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Abstract

With increased dependence on computer-based sthneldtests to assess
academic achievement, technological literacy hasine an essential skill. Yet, because
students have unequal access to technology, thgyatdnave equal opportunities to
perform well on these computer-based tests.

The researcher had observed students taking th&$eading test (Renaissance
Learning, 2009) and noticed a variance in scoraslation to classroom performance.
The researcher intended, therefore, to explorabkes that may affect the performance
of students on a computer-based reading assesshhentesearcher tested two different
technology-related variables as students took arsatime exam, the STAR Reading test.
The purpose of this study was to explore how chaingeisual stimuli affected the
process of reading and student reading behavias. quantitative study sought to
ascertain whether changing the computer read-cailack screen with white lettering
made a difference in student engagement and compsain among students in grades
two through six during a computer-based adaptise te

The research site was one K-6 elementary schaolange suburban school
district. The participants of the study were 318drkn in grades two through six. One
hundred and sixteen students were randomly sanfiplediudent engagement data
analysis.. The researcher conducted a stratifiedo process to further select data for
analysis. Students were exposed to both coloraidphckground variables throughout
the study process. Teacher observers collectedgalh student engagement behaviors

during the test-taking process.



The researcher calculated the mean level of stiglggagement on each of five
observed behaviors. The researcher also colleetatinrg comprehension data for five
subsequent benchmark sessions throughout theTjeaengagement results of this study
failed to support the hypothesis, which stated ¢éhatentary student behaviors during
testing would verify a measureable difference igagyement when either a black or
white display screen was presented. The resultseofeading comprehension test also
failed to support the hypothesis, which stated tihate would be a measureable
difference in elementary students’ scores whiléngkomputer-based tests when the

computer screen was set to either black or whit&dgraund.
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Chapter One: Introduction

With the spread of Internet use causing the warlseem smaller than ever
before, education is in the midst of a transfororatiThe ability to innovate is becoming
increasingly important because it gives workers @mganizations a competitive edge in
the new global marketplace. Williamson and Yin (R04tated, as America recovers from
the recent recession “innovation is more importhah ever” (p. 1). The measure of a
nation’s potential for innovation is the skillsitg students. During the National Summit
of Education Reform (2012), former U.S. Secretdr@tate Rice (2005-2009) and former
Chancellor of New York City Schools Klein (2002-2)Heclared that the state of
American education had become a national secsstye (Krieg, 2012).In their keynote
addresses, Rice and Klein suggested that the Aamedieam would soon become an
American memory unless educators began to bettgape children for college and
careers. Rice (2012), referring to the Americaredrénat hard work plus determination
equals success, suggested that, in a world tiehtisging so quickly which values
innovation so highly, hard work may no longer be determining factor in success.

According to a report by the Pacific Policy ResbaCenter (2010) in Honolulu,
Hawaii, students in the 21st century cannot exfeetibd traditional manual labor or
skill-based jobs upon graduation. Many jobs areaatied overseas to reduce payroll
costs (Lach, 2012, para.15). Because unskilled ledno be easily outsourced, workers of
the 21st century must be skilled: they must be sbh@®mmmunicate effectively,
collaborate, and solve problems in an ever-changloigal market. They must also be
able to use technology to solve complex probleraatorely (Pacific Policy Research

Center, 2010, para.l).
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Technological literacy skills are necessargdmpete in today’s economy. As
Jones-Kavalier and Flannigan (2006) stated, “In2ist century society—accelerated,
media-saturated and automated—a new literacy ignext; one more broadly defined
than the ability to read and write” (para. 2). Thew form of literacy is termed “digital
literacy.” One form of digital literacy increasinyglequired of today’s students is the
ability to perform on computer-based standardiesdtl fThese tests, which are products of
the revolutionary digital technologies, are incregly used to measure and assess the
effectiveness of schools. Indeed, major educatipalty decisions are made based upon
the results of computer-based reading tests; thissmportant to understand and address
the challenges associated with testing on a compinees & Flannigan).

Wang, Jiao, Young, Brooks, and Olson (2007) desdridmmputer-based testing
as the new way to assess student performanceadisglpaper and pencil tests. The
benefits of computer-based testing include easeaing, flexibility in scheduling, cost-
effectiveness, and immediately reportable resMltar(g et al, 2007). In addition, students
may benefit from the variety that the technology offer when reading. For example,
students can highlight text, change font size,@rahge font color, when using a
computer. According to the researcher’s experiemckstudies by Chen and Wang
(2003), Kragness (2007), Kretzchmar, Pleimling, éfoann, Fussel, Bornkessel-
Schlesewsky, and Schlesewsky (2013), and Rose (26difde students read more
quickly, and with better comprehension, when them@ increase in the font size or the
jump length between words in text, or a changeolorcoverlays.

On the other hand, computer-based testing mayeau®ssarily measure the actual

knowledge of the student if the technological eigrere of the student is limited in any
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way (North Central Regional Educational LaborafiN¢REL], 2012). This study sought
to investigate one of the variables that may imgaadent performance, specifically
contrast on computer background displays. The reBeahoped to discover whether or
not changing the screen display from a white bamkgd with black lettering to a black
background with white lettering would make a diffiece in student reading
comprehension or student engagement in a comgalderdtory setting.
Background of Study

The researcher, a reading specialist in a K-6 da#gruelementary school, decided
to test two different technology-related varialdssstudents took a summative reading
comprehension exam. The summative reading compseireaxam, the Renaissance
Learning STAR Enterprise Reading test, was usetthégchool district to measure the
effectiveness of the teaching and learning in idisschools, as measured by student
scores. The researcher noticed that students Wwearegmg the color of the background
screen when taking the Renaissance Learning STA&ise Reading test. The
guantitative experimental design of this studymaled to examine whether or not
changing the color of the background computer digsptreen, and the color of the text
lettering, contributed to a significant differenoestudent engagement and/or student
reading comprehension, as measured by the stasdairel and represented by the raw
score of the Renaissance Learning STAR Enterpsisessment.

Importance of reading proficiency. Every two to three years, a generation of
children in grades kindergarten to third gradesftol learn the literacy skills necessary for
future learning and success. Feister (2010) wiaereading proficiency measured at the

end of third grade could be a predictor of studergk of failing to graduate high school
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in the future (p. 9, para. 1). As a reading recpvteacher and instructional coach, the
researcher scrutinized the current practices @amti$rin education in an effort to address
the critical issue that every student needs tamlearead proficiently by the end of third
grade. There was a sense of urgency to the wadachers, principals, and curriculum
specialists who are tasked with meeting the needtidents, providing best practices in
instructional strategies, and assessing the aamientof students for decision-making
purposes at the classroom level. Data teams dfi¢escreading specialists, coaches, and
administrators met weekly to gather data, strageg@djust their instructional practices,
and provide feedback to students as needed.

Computer-based testingMany school districts, including the one where this
research took place, transitioned to computerigsting of students, which meant that, in
many cases, students were no longer working wititipgo complete paper-based tests
(Missouri Department of Elementary and Secondanycgtion [MODESE], 2012).
Instead, students were viewing test questions orpater screens. These benchmark
assessments were summative, and produced scoeestubents in this study took a
computer adaptive exam called the STAR Reading lregireparation for the 2015
statewide Common Core State Assessment, knownssduri as Smarter Balance, the
school district study site decided to prepare sitglfor the high-stakes computer-based
testing experience.

