Phase | 95% CI plot for the SVT scores in the normal test condition

The P-value of 0.667 is greater than the alpha value; therefereyulihypothesis
cannot be rejected. The confidence interval graph for the m&@osn in Figure 4.3, is

a measure of the degree of reliability of the interval. Tesns that 95% of all samples
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would give an interval that includes the mean. Observing Figure 4@sinoted that
the SVT scores closely overlap. This fact indicates th@5%t confidence we cannot say
that the SVT scores are different. Therefore, based on th&u®-alad the confidence
interval graph, the data from the different test sessions in theahtest room physical
environmental condition can be considered to come from the same tompuld his
allowed us to combine the SVT scores from the different esstiens under the normal
test condition for further analysis.

The same analysis was performed for the four test sessidhe extreme test
room physical environmental condition. The ANOVA hypotheses reedaihe same
with Ho: the mean SVT scores between the different testsgjmses are not significantly
different. The alternative hypothesis Ha was stated algaat one of the mean SVT
scores is different. The analysis assumptions were checkedeafidd. The alpha

significance value was kept at 0.05. The MINITAB results are shown in Zdlde

Table 4.18 Phase | ANOVA results in the extreme test condition for sessions 1, 2, 3, 4

Source DF S8 MS F P
Factor 3 23.9 8 0:26 O:B57
Error 37 11532 312
Total 40 1177.1
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Extreme Condition Experimental Session
95% ClI for the Mean

34

32+

30+

28 &

SVT Score

26

24

22+

Session

Figure 4.4 Phase | 95% CI plot for the SVT scores in the extreme test condition

In the extreme test room condition, the P-value is greatethbadlpha level and
the confidence interval graphs of the SVT scores from eachetesibs greatly overlap.
Therefore, for the extreme test room physical environmental emmditwas concluded
that the data from the four test sessions were from the pam#ation. Thus, the SVT
scores from test sessions were combined for the extreme test condition.

4.2.2.1.2 Phase | ANOVA analysis for the SVT scores between thdeisto
conditions.

After the individual test sessions were examined and it wasndieied that they
can be considered from the same population, the SVT scores were abmibdes their
respective test room condition. ANOVA analysis was performeld avnull hypothesis
Ho stated as: there is no significant difference in the Stfres between the two test

room physical environmental conditions. The alternative hypothesisadastated as:
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that the SVT scores are different between the two test conditibiygha significance
level of 0.05 was used. The ANOVA assumptions were verified poidhe analysis.

The ANOVA results are shown in Table 4.19

Table 4.19 Phase | ANOVA results for the SVT scores between the two testamndit

Source DF S8 MS F P
Factor l 20.4 20.4 0.6% 0407
Error 79 23222 294
Total 80 2342 6

Normal and Extreme Condition
95% ClI for the Mean

30

29+

281 &

271 &

SVT Score

26+

25+

T T
Normal Extreme
Condition

Figure 4.5 Phase | 95% CI graph for SVT scores between the two test conditions

Since the P-value is greater than the alpha level, the null hgmttennot be
rejected that the SVT scores are different. Also, obsetlaimgonfidence interval graph,

the SVT scores between the two conditions greatly overlap. TvauB-and the
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confidence interval graphs show that there was no differentteeiSVT scores between
the two test room physical environmental conditions. Therefocanibe concluded that
the two physical environmental conditions did not have a signifidétteon the test
subjects’ performance for the given task. The responses froentl®nmental survey
were then analyzed to determine how the test subjects petdbwdest room physical
environment.

4.2.2.1.3 Phase | ANOVA analysis of the environmental survey responses.

Since no difference was found in the SVT scores found between théesiv
conditions, the test subjects’ responses on the environmental sumesgamepared. The
test subjects were not aware of the physical environmentaingers that were being
tested; therefore, it was of interest to determine if theycgved the test room
environment as expected. The normal test room physical environroenthtion levels
were selected according to the standards’ recommended levelgtifoal comfort in a
classroom. The extreme test room physical environmental conlditiels were selected
slightly outside of the comfort zone aimed at creating a reddpruncomfortable
environment. Therefore, it was expected the responses for tmalnest condition on
the environmental survey to be close to perfect and for the extesteondition to be in
the uncomfortable range. The test subjects’ responses from shepéirt of the
environmental survey are shown in Table 4.9.

From Table 4.20 it can be observed that the test subjects did wetvpethe
temperature in the test room exactly as it was intendedheAtecommended 72 degrees
Fahrenheit the test subjects in the normal test room physicabemantal condition

responded that they were a little bit cool. At 80 degrees Fahrenheit thedjestsin the
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extreme test condition indicated that they were just sligit. The absolute values of
the differences from the test subjects’ average responses to the pertac{aption 3 on
the survey) were very close between the two groups; 0.63 in the normal tesboosualti
0.74 in the extreme test condition. ANOVA analysis indicatetittteae was significant
difference in the test subjects’ responses (P-value 0.00). Howhbkigewas due to the
test subjects being slightly uncomfortable at the opposite sides of thed¢um@eomfort

Zone.

Table 4.20 Phase | environmental survey temperature responses

too warm perfect too cool
1 2 3 4 5

Normal [ —— 1 (363076

Extreme [ o 1 (2.26)+0.86

The room temperature was:

The lighting responses were examined next. As it can be adséom Table
4.21 the responses for the normal test condition were close tohetex levels since
they were mostly in the perfect range. The lighting responsdbe extreme test
condition indicated that the test subjects perceived the lightirsgbwghter; however,
their responses were not at “extreme” levels as intended-v#{ue of 0.094 indicated
that there was no significant difference in the lightingpoeses between the two test

room physical environmental conditions.
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Table 4.21 Phase | environmental survey lighting responses

too bright perfect too low
1 2 3 4 5
Normal e e ] (2. 770.61
Extreme [ o ] (2.483+0.86

The room lighting was:

The test subjects’ responses to the sound levels were exarkireed.Table 4.22
it can be observed that the responses in the normal test conditienvery close to
perfect and that in the extreme test condition the test sulmelatated that it was loud.
ANOVA P-value of 0.000 indicated that the participants in theeext test room
physical environmental condition perceived the sound to be signifidaitier than in

the normal test condition.

Table 4.22 Phase | environmental survey sound levels responses

too loud perfect too quiet

1 2 3 4 5
The room sound levels were: =
Normal | —— E Em | (2.91+0.81
Extreme [ e 1 (2.14)£0.81

The test subjects’ overall comfort level responses were exaimi From Table
4.23 it was observed that the responses were very close to oner dratiteen the two
test conditions. P-value of 0.32 confirmed that there was noismmtifdifference in the
responses between the two test conditions. The 95% confidence imgpgepialfor the
responses is shown in Figure 4.6. Based on that analysis itomakided that for the
given task in the Phase | study the test subjects did not ieénéfnormal test room

condition to be significantly more comfortable than the extreme test condition.
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Table 4.23 Phase | environmental survey responses for the comfort levels i tberntes

Hate your comfurt with respect
Tfollowing aspects of vour i camfnrtakle -
o the following aspects of ) comfortable uncomivrtable
study environment:
| 2 L] ] '
Rate your general Jevel of comfort]  Nornmal [ e I 2. T0 =0 65
m the sy room today Extreme [ o | (2 Fip=1.08

Interval Plot for General Level of Comfort in the Sudy Room
95% Cl for the Mean

3.31
3.2
3.1
3.0 JR—
2.91
2.84

2.71 (2]

2.6

Student Survey Responses

2.51

2.4 -

T T
Normal Extreme
Condition

Figure 4.6 Phase | 95% CI graph for the comfort levels in the test room

Based on the environmental survey responses it was shown that thebjests
did not perceive the environmental test parameters related toregmpeand lighting
exactly as expected. Also, based on the test subjects’ resmorbdiseir comments it
was determined that for the given task their comfort levetdifice between the two test
room physical environmental conditions was from none to very smb#refore, further
analysis was performed in which the SVT scores were compared only testlseibjects

that responded to be at the intended comfort levels in their respective test condition.
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4.2.2.1.4 Phase | ANOVA analysis for scores sorted by the environment
responses.

Since no difference was found in SVT scores, and after it h@srsthat the two
test room physical environmental conditions were not perceived gxecihtended by
some of the test subjects, further analysis was performed. Mhe&res were sorted
according to the responses on the environmental survey. Only thsutgscts that
perceived the extreme test room physical environmental condsiamcomfortable were
considered. Those test subjects’ SVT scores were compareditgppats in the normal
test room physical environmental condition that perceived the et@gtonment as
“perfect”. Leaving out the test subjects that were not as batheyethe physical
environment in the extreme test condition, and the test subjattditl not perceive the
normal test condition as comfortable was aimed at comparing theigarts who were
at the intended comfort levels.

It is important to note that not much weight was given to the teesil this
analysis due to the very low number of test subjects’ SVT stoaésvere compared. It
was interesting to observe how the results would change hfetest subjects were
sorted according to how they perceived the test room physical environment.

The SVT scores were sorted according to how the test sulbgspisnded to the
guestion about the temperature in the test room shown in Table 4.20.siTéigbjects in
the normal test condition that responded to this question with &fpevwere compared
to the subjects in the extreme test condition that responded wdb ®arm) and

2(warm). Twenty three test subjects from the normal test tondvere compared to
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twenty four subjects in the extreme test condition. The SVTescof those students

were analyzed by performing ANOVA test. The results are shown in Fétle

Table 4.24 Phase | ANOVA results for the SVT scores sorted by tempaegponses

Source DF S8 MS F P
Factor l 17 8 17 8 0.51 0477
Error 42 14532 346
Total 43 1471

SVT Scores Sorted by Temperature Responses
95% CI for the Mean

30
29
28
274

26+ &

SVT Score

25+

244

234

Normal Extreme
Condition

Figure 4.7 Phase | 95% CI graph for the SVT scores sorted by the taimpeesponses

The test subjects’ SVT scores were sorted according to howrdésppnded on
the question regarding the lighting in the test room, shown in Table 4TRg. test
subjects in the normal test condition that responded with 3 (perfect) were cdrgtre

subjects in the extreme test condition that responded by 1(tobt)begd 2(bright).
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Thirty one participants in the normal test condition were compareeigbteen
participants in the extreme condition. This big difference instmaples was expected
because the majority of the test subjects in the extremededition responded that the
lighting was not extremely bright. Not much weight was givethése results since the
uneven groups and the very low number of samples. However, it was important

observe if the results would change after the test subjects’ SVT scoeefiligead.

Table 4.25 Phase | ANOVA results for SVT scores sorted by lightingmespo

Source DF S8 MS F P
Factor l 59 59 0.2 0.659
Error 47 14004 30
Total 48 14133

SVT Scores Sorted by Lighting Level Responses
95% CI for the Mean

31+

301

29+

28+

SVT Score
S

271

26+

25-

T T
Normal Extreme
Condition

Figure 4.8 Phase 1 95% CI graph for the SVT scores sorted by the ligkgpanses

69



The test subjects’ SVT scores were sorted by how they respondiee question
regarding the test room sound levels, shown in Table 4.22. Thsutgstcts in the
normal test condition that responded with 3 (perfect) were comparntée subjects that
responded with 1 (too loud) or 2 (loud) in the extreme test conditiorer Afering the
SVT scores twenty three subjects in the normal test conditioa ezgnpared to twenty

nine in the extreme test conditions

Table 4.26 Phase | ANOVA results for SVT scores sorted by sound level respons

Source DF S8 MS F
Factor l L2 L2 004 0850
Error 50 1679.8 33.6
Total 51 1581

SVT Scores Sorted by Noise Level Responses
95% CI for the Mean

SVT Score
P

26+

257

T T
Normal Extreme
Condition

Figure 4.9 Phase | 95% CI graph for the SVT scores sorted by the sounddpeakes
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The results from the analysis on the test subjects’ scored bastheir responses
regarding temperature, lighting, and noise are shown above. Theutgstts that
responded that they were most uncomfortable were compared to theéhahesgere
comfortable. All of the P-values are higher than the alpha \eaidell of the confidence
interval graphs greatly overlap. Therefore, it can be concltldgdeven when the SVT
scores are sorted by how the test subjects perceived therenemt there was still no
difference in the participants’ SVT performance. The tesjests’ scores were not
sorted according to how they responded to the overall comfort levaliquelue to the
very low number of subjects in the extreme test condition that respdoeied
uncomfortable. Since the test room physical environments were founav@¢ono affect
on the test subjects’ SVT scores, other factors were exantivadcould have been
affected by the physical environmental conditions, such as timemeplete the task and
mood.

4.2.2.1.5 Phase | ANOVA analysis for the reading times.

ANOVA analysis was performed to determine if there wasffardnce in how
long the test subjects in each test room physical environmeortdition spent on the
reading test passage. The null hypothesis Ho was statetheae is no significant
difference in reading times between the two test conditiorie alternative hypothesis

Ha was stated as: there is a difference in the readmegstbetween the two test

conditions. An alpha value of 0.05 was chosen and the ANOVA assumptions were

checked and verified. The results from the analysis are shown in Table 4.27.
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Table 4.27 Phase | ANOVA results for the reading times between thestvoonditions

Source DF 85 AIS F
102:8
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Figure 4.10 Phase | 95% CI graph for the reading times in the two test conditions

From Figure 4.10 it can be observed that the test subjects in thel testmaom
physical environmental condition spent on an average of two more mneaidisg the
passage compared to the subjects in the extreme condition. Hopwased on the P-
value and the confidence interval graph the null hypothesis cannoebtede thus, the
difference cannot be considered significant.

Since no difference was found between the reading times, toférusv much
time the test subjects spent on each test passage segmerdxamiined. The reading
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test passage had a total of 135 segments of 34 words each. Tveresdfacked how
long the test subjects spent on each segment in milliseconds.asltofvinterest to
determine if there were different reading patterns betweetwiheest conditions. For
this purpose, the average times the test subjects spent on eaemtsegre plotted. On
Figure 4.11 the blue and red lines represent the averagethimésst subjects spent on
each segment in the normal and extreme test room physical enemtaingconditions

respectively.

Time Spent on Each Passage

201 Variable

Normal
18- — Extreme

16+

N 1 «‘\ i \\ ‘
| i yimm.
| ‘/4 \
g

Time (sec)

101
l

0 20 40 60 80 100 120 140
Passage Number

Figure 4.11 Phase | times spent on each individual reading segment

Both lines in Figure 4.11 exhibit a negative trend indicating thatettesubjects
spent less time on the latter test passage segments.eftie tor the two test conditions

are very similar to one another; therefore, it cannot be concludedhtaest room
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physical environmental conditions caused the test subjects to edifferent reading
pattern.
4.2.2.2 Phase | Pearson Correlation Coefficients

After no difference was found in SVT scores between the tatadem physical
environmental conditions, the data were examined if it could provide cdngr
information. Some of the outputs were analyzed further to deterinthere was any
correlation between them. For that purpose, the SVT scores, geaities,
environmental survey responses, and the mood survey responses wereassgdticDs
between the reading times and SVT scores, overall comfort lamdlSVT scores, and
the overall comfort levels and the time to complete the readearg investigated for the
two test conditions.

In order to determine the correlations between those outputspPReanselation
coefficient was used. This correlation calculates the linelationship between two
variables, and depending on the strength of the relationship a valeehetl and +1 is
assigned. A value of -1 indicates a perfect negative cooeland a value of +1
indicates a perfect positive correlation. As the value approa@ttesr 0.5 suggests that
the relationship between the variables is weaker, and a carelalue of near to 0

suggests no relationship between the variables [41].
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4.2.2.2.1 Phase | Correlation between reading times and SVT scores.

The testing software tracked the time the test subjects ttmalead the test
passage. The test subjects were able to complete the thsk atwvn pace. Therefore, it
was of interest to determine if the amount of time the subgpest on the test reading
passage correlated to how well they performed on the S\VJurd-#4.12 and Figure 4.13
present the scatter plots for those variables along with the correlatidicieaéalue.

The data points on Figure 4.12 and Figure 4.13 appeared to have no relationshi
between them, the very close to zero r-values confirmed shatkh Therefore, for the
given task in the Phase | study, there was no correlation bethedime it took to read

the reading test passage and the SVT scores.

SVT Scores vs Reading Times
Normal Condition
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Figure 4.12 Phase | scatter plot between the reading times and the S\&lirstoee

normal test condition, r = -0.228
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SVT Score

SVT Scores vs Reading Times
Extreme Condition
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Figure 4.13 Phase | scatter plot between the reading times and the S\élirstoee

extreme test condition, r = -0.037

4.2.2.2.2 Phase | Correlation between SVT Scores and the Environmental Survey

The correlations between the test subjects’ responses to tinenemental survey

and their SVT scores were examined. The responses to the quegtaling the overall

comfort level in the test room were correlated with thedebjects’ SVT scores. It was

of interest to determine if there was correlation betweentdbe subjects’ reported

comfort levels in the test room and their SVT scores. Theesqgalbts are shown in

Figure 4.14 and Figure 4.15 for the two test conditions along witReheson correlation

coefficients.
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Quiz Scores vs Overall Environmental Responses
Normal Condition
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Figure 4.14 Phase | scatter plot between the SVT scores and the ovefait tarels in

the normal test condition, r = -0.217

Quiz Scores vs Overall Environment Responses
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Figure 4.15 Phase | scatter plot between the SVT scores and the ovefatt éevels in

the extreme test, r = 0.286
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The correlation coefficient values in the two test room physoaironmental
conditions suggest that there was no correlation between how tiseilbgstts perceived
the test room and how they scored on the SVT. The correlationsdretive general
comfort levels and the time to complete the reading test passhgated that there was
no relationship between those variables.

4.2.2.2.3 Phase | Correlations between PANAS responses and the environmental
survey

The PANAS responses, shown in Table 4.15 and Table 4.16, were anfalyzed
differences between the two test room physical environmental moredas well as for
correlations with other variables. It was of interest to datex if there was a
relationship between how the test subjects perceived the testplomical environment
and how they responded to the PANAS mood affects. Therefore, tHAF Lesponses
were correlated to the general comfort level responses.

Two pairs of mood affects were selected to be investigated, ceathining a
positive and a negative affect. The first pair that wasctedl was the one that had the
biggest difference in the average responses between the stvootaditions. Those
affects were “active” and “upset”. The second pair that sedescted was for the affects
that seems most relevant to this study. the ones that werencivese “interested” and
“irritable”. The correlations were calculated between the seldtANAS affects and the
responses for the overall comfort levels in the test room, showiabite 4.27. The
responses from the other PANAS items were also examined; bovealy the ones that
had the biggest difference and the ones that seemed mosintelevthnis study are

presented.
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ANOVA analysis was also performed for the PANAS item response
determine if they significantly differed between the twad teem physical environmental

conditions. The P-values for the four selected items are shown in Table 4.34.

Table 4.28 Phase | PANAS items that were correlated to the comfort levels

Very slightly | _ = :
e nit et A little Moderately Quit= abit | Estremely
1 2 3 4 5

Normal [p ] 293)£1.18

Interssted ;
T |Eeme e —— et A ¥ ) s i)
i Normal ———— e ] (2.05)=1.09

itabl

T [Extreme e e — (2.24) 130
o |Normal — — ] (1.35)+0.72
- Extreme [Fessaostioaca s (1.67)=0.98
aciive  |yommal i) (2.19)£120
Extreme ey (1.79) =120

Table 4.29 Phase | P-Values and correlation coefficient values betweenNKW&SR®EmMS

and the overall comfort level responses

Correlation Coefficient
- PAMNAS PANAS PANAS | PANAS
Condition) g affect affect affect
(actrve) | (mtersstad) (upset) | Grotable )
Nommal 0.002 0354 0.280 0.020
Extreme -0.523 -0313 0.139 0291
P- Value 0.123 0.871 0.063 0.7a2
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The P-values for all the PANAS items were calculated and igoifisant
differences were found between the two test conditions. Téeme indication, however,
that the test subjects in the extreme test room physicato@anvental condition were
slightly more upset than the test subjects in the normal condi#ased on the responses
it can be concluded that the two test room physical environmeonalitons did not
significantly affect the test subjects’ mood. Observing theltsefrom Table 4.29, it can
be noted that, even though the correlation levels are low, the iaville extreme test
condition were slightly higher correlated than the responsdsindrmal test condition.
The correlation values in the normal test condition indicated thete was no
relationship between how the test subjects perceived the dest and how they
responded to the selected mood affects. For the extreme teltiamg the negative
affects were not correlated to the general comfort levelswever, there was a slight
negative correlation between the test subjects’ comfort levéha test room and the
degree to which they were experiencing the positive affects. cdinelation coefficient
values were at levels which indicated only from minimal to noetation; however, the
increase in the correlations is noted from the normal to the extreme testacendit

4.2.3 Phase | Root Cause Analysis

In the Phase | study no difference was found in the test ssibjpeeformance on
the SVT between the two test room physical environmental conditidhe cause and
effect diagram is a tool used to identify possible causes thad bawe influenced the
outcome of the study [42]. Cause and effect diagrams or “fishbone diagrams” dhaphica
illustrates such relationships.

Constructing a cause and affect diagram can be helpful in many ways:
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o ldentify possible root causes, and basic reasons, for the way the results turned out
o Determine if any interactions among the factors are affecting shéise
o By identifying such causes, corrective actions can be taken for future studies.

Ultimately, this analysis is necessary prior to making aogclusions and
recommendations about the affect of the environmental test paranwetethe test
subjects’ learning performance. The basic structure otdlise and effect diagram is
shown in Figure 4.16. For this analysis, the possible causes werdetedsunder six
main categories [42].

The first step in construction the cause and effect diagrantongefine an effect
or a problem statement to be analyzed. An effect may be positivegative based on
the problem being discussed. For this study the problem staterae defined as: why
for the given task the test subjects’ SVT performance did noffisantly differ between
the two test room physical environmental conditions. After the prokkatement was
defined the horizontal line or the “spine” of the diagram was drpeinting to the
problem statement.

Next step was to identify the causes effecting the definglolgm statement. The
branches with the six main categories were drawn that wouldidefhtify the related
causes. A commonly used main categories known as the 6Ms were used fagtiaisdi
These were: mother nature, method, man, material, machine, and measurement.

Each main category served as a general subject mattensader possible root
causes. In order for the diagram to be helpful as many casspsssible had to be
identified. The causes with specific descriptions were discugaddr the relevant

categories. It was possible for a root cause to apply to maneotiea category. That

81



cause was then listed under all applicable categories. Inugbasiore detailed levels of
causes had to be listed. One way of doing this was by aalseges of questions until a
possible root cause was found. The fish bone diagram with the problemesta and

the six main categories is shown in Figure 4.16.

Mother
Natie Method Ian
Problem
Statement
Matenal Machine Measurement

Figure 4.16 Cause and effect diagram [42]

4.2.3.1 Category “Mother Nature”

This category deals with the two test room physical environheoaitions that
were created in this study. The environmental test parantel responses are
discussed under this category. The methods to produce the physicanmental
conditions, such as, type of lighting or the kind of noise that wa®glare discussed in
the material category. The idea behind the two test room gathysnvironmental
conditions was to produce one comfortable and one uncomfortable enemband to

compare the test subjects’ SVT performance between the twdhe Itest subjects’
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comfort levels were not as intended, that could have possiblyedféoe results of the
study and also explain the problem statement.

In the analysis section the environmental survey responses regafding
environmental test parameters were examined. It was desedrthat the test subjects
did not perceive the environmental test parameters exactlyeasl@d. In the normal test
room physical environmental condition, the test subjects perceivetbrtigerature as
slightly cool. In the extreme test condition, the test subjesisonded that the lighting
was not as bright as intended. In addition, there was no signifidétence in test
subjects’ comfort levels between the two test room physical environnoemigitions.

The selected temperature level in the normal test conditiortheagcommended
ASHRAE temperature for optimal thermal comfort in a classrodt#owever, there are
many factors that determine the thermal comfort, such as thenpe psychological and
psychical health, activity level and clothing. Besides the agtieitel, the research team
had no control of the other factors. It is assumed that the rarsgm@aent to test room
environmental conditions would even out other individual differences betwedssthe
subjects. The study took place in the third week of April in\lagas, during that time
many students wear light or short sleeve clothing. Thoseulecss are likely to feel a
little bit cool in the test room. There is no information on tret seibjects’ type of
clothing.

The noise levels appear to have produced the intended responses fri@st the
subjects. The average responses in the normal test room phgsidgabnmental
condition were mostly in the perfect range of the survey. Theageeesponses in the

extreme test condition were in the too loud and loud range of theysuHowever, after
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further investigation of the responses in the normal test conditior, ihan indication
that some of the test subjects were not as comfortable avehsga response value
suggests. 41% of the test subjects in the normal test conditiaatedlithat they were
somewhat bothered by the constant clicking of the mice, as sydllyather noises, such
as moving chairs or tapping feet. The test subjects respondecknily to these noises.
Some said the test room was too noisy, while others respondedeheast room was too
quiet. Because the test subjects responded so differently sotimel levels question
when their responses were averaged the value did not show the sudjectisere
uncomfortable due to the background noise in the normal test condition.

According to the environmental survey, it is concluded that some @f th
environmental test parameter levels did not produce the intemaefibrt responses by
the test subjects. In fact, there was no statistical difteren the general comfort level
responses between the two test room physical environmental oosditiThe test
subjects’ comments gave an indication that the subjects in themexttest condition
were slightly more uncomfortable than the subjects in the namsalcondition. The
insignificant difference in comfort levels between the twesttroom environmental
conditions reduces the opportunity for detecting an effect on thesuégtcts’ SVT
performance and mood. This deviation from the indented comfort isvedsisidered as

a root cause that can partially or fully explain the problem statement.
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4.2.3.2 Category “Method”

The category method deals with the process by which the relationship between the
input and output was being studied. This includes the experiment protowbls a
procedures the test subjects had to follow to receive full credit for theiripatitbn. The
rules with which the IRB for the study was submitted weretdstsubjects were able to
complete the task at their own pace and also no connection would be nvagenbieir
names and SVT scores.

The test subjects were aware of these rules as theyligteckin the experiment
ad and they were also read to them at the beginning of estcbetsion. The no time
minimum to complete the task could have caused the subjects tdwrosgh it without
giving it a fair effort. Therefore, the reading times evexamined and compared in the
analysis section. There was no significant difference in tadirrg times between the
two test room physical environmental conditions. The reading twmege on average
about thirty minutes in both test conditions. At a college level mgaalbility, it would
take a person from thirty to thirty five minutes to read the repdest passage.
Therefore, this indicates that the test subjects on averageeditifiost of the time to go
through the reading test passage. The subjects who spent significartdy ahmunts of
time (two standard deviations lower than the mean) were excluoiedtiire analysis, as
described in the Test Subjects section.

The participation given credit could have possibly reduced the riotivaf the
test subjects to perform at their best on the given readisig t The affect of such
subjects on the results was reduced by removing them from thesiandlowever, it is

possible that there were others that did not give the reading faskeffort. These test
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subjects possibly skewed the results and added additional vatiattbe SVT scores.
The lack of motivational factor to give the reading task a ééfort is considered as
another possible root cause that could partially explain the problem statement.

In order to have a valid study, a detailed testing protocol weslajed. The
procedures to conduct the study were clearly defined in order for all thaligstts to be
tested exactly the same way. The protocol, as discussed Rndtweol section included
everything from setting up the test room physical environmentatlitoms to the
instructions given to the test subjects. The detailed protocolfellasved closely in
order to reduce variation between the different test sessionssanetest protocol was
used for the Phase Il study with a slight modification for thieigihice in presenting the
information in the test passage. No issues with the test ptatece encountered in any
of the testing. Besides the participation given credit no othailpesoot causes were
found in this category.
4.2.3.3 Category “Man”

Possible root causes that fall under this category are any hemoas that could
have possibly occurred in this study. Under this category the sttedgrgroup is also
discussed. There were many possibilities where the reseamhid have overlooked
some details in this study. The main ones included, but are ntditw, the random
assignment to test room physical environmental conditions and seiggdiditing up the
test room physical environmental conditions, and running the tesorsessThere are
crucial steps which if done incorrectly or differently than theioed protocol could

have significantly affected the outcome of the study.
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The random assigning of the test subjects to test room physigironmental
conditions was done by using the random number generator in Mickosx@k This is a
reliable and commonly used command performed and verified by knowledgeable
Microsoft Excel users. There are instances in random samphiege due to “unlucky
randomization” the test groups differ. In such cases, if animxistonequivalence
between the test groups is uncounted for, the output of interest couldybar fpdrtially
affected by those differences rather than the test parameters.

Typically, demographics questions, mood surveys or pretests are ddreihis
prior to the testing to obtain information about the test subjectanylfcharacteristics,
such as age, baseline levels of mood, previous knowledge are detedgpufimastly
differ across the test groups, they are referred to as ctesafi@l]. If covariates are
identified, they need to be addressed in the analysis to makestteamples statistically
even. If covariates are identified and accounted for that couldralsease the power of
the study (discussed in the “Measurement” category) [41]. {Es¢ subjects’
characteristics in this study were investigated for such differences.

The demographic questions and the test anxiety responses wete dsesmine
if the two test groups were even. In the Test Subjectsosetttiwvas shown that the
demographics of the subjects are fairly even between thetdst groups. The test
anxiety survey was discussed before the data analysis, aad ghewn that there were
no significant differences in the responses between the twgrmsps. Based on the
available information, no covariates were identified betweeretstesubjects in the two
test room physical environmental conditions. Further possible &ffeste considered

under this category.
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Experienced laboratory attendants were setting up and monitorirtgstheoom
physical environmental conditions. Prior to each test session.erkigonmental
conditions in the test room were again verified. During all otélsesessions, there was
one lab attendant in the test room, and one lab attendant in the control room vérdying
the environmental parameters were at their specified levéifter reviewing the
experimental process, no significant human error was detectdte eXperimental
protocol was closely followed and verified by other research team members.

The test subject pool, which was used for this study, consisted of usdiente
UNLV students. The intellectual make up of the student tesipgcan be considered
reasonably homogenous. The intellectual capabilities of the studergssufficient to
be admitted to a university. Those students are typically capabequately adapting,
coping and filtering the substandard test room physical environmeonaitions. A
possible root cause was identified, such that for the given tagtollegie students that
took part in the study were capable of filtering out the negatifects of the extreme test
room physical environment.
4.2.3.4 Category “Material”

This category deals with the materials with which theotatory test room was
equipped to resemble a classroom. These included the furniture gableasand chairs
that were used, shown in the Furniture and Electronic Equipment ifesteRoom
section. Typical classroom furniture, such as the chairs and Wes&sused. The same
furniture and layout were used in all of the testing sessionsy &felw test subjects, 7 in
the normal test room physical environmental condition and 5 in thenextcondition,

commented that they were somewhat uncomfortable with the chditse others

88



indicated that they were either satisfactory or comfortabléhere is no significant
indication that the students were uncomfortable with furniture witltclwthe room was
equipped.

Other possible root causes that fall in this category istype of noise and
lighting which was used to create the two test room physicaronmental conditions.
A recording of a room ventilator fan was used as the noise samdene type of
fluorescent lighting was used as the lighting source in thisegrojThe ventilator fan
noise had slight tonal characteristics and a broad sound spectihistype of noise is
often present in classrooms with faulty HVAC equipment. The tyfp#uorescent
lighting that was used in this study is typical for normalstiasm environments. There
is no indication that there were any root causes in the “material” category.
4.2.3.5 Category “Machine”

This category deals with the electronic equipment that was instds study,
such as the computers, the testing software and the systemss@achents producing
and controlling the desired test room physical environmental conditiensuring that
everything works properly and smoothly was one of the main tagksvéts performed in
the design of experiment. A few dry runs were conducted whergtleng was tested
for full occupancy of the test room.

For this study brand new Sony Vaio laptop computers were usedipeesa the
Furniture and Electronic Equipment in the Test Room section. Theubgcts were
able to perform the task without any problems from the laptop carguThere were no

negative comments from the test subjects about the equipment.
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The computers were connected to a local server via a wirebessr. The
professionally developed testing software, that included thengaalsk and the surveys,
was uploaded onto the local server. The testing software and {henses export
function were tested numerous times to verify that they ar&img properly. No issues
were ever detected either with the software or with the &fmoction prior to the testing
or during the actual experiments.

The equipment used in this study was tested many times ptioe testing of the
subjects. The state of the art instrumentation and systemsréladed the two physical
environmental conditions in the test room were checked and verifieécimiracy.
During the experiments everything worked properly and without anyegmsbl The two
physical environmental conditions were maintained at the spedéiatls. The test
subjects did not have problems using the computers or navigating throutgsting
software. Therefore, no root cause was detected under this category.
4.2.3.6 Category “Measurement”

This category deals with the test instruments that wezd tes measure student
learning performance, comfort levels and mood. These instrumengstetetno
differences between the two test room physical environmental meditThis indicates
that the given test instruments may not have been very sensitough to the physical
environmental parameters being tested. In completing the leapairigrmance test
instrument (test reading passage and the SVT) the test subgretsapable of filtering
out the negative effects of the extreme test room physicalommental condition.

Therefore, the low sensitivity of that instrument to detect decefof the physical
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environmental conditions on student learning performance is considegp@ssible
root cause that could explain the problem statement.

The statistical power was examined to determine the almfityhe learning
performance test instrument to identify significant effefgt&]. Statistical power
evaluates, if a test is repeated many times, how often thectanterpretation of the
effect can be concluded. The power is probability and its valuaymecally expressed
in numbers between 0 and 1. In power analysis, four major componentedreThese
include power value, sample size, effect size, and alpha level [#1i$ analysis can be
used in different ways since any three of those components colpmgetermine the
forth one. Power analysis can be performed prior (priorintexgeriment to determine
the sample size or after (post hoc) the data collection to datethe power in the study
[41]. In this study, post hoc power analysis was performed.

The post hoc analysis is typically used in studies which did not fmd a
significant effect to determine if there was a problerthwtie study or if no significant
effect exists. The statistical power in the Phase | pilatyswas calculated to be 0.2 or
20%. This value indicates that the performed study is highly underpdywmeaning
that the given task has a low probability of finding statidiicaignificant effect.
Typically the power of a study is increased by increpéine sample size, increasing the
alpha value, decreasing the standard deviation or adjusting for covariates.

Due to the subject pools that were used for this study, the numbetuoteers
was limited to about 80-100 per semester. Some sort of compensatibe necessary
to attract additional participants. Increasing the sampéessiauld be considered if those

resources are available. Increasing the alpha value alsasesrthe probability that any
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effect that is detected could be due to chance. The used vallbalr 5% is typical for
many studies, and there is no justification for increasingnitthe “man” category, it is
shown that no covariates exist between the two test room physiwalonmental
conditions that could be accounted for to increase the power. A nmmtiadatactor
would give an incentive for all of the test subjects to ginetask a fair effort and could
possibly result in decreased variation among SVT scores.
4.2.3.7 Results of the Root Cause Analysis

The guidelines for creating a useful cause and effect diagiena followed in
order to identify possible root causes. A problem statement iagdléo determine the
factors that could have influenced the results. The study protocolasindnents were
examined in detail in order to explain the problem statemerfter Aompleting the
analysis few main causes were identified that explain the groldtatement. The
possible root causes were:

o There were no significant differences in the reported tdgests comfort levels
between the two classroom environmental conditions,

0 The reasonably high intellectual university student test group capable of
filtering out the negative effects of the extreme test rpbiysical environmental
condition,

o0 The reading test instrument had a low sensitivity,

o0 The experiment had a low statistical power, and

0 The test subjects had no motivation to give the reading task a fair effort.

The main root cause that was identified, based on the test sutgsptmses, was

that there was no significant difference in their comfortlebetween the two test room
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physical environmental conditions. The fact that, in performing deaing test
instrument, the test subjects did not identify the extreme tesem physical
environmental condition as more uncomfortable, could explain why thas o
difference in student performance and mood.

The above identified root cause led to the conclusion that the ressihg
instrument was not sensitive enough to the test room environmentatgterdevels
being tested. By focusing on the computer screens, the testtswieye less susceptible
to the effects of the physical environmental conditions. The uniy¢est subject group
that was used in this study can possibly be considered as dmtipped in filtering the
effects of the environment than students in public schools.

The low statistical power and the lack of motivational facteradso possible root
causes that were identified. Based on the available informaitias, difficult to
determine the degree to which the test subjects gave the fasletiort. Observing the
SVT scores and their high standard variation suggest that theeetegrsubjects that
could have primarily guessed on the task. This fact along with the loviggnseading
test instrument would explain the low statistical power.

Many modifications to the pilot study can be made in orderakenit more likely
to detect an effect of the test room physical environmental conslion student learning
performance and mood. These changes include, but are not limitedke:the extreme
test condition levels more extreme, modify the reading tesumsent, add motivational
factor, test a more intellectually diverse test subject growgrease exposure time, or

increase sample size.
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For the Phase Il study, it was decided to investigate thetefdéche test room
physical environment on student performance related to the oranpaen of the test
passage. It was of interest to determine how the results Pfuase | were going to
change given a teaching modality that is in line with whasthdents (K-12) experience
in a real classroom. In order to build upon the information alreadhinalot from the
Phase | tests, it was decided to explore how the outputs would dhaiogleing else but
the teaching modality was modified. The environmental parantetets (with an
exception of slight modification to the test room background noisds)evhe test

protocol and test instruments were kept the same.

4.3 Phase Il Findings

The Phase Il study was a replication of the Phase | study withnedifference in
the method of presenting the test passage. The test subjdetsRifase Il study viewed
an oral presentation of the test passage as opposed to reading doarputer screen.
The environmental parameter levels were kept the same withxtteptn of the
decreased the noise level in the extreme test room physniab@mental condition in
order to make the speech fully intelligible. The environmentabipeter levels are
shown above in the Parameter Selection and Levels section in CRaplieshould be
noted also that the Phase Il study was conducted in November idifhaise | study
was conducted in April.

The oral presentation was a video recording of a reseanchresmber reading
the test passage. The quality of the video and audio of the recareliagexcellent. For

the purpose of uniform speech levels across the test room, a surroundsystend was
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used. The length of the oral presentation was 32 minutes. Thist isignificantly
different than the average reading times from the Phasesl té&esides the mode of
presenting, the test passage the test instruments wemrtbetherefore, the test subjects

in the Phase | and Il studies spent an equal amount of time in the test room.

4.3.1 Phase Il Experimental Results

The results from the Phase Il tests are shown in this secfiba.outputs, as in
the Phase | tests, included the SVT scores and the responses to the anxiety, entafonm
and PANAS surveys. For the purpose of presenting the resutistictatools such as
box plots and five number summaries are used, along with the nmehistandard
deviation. The outputs are analyzed in Phase Il Analysis and Discussion.section
4.3.1.1 Phase Il SVT Scores

The SVT scores shown below are graphically presented for sheubjects in
each test session in the normal and extreme test room phgsutadnmental conditions.
The SVT scores are shown by the number of correct answeaistdtal of 40 questions.
Due to the number of test subject, there were three test sessi@ash test room
physical environmental condition in the Phase Il study. Theitesstand dates and the
number of subjects are shown in the Test Subjects section.
The SVT scores, as in the Phase | tests, were examined indlivithoan each test
session prior to combining them under the respective test rooncahgavironmental
condition. The three test sessions in each test condition wetedplogether in Figure

4.17. Minitab software was used to create the descriptive is&t#sid the box plots.
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The SVT results from the normal and extreme test room physiecaironmental

conditions are shown in Figure 4.18 and Table 4.30.

SVT Scores for Different Sessions
354
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Figure 4.17 Phase Il box plot for the SVT scores in the different test sessibas in t

normal and extreme test conditions

In Table 4.30 are shown the combined results for the normal and extestmeom
physical environmental conditions. The table displays statistitiseoSVT results such
as the mean, standard deviation and the five number summary. eguits rare also

graphically presented by the box plot in Figure 4.18.
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Table 4.30 Phase Il total SVT results

Figure 4.18 Phase Il box plot for the SVT scores in normal and extreme test conditions

4.3.1.2 Phase Il Survey Responses

The same surveys were administered in Phase | and Il tddte. average
responses from the Phase Il study are shown below. The respanshkewan along with
the survey responses from Phase | for the purpose of easier mmngaetween the two
test phases. Normal 1st test and Extreme 1st test corresptred responses from the
Phase | tests, conducted in April 2010. Normal 2nd test and Ex2rdniest correspond
to the responses from the Phase Il tests conducted in November 2@lthe @bles
below the “0” indicates the location of the mean and the rangbeobtackets “[ ]”

represents the distance of one standard deviation away from the mean.