One factor in the move to computer-based testingtha implementation of the
Common Core State Standards (CCSS). These nasitamalards specified the
curriculum in all states that did not opt out, @ndse districts involved used computer-

based tests to assess how well students and gistrece fulfilling Common Core
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requirements. At the time of this writing, at thedy site school district, teams of
teachers, reading specialists, coaches, and adratois met to discuss and assign the
Common Core State Standards of English Languageahd Literacy (2010) to
curriculum units of study. The researcher’s distpiepared for this task by providing the
standards, which were “research and evidence babgded with college and work
expectations, rigorous and internationally benchedir (CCSS, 2010, para. 4). The
administrators of the suburban study site schaifidt implemented a computer-based
assessment to inform teachers of the academicvarhent of students in reading and
mathematics.

Students’ unequal access to technologyhe researcher was fully aware that
students in the study site school had differeneerpces with technology. Some
students did not have a computer at home, andsokt@e only limited computer access.
Students’ unequal technology experiences or asgas®videnced and reported by
parent surveys collected in 2012. According to2020 U.S. Census, 40% of households
with incomes lower than $25,000 per year had Imteaccess, compared to 93% of
households with incomes over $100,000 per year.(Oe®sus Bureau, 2010). This
proportion held true at the research site. Crawffiemer science, technology, and
innovation policy assistant to President Obamarred to this phenomenon as the
Digital Divide (Crawford, 2011).

Whether students have access to technology matersdy. Barton (2004) noted
that the lack of experience urban students may hakeggards to computer experience
was a major factor against them. Crawford (2014fest that in 30 years, minority

students who were African-American and Latino wordstitute 50% of the American
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work force, and these students were at great fikcking the skills necessary in future
jobs. According to Crawford, “If we want to be coatipive in the global economy, we
need to make sure every American has truly higlegpared access to the Internet for a
reasonable cost” (para. 27). Along similar linegeR2012) stated that zip code was a
predictor of student success, indicating that ghesgualities in access to education
existed in America at the time of her statementgpa2).

Rise in remediation The larger problem of technology access and unequal
privileges was reflected in the trend of the rigougpularity of remedial courses. As a
reading specialist for K-12 and an adjunct professaéhe junior college level, the
researcher witnessed a dramatic rise in commuboltgge remedial course enrollments.
In 2011, the Coordinating Board of Higher Educa{{@GBHE) in Missouri reported,
“Thirty-six percent of 23,969 public high schoobhduates entering in-state public
colleges and universities in fall 2010 enrolledrashmen in at least one remedial course
in the basic academic subjects of English, mathiesyair reading” (MODESE, 2011,
para. 3). In addition, the reading levels of studex the researcher’s junior college, as
measured by the Gates MacGinitie Reading test guine fall semesters of 2011 and
2012, ranged in reading level from 4.0 to 8.0 gradel at the beginning of coursework.
Many of the students at the researcher’s junidegelwere also former students in
neighboring school districts surrounding the staitiy school. These facts should
promote leaders at the elementary, middle schadlhggh school levels to reconsider
their current strategies for preparing studensuttceed. Preparing students for

computer-based testing was one of the strategsesisBed at the research site for this
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study, and providing students with technologiesrtprove performance was of great
interest to the educational staff at the studysiteool in 2013.

Reading and the Brain Researchers have studied how the brain processes
reads stimuli. Edelman's (1987; 1993) theory offdeal Group Selection (TNGS)
helped to explain how the brain forms neural pagsyalusters, and areas to process
information. Zeki's (1993) research showed thatrwhresented with differences in light
and color, the brain's processing of informatiowasy specific in orientation. When the
individual neurons and neural networks fire, thegdoice images, memories, and
conscious thought. The present study investigaepaossibility that, if the background
color of a test-taker’'s computer screen is chantjedappearance and organization of
visual material affects the brain's ability to eggavith and comprehend that information.
One variable of interest to the researcher invotheduse of color overlays on computer
screens. She observed one strategy which sometienesd to alleviate students’ reading
difficulties in the areas of decoding and compraimmwas to lay a color-filtered lens
over the reading text.

The eye is influential on how the brain proessstimuli while reading. With the
introduction of the iPad and eBooks, such as Kingigortunities to aid readers' fluency
and comprehension expanded greatly when diffeqgpitaations on the new devices
were added (Kretzchmar et al., 2013). The reseald®epersonal experience with a
close relative who had difficulty reading as adhgrader because the eyes strayed from
the printed page. However, as an adult, when ttieigual changed the background
display screen of the iPad, the adult noted an idiate improvement in an ability to

focus on the printed word and to retain informatidhis adult read with fluency and
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comprehension. The researcher has observed thes ga@momenon in a school setting
among children who appeared to be unmotivated #rtdsk while tested in a computer
laboratory setting.

Purpose of the Study

The purpose of this study was to explore how chaingeisual stimuli affected
the process of reading and student reading behaihis quantitative study sought to
ascertain whether changing the computer read-cailack screen with white lettering
made a difference in student engagement and comps&im among grade 2 to 6 students
during participation in a computer-based adapts, ISTAR Reading assessment. The
researcher measured the effects on test-takerac&fjbound lighting on a computer
screen, testing both a white background with blattlering and a black background with
white lettering. Students' reading engagement waged through teacher tallies in five
major areas of positive engagement. These fivehatsainvolved the "demonstration of
the absence of disruptive or negative behaviorb\ier, 2010, p. 5). The five major
areas of positive student engagement included stymtesture, repeating of words on the
screen, hand position on the mouse, eyes on teerscand finger-pointing.

In 2011 and 2012, the effectiveness of the stuidyssihools and teachers were
monitored and measured using the reading and matbdsscores of the STAR Reading
and Math tests. These benchmark assessments pidkiElechool district with predictors
for future student performance on the Missouri Asagent Program (MAP) test. At the
time of this writing, the MAP transitioned into themputer-based Smarter Balance

Assessment.



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 9

Rationale

The researcher, an instructional coach and reagagialist, had observed
students taking the STAR Reading test (Renaissagaming, 2009) and noticed the
scores varied widely in relation to the academiégsmance of students in classrooms.
The researcher intended, therefore, to explorabkes that may affect the performance
of students on a computer-based reading assesddse@iuse computer-based testing
was a relatively new phenomenon, particularly enentary schools, much could be
learned about student engagement and comprehethgiimg testing situations by
comparing the effects of computer screen backgreand lettering (white background
with black lettering versus black background withite lettering), as measured by test
scores on the computer-based adaptive test, STARIRpassessments.

Studies similar to this design measured the effetbther variables such as jump
length, speed of reading, and color spectrum cenhffeskwul, 1985; Cushmen, 1986;
Gould & Grischiwsky, 1984). However, this researalmecovered no other studies
focused specifically on the effects of positive aedative contrast (black-on-white
screens versus white-on-black screens) upon elemyesthool students’ engagement
and achievement. Since technology has become thloipembedded in the assessment
process of elementary schools, it has become emisenstudy the effects of technology
on reading engagement and comprehension. The prasey contributes to this need by
exploring the impact that manipulation of compwgereen display contrast has upon
student engagement or achievement during compatsebtesting.

In addition to the long-term need for an underditag of how best to design and

administer computer-based tests, the study sitedaclstrict expressed an urgent short-
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term goal. The district planned to prepare studfamta computerized assessment called
the Smarter Balanced Assessment (Smarter Balanmesb@ium, 2012), to be
administered during the 2014-2015 school year.8hB% of the students at the research
site eligible for free and reduced lunch, suppotteddistrict supposition that many
students in the school did not have a computeoiateh The district addressed this
concern in the 2010-2011 school year by purchasangputers, updating the Internet
access bandwidth, and buying a product from ReaatgsLearning called STAR
Reading Enterprise.
Brain Function

Sylwester (1995) investigated how the humamisaeks to make sense of its
surroundings. When people encounter a situatiablem, task, or communication of
some kind, they do not merely sit back and pasgineeive information. Rather, their
brain tries to make sense of what is there andakenthe information meaningful (Weiss,
2000). A guestion to be asked is based on howsopegrerceives what is in front of him
or her. It is important to understand how readeok lat print. It is also important to
understand how the human brain organizes whateepees into a schema, a pattern that
allows the brain to make sense of what it encosnters also necessary to understand
the ability of the human brain to focus and orgammaterial and to understand how this
mental work is affected by the appearance and argton of the material to be
perceived (Sylwester). One remarkable attributeushan thinking is when a person
attacks a text and attempts to make it meaning&ibr she almost simultaneously
focuses on aspects and construct patterns (Cafbaige, 1994).

Different stimuli such as movement, color, ongasts of black and white,
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differences in light, either radiant or reflectitegger the brain to fire neural networks,
and these firings make physical changes in thenl§zzki, 1993). Sensory experiences
change the brain's neural networks (Zull, 2002).

Zeki (1993) pointed to the brain's functiorre@&ding or reacting to the different
stimuli such as movement, color, contrast of blackt white background, differences in
the amount of light, and the presence of radiamefbective letters and background, all of
which trigger-fire neural networks and thus makesglole physical changes in the human
brain. Zull (2002) showed that sensory experiemtesge the brain's neural networks,
which is notable because the interface that pe@gié may make a difference in their
ability to build neural networks. Vitale (1982),anbook titledUnicorns are Real
reported in her research:

There are many children who do not learn in sclooeVho experience difficulties

understanding new concepts as they are introducechiool. As their parents and

teachers, we should interpret their disinterestfusion, or lack of
comprehension as signals that the methods we hereusing, for whatever
reasons, just are not working. We must ask, ‘Whit the material reaching the
student?’ There's a big difference in the way wenfdate the problem: in the

first case we are treating the student as the gnopin the second, the method is

the problem. (p. vii)

Vitale’s (1982) remarks are notable because tregfante that people read may make a
difference in their ability to build neural netwatkReading on the printed page is
different from reading on a computer screen. Whanreads on a screen, the reader is

faced with continuous luminance of light. The epd &rain react differently to radiant
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light versus reflective light, appearing in humaaib wave patterns and neurological
responses. According to Geske and Bellur (2008)e"Jource of light and color of light
will all impact where the information is processedhe brain, the neuron firing patterns
and the brain wave patterns of the subject” (p).4@iale’s information is related to the
investigation of this study into the effects of@obackground and text change on student
achievement and behavior.
Research Question and Hypotheses

This researcher intended to explore whether chagntig background color of the
computer display screen would make a differenaeading comprehension and/or
student engagement among student test-takersdegtevo through six. The researcher
chose not to include K-1 students because thederstuidid not take the STAR test
during the entire school year, which would haveraned the participation of the older
students. The student population in grades twaitiirasix took the STAR test a total of
seven times throughout the year, as part of staralemchmark protocol and district
expectations. The experimental group consisted 6felementary students in grades two
through six who took the test on a white computspldy screen with black lettering.
The control group consisted of 116 elementary sttgdgrades two through six who took
the test on a black computer display screen witheabttering. Each group exchanged
protocol and took the test on alternating compdigplay background colors every other
testing session. The reading comprehension scackestadent engagement tally scores
were compared.

The research question was, How was student reatigggement and

comprehension during computer-based testing affduyehe contrast of the display
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screen background to letters on the display?

The following hypotheses were investigated in gtigly:

Ho1 - There will be no measurable difference in theres of students who take
computer-based tests with the computer screenayiselt to black lettering on a white
screen versus white lettering on a black screen.

H, - There will be a measurable difference in theessof students who take
computer-based tests with the computer screenayiselt to black lettering on a white
screen versus white lettering on a black screen.

Ho2 - Teacher tallies of student behaviors duringatheinistration of computer-
based tests will not verify a measurable differencgtudent engagement with the
computer screen display set to black lettering amie screen versus white lettering on
a black screen.

H, - Teacher tallies of student behaviors duringatieinistration of computer-
based tests will verify a measurable differencstudent engagement with the computer
screen display set to black lettering on a whiteext versus white lettering on a black
screen.

Limitations

This study had several limitations. First, the gtedtended over a short period of
time, thus restricting the amount of informatiodlected. The study lasted for one school
year, as students participated in the administmaiiche STAR reading test within five
benchmark periods. The data collection was limitethis period. A second limitation
the study restriction to one elementary schoolradgs two through six. The school was

located in a low socio-economic area, where ecoaamd ethnic diversity did not exist
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regionally. A third limitation of the study was isck of accountability for students’
reading levels and literacy skills. The visualytialyy of student engagement did not
necessarily provide information on students’ megadoon or thinking while testing.
Furthermore, the persons taking the tallies malsaifered fatigue during the 35-
minute sessions, causing them to miss certain st@hgagement behaviors. A related
limitation included the fact that the ratio of stundis-to-teachers making tallies may have
resulted in teachers missing some behaviors. Angibtential factor was this study did
not consider the way in which student motivatideskls may have varied during testing
to then affect engagement. Finally, some studeatgmave worn corrective lenses in
their glasses, which could have affected percepmifdhe background and lettering on the
computer screens.
Definition of Terms

Background display screen. In this study, the term background display screen
refers to the black or white background color & domputer monitor. The term monitor
is often used synonymously with computer screesisplay. The monitor displays the
computer's user interface and open programs, altpthie user to interact with the
computer, typically using a keyboard and mouse ¢kgaound Screen Display”, 2013).

Computer adaptive tests. Tests that are designed to adjust their level of
difficulty—based on the responses provided—to m#tehknowledge and ability of a
test taker. If a student gives a wrong answerctmeputer follows up with an easier
question; if the student answers correctly, the gerstion will be more difficult.
Considered to be on the leading edge of assesdewdmology, computer-adaptive tests

represent an attempt to measure the abilitiesdwiolual students more precisely, while
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avoiding some of the issues often associated Wwehdne-size-fits-all’ nature of
standardized tests (“Computer Adaptive Tests”, 2013

Criterion referenced tests. A test which, according to Cohen and Spencer (2010
“provides a description of a student’s knowledd@|ssor behavior in a specific range of
well-defined instructional objectives” (para.l).cAterion test is not normed in
comparison to performance of other students (Céh8pencer, 2011, para. 1).