Condition
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Condition N Mean | Std Deviation | Minimuom| Q1 AMedian 03 |Maximum
WNormal 34 2859 3.82 17.00 26.30 2200 32.00 33.00
Exireme 35 26.11 4.76 17.00 22.00 26.00 30.00 33,00

.U)

§ Box Plot of SVT Scores

)

o

<

©

3 ‘

12

g

0

8

=

2

©

E ‘

S

2

;_)’ *®

O T T

g Normal Extreme

%)




4.3.1.2.1 Phase Il anxiety survey responses.
The Phase Il anxiety survey results are show in Table 4.31 and Table 4.32.

Table 4.31 Phase | and Il anxiety survey questions 1-10

Test Attitude Inventory Test A_lmost Sometimes Ofiten Almost
’ Never Always
Condition
1 2 3 4
Normal 1st test [ D —](249)+1.03
I feel confident and relaxed | Extreme 1st test [y T ] 233)=0.82
when taking tests Normal 2nd test [fr———cpe—a—] (2.79)0.84
Extreme 2nd test [-—-——-0—-—-—] (2.40) =0.77
1 | 2 | 3 | 4
Normal 1st test [ O = 1 (2.0T) =096
While taking examinations I |Extreme 1st test - R —] 2.14)£0.9%
have an uneasy. upset feeling | Normal 2nd test | —— Qe 1 (1.71) *+0.63
Extreme 2nd test [(-—-—p-—-—-] (1.89)=0.76
1 | 2 | 3 | 4
Thinking about my erade in a Ef\'urmal isl test B = i (2.30) tg-gi
. - xtreme 1st test e — L — (2.24) 0.
Conrse mterfeees. with my work [ o ot et [—-[ ----- P 3 : 61_353. 20,89
on tests Extreme 2nd test e e ] (2.23)=0.88
1 | 2 | 3 | 4
Normal 1st test | —— e -] (2.14) =1.01
. Extreme 1st test S — Lo E—— ] (1.79)=075
. e T Normal 21nd test [F——-- Q————— ] (1:62) =074
Extreme 2nd test [———— O 1 (1.91) +£D.95
5 1 | 2 | 3 | 4
During exams 1 find myself | NermalTsttestl [ —— o = CTy=L00
3 5 ) xtreme lsttest|] [--—-—0-— O {1.83) =
thinkg abont-whether Tl over | oo itest] o (1.26)=0,51
get through school Extreme 2nd test E— ER— ] (191)+095
1 | 2 | 3 | 4
Normal 1st test| frr——— O —— - —] (L.79) =0.80
The harder I work at taking a |Extreme 1st test [ P ] (1.98) £0.92
test. the more confused 1 get | Normal 2nd test [———-0—-—--] (147)=0.66
Extreme 2nd test - D mm e 1 {1.97)=0.86
1 | 2 | 3 | 4
Thoughts of doing poorly E‘\_"m’al }5' FESE : [“_"_“0_“_“_§ 23? :‘:D}ZE
5 5 2 xtreme Isttest|]  [--——-— Q== = Loab) /
interfere with my concentration Normal e ekt e g ] (171)=0.76
on tests Extreme 2nd test, e e ] (2.06) =106
1 | 2 | 3 | 4
Mormal 1st test [ G 1 (2193 =103
I feel very jittery when faking an | Extreme Ist test [ P — I (2.14)=1.00
important test Normal 2nd test| e G- 1 (1.79)=0.81
[Extreme 2nd tesi [--—-—— L e —— -1 (2.14)+0.73
1 | 2 | 3 | 4
Even when I'm well prepared Normal 1st test [—— e 1 {2.28)x1.03
for a test, I feel very nervouse Extreme 1st test - ettt 1(2.43)=+1.13
? : Normal 2nd test [—-——p— -] (1.79)=0.84
about it Extreme 2nd test f--———- B —1 {2:31)+0.93
1 | 2 | 3 | 4
Normal 1st test [ o 1 (2.28)+D. B8
I start feeling very uneasy just |Extreme st test D P ] (236 =103
before getting a test paper back | Normal 2nd test e — e — 1 (2.03)+0.94
Extreme 2nd test | e — | (243)=0.95
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Table 4.32 Phase | and Il anxiety survey questions 11-20

Test Attitude Inventory Test A%most Sometimes Often Aot
! s Never Always
Condition =
1 2 3 <
11
Normal 1st test | Q- 1 (1.95)=0.925
; . Extreme 1st test [ o I (2.17)+1 06
Durng e Lielvey e 5 mitet o o] (1.74)20.67
Extreme 2nd test [ Q---- ] (2.17) =086
12 1 | 2 3 4
Normal st test| [ro e - e —J(247) =128
I wish examinations did not |Extreme st test|(2.76) £1 23 [----oooeeeeeeeev [ ]
bother me so much Nermal 2nd test [ 1 (2.00)+1.04
Extreme 2nd test [ o 102.49) £1.20)
13 1 | 2 3 4
During important tests I am so Normal 1st tesi] [ g—-—-—- 1 (1.56) 085
Ve et v sbomrnele ot Extreme 1st test [—-—-—————-] {1.60)=0.80
. = Normal 2nd test [--—0--—] (1.18)=0.39
upset [Extreme Ind test [—--0-—-—] (1.23)+043
1 1 | 2 3 4
Normal 1st test| [—=r——- Q- i (1.65)=0.81
I seem to defeat myself while |Fxtreme Isttest) [-—- - peoziiozio s 1 (1.60) =0 83
working on important tests | Normal 2nd test e | (1.44) =0.66
Extreme 2ad test [————- S 1 (1.69)=0.90
15 1 | 2 3 4
Normal 1st test [ o—-—- 1 (1.91)=1.04
I feel very panicky when I take |Extreme 1st test] [—-—-—-— - ] (1.83)=1.06
an imp_oyta_nt test Normal 2nd test| [—-—0-—-—] (1.38) =060
Extreme Xnd test] [--—-—-—0-—--—] (1.63)=0.88
16 1 | 2 3 4
Normal 1st test| [ o 1 (2.28) £0.98
I worry a great deal before  |Extreme Ist test [————g—ee—e-] (240)=101
taking an important examination | Normal 2nd test| [ o—- ] £2.12)=100
[Extreme 2nd fest| | ———— e ———— 1 (2.17)+1.01
17 1 | 2 3 4
During tests 1 fnd mysely | Nomallsttestl oo e T °T LY
= xireme 1st test a 202)=1 02
thinking abent the Normal 2ud test],  [r-—-— T -3 (156)=0.70
consequences of failing  |r i ome 2nd test [ 5 1 (223)=103
13 1 | 2 3 4
Normal st test [-———— D= ] (1.79)+0_86
I feel my heart beating very fast | Extreme Isttes] [ (1.71)=0.89
dm'i_];[g jj_npm'tm]t tests Normal 2nd test] [--—-—- O-——— 1 (1.44)=+0.66
Extreme 2nd test [—-—o-—-—] (143)=061
19 1 | 2 3 4
After an exam is over | try to E}"}malis' fest [ [ ] (1'21}:?'%
. : F xtreme 1st test] [--—-—-— R — (1.67)=+1.
stop wartying abouti, bt T [0 o el PR (144)20.56
can't Extreme 2nd test] [ = ] (1.60) =0 88
20 1 [ 2 | 3 3
During examinations I get so E‘\_"m"[ }5' test [ B- ] ﬁ'éé}zé'ga
xfreme lst test o '1.86)=0D.87
nervouse that T forget facts I Normal 25d test e ] (168)20.73
really know Extreme 2aod test [ e 1 (2.00)=1.00
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4.3.1.2.2 Phase Il environmental survey responses.

The average survey responses from the three part environmental sursegvane
below. The tables also include the responses from the Phasly.l $b the third part of

the environmental survey, the questions about each environmental pararaetbown

separately.

Table 4.33 Phase | and Il first part of the environmental survey

to0 humid perfect too dry
1 2 3 4 5
The room moisture level was: Nogusl L gt Lo Eola
Extreme 1st test [ ] (2.7930.87
Normal 2nd test E— O 1 (3.09)1-0.51
Extreme 2nd test [ 1 (2.7430.98
too warm perfect too cool
1 2 3 4 3
The room temperature was: Nermal 1st test Eosemesn ey 1 (363076
Extreme 1st test | e rcrmne] ] (2.26)=0.86
Normal 2nd test | A . § (3381074
Extreme 2nd test | P 1 (1 801083
too stuffy perfect too drafty
1 2 3 4 3
The room air fel: Nommal 1st test [ E— F SO 1 (3211067
Extreme 1st test [—me- e 1 217076
Normal 2nd test [ i (3.30):0.87
Extreme 2nd test _— e ooy ] (229%1.15
too bright perfect too low
1 2 3 4 5
The oo kit wis Normal 1st test —_— T 1 QRITDSL
=F Extreme 1st test |t (o R St | (2481086
Normal 2nd test — s ] (239070
Extreme 2nd test [ o 1 (2.06)=0.94
umnoticable mud-erare[y very noticable
noticable
1 2 3 4 5
Glare on my computer screen was;| Normal 1st test [ — 1 (1.60:0.90
Extreme 1st test [ Qmmmmm e ] (217x108
Normal 2nd test [ O ] (LO431 15
Extreme 2nd test [ 1 (1.83)£1.12
too lound perfect too quiet
1 2 3 4 3
The room sound levelswere | 00wl It test — — ] 291)081
Exireme 1st test [ ] {2.14)+0.81
Normal 2nd test (| (3121041
Extreme 2nd test — et 1 (249107
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Table 4.34 Phase | and 1l second part of the environmental survey

Rate your comfort with respect

he following iy very comfortable b
to the following aspects of your comfortible uncomfortable
study environment:
1 2 3 4 5
Normal 1st test [ Gmmm e 1 (2913089
Exireme 1st fest [t g e a ] (290110
Desk = - = -
Normal 2nd test ] (2.761+0.99
Extreme 2nd test [ 1 (2971086
Normal Ist test [ 1 (3.00)+1.02
. Extreme 1st test [ ] (2.8834+1.27
Chair
Normal 2nd test [ 1 (3.000=1.18
Extreme 2nd test [ ] (3.03)£0.98
Normal 1st test [ ] (2.65)+0.87
- Exfreme 1st test e e | (2.57=:0.83
Computer Keyboard = : -
Normal 2nd test | (26820 84
Extreme 2nd test [ ] (2.74)+1.07
Normal 1st test [ 1 (2:60)+1.00
. i Extreme 1st test s B 1 (2.64)£0.91
Computer Monitor = = =
Normal 2nd test | Qe mm e me e ] (2.56)+0.79
Extreme 2nd test [ 1 (2.71)0.99
Normal 1st test [ 1 (2.70:£0.89
Rate your general level of comfort | Extreme 1st test e | (2.933%1.09
in the study room today. Normal 2nd test [ @] (2.62)£0.99
Extreme 2nd test [sanncnseay B-meimmmiemis ] (3.31)x0.83

In your own words. please explain
why you were comfortable or
uncomfortable in the study room
today.

Table 4.35 Phase | and 1l third part of the environmental survey regarding thermois

Rate your level of neither
o . B strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor 3 .
. agree agree > disagree disagree
the following statements dissagree
1 2 3 4 5
Normal Ist test |(3.86117 [ ]
The room moisture negatively | Extreme 1st test |(3 7932116 [ ]
affected my performance on the
reading and test assignments. | Normal 2nd test |(4.24)=1.10 [ 1
Extreme 2nd test [(3.83)=1.27 [ 1
Nomnal Ist test [(402=21.06 [ ]
I had difficulty focusing my i sibesti | idiOR
attention on the reading and test rbreme Totinsb (0004 [ ]
assignments because of the room | __ .
. Nomnal 2nd test [(4.26)+1.14 [ 1
moisture.
Extreme 2nd test [{3.913=131 [ o ]
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Table 4.36 Phase | and Il third part of the environmental survey regardingatunee

Rate your level of neither
. . strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor . .
5 agree agree s disagree disagree
the following statements dissagree
1 2 3 4 5
Normal 1st test |(3.65)=140 [ ]
The room temperature negatively | Extreme 1st test |3.551=1.47 [ ]
affected my performance on the
reading and test assignments. Normal 2nd test |(406)=1.28 [ 1
Extreme 2nd test |(3 34)=149 [
Normal st test |3.72)£132 1
Iha‘d difficulty foclusmg my Extreme 1st fest |3 64141 43 [ ]
attention on the reading and test
assignments because of the room Normal 2nd test |¢4.06121 28 [ ]
temperature.
Extreme 2nd test |G- 14=1.44 [ 1
Nommal Ist test |(3.86=113 [ 1
The room air (stuffy/drafty)
! ; 5 Xire) 3.535E1.47
negatively affected my Extreme 1st test [(3.35)= [ 1
performance on the reading and
test assignments, Neormal 2nd test |(4.063=1 28 [ ]
Extreme 2nd test |(3 481134 [
Nommal Ist test |3.81=113 2 i
I had difficulty focusing my
: § L. :.ng - Extreme 1st test |(345143 [
attention on the reading and test
ass;gume_ﬂts because of the room Normal 2nd test | 1214123 [ 1
air (stuffy/drafiy).
Extreme 2nd test |(3.631.26 [ 1

Table 4.37 Phase | and Il third part of the environmental survey regarding théemelse

Rate your level of

neither

R . strongly somewhat somewhat strongly
agreenent/disagreement with agree nor gz :
R agree agree = disagree disagree
the following statements dissagree
1 2 3 4 5
Normal 1st test |(3.44)=1.28 i
The room sound levels negatively | Extreme 1sttest [(3.26)=140 [
affected my performance on the
reading and test assignments. Normal 2nd test [(4.24)=1.28 L 1
Extreme 2nd test |(3.46)=1 44 [
Nommal Ist test [(3.51)+1.22 [
I had difficulty focusi y
a‘ oy GL,“SMg my Exireme 1si test [(3.26)=1 45 [
attention on the reading and test
assignments because of the room
g > e Normal 2nd test |(4.28)+1.22 [
sound levels.
Extreme 2nd test [(3.54)=1 38 [ i

102




Table 4.38 Phase | and Il third part of the environmental survey regardinghtieglig

Rate your level of neither
;. . ) strongly | somewhat somewhat strongly
agreenent/disagreement with agree nor 3 .
. agree agree 2 disagree disagree
the following statements dissagree
1 2 3 -+ 5
Nommal 1st test |(3.88)1.03 [ o ]
The room lighting negatively | Extreme 1st test |3.62)21 41 [ ]
affected my performance on the
reading and test assignments. | Normal 2nd fest [(3.949=141 [ ]
Exfreme 2nd test |(3.69)=1.39 [ 1
Normal 1st test |(4.02)=1.06 [ ]
I had difficulty focusing my Pp—
attention on the reading and test Extreins 1stiest (5.0 ; :
assignments because of the room
lighting. Normmal 2nd test |(3.97)=1.38 [ 1
Extreme 2nd test |(3.69)=1.41 [ o 1
Nommal 1st test |(4.07=1.03 [ ]
Glare on my computer screen 2
. ! & ® Extreme Ist test [(3.81=1.27 [ ]
negatively affected my
performance on the reading and
: i Normal 2nd test |(4.12)=1.20 [ 1
test assignments.
Extreme 2nd test |(4.20520.96 [ ]
Normal 1st test |(4.07)=1.06 [ o 1
[ had difficulty focusing my .
; ) | s Extreme Ist test |(3.86)+1.30 [ ]
attention on the reading and test
assighments because of the glare |
o my computer screen. Nommal 2nd test |(4.299=1.06 [ ]
Exireme 2nd test |(4-17=1.04 [ 1

4.3.1.2.3 Phase Il PANAS responses.

The average responses from the PANAS survey are shown in Tableard39
Table 4.40. The responses are presented for the Phase | argl INeshal 1st test and
Extreme 1st test are the responses from the Phase | testdoemal 2nd and Extreme

2nd are the responses from the Phase Il tests.
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Table 4.39 Phase | and Il affects 1-10 of the PANAS

Z:Q:hf:i Alitle | Moderately | Quite abit | Extremely
1 2 3 4 5

Normal 1st test [ e — —] (2.93)+1 18
Extreme 1st test [-- s D = e e m e m e 1 (2.83) =140
e et [ e 1 (2.15)=1.05
Extreme Ind test e O 1 (1.86)+1 06
Normal lst test [———- Q=raossho s 1 (1.88)=0.93
; Extreme st fest [ Qmmm e m e 1 (1.95)=1.03
e e Sl e P ] (153)£0.83
Estreme Indtest | [F-—-—-—- e — —] (189)+1.16
Normal 1sttest e e 1 (1:93)=£1.12
- Extreme 1st test [ - e 1 (2.00)+1.21
ool el Tadtedt [—rror] (135)=0.88
Extreme Ind fest [ Q- 1 {(1.43)20.70
Normal 1st test [——0-—-——] (1.35)+0.72
Extreme 1st test [ ' M — 1 (1.67)=0.98

upset e
Normal 2nd test [----- Q- ] (144082
Extreme 2nd test [—-—-— Do ] (1.57)=0.81
Nommal 1st test [——— o — ] (1.88)=0.96
Extreme 1sttest [--— - Q- ] {1.98)+1.14

strong = ;

Normal 2nd test [+ S -] (1.94)=110
Extreme 2nd test e g—-—-—- —] {2.06)=1.21
Normal 1st test [r-——- 0—-— ] {1.18) 053
) Extreme st test [+=-o—-] (1.10)=0.30
Euilty Nommal 2nd test  |[—-—--0——-—] (141)=093
Extreme Indtest | [--—o-—-] (1.26)=061
Normal 1st test [==2p==] (1.14)=0.41
el Extreme st test o 0--—-—] (1.31)=0.64
Nommal 2nd test | [—--0—-—] (1200 =0 54
Extreme lod test | [--—o0-—-- ] (1.17)=+0.57
Normal 1st test [——0-—--] (1.23) =057
— Extreme lsttest | [--—-—-— g 1 (1.52) +0.94
Nommal Znd test | [—-0—-] (1.15)=0.50
Extreme 2nd test | [--—0----] (1172045
Normal 1st test [———0-m - 1 (1.93) 096
.. |Extreme lsttest [~ e —] (217125
Lo T ) R —— 6 ] (1.79)=1.04
Extreme Ind test [ o= 1 (194 +111
Normal st test [ - Qe e e e 1 (186)=1.19
Extreme 1sttest e —— e —— ] (198)+1.16

proud S -
Nommal 2nd test | [--—-—-—-— e -] (1.85)+1.10
Extreme Indtest | [-——-—-—-— e —— —] (2 14)£140
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Table 4.40 Phase | and Il affects 11-20 of the PANAS

ligihffﬁ Alite | Moderately | Quiteabit | Bxtremely
1 2 3 E 3

Normal 1st test e - D m e —] (2.09)+1 0%

e FExtreme st test [[-——— e 1 (224) £1.30
i i e [ —— PR ] (1.56)=0.93
Extreme 2nd test - Qe 1 (2.14)+1.12

Normal st test [f-— e Q== e e meem -] (249 =1 20
I Extreme st test [ - Qe m e m e 1 (2.10)=1.12
Normal 2nd test [ L -] (2.38)+107
Extreme Ind test F— e ] (237114

WNormal 1st test [-—--- 0---- 1 (1.09y=037

Extreme 1st test [=-—o-——] (1.07) =034

st NomalZaites | [t (1.12)=0.48
Extreme Ind test [--- Q- ] (1.23)+0.64

Normal 1st test - e -1 (2.14)+1 08

nspiired Extreme 1st test [ S -] 20004127
Normal 2nd test [-mrmm o Qe m e ] {1.8)=£1.09

Extreme 2nd test [ e 1 (2.03)=120

Normal 1st test [——o——] (133057

P Extreme Isttest [~ Q- ] (1.48)=0.83
Nonmal 2nd test - 0= I (1.38)=0.74

Extreme 2ndtest | [—-—--0—--—-—] (137077

Normal 1st test e e ] {2.53)=-1-33

. Extreme 1st test [ G I (2.38)=141
L e T ] [—— o 1 2.15)=131
Extreme 2nd test e Do ] (249142

Normal 1st test e Q= e e 2 e I (2.72)=1.22

adiedie Extreme lsttest -——— o — ~] {248)=x1.17
Normal 2nd test e e ———— e ——— 1 (262)+1.18

Extreme lnd test [ e —] (240y=1.12

Nommnal 1st test [—-——- g m e m - i (1.56) =0.85

diteiy Extreme 1st test [— T 1 (174y+117
- Normal 2nd test | [--—-—-—- Qe m e —] (1.56) =1 02
Extreme Ind test [——— - e ] (1.74)=£0,92

Normal 1st test [—— s T -] (21941 )

; Exireme st test [ Qo m e e e 1 (1.79) =120

actkve —

Normal 2nd test [ Qmmmmm e e e ] {1.92)=1.23

Ezireme 2nd test [——— e e e —] (2.14)+1 26

Normal st test [—--0—-—] (1.12)=032

fonid E_'nrame st test | Qe m e ] (1L17)=D 58
Normal 2nd test [—-—0-——- 1 (1.15) 044

Exireme Ind test [--—-- D 1 (1173045

105




4.3.2 Phase Il Analysis and Discussion of the Results

The results from the Phase Il tests were analyzed by tissngame statistical
methods as in the Phase | tests. ANOVA analysis was uskdetionine if there are any
differences in SVT scores and survey responses between the stmmden physical
environmental conditions. Correlation analysis was used to identifjioreships
between different variables. There was no time data as irmtdseP study since the test
subjects had to view the oral presentation, rather than go througkattiag test passage
at their own pace. Therefore, no time analysis was performed in the Phasg.ll s

Prior to statistically comparing the two test room physieavironmental
conditions, the available information on the test subjects was obgderdetermine if the
two samples can be considered even. The demographics of the ssudijegtn in the
Test Subjects section, indicated that there were no signifttiatences between the
two test conditions. The test anxiety survey responses, showrbi@ 481 and Table
4.32, indicated that the test subjects in the two test room plhysiovironmental
conditions experienced similar levels of anxiety during the .te®®ased on the test
subjects’ information, it was concluded that the two test conditions weredagty.