Scaled score. A scaled score (SS) is useful for comparing stugerformance
over time and across grade levels. A scaled seaalculated based on the difficulty of
guestions and the number of correct responsesuBedthe same range is used for all
students, scaled scores can be used to compaenspaiformance across grade levels.
STAR reading scaled scores range from 0 to 140th@xn-referenced scores are
derived from the scaled score (“Scaled Score”, 2012

Student engagement. Harper and Quaye (2009) defined engagement as being
“more than involvement or participation; it requareelings and sense-making as well as
activity" (p. 5). For the purpose of this studydstnt engagement is defined as the
cognitive behavior exhibited by the student duangsting session. The five behaviors
which are considered manifestations of studentgegant are as follows: student
posture, repeating words on the screen, hand po%h the mouse, eyes on the screen,
and finger-pointing.

Student Growth Percentile (SGP). A norm-referenced quantification of
individual student growth derived using quantilgression techniques. An SGP
compares a student's growth to that of his or bademic peers nationwide. SGPs range

from 1 to 99, and interpretation is similar to tb&percentile rank scores; lower numbers
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indicate lower relative growth, and higher numtsdrew higher relative growth. For
example, an SGP of 70 means that the student'slgfosm one test to another exceeds
the growth of 70% of students nationwide in the sgmade with a similar beginning
pretest (STAR reading score) (“Student Growth Resge”, 2011).

Tier 1intervention. Targeted lessons that everyone in the classrooeives as
part of regular instruction. Lessons are aimedipperting students' learning. The
teacher supports student learning objectives arioff modeling and teaching aimed at
addressing specific areas of difficulty (RTI Actibietwork, n.d.).

Tier 2 intervention. Lessons especially designed for students who argging
in the focus area. Not everyone in the classroareives Tier 2 intervention lessons. Tier
2 students often need extra practice and tail@esbins to meet their particular learning
needs (RTI Action Network, n.d.).

Summary

As standardized testing increasingly required sitgl® read words on computer
screens rather than printed on paper, it was impbto analyze the variables associated
with reading comprehension and student attentiosco@ens versus on paper. Prior to
this study, large-scale student assessments waraiatered on paper. Starting in 2015,
in Missouri, and in other states across the nastrgents will take the state test
administered through the Smarter Balanced Assesdtmrsortium (2012), a
computerized adaptive test which is administered oamputer screen. According to
Guskey (2007), these large-scale assessmentsenibdd to rank schools and students
and hold teachers and schools accountable for pngpstudents for career and college

readiness. The importance of this study is to aealyariables that may affect the
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students’ reading comprehension and engagement kgaeding on computer screens. As
school districts in Missouri and across the natrmve toward computer-adaptive testing,
it is important to study the variables associatéti somputerized testing and their
effects on school-aged children. Further studyfahde research may explore the
reliability and validity of these computerized reaglassessments on student reading
comprehension and engagement, as other varialdescplored through research. In
summary, the problem statement reflects educateex for timely research that
explores the effects on the reading process of podating computer technology. This
study investigated whether student reading engageamel comprehension during
computer-based testing was affected by the contfdbe display screen background and
letters on the display.

The proceeding chapter, Chapter Two, will remarious theories of learning in
general and of learning to read, in particular. #iddally, the chapter will discuss
student engagement, including methods for keegiumdests engaged and variables
affecting student engagement. Next, the chaptéreyilew various studies on reading on
screens; these studies examine variable such asdooe, color, and contrast, and the
variables’ effects on reading comprehension, repdpeed, and attention. Finally, the

chapter will give a history of assessment and teldgy.
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Chapter Two: The Literature Review

Introduction

At the time of this writing, educators were undeéreanendous amount of pressure
to ensure that all students were reading on geads. I The researcher, an instructional
coach, worked with data teams in the school ofystacdissess student levels of reading
progress. The purpose of this study was to invatgithe effects of color and contrast of
computer screen displays on the reading compreteasid reading engagement of
elementary school children.

This chapter will discuss a range of literaturd thaminates the present study.
First, it will review various theories of learnimggeneral and of learning to read, in
particular. The theories of literacy developmewtude behaviorist, constructivist
(humanist), and cognitive processing paradigmstNkg& chapter will discuss student
engagement, including methods for keeping studamaged and variables affecting
student engagement. Later, the chapter will desardltious studies on reading on
computer screens; these studies examine varialddsas luminance, color, and contrast,
and these variables’ effects on reading comprebanseading speed, and attention.
Finally, the chapter will give a history of assessitnand technology so that the reader
can understand the political and legislative conitexvhich computer-based testing
gained prominence.
Theories of Learning

From a baby’s earliest moments in its mother’s aibizegins to read the world.
Babies read faces and take everything in withfathe senses, but especially the sense of

sight. Walden and Ogan (1988) showed that infandsff@rent stages of development
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read and react to parental cues in different wayssing their senses; the researchers
refer to this early form of reading as “social refecing.” In this way, parental reactions
and facial expressions teach the child about thédwp. 1230). It is clear that learning to
read is a natural human process.

Over the centuries, philosophers, psychologastd other scholars offered various
theories of how humans learn to read. The earlksvof Plato and Aristotle from the
fourth century B.C.E., the theories of Structuralisnd Unfoldment from the 18th
century, the Behaviorist theories first advancethen1920s, the Constructivist theories
of the 1930s, theories of Literacy Development ttgyed between the 1930s and 1980s,
Social Learning Perspective theories from the 19Z0gnitive Processing theories that
were popular from the 1970s through 1990s, andNtheoscientific theories of the 21st
century, all give insights into how people learmdad. Each theory is a reflection of
contemporaneous discoveries in psychology, biolagy, other sciences.

Tracey and Morrow (2012) wrote about seveaalydearning theories as they
relate to reading in their bodlenses on Readingccording to Tracey and Morrow, in
the fourth century B.C.E., Plato and Aristotle verabout learning as an exercise of the
mind. Aristotle believed that “learning is a matbéistrengthening, or disciplining, the
faculties of the mind, which combine to produceligent behavior” (p. 21). Aristotle
wrote about learning and intelligence as a prooésssociation. Aristotle believed that
connections and associations such as similardiéferences, and events occurring at
contiguous times tend to be associated and sugigorhemory and new discoveries
(Boerre, 2000). Other theorists, such as Frendosdpher Jean-Jacques Rousseau

(1712-1778), Swiss educational reformer JohannttdiriPestalozzi (1746-1827), and
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Freidrich Froebel (1782-1852) believed that chidsenatural curiosity supported
learning naturally over time (Boerre, 2000, p. RRQusseau wrote, “Learning is done
through trial and error, experimentation throughaete medium” (Encyclopedia of
Philosophy, 1967, p. 221). Similarly, PestalozZidwed that any child, whether poor or
rich, could learn if given opportunities to expl@md if elements were broken down into
logical sequences (World Book Encyclopedia, 198@ebel, along with Rousseau and
Pestalozzi, believed that children learn throughgbnses. Froebel’s early works,
expressed in the Unfoldment Theory, inspired thestigpment of kindergarten as a sort
of laboratory in which young students would play aise their senses to explore nature
and learn about the world (LeBlanc, 2010).