The demographics of the test subjects between the Phase haswl |IPwere also
compared. With the exception that Phase | had slightly higher numhlbest subjects
there were no significant differences in either the demographittge anxiety questions.
Therefore, based on the available information the test subject groupsh&dthdse | and

Phase Il tests can also be considered even.
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4.3.2.1 Phase Il Analysis of Variance

The ANOVA analysis was first used to determine if theerenany differences
between the individual test sessions at each test room phgsidebnmental condition.
The results from that analysis would indicate whether the S\éfescfrom the test
sessions in the same test condition can be assumed to come freamgopulation.
ANOVA was then performed to determine if there was a diffexeimc the SVT
performance of the test subjects between the two test roosicphyenvironmental
conditions.

4.2.2.1.1 Phase Il ANOVA analysis between each testing session.

The SVT scores between the three test sessions in eachapleysiconmental
condition were analyzed for differences. One way ANOVA wadopeed with a
significance level of 0.05. The null hypothesis Ho was stateth@$SVT scores between
the different test sessions for the same test room phgsigabnmental condition are not
significantly different. The alternative hypothesis Ha wasesl as: the SVT scores in at
least one of the test sessions are different. Prior to perfgrtne analysis, the ANOVA
assumptions was checked and verified. The results from the analybie normal test

room physical environmental condition are shown in Table 4.41 and Figure 4.19..

Table 4.41 Phase || ANOVA results for normal test condition sessions 1, 2, 3

Source DF S8 MS F P
Factor 2 69.2 34.6 2.6 0.091
Error i1 413 133
Total 33 45212
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Normal Condition Experimental Sessions
95% Cl for the Mean

33
32+

290
281 ®
271
261 1
25 1

1 2 3
Session

SVT Score (number of correct answers out of 40 quéens)

Figure 4.19 Phase 11 95% CI plot for the SVT scores in the normal test condition

The same analysis was performed for the SVT scores inxtheme test room
physical environmental condition. The ANOVA hypothesis and alpha fisigmce
values remain the same. The ANOVA assumptions were alsoiedenifrior to

performing the analysis. The results are shown in Table 4.42 and Figure 4.20.

Table 4.42 Phase Il ANOVA results for extreme test condition sessions 1, 2, 3

Source DF 88 MS F P
Factor 2 1071 336 1358 0.0%21
Error 32 662 4 207
Total 34 7695
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Figure 4.20 Phase 1l 95% CI plot for the SVT scores in the extreme test aonditi

Based on the P-values and the confidence interval plots it walsideddhat the
mean SVT scores between the different test sessions in batbrthal and the extreme
test room physical environmental conditions somewhat varied. Tdsone for this
variation are mostly unknown; however, some of it can be attributdtetome of day
the test session was administered. Generally the mornssjose averaged slightly
higher SVT scores than the afternoon test sessions for botlhotest environmental
conditions. This was anticipated; therefore, both test room envirgahe®nditions had
test sessions in the morning and in the afternoon in order to makeithgt sample
variation even between the two test groups.

In fact the P-values in both conditions came out to be exactly dsm though
the P-values indicates that there is some variation betweesesssbns SVT scores, they
are not at levels at which significant differences can be cortlu@lee P-values of 0.091
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are higher than the alpha significance value; thereforenttiehypothesis cannot be
rejected. Consequently, the SVT scores can be considered tharéhgpm the same
population and they can be combined for each test room physical envirohmenta
condition for further analysis.

4.3.2.1.2 Phase Il ANOVA analysis for the SVT scores between theesivooom
physical environmental conditions.

After the SVT scores from the individual test sessions whosvn that they can
be considered from the same population, they were combined for the aowhektreme
test room physical environmental conditions. ANOVA was performatl a null
hypothesis Ho stated as: the SVT scores from one test rogeicahenvironmental
condition are not significantly different than the SVT scores fthen other test room
physical environmental condition. The alternative hypothesis Hastated as: the SVT
scores from one of the two test room conditions are differerghatsignificance level of
0.05 was used. Prior to performing the analysis the ANOVA gssoms were checked

and verified. The results from the analysis are shown in Table 4.43 and Figure 4.21.

Table 4.43 Phase || ANOVA results for the SVT scores between the two tedicrondi

Source DF S8 MS F P
Factor l 1056 1056 5.65 0020
Error 67 1251.8 18.7
Total 658 13573
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Normal and Extreme Condition SVT Scores
95% ClI for the Mean
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Figure 4.21 Phase 1l 95% CI graph for the SVT scores in the two test conditions

The 95% confidence interval graph shows a slight overlap of the ®ean
scores between the two test room physical environmental conditioogievdr, if the
confidence interval is decreased to 90%, the plots of SVT sdorest overlap anymore.
The 90% confidence interval graph is shown in Figure 4.22. The P-valu82fs less
than the alpha significance value; thus, the null hypothesis cadated in favor of the
alternative hypothesis. The ANOVA analysis confirms tHagré is a small but
significant statistical difference in the SVT scores betwéhe two test room physical
environmental conditions. The test subjects in the normal testratgs condition

averaged higher SVT scores than the subjects in the extreme condition.
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Normal and Extreme Condition SVT Scores
90% ClI for the Mean
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Figure 4.22 Phase 11 90% CI graph for the SVT scores in the two test conditions

4.3.2.1.3 Phase Il ANOVA analysis for the environmental survey responses.

As in the Phase | study, the responses to the environmental sexennalyzed
to determine how the test subjects perceived the two test roosicghgnvironmental
conditions. In the Phase | tests no significant differencefowasd in the test subjects’
overall comfort level responses between the two test room condifidnese was also no
significant effect of the physical environment on student SVT padace. It is of
interest to determine how the test subjects perceived theotestphysical environment
in the Phase Il tests since a significant difference in §&fformance between the two
test conditions was identified.

The responses to the questions regarding the temperature, rghseg liand
general comfort level in the test room were examined. IleT4.44 are shown the

average test subjects’ responses about the temperature in tteotesh Phase Il. The
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responses from the Phase | tests are also shown for comparissed lab Normal 1st
test and Extreme 1st test.

From Table 4.44 it can be observed that the responses from thellPlease for
both test room physical environmental conditions are closer toxfhected levels than
they were in the Phase | tests. The responses in the norshatoten physical
environmental condition in Phase Il were almost entirely in théegterange. The
responses in the extreme test condition were in the too waamm vange of the survey.
With a P-value of 0.00 there was a significant difference foiteéhgerature responses
between the normal and extreme test room physical environmentiitions in Phase I
The interval plot in Figure 4.23 portrays the magnitude of that diféere In the Phase |
and Il Discussion of the Results section, the differenceshi®rrespective test room

environmental conditions between Phase | and |l studies are discussed.

Table 4.44 Phase | and Il average responses about the temperature in the test room

too warm perfect too cool
1 2 3 4 5
e oo e oL Lot st R oot 1 (632076
Extreme 1st test [ pssEens ] (2260 86
Normal 2nd test e D 1 (3381074
Extreme 2nd fest L ] (1803083
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Interval Plot for Temperature Responses in the Secm Phase
95% Cl for the Mean

3.0

Survey Response

2.0

T T
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Condition

Figure 4.23 Phase 11 95% CI plot for the temperature response in the two tesbosnditi

The lighting responses in Phase Il, shown in Table 4.45, werer dlodbe
intended levels. In the normal test room environmental conditiormibey in the bright-
perfect range. The extreme test condition responses were limighétoo bright range.
In the Phase | study there was no significant difference founthéoresponses between
the two test conditions. An ANOVA P-value of 0.01 indicated thatrésponses from
Phase Il were significantly different between the two testn physical environmental

conditions.

Table 4.45 Phase | and Il average responses about the test room lighting

too bright perfect too low
1 2 3 4 5
The room lighting was: Bopmel I st [ e ] = -I-.:}:U,'ﬁl
Exfreme 1st test e Qe ] (2481086
Normal 2nd test —— e ] (2.59)+0.70
Extreme 2nd test e — e — ] 20630 94




The average responses for sound levels in the normal test roontaphys
environmental condition in Phase Il were well within the perfeatjea In the extreme
test condition they were in the loud-perfect range. The sounds lgvéhe extreme test
condition were decreased from 65 dBA to 60 dBA from Phase | to Phaserder for
the oral presentation to be intelligible. Typically the humartteashold for detecting a
noise level change is 3 dBA. The difference in responses be®Vese | and Il in the
extreme test condition was not statistically significant; hamethere was an indicative
of a trend that the test subjects perceived the 5 dBA souatldéference. Regardless,
with a P-value of 0.002 there was a significant differencénénresponses between the

normal and extreme test room physical environmental conditions in the Phate. Il te

Table 4.46 Phase | and Il average responses about the test room sound levels

too loud perfect too guiet
1 2 3 4 5

Nomnal Isttest | 000 [0 2 0130,
The room sound levels were: 2 s L 2 ] (, R
Extreme 1st test [ o 1 (2.14)0.81
Normal 2nd test B Dcans ] (3.12)=0.41
Extreme 2nd ftest [ ] (249=1.07

The responses for the general comfort levels are shown in Table #.4as
observed that the responses in the normal test room condition ia Phasre in the
comfortable- more comfortable range, and the responses in tlemextest condition
were in the comfortable-slightly uncomfortable range. With-@alBe of 0.002 the
difference in the test subjects’ responses between the tato ré®m physical
environmental conditions was statistically significant. Thded#hce can be more easily

observed in the 95% confidence interval graph shown in Figure 4.24.
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Table 4.47 Phase | and Il average responses about general comfort ldwelegt toom

Rate your comfort with respect
VEerv VEry
i i 3 fortabl i
to the Tollowing sspects of your comfortable comfortable uncomfortable
study environment:
1 2 3 - 5
Normal 1st test [ o 1 (2.70)+0.89
Rate your general level of comfort | Exireme 1st test [ o ] (2.931:1.08
in the study room today. Normal Ind test L o ] (262099
Extreme 2nd test [ o ] (3.31%+0.83

Interval Plot of General Level of Comfort
95% ClI for the Mean

3.6+ B

3.4

3.27

3.01 -

2.8+

Survey Response

2.6 &

2.4

2.2

T T
Normal Extreme
Condition

Figure 4.24 Phase 11 95% CI graph for the general level of comfort in th@oest

The environmental survey responses in the Phase |l tests lossr to the
expected levels. The test subjects’ responses to every envirtahmarameter in the
normal test room physical environmental condition were mostly ipé¢hiect range. The
responses for every environmental parameter in the extremeoteition were more in
the extreme range. In the Phase | tests no significaetehice was found between the

responses for the lighting as well as the general comfort ldmehe Phase Il tests there
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was significant difference in all environmental parameterl Imsponses and the general
comfort level between the two test room physical environmental womsli Therefore,
the analysis in Phase | that compared the SVT scores acctodnugv the test subjects
responded on the environmental survey was not performed for Phaskdistatistical
differences in the environmental survey responses between Phasé¢ dndiscussed in
the Phase | and Il Discussion of Results section.

The third part of the environmental survey was examined. This part dealt with the
guestions regarding how the test subjects perceived the physmsatonmental
conditions to have affected their task performance and attention otaske The
responses are shown in Table 4.36, Table 4.37 and Table 4.38. First the resmyase
compared between the normal and extreme test room physicalrenemtal conditions
for Phase | and Il. Then the responses were also compared nesihective test
conditions between the Phase | and Il

Table 4.36 shows the average responses from the third part of the emvitahm
survey regarding the affect of the temperature parameterma 1st and Extreme 1st
are the responses from the Phase | tests, and Normal 2nd anchée2ne are the
responses from the Phase Il tests. In the table it was odsbatehe responses from the
Phase | tests for both the task performance and attentionomsestere very similar
between the two test room physical environmental conditions. Intli@ce is no
statistical difference in the responses between the twocoestitions (P-value 0.901
about the affect on task performance, P-value 0.979 about the affeitemmtiion to the
task). In Phase Il the test subjects in the extreme testiton responded that the

temperature levels had a significantly greater negative ingratheir task performance
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and attention to the task than in the normal test condition (P- 9436 about the affect
on performance, P-value 0.007 about the affect on attention).

The temperature responses were also examined in the respesiveoom
environmental conditions between Phase | and Il to identify wheredifferences in
responses occurred. For the temperature parameter it cdoséwed that the degree of
shift in the responses was very similar for the respectstectanditions between Phase |
and Il. The test subjects of the normal test condition of Phasedlerage had greater
level of disagreement (not significant) than the subjects ohdtinmal test condition of
Phase I. The test subjects in the extreme test conditiohasfeMI had lower level of
disagreement (not significant) than the subjects of the extreme test condRbasef |.

Table 4.37 shows the average responses from the third part of the emvitahm
survey regarding the affect of the sound parameter. The responiseshase | tests did
not significantly differ between the two test room physeaironmental conditions (P
value 0.546 about the affect on performance, P-value 0.395 about the affgentorg.
While, in the Phase Il tests the tests there were signiftiferences to those questions
between the two environmental test conditions (P-value 0.021 about thé @affec
performance, P-value 0.019 about the affect on attention).

Comparing the responses in the respective test conditions betweenl Rhdsll
a few observations can be made. The differences betweehabke Pand Il mostly came
from the test subjects in the normal test condition. The subjedise normal test
conditions of Phase Il indicated that they more strongly disagrde the following
statements than the subjects of the normal test condition in the Phasts. The

responses in the extreme test conditions between Phase | andelifaity similar.

118



Furthermore, there is an indicative of a trend that the tdgeds of the extreme test
condition of Phase Il detected the 5 dBA decrease in sound le@isaverage they
disagreed more about the negative effect than the test subjeth® iextreme test
condition of Phase I. This difference was not significant; howéwsrirend is observed
for a second time, once in the first and also in the third part of the environmenésl. sur

Table 4.38 displays the responses about the affect of the lightingngiaraon
student task performance and attention to the task. In Phasestlsebjects’ responses
did not differ statistically between the two test room conditiéhigdlue 0.438 about the
affect on performance, P-value 0.195 about the affect on attentiorBhase Il the test
subjects identified in the first part of the environmental suthey the lighting in the
extreme test condition was significantly brighter than in themabrtest condition.
However, on the question regarding the affect the lighting paranwtertheir
performance and attention the test subjects’ responses did notéiffeeen the two test
room conditions (P-value 0.451 about the affect on performance, P-value 0.40¢habout
affect on attention). The responses between the respectiveromst physical
environmental conditions remained were similar between Phases | and IlI.
4.3.2.2 Phase Il Pearson Correlation Coefficients

Correlations between some of the variables were examinedetonite if there is
relationship between them. For this purpose, the SVT scores, envirahreentey
responses and mood (PANAS) survey responses were used. In ordesrnarsethe
correlations between these outputs, Pearson correlation coeffi@genisgd. In contrast

to the Phase | tests, no time data was available in the Pheestsl due to the equal
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duration of the oral presentation; therefore, no correlation aralyith time data was
performed.

4.3.2.2.1 Phase Il correlation between SVT Scores and the environmentgl surve
responses.

The correlations between the test subjects’ responses ehtimenmental survey
and their SVT scores were examined for the two test room m@thysiovzironmental
conditions. The responses to the question regarding the overall ctewébrin the study
room were used. The scatter plots for the two conditions aldtlg the Pearson
correlation coefficient factor are shown in Figure 4.25 and Figure 4.26.

The correlation coefficient values in both test room conditions iteticikat there
was no relationship between the SVT scores and the level of carhtbe test subjects.
The correlations between the responses regarding the physic@nenental parameters
and the SVT scores were examined and also no relationship betwsenvariables was
found. Correlations between the overall comfort level responses amdothee affects
items from the PANAS survey were also investigated and thase ne relationship

identified between the variables.
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Figure 4.25 Phase Il scatter plot between the SVT scores and overaicontfie

normal test condition, r = 0.029
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Figure 4.26 Phase Il scatter plot between the SVT scores and overtttdorthe

extreme test condition, r = 0.065
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4.3.2.2.2 Phase Il correlation between PANAS responses and the envirdnmenta
survey.

The same four PANAS items are presented as in the Phtaghy| Shose are the
items that either appeared to have a greater difference iavdrage responses between
the two test conditions or were considered relevant to the sflity.average responses
are shown on the Table 4.48 for the Phase | and Phase |l fesitde 4.49 gives the
correlations of those items the general comfort level resposse®lhas the P values
between the two test room physical environmental conditions in Phase Il.

The first thing that can be observed in Table 4.48 is the factilibaaverage
responses for the “interested” affect decreased in botlho@st conditions from Phase |
to Phase Il. This decrease was significant for both test wmnditions. P-value of
0.004 was calculated between the normal test conditions of Phaddll and a P-value
of 0.001 was calculated between the extreme test conditions of Piraddl. This is an
indication that the test subjects in both conditions in the Phassts$l were significantly
less interested in the task than the test subjects in the Phase | tests.

The correlation values are very close to zero. Thereforg,itkdgcate no linear
relationship between the test subjects’ comfort level and how risgyonded to the
PANAS items. The correlations of the other PANAS items vwase examined and
similar results were obtained. The PANAS responses visveaaalyzed for differences
between the two test room conditions. There was no significargrafife in the
responses with the exception of the *“irritable” affect. Evieough the responses

indicated very slight levels, the test subjects in the extreme test rooni@omnesponded
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that they were significantly more irritable (P-value 0.08n the subjects in the normal

condition.

Table 4.48 Phase Il correlations between the PANAS items and comfortdspehses

:;:TE Alle | Moderately | Quiteabit | Extremely
1 2 L} 4 5
Normal 15t test . oSreR——| [2a3y<1.1%
Extremie 15t test e e | (223 =140
taterested | ormal dnd test R —— Qs ] (2.15) =105
Extrems 2nd test g} (1.86) =1 06
Normal Isttest | [--—---0----—] (135)=0.72
= Extreme 15t test l ............. T — ]- (16712098
Normal 2nd best e g——] (1.44)=0.82
Extreme 2adtest || s 1 (1.57) =031
Nomnal 1st test | e e | (209 =109
e [Erome lst e e g ) (224)=130
T —— P ] (1.56)=0.91
Extreme 2od test e e o | (2iH=112
Mormal 1st test [resesiiomacacianas Db e I ] ] (2.19)£120
aive Extrems Isttest | [-—- Qo ] {1.79y=1.20
Normal 2od test | f—oo oo ] (1.92)=123
Extrems Ind test | (2.1 =126

Table 4.49 Phase Il P-values and correlation coefficients for selected  Ad&AS

Correlation Coefficient
. PANAS | PANAS |PANAS |PANAS
Comifion atfect affect affect affect
(active) | (imterested) | (upset) ((irritable )
Normal -0.202 -0.472 -0.047 | 0075
Extreme 0.040 -0.048 0.074 0267
D Vahe 0446 258 0511 0021
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4.3.3 Phase Il Root Cause Analysis

A root cause, similar to the one that was completed in Phagsead also
performed for the Phase Il study. Even though a statigtsighificant effect of the test
room physical environment was detected on student SVT performamo&rt levels,
and mood, the effect size was fairly small. Thereforepthblem statement for Phase Il
was defined as: why, for the given task, the test room phyams@édonmental conditions
did not have a larger effect on student SVT performance, corefatsland mood. The
same structure of constructing the fish bone diagram as in Phase followed. The
possible root causes were considered under the same six aggbowever, the length
of the discussion is significantly shorter since many of thaiplesroot causes are the
same as in Phase |I. Causes that are only particular foe Rhasre discussed in this
section.
4.3.3.1 Category “Mother Nature”

This category dealt with the test room physical environmentaditons. In the
Phase Il study, the test subjects perceived the parametés tevde closer to the
expected levels. The responses in the normal test room envir@hnoentition
regarding the temperature, lighting and sound were mostly ipehfect range. The
responses in the extreme test condition were more in the exteerge. There were
significant differences in the responses for all three pamseds well as, the comfort
levels between the two test room physical environmental conditiémen though these
differences were statistically significant, besides thmperature parameter the test
subjects did not perceive the other parameters to be as extrelmeever, that was

expected since the extreme test physical environmental paralevels were selected to
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be slightly outside of the comfort zone. Therefore, no possiblecauste was identified
in this category.
4.3.3.2 Category “Method”

The testing protocols were very similar between Phases | land’He only
difference dealt with the modification from reading to aal gresentation of the test
passage. Therefore, the possible root causes that were disonskss the root cause
analysis for Phase | apply for Phase Il as well. As in Phabe testing protocol was
followed very closely in order for all of the test subjects dmplete the experiment in
the same manner. As in the Phase | tests, the only possibtauset that was identified
was the lack of motivation factor. In this phase no test sulfjecte criteria for being
excluded from the analysis. There is a possibility that theréeat subjects that did not
fit the criteria but still did not give the oral presentatiork tagair effort. Depending on
the number of such subjects, the results could be skewed slightygmficantly.
Therefore, the lack of a motivational factor is considered a possible root cause
4.3.3.3 Category “Man”

All of the discussion under this category from Phase | campbiéed to Phase II.
The demographics and the test anxiety levels of the test subEesxamined prior to
the analysis. No differences (covariates) were detected &etébee two test room
environmental conditions. A possible root cause that was identifidte iRhase | tests
regarding the test subjects group can be applied to Phasehd.effect size that was
detected is considered to be influenced by the type of subjacteempleted the study.
The intellectual capabilities of the test subjects wereicserfit to be admitted to a

university. Those students can be considered more capable of suypgpthsesnegative
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effects of the environment on their performance, comfort levelsnaoat than K-12
students. This homogeneous intellectual make-up of the test subpegt gan be
considered a possible root cause that can explain the effedhaizwas detected in the
Phase Il study.

4.3.3.4 Category “Material”

This category deals with the furniture that was used in therdes, such as
tables and chairs. This category also deals with the type s# aod lighting that were
used to create the two test room physical environmental conditions. The furndutea
type of noise and lighting were the same for Phase | andhiérefore, the possible root
causes that were discussed in Phase | apply to Phase Il. thhgatiscussion in Phase |,
no possible root causes were in this category in Phase Il
4.3.3.5 Category “Machine”

This category deals with the electronic equipment that wed insPhase 1l. This
included the laptop computers with the test software, and the instsuar@hsystems in
the test room that created and controlled the physical envirdaimemnditions. In
addition to the already discussed possible root causes in Phasesé IPhdilized
additional electronic equipment such as the television and the DW2rplgith the
surround sound system. The image on the television was clearlyreeerverywhere
in the test room. The surround sound system made possible fgrethehdevels of the
oral presentation to be of fairly uniform levels across thertesh. The media system
along with the other electronic equipment was tested for full occupancy prior tbake P
Il study. No issues prior or during the experiment were ewepuntered with the

electronic equipment. Therefore, no possible root cause was identified in th@rgate
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4.3.3.6 Category “Measurement”

This category deals with the test instruments that wezd tes measure student
learning performance, comfort levels and mood. In the Phase | tests, ttigigeokthe
learning performance measurement instrument (reading testgpaaad the SVT) was
considered as a possible root cause. The same measurenrameanstwas used in
Phases | and Il. Therefore, even though there were differathetected in the test
subjects’ SVT performance in the Phase Il study, the sensitofitthe learning
performance measurement instrument can be considered as aepussildause for the
effect size which was identified.

In the Phase Il study, the different teaching modality alsdtezkin the increase
in the statistical power of the study. The low statistpcaler was one of the root causes
identified in the Phase | tests. The Phase Il tests had Istitestical power, 77.2% as
compared to 20% in the Phase | tests. In Phase |l everyutgstt had to listen to the
oral presentation, while in Phase | there is a possibility thaessubjects could have
clicked through the test passage without trying to retain thenwattoon for the SVT.
This change in the teaching modality possibly resulted in lesanca in the SVT
performance between the test subjects that gave the task a fair efféré ame$ who did
not. This observation along with the higher sensitivity resulted in I¢hening
performance measurement instrument to have a higher probability of detbetowrect
effect. Therefore, no possible root cause was identified in this category.
4.3.3.7 Phase Il Results of the Root Cause Analysis

The root cause analysis was conducted to determine the factocodlch have

influenced the effect size that was identified in Phase He fossible root causes were
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considered under the six categories that were discussed in theats® analysis of
Phase |. After completing the analysis in Phase Il, two pessdut causes that can
explain the problem statement were identified:
0 The reasonably high intellectual university student test group capable of
filtering out the negative effects of the extreme condition,
0 The reading test instrument had low sensitivity,
0 The test subjects had no motivation to give the oral presentation a fair effort.

The same root causes were identified in Phase | along with d¢kinees. The
other two, such as no reported difference in the comfort I&etigeen the two test room
physical environmental conditions, and low statistical power do not appBhase II.
The reasonably high intellectual university student test group, howewaer, be
considered to be fairly capable of filtering out the negatiffects of the extreme
condition. This could explain the small effect size which wastified in the SVT
performance between the two test room physical environmental conditions.

As in Phase | no motivational factor was present for the test subjects eflPtoas
give the oral presentation task a fair effort. The numbesuoh test subjects and the
degree to which they gave the task a fair effort is unknown. Sulipattdid not take the
task seriously could have skewed the results one way or the otherefdre, this was

identified as a possible root cause could have affected the effect simashadg¢tected.
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4.4 Phase | and Il Discussion of the Results

The task that involved viewing an oral presentation showed to be seasitive
to the test room physical environmental conditions than the taskdhgean the laptop
computer. Significant differences in Phase Il were identifiethe test subjects’ SVT
performance between the two test room physical environmentaltiomsdi In addition,
in Phase Il the responses to the physical environmental parametes closer to the
intended levels than they were in the Phase | tests. Also imasbi Phase |, the test
subjects in the normal test room physical environmental conditiomasgePIl reported
that they were more comfortable and less irritable than thecabn extreme condition.
There were also significant differences in the subjects’ resgotts how the physical
environmental conditions affected their task performance and atteatitve task. The
SVT scores and environmental survey responses were examined indetare to
determine in what manner they changed between the Phase | and Il tests.

The increase in the SVT scores in the normal test room conditvenage of 1.7
correct answers) from Phase | to Phase Il is almost the aarthe decrease of the SVT
scores in the extreme test condition (average of 1.8 corresees)s This increase and
decrease in the SVT scores is not significant between thectiegpiest room conditions
of Phase | and Il (normal test condition P-value 0.121, and extreneoteltion P-value
0.139). However, this shift in the test subjects’ SVT performaeselted in small but
statistically significant difference between the normad @&xtreme test room physical
environmental conditions of Phase Il. To investigate this shif¥/ih gerformance from

Phase | to Phase Il the environmental survey responses wersmesanThe responses
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were studied to determine if there was a significant ochamgest subjects’ environment
perception and comfort levels between the Phase | and 1l tests.

The first parameter that was examined was temperafure.test subjects in the
normal test condition of the Phase Il tests responded that threyshghtly warmer on
average than the subjects in the normal condition of Phase | but tesertik was
insignificant (P-value of 0.133). The test subjects in the exttestecondition of Phase
Il responded that the test room was significantly hotter thaheirextreme condition of
the Phase | tests (P-value of 0.019). The fact that Phase Il amae conducted at
different time of year could have possibly influenced this shifrasponses. With
significant difference in the outside temperatures in April aodefber in Las Vegas, it
can be safely assumed that the level of clothing of theubgcds was different between
Phase | and II. This could have contributed to the fact that on awbetgst subjects in
Phase Il were feeling warmer than the test subjects in Ph&tmwever, it was observed
that the degree of change between the two test room physicarenemtal conditions
was not the same. The fact that the difference in respansles extreme condition is
greater than the normal condition indicates that there are faitters that influence this
than just the difference in outside temperatures between Phase | and II.

The lighting level responses were also examined. In both resh
environmental conditions in Phase Il on average the test subjectsdespthat the
lighting level was brighter than in Phase I. There was nofsgnt difference in the
lighting levels responses between the normal test conditions frose Pha 1l (P-value
0.300). The extreme test condition responses were borderlinacsigtiif different for

the lighting (P-value 0.054). For lighting as well as forgemature, the changes in the
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responses between the extreme test conditions were greatertthte changes in the
responses between the normal conditions from the Phase | to Il tests.

The noise level responses were also examined. The respongesriorrmal and
extreme test room conditions did not differ significantly betwenPhase | and Il tests.
However, the reduction in the sound levels in the extreme testticonfiiom Phase | to
Il could possibly have affected this result.

The overall comfort responses in the study room were examinetifferences
between the Phase | and Il tests. The responses betwemoritied test conditions did
not change (P-value 0.710). The shift in responses between temexest conditions
was not significant (P-value 0.093), but the degree of change iis laigaer than the
change between the normal conditions.

From this discussion there is indication that test subject€epgon of the
physical environmental parameters and comfort levels werealitfg affected based on
the test room environmental condition they were in from Phase .| {ohié difference in
test subjects’ responses between the extreme test conditiamsgneater than the
difference in responses between the normal test conditions froPhtse | to Phase Il
tests. The test subjects in the extreme test condition iRtthse Il tests responded that
the temperature was hotter, the lighting was brighter and ithene indication that they
were overall more uncomfortable than in the extreme condition dPllase | tests. No
such trends on any of these parameters were detected testisibjects in the normal
test condition. The test subjects’ perceptions of the physicaloanvental parameters
and comfort levels in the normal test room conditions were the karige Phase | and

Il tests.
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The observed trend is hypothesized to be as a result of thesuiiffieaching
modalities used in the Phase | and Il studies. The test subjbots/iewed the oral
presentation of the test passage in the Phase Il study wesiblpdsss engaged in the
task than the subjects in the Phase | study who read the teag@asThe test subjects
that completed the reading were more effectively able &r filtit the negative effects of
the extreme test room environmental condition. Instead of havifgctss on the
computer screen, and as they were sitting back and viewing theresantation, the test
subjects in the Phase Il study were more prone to observe antetedby the test
room physical environmental conditions. This would explain why theepgon of the
environmental test parameters and comfort levels were miextesd for the test subjects
in the extreme test conditions in the Phase Il study.

In the pilot study it was found that for the different teacmmoglalities, the same
test room physical environmental conditions have different effetesinsubjects’ SVT
performance, perception of the physical environmental conditions, dotef@ls and
mood. In addition, the physical environmental conditions responses in tinalrtest
condition did not differ significantly between the reading and thiepsesentation of the
test passage. In the extreme condition, the subjects’ pemepif the environmental
conditions and comfort were more negatively affected. This @htte the hypothesis
that, for tasks that require lower levels of concentration, substhnatan environmental
conditions may be harder to filter out, creating lower levelscanfort and more

negatively affecting student learning performance and mood.
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CHAPTER 5
SUMMARY CONCLUSIONS AND RECOMMENDATIONS
5.1 Summary of Results

The analysis of data from the Phase | tests where thesubgicts read a test
passage in the normal and extreme test room environments densahatvasignificant
difference of the test subjects’ SVT scores between the dnditons. The root cause
analysis identified several possible factors that could have loot&d to this result. The
possible root causes were:

o0 There were no significant differences in the reported tdgests comfort levels
between the two classroom environmental conditions,

0 The reasonably high intellectual university student test group capable of
filtering out the negative effects of the extreme condition,

0 The reading test instrument had a low sensitivity,

o0 The experiment had a low statistical power, and

0 Test subjects had no motivation to give the reading task a fair effort.

After replicating the study for a different teaching modalibe Phase Il results
were different. The Phase Il tests detected differanceest subjects’ SVT scores
between the two test room physical environmental conditions. Thefieedifference
in which the test subjects in the normal test environmental congigdiormed better
than the test subjects in the extreme condition was small; noesthélwas statistically
significant. A root cause analysis was performed to identifyptssible root causes that

could have influenced the effect size that was detected. Yhes&res for the Phase |
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and Il tests are summarized in Table 5.1 and Figure 5.1. The passibleauses for
Phase Il were:
0 The reasonably high intellectual university student test group capable of
filtering out the negative effects of the extreme condition,
0 The reading test instrument had low sensitivity,

0 The test subjects had no motivation to give the oral presentation a fair effort.

Table 5.1 Phase | and 1l Summary of the SVT results and analysis

N Mean SVT §
Pilot Test| Environmental D‘m’;bf"f {ﬂmb;a:fcmec:z;;m Standard |ANOVA|,
Phase - | Test Condition ‘?S e Deviation |P- Value | oo oron
Subjects out of 40 guestions)
Normal 40 268 54 Fail
Phase [ 0407 | "0
Extreme 41 275 54 reject Ho
Normal 34 286 38
Phase 1T H2 Reject Ho
Extreme 35 26.1 48

Interval Plot of the SVT Scores
90% CI for the Mean
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Test Condition

Figure 5.1 Interval Plot of the SVT Score from Phase | and Il
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In addition to the SVT scores for the Phase | and Il testspttier outputs of
these experiments were the test subject survey responses.nxiéty aurvey and the
demographic questions were used to determine if, after the randamnaest of test
subjects, the two test groups both in Phase | and Il could be considered tddre Sihe
average anxiety level responses, shown in Table 4.31 and Table 4.32, olexdyp
between the two test subject groups in each of the Phase |t@stsll The responses to
the demographic questions shown in Table 4.2 and Table 4.4 were alsamviay s
between the two test subject groups in each of the Phase | tastsIl Therefore, based
on these results, it was concluded that the two test subject gayugsch of the Phase |
and |l tests had nearly the same characteristics, and no covariatedeterted.

The environmental survey responses from the Phase | test room gbhysic
environmental conditions indicated that the test subjects did not petbeitest room
environmental parameter levels exactly as expected. Sommsutgects responded that
the temperature in the normal test room environment was eclitbleand some indicated
that the lighting in the extreme classroom environment was notigig las intended.
There was no significant difference in the lighting responsestlamdoerceived test
subjects comfort levels between the two test room physioatonmental conditions in
Phase I. There was also no significant difference in thestdgécts’ responses on the
guestions regarding to how they perceived the physical environnecentgitions to have
affected their performance and attention.

The test subjects of Phase Il responded differently to the ®steom physical
environmental conditions as in Phase |. The test subjects ire Phagrceived the

physical environmental parameters more as expected. The respabsut the
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environmental parameters in the normal test condition were ao#e tperfect region
and in the extreme condition were in the more extreme region. e Weas significant
difference in responses for the levels in temperature, lightidgnoise. The test subjects
in the normal test room physical environment also responded thawvénreysignificantly
more comfortable than the subjects in the extreme condition in Phase II. THgjests
in the extreme test room physical environment also indicatedhniattask performance
and attention to the task were more negatively affected die tietnperature and sound
levels than the subjects in the normal test room physical environment.

The responses from the PANAS survey indicated there was no cagnifi
difference in mood between the test subjects of the twodest physical environmental
conditions in Phase |. The test subjects in the extremeot@st condition of Phase Il
responded that they were more irritable than the subjects in thalntesthroom physical
environment. The correlation analysis did not find any relationships between N#ASPA
items and the environmental responses.

After Phase | and Il provided different results, the differenaesthe
corresponding conditions between the two phases were analyzeds dietermined that
the test subject in the extreme test condition in Phase |l resptrate@mperature was
significantly hotter (P-value 0.019) and the lighting was borderlg@fecantly brighter
(P-value 0.054) than test subjects in the extreme condition in Pha®edrall it was
shown that there was a trend that the test subjects in the extreme testocaidithase Il
responded to be more uncomfortable than the test subject in thenextoadition in
Phase I, while no such trend was detected for the normal testienadi This finding

lead to the hypothesis that, for tasks that require lower level of concamtsatbstandard
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physical learning environmental conditions can be more pronounced, dogate

comfort levels, and have a greater negative effect on student learning pederm

5.2 Recommendations for Further Studies

The main goal of this pilot study was to determine weathapbengineering and
student performance measuring instruments and testing protocdie cesed to identify
relationships between the test room physical environmental conditindsstudent
learning performance. That would allow the research team éondiee how to better
conduct more detailed and sophisiticated studies in the followirgeplad the I-SPIDER
research. Based on the results of the pilot study, recommendatidusufe studies are
made.

1. There was no measureable difference in the Phase | SVTsdoorthe normal and
extreme classroom environments when the test passage wdsyrdee test subjects.
There was a small but still statistically significantfeliénce in the Phase Il SVT
scores for classroom the environments when the test passagealiapresented to
the test subjects by means of a video presentation. Therefore, ithdittle
justification to undertake a full factorial laboratory study iforestigating the effects
of classroom temperature, lighting and sound on student learning performance.

2. Instead of performing a full factorial laboratory study ghdlivariation to the already
conducted study could be made. From this pilot study it is not khevdégree to
which each parameter influenced the difference in the test ssibpsrformance,
comfort levels and mood in the Phase Il tests. Based on the envirahmawey

responses the test subjects responded that they were mostlyedotherthe
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temperature, then noise and the least was by lighting. A usefutovsomewnhat
isolate the effect of each parameter would be to repe&tthase 1l test in the extreme
condition three times and each time to set one of the paranoéterserest to its
normal condition level. Since baseline data is already avaifaldh variation to the
Phase Il tests would give an indication of the degree of infueh@ach parameter
has on the outputs.

. A useful follow-up study will be to replicate the laboratory pgdtidy in actual K-12
classroom settings for both the reading and oral presentation agpaapriate age-
level test passage. The goal of the study will be to determinenativthe results of
the laboratory pilot study will extend into actual K-12 classroorirenments. The
intellectual make-up of the university student test groups in thedtgrstudy was
reasonably homogeneous. The intellectual capabilities of the stwademsufficient
to be admitted to a university. It is anticipated that theledtlal variance among
public school students will be much greater. It is desirable tondiete the potential
effects of this anticipated increased intellectual varianthirwK-12 student test
groups on measured student learning performance.

. Another variation to the conducted laboratory pilot would be to investtbateffects
of different tasks that require different concentration levels otest performance,
comfort levels, and mood. Based on the Phase | and Phase Il tests it wasd tiedécte
for the different tasks, the same conditions can be perceivedettitfy, especially in
the substandard condition. It was noted in this study that theulejgicts perceived
the extreme conditions a lot more differently than the test dsbjecthe normal

condition from the Phase | to Il tests.
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5. Another variation to the laboratory pilot study and the K-12 classrotuay s
proposed in (3) is to add a motivational element to the studies. Weeeandications
in the survey responses during the laboratory pilot study that gbthe test subjects
did not take their participation in the study seriously. Thesestdgects were not
considered in the statistical analyses. However there isbgdgsihat there could
have been other test subjects that did not fit the criteridhBorremoval from the
analyses but still could have primarily guessed at answers or did nahgi$&/T test
a fair effort. Introducing a motivation element could increasep#récipation effort
of these test subjects. This could possibly decrease the SV§ctast variations,
increase the power of the study, and overall would be a more realistic tesicce

6. The proposed study in actual K-12 classroom settings can be unddriakelecting
classrooms in which it will be possible to vary the temperatanend and lighting
levels to replicate those levels that were used in the labgratiot study. An age-
appropriate test passage will be either selected or developeithefoBVT tests.
Normal and extreme temperature, sound and lighting levels sitaildnose used in
the laboratory study will be used. The test passage will lselheand presented to
the student test groups in two series of tests. Four studengtesips, two for each
tests series, would be randomly selected. The time required fdamdual K-12
student to participate in this study would typically be less tharhone This study
could be conducted with three K-12 school grade levels: 4th gradesadtfaigd 10th
or 11th grade.

7. A parallel K-12 classroom study can be conducted by initialklgciag classrooms

with known deficiencies associated with temperature, ventilation, sowhtighting
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that are slated for renovation. Classrooms will be selectedwihkifollowing grade
groups: 4th grade, 7th grade and 10th or 11th grade. Temperature, ventitatiah, s
and lighting levels will be measured in the classrooms over adpefiseveral days
before and after the classroom deficiencies have been correctiéek lxlassroom
renovations. In addition, student test records will be reviewed favgsehefore and
after the classroom renovations have been completed to iddmifgftects of the
classroom renovations on student learning performance.

8. The studies proposed in (3) and (6) would be initially conducted in NeRkuat&
County School District schools. The studies can then be expanded tcsctioet
districts within different urban/suburban school districts in differeimate zones
throughout the US.

9. The laboratory pilot study room was slightly reverberant. Theceffof this were
noticeable during the Phase Il tests when the test passaggaigpresented to the
test subjects. Laboratory and K-12 classroom studies can be cahdihete
investigates the effects of classroom acoustical charstaterassociated with sound
reverberation on speech intelligibility and it related effects on leapenigrmance.

10.The extreme sound source in the Phase | and Il tests was aeathator fan with a
slight tonal characteristic and a broad sound spectrum. Only tbet ef source
sound level on learning performance was investigated. The effedthef sound
sources with different sound spectra and with time varying and thaahcteristics
on learning performance should be investigated.

11.In the normal test condition in Phase | it was also noted that berurhtest subjects

responded that they were bothered by the constant clicking of thee antt other
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sounds such as moving chairs or tapping feet. A useful variation shuthe would
be to test different background noise levels and identify which lewaildv
successfully mask those noises and provide higher comfort levels.