The early theory of Structuralism was morecgpe In contrast to Froebel’'s
work, Rousseau and Pestalozzi believed that legutakes place through exploration in
nature, in contrast to the Structuralist beliet tiaciplines could be broken down into
parts. Structuralism branched off into differergailplines. The linguistic theory of
Structuralism, as it relates to linguistics of thigl 20th century, was based upon the
works of Ferdinand de Saussure and Claude Levis&trawo European researchers of
language. Both began with the premise that langisageystem of symbols and signs.
Strauss further believed that cultural influencelgpguage, and indeed culture itself, is a
system of relationships and key structures and omeis of linguistic processes, as
stated in the definition of structuralism in thkerriam-Webster Dictionary2013).

The psychological theory of Structuralism wasstrconcerned with perception
and introspection (Cherry, n.d). Perceptual praeesgere researched by German

psychologist Wilhelm Wundt and his American assistdames Cattell, in the late 1870s
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at the world’s first experimental psychologicaldaatory, located in Leipzig, Germany
(Cherry, n.d.). According to Tracey and Morrow, Vduand Cattell “pursued the study
of perceptual processes by investigating aspedtseafeading process such as letter and
word recognition, legibility of print, and spanattention” (Tracey & Morrow, 2012, p.
28). The researchers of the Structuralist moversietied each element of the reading
process through the course of experimentation. ¥gne (1975) focus was on general
psychological functioning rather than on readisglit

In the late 1800s, experimental psychologistghdo study reading
systematically. James Catell developed an expetithahmeasured the speed of naming
letters and words, and compared the differencesacation times for different letter-print
types and investigated the processing differentesth (Venezky, 1975). From 1880 to
1908, when Huey published his bobke Psychology Pedagogy of Readihg08;
1968), the main focus of experimental psychologyg W& study of reading processing.
Once Huey’s book was published, and with the intobidn of behaviorism, the focus of
experimental psychology was not the study of mgm@atesses during reading, but rather
on testing and measurement. In 1950, experimenyahmlogy revisited the reading
process during reading through various experim&fgaezky (1975) commented that
some researchers studied the “control of eye mongrtiee strategies involved in word
recognition, the amount and types of overlappiragesses, the role of subvocalization,
the nature of the eye-voice span and the optim#hoas for reading instruction”
(Venezky, 1975, p. 33). These experiments contasuesearchers seek to discover

optimal methods for teaching reading even today.
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Theories Related to Reading and Literacy

Behaviorist Theory. From about 1900 to 1950, behaviorists such akPa
Watson, and Skinner developed theories that infleérpeople’s understanding of
literacy and learning. These behaviorists wera@sted in how reinforcement, reward,
and shaping all played a role in student learramgl, their theories are influential even
today. At the same time that Pavlov and Watson wtr@ying Classical Conditioning,
which involved stimulus and response theory, HU®08, 1968), an educational
psychologist and early reading researcher, waystadhe physiological processes of
the eye during reading. Huey was one of the fesearchers to study this process, along
with Emile Javal (1839-1907), a French oculist, ed@iew of eye movement in reading
Huey disproved. Israel and Monaghan (2007) wroaé Javal believed the eyes
continued in one, smooth, continuous movement.uays eye movement research and
his experiment using string and a subject’s eyalibgovered that the reader’s eye does
not move in a smooth, continuous, straight ling,rather in a series of jerks and
fixations later termed a “saccade” (Israel & Monah2007, p. 162). Huey believed that
“reading is a complex process that involves thesegge movements, [and] the
physiology of the brain and the workings of the dii(Luria, 1979, p.41). Israel and
Monaghan noted that Huey was concerned that redaiiggie, the effect of light or
glare, and the differences in print, greatly akbelcteaders’ mental capacity as they read.
Huey (1908, 1968) viewed reading as a meaning-nggiiacess, in line with the
Constructivist views of educational psychology deged in the later part of the 20th

century.
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Humanist-Constructivist Theory. Constructivism, or the humanistic approach to
learning, is based on the premise that knowledgenstructed through experience.
Tracey and Morrow (2012) noted that, as it relateceading, constructivist educators
“view the reading process as one in which the needestructs his or her own messages
while reading” (p.76). According to Askew (n.d.prestructivism is a philosophy of
learning in which individuals attempt to understanel world based on experiences in
their environment. Children and adults adapt witlié's” and “mental models” as they
encounter new experiences. Learning is the adjudtarel accommodation made when
learners reflect on the new experience.

In 1908, constructivist Huey wrote that “reading] fihe art of thought-getting and
thought manipulating” (Huey, 1908, 1968, p. 23nyded, Israel and Monaghan (2007)
stated that “meaning-making and comprehensioreigitial of reading” (p. 166).
According to Israel and Monaghan, Huey’s contribatio reading research, as expressed
in his bookPsychology and Pedagogy of Readjh§08, 1968), was to shed light on the
reading process in the contexts of linguistics)theaquiry learning, print features such
as paper quality and font differences, and thetgiéarences in reading materials used
in schools versus in homes. Huey’s contemporatyn Izewey (1859-1952), had similar
views on learning through inquiry. Dewey, one & fiist humanist (or constructivist)
theorists, believed that children learn best whasgnted with real, authentic problems,
and that learning is a constructive, collaborapivecess (Tracey & Morrow, 2012, p. 61).
The learner constructs meaning by incorporatindgdaund knowledge into new

learning investigations (Constructivism, 2012). éikng to the constructivist
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perspective, children solve problems and learroasttuct new understandings through
inquiry or active curiosity.

Constructivist theories abound in the field of emlian; among them are:
Metacognitive Theory (Brown, 1978; Flavell, 197Byycholinguistic Theory (Goodman,
1969; Smith, 2012), Schema Theory (Anderson & Rears984), Transactional
Reader/Response Theory (Rosenblatt, 1995, and WWhalguage Theory (Goodman,
1967). Each of these theories seeks to explailrtbeledge of the reader and the
metacognitive processes involved in reading. Lagguanquiry, searching for meaning,
reflective thinking by the learner, and the stuflysader miscues or mistakes in reading
are all involved in these approaches. In the canstist view, reading moves from the
whole to the part, rather than from the part tovitwele, as in phonetic approaches to
reading (Geissen, n.d.).

Metacognitive theory. This theory concerns the thinking that one doesibbo
one’s own thinking. According to Smith (2012), nezignitive processes take place when
“we reflect on whether we know something, whetherare learning, or whether we have
made a mistake” (p. 29). Clay (2005) referred ts finocess as “self-monitoring”
(p.361). Van Keer and Vanderlinde (2010) studiedacmgnitive processes of good
readers and concluded that proficient readers are aware and reflective during text
reading than less capable readers. Following megtaitee theory, Duffy (2002), as well
as Van Keer and Vanderlinde (2010) concluded #ethers should provide explicit
instruction related to reading strategies that he$ulers to comprehend texts (Tracey &

Morrow, 2012, p. 72).
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Psycholinguistic theory. The theory of constructivism is associated with a
specific view of the reading process. Clay (199pla&xed that, in the constructivist
view, good readers are always thinking about aadtireg to the texts they are reading.
They make sense of this complex process and stggged. They” use their prior
knowledge and experience, known vocabulary, anguage structures in addition to
reading strategies to process the meaning of #té(f@ 48).

Psycholinguistic researchers in the field of ediocadeveloped a model of
reading that involved three cueing systems. Good{{@89) theorized that good readers
use graphophonic, syntactic, and semantic infoonab interact with texts during
reading processing (p. 9). Goodman described rgadira psycholinguistic and
interactive process, one in which the reader coagpariscues or mistakes with the actual
text on the page during the reading process. Tioisgss of analyzing errors during oral
reading described how readers are constantly ettegawith texts during the
comprehension process (p. 9).

In the same era, Chall (1967) and Gough (1972)edlsas LaBerge and Samuels
(1974) presented their cognitive processing thepudich were linear and bottom-up. In
other words, students went from letters to words¢gssing texts in incremental steps
through phonics. In contrast, Rumelhart’'s (1977)klpaccording to Tracey and
Morrow (2012), is an Interactive Cognitive ProcagsModel. In the investigator’'s
experience, this model is similar to the desiga abmputer program, wherein each
component of cognitive processing checks on therstto make sense of the text in
problem solving. A reader may read a newspapéhaivay to the bottom of the page

only to discover that he or she was not payingnétia. This is an example of using the
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visual processing system only. The reader may heae the words and read them
correctly, yet did not use prior knowledge or makeaning of the text. Worded another
way, the reader might be reading the words, buibrels do not make sense.

Clay (2005) supported the three-cueing system maidelading. The three-
cueing systems in reading are the graphophonitastfo, and semantic systems. Letters
and words are part of the graphophonic system. i§hasnply the graphophonic,
semantic and syntactic processes that readersceadathey decipher the message of
text the author has written (Clay, 2005; Hart &IBys 1995). The graphophonic system
is essentially the sequencing of the letters thaltarup the words. Adams (1990), Clay
(2005), and Hart & Risley (1995), all described h@aders process letters in the
graphophonemic system. Readers pick up visualnmdtion or stimuli with their eyes
and send the message to the brain, where it iplde@d. Adams (1990) stated that the
semantic system is the prior knowledge of the neadd the pictures or experiences the
reader already carries around inside of them togltio the text to make meaning. Earlier,
Chomsky (1957) defined that the syntactic systethasorder or structure of the
language. The reader predicted the unknown wortgubie word order and prior
knowledge of the language to decipher and compretientext. When all three systems
work together simultaneously, the reader is baldrcel is able to easily read the text
and understand the message.

The structure of the language or grammar isymactic system, and the meaning
or message of the author as it relates to experienthe semantic system (Chomsky,
1957). Clay (2005) explained that good readersalighree systems simultaneously to

extract meaning from the text (p. 112). When camtied with an unknown letter or word,
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good readers use all three systems, the visuafjrdirematical, and other meaningful
cues such as picture clues, or other words or palexperiences in the text, to aid the
reader in figuring out the unknown word. Good readge active readers. Clay (1995)
stated that this active process of reading, whggsischema or prior experience, known
vocabulary, the structure of the reader’s languagd,learned reading strategies helps
readers to comprehend text (p. 48). In essencg,(€005) concluded that good readers
have to use all three systems in balance in oallee tconsidered a fluent reader with a
self extending system of visual, structural, anénegful cues (p. 112).

When the systems are not in balance, Stanovid0(1 his Interactive-
Compensatory Model, theorized that if one systefaiisig to solve the problem, other
systems will compensate to make sense of the skbrg.goes along with Rosenblatt’s
(1995) Transactional Reader/Response theory. Rtzerdnd later Clay (2005),
believed that readers are active. In fact, Rosénblate that readers have a transactional
relationship with texts. Rosenblatt explained tieaiders bring their experiences to the
text, and reading itself is an experience thatdwithoughts, feelings, and cognitive
responses after the reading takes place. She théled responsesferentandaesthetic
responses. According to Rosenblatt, efferent resgoare the facts and figures, and
aesthetic responses are the thoughts and feelirige ceader after reading the text.
Rosenblatt and Clay both believed that readingesged on making meaning of what is
read.

Hughes (2007) described reading differentint@#ay, as a coordination of four-
cueing systems rather than three, as Clay belidveghes asserted that we read, write,

speak, and listen all at the same time. The difiegen Hughes’s view was that of
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pragmatics. Readers know the purpose and funcfiogading in addition to the other
three cues mentioned above: graphophoneme knowlsygix, and semantics or
meaning.

Schema theory. Anderson and Pearson (1984) and Rumelhart (1980aieed
schema theory as an active process in which tlieeremntinuously reviews past
learning experiences and links new pools of knogeetd what has already been learned.
Throughout the process of trying to comprehendg tee reader forms, tests, and
revises hypotheses. This process is constructivause the reader actively engages in
the text and constructs and revises new informattdhe point of difficulty. This process
of constructing, testing, and revising hypotheses ¢ycle of reading processing.

Transactional/Reader response theory. Anderson, Hiebert, Scott, and Wilkinson
(1985) described reading as a process of createanimg from a text. Eisenwine,
Fowler, and McKenzie (2000) noted, “When peoplealy¢lae reader reconstructs the
intended message from the visual image” (p. 14¢. process of converting letters to
words using visual information, phonics, grammie, telationship of words to
vocabulary and memory, and the use of schemajarkrowledge in relation to the
subject is very complex” (p. 170). Leipzig (200¥fided reading as a “multifaceted
process involving word recognition, comprehensflugncy and motivation. Readers
learn how to integrate these facets to make medrong print” (p. 1). Clay also included
motivation as part of her definition, stating the&ders are motivated to learn how to

coordinate word recognition and comprehension tlyen
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Theories of Literacy Development

Chall. Jeanne S. Chall (1983, 1996), Professor EmeriReafling from Harvard
University, defined reading in terms of developnaéstages. Chall's stages of reading
development included two major stages: “LearninBéad” and “Reading to Learn.” In
the first stage, which typically spans grades ondtee, the student progresses through
the stages of Pre-reading, Initial Reading, andfi@oation Fluency. Then, in what Chall
calls the Reading to Learn stage, which typicakterds from grades four to six and
beyond, the student begins to recognize words aattoatly, freeing up attention to read
for meaning. Eventually students can read to utaedsmultiple viewpoints and learn
new information, and they can construct and evalidgas while reading (Steeves,
Barnhart, & Heffernan et al, 2011). According tosRiek and Weaver (1979), Chall was
known for her assertion that decoding skills arpontant in the reading process, and she
emphasized phonics in addition to reading languedein vocabulary.