12.Test subjects in the Phase Il laboratory pilot study testedetadbe more responsive
to the differences in lighting levels between the normal andemetrclassroom
environments. One type of fluorescent lights was used for the @itsr effects of
other types of lights with different light spectral contentslearning performance

should be explored.

5.3 Conclusion

The performed pilot study was very beneficial and gave vesfulsformation
that determined the direction of the whole I-SPIDER reseafolt.efThe research team
now has an understanding of how the test subjects are going to paridrnespond to
the physical environmental conditions related to a reading task and oral atiesenthe
results from the pilot indicated that there is no justificaiiorconducting the initially
planned full or partial factorial laboratory study. Instead ghslvariation to the pilot
study can be performed that will give an indication of the individralironmental
parameter effects on student learning performance output. Incaiditfield study will
be performed which will verify the extent to which the resfitien the laboratory study
apply to a real K-12 classroom for a different test subjexiggr Recommendations were
made for the following phase of the study, as well as, for future studies.

Identifying the effects of the classroom environment on studefdgrpence is a

complex task. Documenting these effects in detail by considatingf the related
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variables is an impossible assignment for a single studgedan the findings of this
pilot study and the follow up field studies, solid understandinghbeldeveloped about
the effects of temperature, noise and lighting on student leapeirigrmance, comfort
levels and mood. Eventually through valid research, the scientitierece will benefit
students by providing information and guidelines for a better classnoloysical

environment.
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APPENDIX A

IRB APPROVAL

UNLV

UNNERSITY OF NEVADA LAS VEGAS

Biomedical IRB — Expedited Review
Approval Notice

NOTICE TO ALL RESEARCHERS:
Please be aware that a protocol violation (e.giluf@ to submit a modification for arghange) of an
IRB approved protocol may result in mandatory rerakeeducation, additional audits, re-consenting
subjects, researcher probation suspension of asgarch protocol at issue, suspension of additional
existing research protocols, invalidation of allsemarch conducted under the research protocol at
issue, and further appropriate consequences asmeted by the IRB and the Institutional Officer.

DATE: February 23, 2010

TO: Dr. Douglas Reynolds Mechanical Engineering

FROM: Office for the Protection of Research Subjects

RE: Notification of IRB Action by Dr. Charles Rasmuss€&wo-Chair
(Pl_rggaigglr)ﬂtle:lnternational Study Program for Indoor Environmenta | Research

Protocol #:; 1001-3339M

This memorandum is notification that the projedérenced above has been reviewed by the UNLV
Biomedical Institutional Review Board (IRB) as indfed in regulatory statutes 45 CFR 46. The
protocol has been reviewed and approved.

The protocol is approved for a period of one yeamfthe date of IRB approval. The expiration date
of this protocol is February 18, 2011. Work on fineject may begin as soon as you receive written
notification from the Office for the Protection Besearch Subjects (OPRS).

PLEASE NOTE:

Attached to this approval notice is tb#icial Informed Consent/Assent (IC/IA) Form for this study
The IC/IA contains an official approval stamp. @obpies of this official IC/IA form may be used
when obtaining consent. Please keep the origarafdur records.

Should there banychange to the protocol, it will be necessary tonsii aModification Form
through OPRS. No changes may be made to thergxistotocol until modifications have been
approved by the IRB.

Should the use of human subjects described irptoi®col continue beyond February 18, 2011 it
would be necessary to submi€antinuing Review Request Form60 daysbefore the expiration da

If you have questions or require any assistanesgal contact the Office for the ProtectidiResearc
Subjects aOPRSHumanSubjects@unlv.educall 895-2794.
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APPENDIX B
SUBJECT POOL AD

Subject Pool Ad to appear in the Experiment Management Systenof the
Department of Educational Psychology. Students will see thigusly description
when they log into the “Available Studies” section of the sysm. This ad will also be
presented in some of the undergraduate Engineering classes.

Study Name International Study Program for Indoor Environmental Research (I
SPIDER)

Description

Undergraduate Educational Psychology students- Complete two howeosirofesearch
requirement with one study!
Undergraduate Engineering Students- Receive extra credit for paitigipat study!

This is a combined study between the Colleges of Engineeridg Eatucational
Psychology which is focused on better understanding reading andet@npion in a
controlled classroom environment. This study will provide reseesci@d instructors
with information on how learning is affected by the environment.

This is a one part study which will take approximately two htumplete. The study
will take place in on-campus lab within the college of Engimgeri The experimental
area, which is a normal classroom environment, is equipped with cobiéoctzairs and
laptop computers. A researcher will give you instructions, guidetlyough the paper
and pencil consent process, and will be also available to answguestyons. The study
will be performed on the laptop computer and will consist of completingading task,
answering surveys about your test-taking experiences and gse#rpkrception, and
taking a short reading test. You can withdraw from the studngime; however, no
credit will be given unless the whole study is completed. Youmenavill only be
required for the purpose of assigning you credit for participation, no coomevill be
made to the actual data collected.

The study will take place March and different testing scheduldsbe offered. For
Educational Psychology students you will be able to sign up throughlgb&oaic
Experimental Management System. For Engineering studentsinfionmation will be
provided during your courses. In both cases you will need to contactsiarch team
member via email (shown below) to sign up for a testing time.

Lab Study VAST lab located within the College of Engineering,

Location TBE B-building

Eligibility Requirements undergraduate students at UNLV
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Duration 2 hours
Credits 2 Credits for Educational Psychology students
Extra Credit for Engineering students

ResearcherStoil Pamoukov
Email: stoill1@yahoo.com

Principal Investigator Douglas Reynolds, PhD
Participant Sign-Up Deadline48 hours before the study is to occur
Participant Cancellation Deadline0 hours before the study is to occur

Study StatusVisible to participants (approved)
Inactive study (does not appear on list of available studies)

IRB Approval Code
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APPENDIX C

INFORMED CONSENT FORM

TITLE OF STUDY: International Study Program for InDoor Environ mental
Research

INVESTIGATOR(S): Douglas D. Reynolds, Ph.D., Gwen C. Marchand, RD.,
Brian J. Landsberger, Ph.D., Stoil Pamoukov

CONTACT PHONE NUMBER: 702-895-3807

Purpose of the Study

You are invited to participate in a research study. The purposkisoltudy is to
determine the how attention and reading comprehension works in alleghttassroom
environment. This study will provide researchers and instructors with infiomat how
much and in what manner environment affects learning.

Participants
You are being asked to participate in the study because yan anedergraduate student

at UNLV.

Procedures

There are two parts to this study. If you volunteer to partieipathis study, you will be
asked to come to an on-campus lab where you will: (1) comple¢ading task (2)
answer some questions about your test-taking experiences armdl gateperceptions
(3) take a short reading test.

Benefits of Participation

There may not be direct benefits to you for participating in thidys However, you may
find that you are interested in the reading material provided fosttdy. Also, your

participation will help educators better understand how classroonmroements

influence learning.

Risks of Participation

There are risks involved in all research studies. This studyinthyde only minimal

risks. You may feel uncomfortable while completing the studistalsie to the noise,
temperature, or lighting conditions inside the lab room. You may aédddiegued or

bored when completing the study tasks.

Cost /Compensation
There will not be a financial cost to you to participate in thislys In its entirety, this
study will take between 2 hours of your time. You will notdoenpensated for your
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time. However, you may also receive partial course-creditexira credit for
participating in the study.

Contact Information

If you have any questions or concerns about the study, you may contadbylas
Reynolds af702-895-3807. For questions regarding the rights of research subjects, any
complaints or comments regarding the manner in which the stidyng conducted you
may contacthe UNLV Office for the Protection of Research Subjectsat 702-895-
2794.

Voluntary Participation

Your participation in this study is voluntary. You may refuse tdigipate in this study
or in any part of this study. You may withdraw at any timéheut prejudice to your
relations with the university or with your teacher or school. Youeamuraged to ask
guestions about this study at the beginning or any time during the reseaych stud

Confidentiality

All information gathered in this study will be kept completebyfidential. No reference
will be made in written or oral materials that could link ytouthis study. All records
will be stored in a locked facility at UNLV for three yeafser completion of the study.
After the storage time the information gathered will be rdgetd. Administrative and
teaching staff at your school will not have access to anynration gathered during the
course of this study at any time.

Participant Consent:

| have read the above information and agree to participate in this study. A capy of t
form has been given to me.

Signature of Participant Date

Participant Name (Please Print)

Participant Note: Please do not sign this document if the Approval Stamp is missing or
isexpired.
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APPENDIX D
TEST INSTRUCTIONS

D.1 Phase | Test Instructions

Hello welcome to our classroom,

Thank you for participating in the Ispider study. My name is &twil | am the research
assistant for this project. In this study we are concernddheitv people learn from text
material. The whole experiment will be conducted on the laptop compaotément of
you. The study will consist of completing a reading task, ansgesurveys about your
test-taking experiences and general self-perception, and taking aestungrtest.

The testing software will guide you from one section of the stadiie next. You will
need to complete all of the questions before moving on to the next section.

The reading is presented in groups of approximately 34 words. To adweniext from
one segment to the next segment, clicknemt passageThis will replace the segment
that was on the screen with the next one. You cannot go backdagnaent once you
have moved forward. You will continue to repeat this procedure untifigslin the text.
After reading the text you will be given a comprehensive quissy the text carefully.
Once you have completed the quiz, your score will appear on the screen.

No food or drinks are allowed in the lab except water. You cannot @skplnes.
Please turn off your cell phones. You are also not allowed to pedoynask on the
laptop computer other than completing the test that is already upuanthg on the
screens.

Please refrain from using the restroom but if you need to, youeear ht any time but
please do so without distracting others. You can also withdram flee study at
anytime. If you do withdraw before completing the study, credit be given in
proportion to the time you have committed to completing the studhce @ou complete
the test, you need to sign out before you leave.

If you have any questions please ask them now.

At this point you can start the test, by entering the ID nurgh&n to you on the first
screen.
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D.2 Phase Il Test Instructions

Hello welcome to our classroom,

Thank you for participating in the Ispider study. My name is &twil | am the research
assistant for this project. This study will consist of viewangdeo lecture, answering a
few surveys and taking a short reading test on the lectures shauld take you a
approximately one hour.

In the first part in this study you will be presented with the wigeture on the TV. The
presentation is 30 min long. Once that is finished the rest cttldg will be completed
on the laptop computers in front of you. You will need the ID number tijatd you to
start the testing software so please don’t throw it awalgase do not start using the
laptops before the completion of the video lecture and instructions from me.

The testing software that is up and running is pretty much salfieatory and will guide
you from one section of the study to the next. The testing seftwansists of
demographic questions, quiz and two surveys. You will need to completé thié
guestions before moving on to the next section. Once you have completeaftivare
your quiz score will appear on the screen. Remember, the duaseésl on the video so
please pay close attention to the lecture.

No food or drinks are allowed in the lab except water. You cannot @skpleEnes.
Please turn off your cell phones. Also, please do not performaaikyon the laptop
computer other than completing the test that is already up and running on the screen.

Try to complete this task without interruption. If you need to useesieoom, you can
leave at any time but please hurry back without taking anyiaddlitbreak, like going
for a smoke or making a call. You can also withdraw from the sttdpytime. If you do
withdraw before completing the study, credit will be given in propo to the time you
have committed to completing the study. Once you complete theydesneed to sign
out before you leave.

If you have any questions please ask them now.

At this point | will start the video lecture, do not start on thagishe laptops until the
lecture is complete and hear instructions from me to do so.
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APPENDIX E
TEST PASSAGES
E.1 Practice Reading Passage

“The Matriculating Brain”
by Michael H. Chase (edited for
experimental purposes)

The human brain, for all our intimacy with it, has surrendeless to scientific
research than have the distant moon, stars, and ocean floor, ontsmeltei processes
as genetic coding, immune reactions

or muscle contraction. This complex organ, with its more than li@nbileurons, has
had the incredibly difficult task of understanding itself. Perhapdasle has been so
difficult because even thinking about thinking

is like picking oneself up by the bootstraps — one process nefjatether. The brain
interacts with every system in a person’s body. Exmens to determine how the
brain controls body movements (motor responses)

date back hundreds of years. Recently, we have begun to understand Hmairthe
controls our internal organs (visceral processes). We had asshatednlike body
movements, the brain regulated the internal organs automatically ——

that the muscles of the heart, for instance, were beyond conscamumrol. Our
assumption turned out to be wrong. Within the last six years we diacovered that
one can condition the processes of

his internal organs, and we now know that the brain can actualtyteaontrol its own
activity. This discovery fundamentally altered our perception of tlewvbrain can be
trained to control

the function of other organs, and has suggested a new approach taeSesnch:
operant conditioning of the brain. With this methodology, which appliessanee
behavioral principles that B. F. Skinner developed,

we can teach the brain to alter its patterns of redakactivity. We can even teach it
to fire one neuron and not to fire an adjacent neuron, or to alternate their firing

in a complex pattern. The scientific and clinical implicatiohshis new research are

staggering. For the first time we will be able to deterntieelimits of brain function in
a rather direct manner.
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It may, for example, give physicians the facts they needddvelop new treatments for
illnesses, like Parkinson’s disease, that involve abnormal neordtol of body
movements.

E.2 Experimental Reading Passage
The Sea Around Us
by Rachel Carson

(edited for experimental purposes)

Between the sunlit surface waters of the open sea and the hidden valleys of the ocean
floor lies the least known area on earth with its unsolved problems beckoning man. This
area covers a

considerable part of the earth. The whole ocean extends over a major portion of the
surface of the globe. If we subtract the shallow areas along the shore aoattéesd
banks and shoals,

where at least the pale ghost of sunlight reaches the bottom, there stilsrabmait
1/2 the earth that is covered by miles deep, lightless water that has been dattkesinc
world began.

Only a very few men have had the experience of descending, alive, beyondythefran
visible light. William Beebe and Otis Barton are members of this sgleap. They
reached this exclusive domain

with a dive in the water of the open ocean in a device called a bathysphere. The
bathysphere allowed them to reach depths that man alone could not approach. Wearing a
diving helmet, man can
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walk on the ocean floor about 10 fathoms down. He can descend to an extreme limit
of about 500 feet in a complete diving suit so heavily armored that movement is difficult.
Improvements in the

technology of ocean going craft had allowed Barton and Beebe to descend to a much
greater depth than was possible before. Later working alone. Barton, using aepew de
ocean vehicle known as a benthosphere

reached even greater depths. Both of these new diving vehicles, the baghysmher
the benthosphere, were spherical in shape and therefore withstood the pressure of the
deep well. By the summer of 1949, a depth of 4500 feet

had been reached. In achieving this plateau man with his machines had taken the first
step in exploring the least-known area remaining on the earth's surface. Sdesrent
was a landmark in deep

ocean diving. Auguste Piccard, a Swiss physicist, who had already attaireed fa
because of his daring hot-air balloon ascents was one of the major pioneers in deep ocea
exploring. He proposed a new

vehicle (a bathyscaphe or Depth Boat) which, instead of being suspended from a
cable like the bathysphere would move freely independent of control from the surface.
Work on the new vehicle was begun in

1948. Like its recent predecessors the new diving boat was spherical in shape, again
because spheres withstood the grinding pressure of the deep ocean well. dddmsy f
project was provided by the

Fonds National de la Rechereche Scientifique, which is the Belgian Scientific
Research Fund. Three of the new diving boats were built and names FNRS-2, FNRS-3,
and Trieste. These bathyscaphes (depth boats) were constructed so
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that the needed ballast was provided by iron pellets held to the boat by elecetsmagn
The divers rode in a pressure resisting ball suspended from a metal envelopencpnta
high-octane gasoline, which is

an extremely light, almost incompressible fluid. When the divers wanted to return
to the surface, the pellets were released by stopping the current. In one sciehtivehi
Professor and his son made

a record breaking descent into the ocean in 1953. They reached a depth of 10,395 feet
in an inland sea. This was more than double the previous record. Later the boat was
purchased

from the Piccards by the United States Office of Naval Research.bddtewas
taken to Guam where a descent into the Mariana Trench (the deepest hole inrthe ocea
was planned. Here, using

the newly invented bathyscaphe, an attempt would be made to descend to the ‘floor' of
the ocean. The time seemed right for man to reach this greatest of his godEnuary
23, 1960,

the descent was made. When the bottom of the trench was reached, man was 35,000
feet or nearly 7 miles beneath the ocean surface, in a place which light heachetr
since time began.

August Piccard's son Jacques and Don Walsh had thus become sthendin ever to
reach the floor of the ocean at it's greatest depth. Althoughtlomlyery fortunate few
can ever visit

the ocean's floor. The precise instruments of the oceanographerasutie newly

developed thermistor chain which records water temperature atvaary depths .as it
is towed behind a vessel, and the devices
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which record light penetration, pressure, salinity, and the tetyer have given us
the materials with which to reconstruct in imagovatithese eerie, forbidding
regions. Unlike the surface waters, which are sensitive to every gust

of wind, which know day and night, respond to the pull of the swuhnth@nmoon, and
change as the seasons change, the deep waters are a placehahge comes slowly if
at all.

But, gradually, as man pushes the limits of his technology to the bimkgecrets of the
unchanging, largely unknown, deep ocean will be revealed forhallave interested to
see. Down beyond

the reach of the sun's rays, there is no alternation of light and darkness.isTather
an endless night, as old as the sea itself. For most of the creatures gropingyheir w

endlessly through its black waters, it must be a place of huwgere food is scarce and
hard to find, a shelterless place where there is no sanctuaryefrerrpresent enemies,
where one

can only move on and on, from birth to death, through the darkoesfined as in a
prison to his own particular layer of the sea. They used to say that nothing could live

in the deep sea. It was a belief that must have been easygdpt, for without proof to
the contrary how could anyone conceive of life in such a plddatil relatively
recently

there has been no such contrary evidence. In 1818, a sample of modilected at a
depth of 1,000 fathoms in which there were worms thus proving that tlasranimal
life

prospering in the bed of the ocean notwithstanding the darkn@gsess, silence, and

immense pressure produced by the more than a mile of supebant water. Sir John
Ross is credited with this discovery during
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his exploration of the arctic seas. But many oceanographes iahthyologists
remained unconvinced. They asserted that more and varied ewadshcequired
before any definite conclusions could be reached. In the year 1872,

the first ship ever equipped for ocean exploring set ouade & course around the
globe. Net-haul after net-haul of strange fantastic creatures canmel weee spilled onto
the decks.

Poring over the weird beings brought up for the initial tinte the light of day,
beings no man had seen before, the Challenger's scientisteddalat life existed even
on the deepest floor

of the abyss. Many years later echo sounding was developedchbesounder or
Fathometer is used in conjunction with a chronoscope, an instrument whashnegethe
time space between the sound impulse and

it's echo. Knowing the speed of the sound (about 1,500 ft/sec) and ¢het titraveled,
it is simple to calculate the distance that the sound trave®pkrators of the new
instruments soon discovered

that the sound waves, directed downward from the ship like a bedighgf were
reflected back from any solid object they met. Answeschoes were returned from
intermediate depths, presumably from school of fish,

whales, or submarines; then a second echo was received from the. botterfacts were
well established when Oscar Sund on the research ship Johan &fjoable to correlate
certain images or traces

concerning schools of cod on echograms. Then the war brought hble wubject of

locating schools of fish with echo sounders under ssecurity regulations, and
little more was heard about it for
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the next few years. In 1946, however, a significant bulletin wsased. It reported
that several scientists working with sounding equipment in thp deean had
discovered a widespread reflecting layer of some sort

which gave back a soft diffuse answering echo to the sound waves tindikkear, hard
answering echoes returned from solid objects. The composition and nathis layer
were not only unknown,

but unimagined as well. Speculations about this mysterious laygeddar and wide
through the scientific world for the next several yearns. was not a static or
immovable phenomenon, yet it seldom varied

greatly from its original location. It was seemingly suspenoleiveen the ocean's
bottom and it's surface. The layer was a truly bafflinghphenon. Gradually,
however, the scientific data began rolling in. First discovered in 1942,

this reflecting layer was found over an area 300 miles .wideemingly suspended
between the surface and the floor, it lay from 1,000 to 1,500 feet bleéosurface. This
discovery had been made

by three scientists, Eyring, Christensen, and Raitt abdaedUiS.S. Jasper. Later,
Martin W. Johnson, marine biologist of the Scripps Institution of Oceapby, found
the first clue to the nature of the layer.

Using instruments of the nature of the fathometer, he foundHhbat¢dhoes moved
upward and downward in a rhythmic fashion, being found near the satfaght and in
deep water during the day.

This discovery disposed of speculations that the reflectmamme from something

inanimate, perhaps a mere physical discontinuity in the water,haneed that the layer
was composed of living creatures capable of controlled movement.
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It became clear that the phenomenon was not somethingapécithe west coast
alone. It occurs almost universally in all deep ocean basitisnight rising to the
surface, an again, before sunrise,

sinking into the depths. Although the nature of the layer was slosvhg revealed it
was to remain a mystery to scientists and their colleafgudbe next several years. In
1947, the reflecting layer

was detected during most of the- day, at depths varying fronto 5850 fathoms. This
‘phantom-bottom’ was recorded each day, indicating that it existswommly in the
ocean. Recordings made aboard

the U.S.S. Nereus showed that the- scattering layer éxister all deep waters
between Pearl Harbor and the Arctic. It didn't occur, howevehgishallow Bering and
Chuckchee seas. Whatever composes the layer,

it's seemingly repelled by sunlight. In other words, it isatiegly phototropic. The
creatures of the layer seem almost to be held prisoner anthef Lhe Sun's rays during
the hours of sunlight,

waiting only for the welcome return of darkness to hurry uwgweto the surface
waters. But what is the power that repels; and what thactatin that draws them
surfaceward once the inhibiting force

is removed? Is it the comparative safety from enemies that makes #edmdarkness?
Is it more abundant food near the surface that lures them pack under cover of night?
Despite attempts to sample

or photograph it, no one is sure what the layer is, although the discovery may be
made any day. These observations have led to three principle theories, each of whic

has its own ardent supporters.
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According to these theories, the phantom-bottom might consisitiegr small shrimp,
fishes, or squid, which might make vertical migrations of 100s ofifieetsponse to the
presence or absence of sunlight.

These regular vertical migrations, which were detected they U.S.S. Henderson's
echo-sounding devices throughout the Pacific ocean, provide one ohate
convincing arguments that the layer consistes of shrimp. In support of the

planktonic shrimp theory is the fact that many tiny plankton greatmake regular
vertical migrations rising surfaceward during the night and sinkielgw the zone of
light penetration early in the day. The scattering

layer exhibits exactly the same type and pattern ofratmyp behavior as these
creatures. In fact, the name of these tiny shrimp is derived from an anorentneaning
"wandering." In addition to the

migration pattern that is compatible with the movement of the ‘phmbbttom," it is
well known that these creatures live in sufficientlgéaand dense populations which
might account for the strong reflection of

the sound waves of the echo-sounding instruments. Furtherrhes® shrimp live
in all of the areas in which the reflecting layer was dett@and studied during these
expeditions. Those who say that fish

are the reflectors of the sound waves usually accourtidorertical migrations of
the layer by suggesting that the fish are feeding on thegtand therefore must follow
their food. They believe

that the air bladder of a fish is, because of it's constructionntiost likely of all the
structures concerned to return a strong echo. A large number of fish would account for

the echoes which were recorded. There is one outstanding diffioultye way of
accepting this theory: we have no evidence that concentrafiisb are universally
present in the oceans. In fact almost
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everything else we know suggests that the really dense populatiish e over the
continental shelves. It is doubtful that fish would be presentge kanough numbers to
account for the 300

mile wide area discovered in 1942. Dense populations of fish found wp#dreocean
are usually restricted to certain predetermined zones. ré@tent work of Robert S.
Dietz gives convincing evidence that the layer

is composed of small fish. More evidence indicates that the tayesists not only of
small fish in search of food, but also of crustaceans. Hmeak fish and crustaceans
tend to seek out

areas where food is particularly abundant. The most startlewyt seems to have the
fewest supporters. It proposes that the layer consists ofntoateens of pelagic or
free-swimming squid hovering below the illuminated

zone of the sea and awaiting the arrival of the darkness in which to resumaitiseinto
the surface waters rich with food. Squid are unusually mgivgelatory members of a
group of

invertebrates called mollusks which includes such creaturesras, agsters, snails and
slugs. Hundreds of proponents of the squid theory agree that thelyuaidaat enough
and of wide enough distribution to give the echoes.

They have been picked up almost everywhere from the equator topales. Squid
form the exclusive diet of the bottlenosed whale an@aten extensively by most
other tooth whales, by seals, and

by many sea birds. These facts argue that they must beyipuedy abundant. The
squid are the primary staple of many creatures anthgtare numerous enough to be
seen in many different

parts of the world. Even the Architeuthis, or giant squid, is na& faim undersea
predators. It seems that squid provide much of the diet of nesties of whales.
That immense square-headed
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formidably toothed whale known as the cachalot or sperm whale discoi@rg ago
what men have known for only a short time—that many fathbeilew the almost
uninhabited surface waters of these regions

there is an abundant animal life. A cable repair ship. All Agaa, was investigating an
apparent break in the submarine cable between Balboa in the Zamal and
Esmeralda, Ecuador. The cable was brought

to the surface off the coast of Columbia. The ichthyologmisl¢gists who study fish)
on the ship found entangled in the cable, a dead male st Whe submarine
cable was twisted around the

lower jaw and was wrapped around one flipper, the body, and the finscableewas
raised from a depth of 540' fathoms - 3,240 feet. In 1957, stsemdncerned with
the study of the ocean

and its animals began to find further evidence concerning the zutm Bruce C.
Heezen of the Lament Geological Observatory published a coropilatiinstances of
whales entangled in submarine cables. Some of the

accidents occurred of the Pacific coast of Central and South daneHeezen suggests
that as a whale skims along the ocean bottom in search ofitlotmyer jaw may
become entangled in a

slack loop of cable lying on the bottom. The struggles of the whdtedatself could
easily result in it's complete entanglement in thkle Ichthyologists suggest that
some types of seals also

appear to have discovered the hidden food reserves of the deep ocean. How either whales

or seals endure the tremendous pressure changes involved intaivgeat depths is
not definitely known. This is puzzling
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since they are warm blooded mammals like ourselves. The rapignalation of
nitrogen bubbles in the blood with sudden release of pressure, calésdrCRisease,
kills human divers if they are brought up rapidly

from great depths. Yet according to whalers, certain whalesnWwarpooned, can dive
straight down to a depth of 1/2 mile, as measured byntberd of line carried out.
From these depths, where

it sustains a pressure of 1,000 Ibs on every inch of its boatuins almost immediately
to the surface. This sudden and dramatic change in pressurenatcféect the whale.
The most

plausible explanation is that, unlike the diver, who has air pumped tavhila he is
under water in the pneumatic caisson or diving bell, the whate in its body only
the limited

supply of air it carries down, and does not have enough nitrogenbiload to do serious
harm. The plain truth is, however, that we really do not know whyrethis this
difference

between human divers and whales. Immense pressure, then, is dmee gaverning
conditions of life in the deep sea. For creatures at home

in the deep sea, however, the. saving fact is that the presside their tissues is the
same as the pressure from without. As long as this Iealaac preserved, the
creatures are no

more inconvenienced by a pressure of 2,000 pounds or so tha&t lmethe ordinary

atmospheric pressure of 14.7 pounds per square inch (pis.a)curious way, the colors
of marine animals tend
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to be related to the zone in which they live. Fishes ofuhHace waters, like the
mackerel and herring, often are blue or green as are the thiedolorgs of swimming
snalils.

A more elaborate camouflage is adopted by some of the swrfaaéures which live
in the floating sargassum weed. The fish, Pterophryne, is camedfim closely
resemble the sargassum weed in that it resembles

almost all parts of the weed including the numerous encrusted tubes. Flying fish
deposit their eggs in the weeds in clumps or bunches which cleselynble the weeds'
beeries. Down below these drifting

weeds, where the water becomes ever more deeply and ntyillidblue, many
creatures are crystal clear. Their glassy, ghostipgdolend with their surroundings
and make it easier for them to elude the ever-present

and ever-hungry enemy. Such creatures of this layer are the transpashohties
arrowworms or glassworms, the comb jellies, and the larvae asfynfishes. The
unrelieved darkness of deep waters has

produced wierd and incredible modifications of the abyssal fauna. Only a few men,
such as Jacques Piccard and Don Walsh have seen it with their own eyes-Light fades

rapidly below the surface.

The red rays are gone after the first 200 or 300 feet. Then the greens fatle, and a

1,000 feet only a deep brilliant blue is left. Violet rays will penetrate to 2,000 feet.

Beyond this is only the blackness of the deep sea. Where onlyidlet rays of the
spectrum are left, silver fishes are common, and many othereedy drab brown, or
black.
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The petropods are dark violet. Arrowworms, whose relatives in the lgpmes of the
brilliant blue watersre colorless, are here a deep red. Jellyfish, which above would
be transparent, at this depth are

a deep brown. The men who have witnessed the darkness of these suateiss Barton
and Beebe, have reported that the sea has its stars, and heheerandnt eerie and
transient

equivalent of moonlight appears. Below 1,000 feet where only the vaystaf the
spectrum penetrate, 1/2 of all the fishes that live, in diinbr Idarkened waters, and by
many of the

lower forms as well, the mysterious phenomenon of luminescence splaydd.
Bioluminescence in most cases is a light emittingmated reaction in which a
complex compound called luciferin is oxidized in the presence of

its catalyzing enzyme luciferase. Many fish carry luminous tgrte can be turned on
and off at will, presumably helping them to find or

pursue their prey. Other creatures use luminescence to defenselhesnfrom their
enemies* For example, the deep sea squid ejects a spurt df that becomes a
luminous cloud. This is the counterpart of

the 'ink' of his shallow-water relative. Immense pressure arkhelss, then seem to be
examples of the governing conditions of life in the deep seaeTheremitting
conditions in the deep water have

produced modifications of life which are necessary for survivahis énvironment.

Down beyond the reach of even the longest and strongest of the- rayg; the eyes of
fishes become enlarged, as though
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to make the most of any chance illumination of whatever sort, or ey become
telescopic, large of lens, and protruding. In deep-sea fisheding always in dark
waters, the eyes tend to

lose the cones or color perceiving cells of the retina, and teaserthe 'rods," which
perceive dim light. The last traces of plant life are left behind in the thin upggerl of
water,

for no plant can live below about 600 feet even in very clear watefeanglants are
able to find sunlight for their food manufacturing activitidsew such plants are found
be-low the

first 300 feet called the photic zone. Only a small percentatieeantire ocean bottom
is within the photic zone. Since no animal can make its own food, the creatures of the
deeper

waters live a strange, almost parasitic existence of déjgendence on the upper layers.
These hungry meat eaters prey fiercely and relentlagsly each other, yet the whole
community is ultimately dependent upon the

slow rain of descending food particles from above. The components okthes ending
rain are the dead and dying plants and animals fronutfacs, or from one of the
intermediate layers.

For each of the horizontal zones or communities of the sea than lieer after tier,
between the surface and the sea bottom, the food supply is differdrnn ayeneral,
poorer than

for the layer above. There is a hint of the fierce and uncomprongsimgetition for

food in the immense mouths and in the elastic and distensible bbdiemake it
possible for the fish to
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swallow other fish several times their own size, enjoyindgtsepletion after a long fast.
We have learned recently that the conception of the sea d@snta place is wholly
false. Wide experience

with underwater microphones and other listening devices for thetidete¢ submarines
has proved that, around the shore lines of much of the world, theae extraordinary
uproar produced by fishes, shrimps, porpoises,

and probably other forms not yet identified. There had been littletigagsn of sound
in the deep, offshore areas, until the crew of the Atlantis,rebearch ship of the
Wood's Hole Oceanographic Institution

lowered a microphone into deep water off Bermuda, where they recorded strangey
sounds, shrieks, and ghostly moans, the sources of which have not loeen tdB@me
25 years ago in the Spring of 1942,

the microphone network set up during the war, was temporarily osgless when the
speakers at the surface began to give forth, every eyeaingpund described as
being like a 'pneumatic drill tearing up

pavement." The extraneous noises that came over the microphonestetymphsked
the sounds of the passage of ships. It was discovered that the soumdheveoices of
fish known as croakers (marabunta rectatus),

which in the Spring move into the coastal areas from their offShaméer grounds. As
soon as the noise had been identified and analyzed, it was poSsibéeeen it out
with an electric filter,

so that once more the sounds of the ships came through the spddkermals as well

as fishes and crustaceans contribute to the undersea chorus. Bolegesting through
a microphone in an estuary of
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the St. Lawrence River heard 'high pitched resonant whistles andlsgas well as
mewing and occasional chirps." The remarkable medley of sourdsheard only
while schools of the white porpoise were seen

passing up or down the river, and so was assumed to be produced by tldewhal@rs
often heard these sounds and therefore referred to the white pormises-e@anaries.
For years people

have speculated as to the function served by sound production on the peatircé
species. It has been known for at least 20 years tleatbéh finds its way about in
lightless

caves and on dark nights by means of an apparatus that detectséme@@nd location
of objects by emitting a stream of high-frequency sound waveshvelne reflected back
from the objects.

Among the early tape recording of underwater sound obtained W/dbds Hole
Oceanographic Institution was a recording of some mysteriolsstbat emanated from
waters so deep as surely to be lightless.

They were distinguished by the fact that each call was felliolay a faint echo of itself,
(probably something equivalent to the bat's sounding device, or theolpigysal
equivalent of sonar) so that

for want of a better name, the unknown author of these eerie soundhngisned the
"echo fish." Actual evidence of anything similar to the $b&tho location or echo
ranging has come

only recently (about 10 years ago) in the form of ingenious expesnpamtormed on

porpoises caught and then experimented on in captivity by W. N. Kellogg of Flortda Sta
University. Although they are popularly
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called porpoises in America and elsewhere, and thought to beseedifSpecies than
the dolphin, these creatures are in fact bottle-nosed dolphins. Thssordiieds that the
porpoise emits streams

of underwater sound pulses by which they are able to swimagelyuthrough a field of
obstructions without collision. They could do this in darkness or in wabeturbid for
vision.

Far from being the original home of life, the desgmhas probably been inhabited for a
relatively short time. While life was developing and flourishinghe surface waters,
there were immense

regions of the earth that still forbade invasion by living things. Included in Wergethe
continents and the waters of the deep sea. As we haveéhgernmense difficulties
of surviving

on land were initially overcome by colonists from the sea aboun@iOn years ago.
The deep sea, with its unending darkness, its crushingupess its glacial cold,
presented even more formidable difficulties.

Probably the successful invasion of this region — at least byehifprms of life -
occurred somewhat later. This is all conjecture of cplmseit is amazing to
consider that the ocean

floor is as alien an environment for most species of fish asatite rhasses themselves

are. As our knowledge increases we continue to note the delicateedyddg which
things exist in nature.
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APPENDIX F
SENTENCE VERIFICATION TEQNIQUE

. Between the sunlit surface waters of the open sea and the hidteys \ail the
ocean floor lies the least known area on earth with its unsolved p®ble
beckoning man.

. Very few men have had the experience of diving further theamange of visible
light.

. The exclusive domain of the deep sea was reached with a divewatieof the
open ocean in a device called a bathysphere.

. Before spherically shaped diving boats were introduced, man wasabtach

far into the deep by simply wearing a complete diving suit.

. The funding for development of the diving boat was provided by numerous
scientists and individual researchers who were amazed bydpe stthe project

and excited about any new discoveries.

. Due to the lack of precise instruments, during the first yedrsleep sea
exploration, the description of the ocean floor was mostly formetdfeiv men

who had made the descent.

. Like the surface waters, the deep waters are sensitive p gv& of wind, know

day and night, respond to the pull of the sun and the moon, and change as the
seasons change.

. Deep down below the surface of the ocean, there is no light and darknes
alternation.

. For most creates groping their way endlessly through its hetkrs, the deep
sea must be a place of peace, where food is abundant and eemsl; to glace
where there is sanctuary from ever-present enemies, where rongoga on and

on, from birth through death, through the darkness, confined as if in a womb to
his own patrticular layer of sea.

10.The initial evidence showing that life exists beyond the readheokun’s rays

was provided by finding worms from a sample of mud collected @hde 1000
fathoms.

11.The echo-sounder or Fathometer is used in conjunction with a chronoscope, an

instrument which measures the time space between the sound irapdises
echo.

12. Scientists found that although it was simple to gather data finenocean with

new instruments, in order to calculate depth powerful computers agueed to
analyze the data.

13.Operators of the new instruments soon discovered that sound waveseddire

downward from the ship like a beam of light, were reflected back fooin the
ocean floor regardless of any obstacles.
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14.Several scientists working with sounding equipment in the deegndtad
discovered a widespread reflecting layer of some sort whigh back a soft
diffuse answering echo to the sound waves unlike the clear, havdermg
echoes returned from solid objects.

15.First discovered in 1942, the reflecting layer was found only theawest coast
of the United States.

16.0ne of the explanations for the movement of the reflecting layirat the fish
move up to lay their eggs in the warmer waters near the surface.

17.1n support of the planktonic shrimp theory is the fact that many ftgnkton
creatures make regular vertical migrations rising surfacgwarly in the day and
sinking below during the night.

18.Those who believe that the layer is composed of fish argue fieairyt with the
fact that the air bladder of a fish is the most likely strrecto return a the strong
echo.

19.There is one outstanding difficulty in the way of accepting tble theory: we
have no evidence that concentrations of fish are universally present in the.ocea

20.Minor evidence indicates that the layer consists not only of | sfishl in search
of food, but also of aquatic plant life.

21.The opponents of the squid theory argue that the squid is not capabékiofym
such great vertical migrations as displayed by the layer.

22.Squid form the exclusive diet of the Dbottlenosed whale aadeaten
extensively by most other tooth whales, by seals, and by many sea birds.

23.Scientists suggest that as a whale skims along the surfesmaich of food, its
lower jaw may become entangled in a slack loop cable from @ ahia
submarine.

24.How either whales or seals endure the tremendous pressureeshawngived in
dives to great depths is not definitely known.

25.Human divers are at risk of death if they are brought up too yafymin great
depths due to the rapid accumulation of nitrogen bubbles in the body, combined
with a sudden release of pressure.

26.The saving fact for deep sea creatures is the presdarecedetween the inside
of their tissues and the outside; as long as that is preservedrhay more
inconvenienced by the immense sea pressures than we are byntdspladric
pressure.

27.Down below the drifting weeds, where the water becomes evee oeeply and
brilliantly blue, many creatures are crystal clear.

28.Deep below the surface where only violet rays of the light spacare present,
silver, red, drab brown, or black fishes are found.

29.1t is still unexplained why the phenomenon of luminescence is dexgplagly by
creatures living in the Atlantic Ocean.
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30.Many fishes have luminous torches that help the fishes to fingparsdie their
prey, however the inability of the torches to be turned off also sntiiee fishes
easier target for enemies.

31.Down beyond the reach of even the longest and strongest of the aysy'she
eyes of the fishes become enlarged, as though to make the maost cdiaace
illumination of whatever sort, or they become telescopic, largdeind, and
protruding.

32.For each of the horizontal zones or communities of the sea that tier after
tier, between the surface and the sea bottom, the food supply larsamd in
general, richer than for the layer above.

33.Due to the small size of the majority of the food particledistes in the deeper
levels do not have well developed teeth and tend to have small mouths.

34.Scientists have abandoned the notion notion the sea is a quiet place.

35.There has been extensive investigation of sound in the deep, offskas ar
including by the crew of the Atlantis, the research gshfipthe Wood's Hole
Oceanographic Institution that lowered a microphone into deep @fafeussia,
where they recorded strange mewing sounds, shrieks, and ghostly rimans,
sources of which were traced to a new type of squid.

36.Fish known as croakers make a sound described as a “pneumatieadiily up
pavement”, which entirely masks the underwater sounds from passing ships.

37.For years people have speculated as to the function served by sodadtipro
on the part of marine species.

38.“Echo fish” use their sounding device or sonar during their seastgedtions as
a sort of homing device.

39.As the original home of life, the deep sea has probably been inthdbitea
relatively long period of time.

40.1t is amazing to consider that the ocean floor is as alien anoenwent for most
species of fish as the land masses themselves are.
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APPENDIX G

SURVEYS

Table G.1 Demographic questionnaire

VWhat is your age?