Piaget. Like Chall, Piaget (1977, 1983), a leading researai educational
psychology, also described the learning developrakatildren in stages. Piaget
theorized that children create cognitive structuresiental “maps” for understanding
and responding to reasoning (p. 2), physical eepegs within their environments
(“Constructivism”, 2012). Garner (2007), anothesaarcher, described cognitive
structures as “the basic mental processes peogplusake sense of information”
through comparative thinking, symbolic representgtand logical Piaget’s (1983)
cognitive structures were described in developmeatages from infancy to adolescence.
The first stage described by Piaget was knowneasehsorimotor stage, which extends

from birth to age two. Children at this stage r@hysenses alone to learn about their
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environment. The Pre-operational stages (agesa2«¥Concrete stage (7-11) are the
next learning stages (Sprenger, 1999). Languagel@@went is an important
development in the preoperational stage. Childtehia stage are essentially egocentric
and are unable to comprehend other perspectivesansgrve information. According to
Piaget (1983), in the concrete stage, childrenselgly on what is observed and
experienced concretely and are unable to understiastdact concepts. The last stage in
Piaget’s (1983) model is the formal stage, in whabhdren are able to think abstractly,
hypothesize, solve problems, and make plans forseswof action in future events.
Cognitive Processing
Smith (2012), a leader in the Whole Language margndescribed reading yet
another way, as a process that is both visual andvisual. Like Clay (2005), Smith
described reading as a psycholinguistic processenthe eye picks up information and
sends it to the brain (p. 73). Smith (2012) focusedhe visual aspect of the reading
process, noting that the visual processing syssdimited:
No single nerve fiber runs directly from the eydhe brain; instead, there are at
least six interchanges where impulses along onesnmaay start, or inhibit,
propagation of a further pattern of impulses altrgnext section of the pathway.
At each of these neural relay stations, thereagelnumbers of interconnections,
some of which determine that a single impulse argnalong one section may set
off a complex pattern of impulses in the next, wlathers may relay the message
only if a particular combination of signals arriEach interconnection point is in

fact a place where a complex analysis and transttbom takes place. (p. 76)
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Clay (1995) and Smith (2012) agreed that readexsSprsor knowledge” in the non-
visual processing system (Clay, 1995, p 126.; Sraii2, p. 19). Zull (2002) called this
prior knowledge a “neural network” (p. 92). Wheaders link the already known and
experienced information to the unknown informatil@arning or comprehension occurs.

Smith (2012) described a phenomenon known as twsieh in which readers
become confused. Tunnel vision occurs when theah@athway becomes bogged down
because too much information is overloading thealezircuit. The nerves in the eye can
only send one kind of signal, a fired signal oméasence of signal. When too much visual
information stimulates the nerve, the visual sysbemomes overworked, and tunnel
vision is the result (p. 76). An intriguing exampgkn be found in commercials with
subliminal messages. When items are displayed glaricommercial and are seen by the
observer, yet when not in context of the commeyrta observer does not remember the
items displayed for a brief few seconds. As Smitddenclear, the phenomenon of
observation takes time.

At every interval, the brain processes informasgent down the neural pathway.
Decisions are made during the processing of visifiatmation. Visual information seen
is sent at a much faster rate than the brain’ssaweimaking center can process it.
Because the brain processes information much nondysthan the eyes do, the visual
information sent down the eye’s neural path malobg resulting in the reader becoming
confused or failing to recognize or “see” all oéthisual information presented (Smith,
2012, p. 82).

Other Cognitive Processes that Affect Reading
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Reading and Memory. Smith (2012) stated that this is much like wheeader
has to work at sounding out the text; sometime®tha is unable to store the
information because too many decisions interru@tsignal. According to Smith, the
sensory store inside the brain may be a place whermformation is temporarily kept
while the brain is processing visual information§B). As the brain sees the text and the
eyes shift, gaze, or blink, the old informatiorerased and new information is arriving to
be processed. Smith called this phenomenon “maskmn@4). Smith also described
seeing as “episodic”; in other words, because yleasin constant motion or tremor, the
retinal cells are always firing (p. 84).

Collewijn and Kowler (2008) stated that, givee tiesearch of the previous 10
years (1998 to 2008), there is little evidenceupp®rt the conclusion that microsaccades
and fixational eye movements help with oculomotorction or vision. The view of these
researchers is that attention and the movemertjetts may play a role in reading, but
that more research is needed in this area of degmeuroscience. Martinez-Conde,
Otero-Millan, and Macknik (2013) described visiamgessing as an evolving theory of
how saccades and microsaccades impact vision dimhatad that it is the newest area of
vision research. Martinez-Conde et al. (2013) tizedrthat, as the eyes fix on objects,
the constant tremoring prevents the image frormfafliom view.

As images appear on the retina, the eyes abtree same rate as the impulse.
Smith (2012) described the process as follows:

The eye movement that is really of concern in irgats a saccade, which is a

French term which means “jerk”. The more interraps and fixations, the less
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information is processed and stored in short-teemory. With too many

interruptions, the overload causes confusions aftaimation is lost. (p. 84)

According to Fischer (2012), the eye requires thoefeve saccades or snapshots
per second in order to focus or see the visual.fiduey (1908; 1968) described the
movement of the eye as a series of jerks and @iratiOur eyes jump across the page
from left to right and from up to down, and betwekea jerks, our eyes fixate on
information. Normally, readers of English read frtaft to right, sweeping across the text
in successive jerks and fixations. In this proct#ss eye may also perform a regression,
which is the opposite way the eye normally moveading from left to right. In this
movement, the eye may sweep right to left to sthdytext in order to process it
accurately (Smith, 2012, p. 84). Reading teacbeesthis when students are problem-
solving a word. For example, the student knows étddut comes across the word
“bake.” The reader may notice the “—ake,” backteaitkthe “b,” and processes the letter
“b” by going back to the beginning of the word t@gess and transfer the known word
“cake” to the now newly processed and formerly wovn word “bake.” This happens
instantaneously and automatically in proficiendexa, especially those reading at or
above a second grade level.

Smith (2012) explained that when children hanany regressions, this is a signal
that they are having difficulty with the text magrIn normal reading, saccadic
movement is fast (p. 85). When readers slow dowsiudy the problem, regressions are
indicating that the text complexity is too difficuSmith stated that, arguably, the better

the reader, the fewer fixations occur. In otherdgothe reader sees more in one fixation,
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and comprehends that text in fewer fixations, tteauers who are having difficulty (p.
86).

Good readers see more visual information in oaaag than do inexperienced
readers. Readers with more experience use lesal wgarmation and more non-visual
information than beginning readers. When readepgrance difficulty, the reader slows
down and fixates on more visual information (Sm&@12, p. 88).

Engagement is important to reading. Walker (1328) that 21st century learners
will place as much importance on using technolog2@th century learners did when
emphasizing the importance of learning how to readl write.

Allington and Gabriel (2012) stated that childrexed six core elements of
instruction in order to become successful readerst, every child should have free
choice of books and choose books to read thatfanéevest. Second, children should
learn how to make the text match and should pmacéading accurately. Children should
read texts to understand, and be encouraged te ani talk about what is read. Lastly,
children should have the opportunity to listenlt@ht models of reading. All of these
components will help improve children’s level oading fluency and comprehension (p.

10).
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Reading and Attention. If a reader does not have prior knowledge about the
text, the reader will be less inclined to attenthi® message. The reader will likely get
bogged down in the visual system of the text antnet understand the information the
author is trying to present. Attention to detaillwe lost and understanding will be
compromised when the author is unable to connettatonaterial presented. Bucko
(1998) wrote, “The brain of an elementary schootieht must be active and alert to
maximize learning” (p. 2).

Shanahan (2012) stated that teachers needptbasize and teach close reading,
that is, to analyze a text in order to come torftewith what it says, how it says it, and
what it means” (Shanahan, 2012). Miller (2010) adsted that, in order for students to
become good readers, they must read and read atdpe30).