WWhat s your gender? male female
: A Afncan- Asian or Facific] Amencan Indian

VWhat is your ethmierty? Caucasian American Hispanic \slander ar Ataskan Native Other
[ am a: Freshman Sophomore Junior Senior
WWhat is your program of
study or major-at UNLV?
| wear eye glasses All of the time Mnst of the bumf.' arthe Dccasianally Mever

timea fims

. I

| wear contact lenses All of the time ﬂnst of the S':'mf" ohe Oceasionally Mever

time time
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Table C.2 Positive and negative affect scale

\D:jﬂ Al | Moderately | Quite abit | Extremely
Interested 1 2 3 4 5
distressad 1 2 3 4 5
excited 1 2 3 g 5
upset 1 2 3 - 5
strong 1 2 3 4 5
guilty 1 2 3 4 5
scared 1 2 3 4 5
hostile 1 2 3 4 5
enthisiastic 1 2 3 4 5
proud 1 2 3 4 5
trritable 1 2 3 4 5
alert 1 2 3 4 5
ashamed 1 2 3 4 5
mnspirad 1 2 3 4 5
nervouse 1 2 3 4 5
determined 1 2 3 4 5
attentive 1 2 3 4 3
jittery 1 2 3 4 5
active 1 2 3 g 5
afraid 1 2 3 4 5
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Table G.3 Test anxiety survey

2|Els|2

Test Attitude Inventory a slg| <

1HEE

IE

1 |1 feel confident and relaxed when taling tests Ll 23] 4
2 | While taking examinations I have an imeasv, upset feeling 1] 2] 3] 4
i |Thinking about my grade in a course mterferes with my work on tests L 23] 4
4 |1 freeze up onimportant exams 123 4
5 |Dwing exams I find myself thmke about whether T'll 2ver gat through school L 2] 3] 4
6 |The harder T work at taking a test. the more confused I get I 23] 4
7 |Thouzhis of doing poorly mterfere with my concentration on tesis L 2] 3] 4
§ |1 feel very piterv when takmg an important test 1] 2] 3] 4
2 |Even when I'm well prepared for a test. T feel very nervouse about it L 23] 4
10 |1 start feelng very uneasy just before getting a test paper back 123 4
11 |During tests I feel very tense Ll 2] 3] 4
12 |1 wish examinations did not bother me so much I 23] 4
13 |During important tests I am so tense that my stomack gets upsat L 2] 3] 4
14 |1 seem to defeat myself while workmg on tmportant tests 1] 2] 3] 4
15 |1 feel very panicky when T take an important test L 23] 4
16 |Iworry a great deal befors taking an miportant exammation 1] 2] 3] 4
|7 |During tests I find mvself thinkme about the consequences of failing L 2] 3] 4
18 |1 feel my heart beammg very fast durmg inportant tests 11234
13 | After an exam is over [ trv to stop worrving about #t but T can't L 2] 3] 4
20 |During exammations I get so nervouse that I forget facts 1 really know 1] 2] 3] 4
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Table C.4 First part of the environmental survey

t00 humid perfect too dry
The room moisture level was: 1 2 3 5
foo warm perfect too cool
The room temperature was: 1 2 3 5
too stufiy perfect too drafiy
The room air felt 1 2 3 B
too bright perfect too low
The room lightine was: 1 Z 3 5
moderately
unnoticable . - very noticable
noticable "
Glare on my compuier screen was: 1 2 3 5
too lond perfect too quiet
The room sound levels were: 1 2 3 5
Table C.5 Second part of the environmental survey
Rate your comfort with respect to the VEry { bl very
following aspects of your study comfortable semiiriae uncomfortable
desk 1 2 3 4 5
chair 1 2 3 4 5
computer kevboard 1 2 3 4 5
computer monitor 1 2 3 4 3
Rate vour general level of comfort in the i i N 4 ;
“ 3 3

study room today.

In your own words. please explain why
vou were comfortable or uncomfortable
in the stndy room today.
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Table C.6 Third part of the environmental survey

Rate your level of
|agreenent/disagreement with the

strongly agree

somewhat
agree

neither agree
nor dissagree

somewhat
disagree

strongly
disagree

The room moisture negatively affected
my performance on the reading and test
assignments.

-
o 4

4

Lh

1 had difficulty focusing my attention en
the reading and test assignments becanse
of the room moisture.

58]

Lh

The room temperature negatively
affected my performance on the reading
and test assienments.

k2

LA

1 had difficulty focusing my attention on
the reading and test assignments because
of the room temperaturs_

()

Laa

Lh

The room air (stuffv/drafty) negatively
affected my performance on the reading
and fest assionments.

(°5)

L

1 had difficulty focusing my attention on
the reading and test assignments becanse
of the room air (stuffy/drafty).

[ ]

S5}

Lh

The room lighting negatively affected my
performance on the reading and test
assicnments.

[3¥]

Lh

1 had difficulty focusing my attention on
the reading and test assignments becanse
of the room lightine.

b2

VE}

Lh

Glare on my computer screen negatively
affected my performance on the reading
and fest assionments.

b

5]

Ln

1 had difficulty focusing mv attention on
the reading and test-assignments becanse
of the glare on my computer screen.

(]

[E%)

Lh

The room sound levels negatively
affected my performance on the reading
and test assienments.

2

Lh

1 had difficulty focusing my attention on
the reading and test assignments because
of the room sound levels.

=)

(V%)

Lh
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APPENDIX H
TEST SUBJECTS’ COMMENTS

H.1 Phase | Normal Test Condition Comments

| feel comfortable because the room was queit and the notion of disturbance was
alomost zero

. The chair had soft padding.

. Nothing was bothering me. No students getting up wandering around. No
whispers.

| was comfortable in this study room because there were not too many people in
the study, and we were all spaced out at a comfortable distance.

. except for being just a little cold, | thought it was a great environment tp istud

| was uncomfortable because of the noises of mouse clicks distracted me and

made my worried | was going to slow

. The chair was comfortable but the screen size made it a difficult to sit

comfortably while reading.

. At first | was a little nervous but after getting started on the tebstaking my

attention off of other things | noticed myself calm down, thus making me more
comfortable.

| was comfortable in the room becuase i had enough space around me and on my
desk and there was no one sitting next to me to bother me as well as not that many
noises. The temperature or the room was perfect and setting of the lab was

perfect.
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10.1 was comfortable having a soft chair, and a large amount of space with my own
table. Room was a little chilly. Overall | was cofortable having a mouseeind
able to do the quiz on a computer.

11.room smells like gasoline..headache

12.the tempature was very nice and the air was good. and the over all atsmoshpere
was good. But is was a liltle to quite in here.

13.1 felt very comfortable because the seat was very comfy and the reeasngpt
at all stress-ful.

14.1t was most definately loud from the little noises people would make from time to
time

15.Because | was using a mouse, my elbow lined up with the arm of my chair, and
because there was no cushion it got sore.

16.1 felt a bit uncomfortable as this seem to be time consuming so sitting in the is
chair for a while is not that comfortable.

17.Someone kept slamming their bag down or making not just a little noise but quite
loud. It was distracting and irratating. It wasn't an on going thing but jgeimesal
more than once. That and the room itself is rather cold and bare. | feel like@ | am
detention.

18.1 were ccnfortable because it was an easy task.

19. This wasn't the most comfortable room but it has a good amount of space between
people.

20.1 could feel the metal in the chair as i sat and the dest is very slippery so when i

tried to rest my head on my hand my arm would slip.
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21.For the most part the room was comfortable, but | qould have appreciate a more
verstile and accomadating chair, perhaps dim lighting, and having an arm kest s
wouldn't have to extend my arm for long periods of time. It was still relgtive
calm and comfortable though.

22.The only reason | can think of being uncomforatble during the survey and
passages is because i felt tired and exhausted during this experiment.

23.There was nothing really uncomfortable or very comfortable. | have |loaaér b
issues so sometimes certain chairs can give me problems, but nothing too serious.

24.chairs were fine! computers were easy and we were spaced nice;thdrefore
person siting next to you was not right on top of you.

25.it seemed like a normal room and ireally wasnt uncmfortable or very coméortabl
it was pretty much like any classroom or office space.

26.1 experienced nothing out of the ordinary

27.1 was cold | usually bring a sweater but I left mine in the car today.i3 tia¢
main reason | was uncomfortable in the study room today.

28.the only thing that was uncomfortable to me were the chairs but they werent to
bad at all

29.1 was comfortable because i was able to have moving room know was right next
to me were i can't have arm move meant, i was able to move my feet with out
kicking anyone or anyone chair

30.because

31.1didn't find any uncomfortable feelings during the test except for the tatope.
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32.1 was comfortable because the temperature in the room was perfect tovase.

a little uncomfortable because there were constant clicks from the othersmouse
that were being used.

33.This is a good learning environment, where there is little to distract me. What
does distract me is justified by making the room conformable for the group as a
whole.

34.THe room was very quiet so the sounds from the clicking of the mouses were
very noticable, but this didn't affect my comfort level too much. The only other
discomfort | felt was from holding the mouse for a long period of time. Other tha
those two discomforts the room was an ideal environment for taking an
examination.

35. WASNT UNCOMFORTABLE WITH THE TOOLS PROVIDED, MAINLY i
WORRIED THAT | DIDNT RETAIN THE FACTS FOR THE QUIZ, AND |
WOULD SCORE POORLY.

36.1 was uncomfortable because | am too cold, and | do not like bright lights.

37.the chair has no lumbar support.

38.1 think my shoes kept getting stuck to the ground.

39.The chair felt soft, the computer screen didn't really bother, or the ligftieg

air temperature was great.
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H.2 Phase | Extreme Test Condition Comments

. the simpleness of the ensembler brought relief on what was to be expected, and
the materials just seemed correct for the performance of this tesallQvelt
equipment was just right for this experiment.

Because the room was small there weren't a lot of people.

. so comfortable | fell asleep

. The room was quiet and peaceful which allowed me to read the passages
attentively.

| was pretty comfortable in this study room but it seems a little weird)beia

room with white walls and a fancy intense door but other than that the computer
and mouse were easy to work with and the chairs were pretty comfortabli. as we
| was comfortable since | had space and was able to complete the studyp wit
disruptions next to me. | did not like however the continuous sound which went
on. The room seemed very weird as well

. Over all the room was pretty comfortable, except the warmth of the room.

. The arm of the chair hurt my arm as it rested on it and the lighting widle oo
bright and almost gave me a headache.

i am comfortable because it is a big room and people are able to spread out

moderately. we all have our own space and no one gets in our way.

10.1 was comfortable because the air and the seating arragements werygaldm

11.Mostly | was comfortable because | did not feel rushed for time. | wish the air

vent wasn't making as much noise and that it was a little cooler, but I've dgfinitl

taken exams in worse settings so for the most part it did not bother me.
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12.it was like any other room

13.My Chair had a small nail sticking my leg, which i got stuck by a few times
during the study. The room temp was fine, but the lighting was bad. I just dont
care for bright lights.

14.The loud noise is distracting, and sometimes when | find myself unintentionally
focusing on it, | space out. The lighting is a bit bright, and I noticed | chose a
really bright monitor compared to other students. | can feel my contacts dru out a
bit as | take this long test.

15.Even though the sounds of the air conditioner were a bit annoying, | was able to
ignore them for the most part during the test. The room was well lit and not
distracting if the monitor was placed at the right angle. | moved aHittle my
chair to get comfortable, but in retrospect | do that often anyways, so the cha
played no real role. Overall, | didn't feel like | was in a bad environment. A few
distractions, but nothing stopped me from focusing on the reading.
16. Everything was ok, but the room was a little too hot and the desk was at a weird
height. my fingers started to fall asleep as | was clicking througle#u@ng task.
17.anxious to get done. | dont let the atmosphere bother with me when it comes to
education (learning)

18.The chair was what did it for me. It was really comfortable. If ibing to be
sitting for a long period of time i'd like it to be in one of these chairs. The glair of
the monitor was too distracting. | found myself trying to block it too often.

19.1 was comfortable because it was not much different than any other class.

However, staring at the computer screen did discomfort my eyes toward the end.
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20.1 knew some of the people taking part in the study room. We discussed school
related subjects before the test, and joked about them as well, making it
comfortable to be in a strange place.

21.The sound of the A/C was a little loud and distracting, but everything else was
fine.

22.this room is strange.

23.Well being tall i often have to lean over to work and it puts strain on my back and
neck.

24.1T WASNT TOO CROWDED. PEOPLE ARENT SEATED TOO CLOSE TO
ONE ANOTHER.

25.Everything was satisfactory.

26.1 was relaxing in the chair and felt like falling asleep most of the time.

27.The chair is comfortable because it fits me welll, however, the tape on the floor
bothers me.

28.1 was comfortable because | was sleepy and just about anything feétstabie
when | am sleepy.

29. Temperature was good, and chair was comfortable. Once | was able to use the
magnifier in Windows, everuything worked out for the better.

30. chair hurt my back and the room was eerily quiet

31.static noise, and sometimes too warm

32.The monitor is a bit small and | found myself leaning closer and closer to it. |
noticed the room as feeling quite warm as soon as | sat down and anticipate the

occasional air movements which relieved that feeling. It is also bright inthere
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| found that helpful considering it is early and | could not bring in more coffee to
the lab.

33.In the study room | am overall uncomfortable due to the temperature. | feel the
room is overly warm and find myself getting irratable and bored with the iadater
The chair and desk were fine, better than most other crammed auditorium-like
classes. This didn't overcome the temperature though.

34.1 think it mostly has to do with the actual appearance of the room because it
doesn't feel like a normal classroom and looks unfinished.

35.the room is too bright, the chiars were not comfortable, and the room was warmer
than what i would consider ideal.

36.The desk was too high, or the chair was too low. It made it uncomfortable to hold
my hand on the mouse. The chairs were also really hard. The floor was uneven
which made it a little difficult for me to concentrate because | kept wigighmp
feet.The room was also really warm which made me extremely tiredssnd a
made it almost impossible to concentrate fully on the reading. It also lugdm't
that I'm sick.

37.1 was uncomfortable because the room was too warm and | was not comfortable
using the mouse.

38.The sound in the room was almost completely blocking my thoughts out.

39.There is a static noise that has been going on since before | enteraced fig
was part of the test. It gave me a headache and it made it very difficult to
concentrate on the reading. When answering the questions sometimes | would

have to read the question several times to get through the annoyance of the static
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40.1 was uncomfortable because the whole time that | was reading | wasdvorr
about how well | would do on the test and all in all it made me space out and

forget what | read.

H.3 Phase Il Normal Test Condition Comments

1. There wasn't really any distractions. The seating/tables wereagmfortable at
all.

2. The room felt like most general class rooms and I find myself confortable in mos
class rooms

3. everything was normal in taking part of this study, nothing prohibited me in
accomplishing my task

4. The instructor was easy-going. The class size is small.

5. THe temperature in the room was perfect, giving me comfort however thie chai
was hard and uncomfortable making it difficult to sit still.

6. ididn't like the voice of the speaker. the sound of her voice did not coincide with
the image on the screen.

7. it wasnt to hot or dry just at the right temberature, the chair was reallgrtadyié
so i wasnt figiting in my seat. table a little uncofortable but didnt affechpthe
lighting of the room equalized the computer's lighting so your dont get that
drouzy feeling that you would get in a darker room. there was a nice draft of wha
felt like fresh air, that helped a lot becuase i heat up real giuck and that bothers

and distracts me. overall the room was relatively confortable for a lalplaoek
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8. The computer lab was set up much like any other lab. The desk and chair were
very generic so it was much like sitting at any computer.

9. Nothing bothered me, everything was confortable. The seats were cushioned and
the tv was at the right height.

10.The desk wwas at a good height and the laptop was at an ok distance, the chair
was just an uncomfortable structure for me becuase if was a little firts for
appearance.

11.1T was cold and the lady speaking was off. | wasn't even looking a her; therefore
| was concentrating on how cold and drafty the room was. Plus | got tired of
looking at the same color walls while trying to listen to the girl speak.

12.1 felt a little uncomfortable because i do not like sitting still for long peradds
time where i must be quiet and make a little noise as possible.

13.1don't like metal chairs and the fact that they're red. | don't like how tinere's
keypad on the laptop.

14.The desk and chair were at the right height for me. The size of the computer
monitor and keyboard does not bother me at all.

15.The room is quite except the whistling of the air, the light is not to bright, the
chair is nice the table is roomy and the computer is nice!l!

16. The workout this morning was intense and made me tired for the day. | prefer to
have a computer monitor at eye level instead of looking down at one. I've grown
up in a humid environment so any dry environment is noticeable.

17.There were no distractions to gain my attention, other than it was a lithe ch

The chair was comfortable and | didn't have to move around much to get cozy.
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18.it was a little chilly, but the chairs were very uncomfortable and madedittba
focus on the lecture.

19.Well, at the beginning of the study, | was extremely alert and focusedodm
conditions seemed fair, so | could not complain. The presentation even began well
and | was considerably interestred. However, after perhaps 20 minutes, my
concentration began to falter, and | started dipping into sleep. | was perhaps too
comfortable. | forced myself back awake and returned to alertness.

20.1 had room around me instead of being crowded by other students.

21.1 was comfortable in the study room today. The only thing that was slightly
uncomfortable was the small keyboard and that | forgot my glasses so the words
look small on the screen.

22.1 was comfortable because the chairs were cushioned and the temperature was
nice.

23.The room was very white and reminded me of a hospital. It was sort of scarry
looking with button like things on the walls and a lot of wires and such around the
room.

24. Just the chair was a little too upright.

25.The only uncomfort | really exprienced was a little sensitivity to the dlemant
lighting. However, this sensitivity isn't an uncommon experience for me, and |
have noticed it in the past; | often wear sunglasses. | was also fadyst this
probabaly effected this sensitivity slightly more. Other than the lightiwgsl
sufficiently comfortable.

26.there was nothing that made me feel uncomfortable so | remained congfortabl
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27.Everything was appropriate for taking a test. It was easy to use and ith&aha
soft enough.

28.1 was comfortable because i was in a soft chair and had a coat on. | think it would
have been a little brisk with out my coat.

29.The room was neither too hot nor too cold. It was also not too loud nor was the
lighting too bright or dim to be comfortable. The only distraction during the video
lecture was that it seemed that the lady in the video moved her lips out of sinc
with the recorded voice. This lack of sinc made it hard to look at her while she
was talking. | found myself trying to read her lips rather than just listeaihgrt
lecture.

30.it wasn't anything special but it wasn't horrible so it was comfortable

31.The environment of the testing location was acceptable. The equipment (e.g. chair
& desk) were significantly lower than | might have liked, so | had to lean down to
view the screen and crane my neck forward.

32.For a classroom, the chair had good padding. Also the audio on the television was

great. It was just loud enough, and was of good quality.

H.4 Phase Il Extreme Test Condition Comments
1. I do all kinds of manual labor, and | used to work construction, so any time I'm
sitting at a desk, its relaxing; even if the room might be a little uncomfor(iable
wasnt).

2. | was comfortable because i was relax and not worrying about the resulted.the t
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3. The seats were cushioned. The use of computers made the test less tedious than if
it was on paper. There was good lighting. There was moderate noise but | am used
to working with noise.

4. Too hot

5. | was comfortable because it felt like a normal classroom that | am iydeyeso
i was used to it.

6. iwas uncomfortable because i was too hot and irritated

7. Surprised at the technology inside the study.

8. | was confortable as you can be in a classroom setting.

9. The only thing that made me uncomfortable was the temperature and air; other
than that, everything else was pretty comfortable. I'm use to the keyboard and
monitor because | own a Vaio.

10.The chairs were padded so that was nice, and the computer was easy to use.

11.The lighting was to bright. temputure was very uncomfortable. constan noise
made it very difficult to focus on material. most importantly the materialssa
monotone and lacking and vibrancy that it was hard to focus and retain the
material within the video. The was surprising to me because | am a person who is
very interested in the type of material that was discussed in the video. This just
proves for a person like me that pictures and visualizations help in maintaining
my interest and help with retaining information.

12.Too hot and bored

13.The chair could have been a little more comfortable but | that was it. The

temperature of the room was good and the lighting of the room was good.
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14.1 was comfortable today in this room, no complaints.

15.1t was a bit too warm and it was making me feel tired.

16.The room was too hot and noisy. Both of those combined put me to sleep very
easily.

17.Environment too warm. Computer & tv monitors seemed abnormally bright.

18.The chairs were comfortable, the desk was a bit too high. The computer was as
comfortable as any other.

19.1t's hot and stuffy; Small room w/ a lot of people; Quiet and comfortable enough
to concentrate

20.The bright light and hum were a little distracting and the desk was bright and too
low, | felt myself hunching a lot.

21. At the begining of the study the room felt very warm, towards the end | could feel
the air in the room.

22.Just was.

23.Sound was not in synch with the video. | found it distracting.

24.1t wasn't a very stressfull envrionment.

25.1 was comfortable because there was plenty of space between me and the
surrounding people. there was no cluster on or around the desk or computer.
26. 1t seemed like during the middle of the lecture the room became very wada, ma

me feel tired and | even closed my eyes a couple times.
27.Conditions were great for a learning environment. | would rather be in a slightly

warm room although they do tend to put me to sleep.
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28.Generally, the rooom atmosphere was comfortable enough. But the placement of
students directly behind each other inhibited my view of the screen, and therefore
forced me to hold my neck at an angle. This caused my neck to become very stiff
and made me move often in order not to become too inconvenienced.

29.1t was a tad bright a warmier than what i am used to so that made me a tad
unconfortable.

30. It was slightly warm throughout the room, and the movie itself wasn't very
entertaining so it was difficult to focus on that when | was trying to get
comfortable in my chair and the lights were also slightly bright it maslevamt
to squint.

31.The noise from the vent made it extra hard for me to pay attention to the video. It
was a little too warm, and | got clammy for a second. Other than thatm the
conditions were not bad so for the most part | was comfortable.

32.The chair was soft and comfortable overall.
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