Sprenger (2009) described the biological factmsociated with reading. When
children exercise, the dopamine that is releasedsseeurotransmitters to areas of the
brain that promote a sense of wellness and sustattention. This helps students to
perform better, and they may have increased pedoceron assessments due to this
increase in focused attention.

Many theories have been formed in attempts toagxpiteracy development.
Over the years, psychologists, neurologists, ahdratcientists have made new
discoveries and developed new theories about legunigeneral, and about learning to
read in particular. Theories of literacy developitigave been formulated according to
various perspectives, including Behaviorist, Cardtvist, Psycholinguistic, and
Neuroscientific paradigms. Moreover, biologists aptithalmological researchers have

explained the function and physiology of the eyewheading. Learning to read is an



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 36

extremely complex process, and as technology esphew understandings and
discoveries may give rise to improved methods bickwteachers can best help teach
struggling students to read.
Definitions of Student Engagement

In the age of high-stakes testing, student engageimeoming under scrutiny as
school districts are required to meet high demamdissting and accountability. Urban
schools in particular are experiencing low studstmgagement. According to Goodwin
(2000), “This lack of engagement [is] especiallgmpounced for adolescents and
minorities attending schools in metropolitan arg@s’2). The achievement gap of
students in urban areas as compared to studestburban settings is evident. In the
present study, student engagement on a white ok Blaeen is being analyzed as it
relates to student preference of white or blackbemnd.

According to Rallis and Macmullen (2002), the imluation of the Common Core
State Standards has forced teachers and schoolwatgrmembers to analyze all of the
factors associated with lack of student achieventeiiman and Tung (2001) stated that
today teachers are analyzing their teaching, amtiseare looking at data. Student
engagement throughout the learning process isamterfbeing analyzed as well. During
the testing process, students are now requireakadn assessment on a computer.

Newmann (1992) described engaged students as‘thheanake a psychological
investment in learning” (p. 2). He added,

They try hard to learn what school offers. Theyetakide not simply in earning

the formal indicators of success (grades), buheustanding the materials and

incorporating or internalizing it in their livesnBaged students are intrinsically
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motivated—that is, motivated from a desire for cetepce and understanding or

simply from a love of learning, rather than a de$ar a good grade, teachers’

approval or acceptance into a good college. (p. 2)
Greenwood, Dinwiddie, Bailey, Carta, Dorsey, KohMelson, Rotholz, and Schulte
(1987) stated that the kind of engagement thatresdsatask performance is not
measured by time spent on or attention paid tesole, but rather by level of active
engagement in academic tasks; an engaged studware isho actively works on math
problems, reads materials at a high level of comagan, and focuses on accomplishing
goals (p. 152).
Behavioral, Emotional, and Cognitive Engagement

There are three types of academic engagemenf,w&hioh are linked to higher
levels of learning and student engagement: behalyicognitive, and affective
(Fredericks, Blumenfeld, & Paris, 2004). Boykin awolguera (2011) described
behavioral engagement as the behaviors relatedyiogattention in class, asking
guestions, asking for help, and participating assfoom discussion. Cognitive
engagement comprises the mental processes inviolvedlerstanding concepts, issues,
and problems. Students who are cognitively engagyeubrd to learn the skill at hand,
and they use critical thinking and higher-ordergaissing to understand and solve
problems. Affective engagement is defined as desttis thoughts and feelings about,
and reactions to, the learning at hand (p. 42).

In a similar model, Harper and Quaye (2009) idesdithe three aspects of
student engagement as behavioral, emotional, agwitoge. Their definition of

behavioral engagement consists of attendance anty/ement as well as the absence of
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negative or disruptive behavior. Harper and Quasfandd cognitively engaged students
as those students who are invested in their ownileg who seek to go beyond what is
expected, and who are motivated by challenges. iBmatengagement, according to
Harper and Quaye, is observed in student displagajoyment, interest, and expressions
of feeling a sense of belonging.

Students’ lack of engagement may affect studehievement results. Teachers
are now monitoring student engagement in ordemdcease test scores as the
introduction of high-stakes testing has raisedotaeof achievement expectations.
Engaged students are intrinsically motivated, dognee up easily, and enjoy their work.
The three types of engagement can be explainedhas/ioral (the activities the students
demonstrate), cognitive (their active engagemetttanght), and affective (their
emotional connection and feelings about their le@ractivities). Attendance is a part of
engagement the sense of team and belonging ipaisof the definition of students’
engagement. According to Greenwood et al. (198@)kind of engagement that
optimizes task performance is not defined in teofiteme spent on the task or attending
to the lesson, but rather in terms of how cogniyiand actively engaged the student is in
completing and accomplishing tasks. In terms ofaedr, this would mean that students
are actively reading, pointing, writing, completingath problems, and so on.
Emotionally, students have an investment in thie #a&l are enjoying the positive
experience of being actively involved in the wd@lagnitively, the students are thinking
about the problem, offering solutions, decipheringnsferring knowledge, and applying

what they have learned to the task at hand (BogkiNoguera, 2011).
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According to Newmann (1992), engaged studeatsena psychological
investment in learning. They try to learn what sahadfers and are relatively
unconcerned about earning certain grades. They emderstanding and learning the
material, incorporating it into their lives, andamalizing it. Engaged students are
intrinsically motivated to learn. They yearn to enstand and competently learn the
material for the love of learning, rather thanttoe sake of an external reward such as
grades, teacher approval, or peer recognition.

Assessment and Student Engagement

Authentic performance tasks. Three categories of classroom assessment exist,
each of which has its own purpose (McTighe & O’Canr2006, p. 13). Summative
assessments essentially summarize the learnihg &nd of the lesson series. Diagnostic
tests, or pretests, are given at the beginningefdsson series and are not always
graded. The diagnostic test is used to gauge whstadent’s understanding falls so that
instruction can be planned accordingly. Finallypiative assessments are given along
the way and are ongoing. They provide feedbackdohers so that they can change or
tweak their instruction to meet the needs of tlegrners (McTighe & O’Connor, 2006,
p. 13).

According to Brandt (1997), authentic performarsc&he ability to do things that
are valued in the adult world” (p. 5). McTighe @tConnor (2006) stated,

Educators should frame the standards and benchnmatdsns of desired

performances and ensure that the performances anatl@entic as possible.

Teachers should then present the summative perfmenassessment tasks to

students at the beginning of a new unit or coysel4)
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By giving the summative assessments first, the &duds helping to frame and clarify
the learning target for both the teacher and thmkr (McTighe, 2006. pg. 14). Davies
(2011) found through her research that when stsdaetinvolved in the classroom
assessment process, their engagement in learnitigplres, they are more motivated,
and they achieve more. A summative evaluation ieerfikely to be successful since the
students have encountered and mastered the ledratagise they are performing or
producing a product. Teachers can design curriciitugenerate student involvement,
thus providing a wide range of evidence of studesitning, which involves students
deeply in control of their own summative evaluatidn addition, the performance task
provides evidence that the student understandsfthienation or process, and lastly, by
presenting the summative assessment at the begiohthe instruction, the teacher sets
a target or goal for the student to meet in acc@hipig the learning objective (McTighe,
2006, p. 15).

Schlechty (1994) agreed with Brown and Marzano @2@0at students should be
attracted to their work. When they are, they wdtgst in working despite challenges or
obstacles, and they will take visible delight saiccomplishment. Stiggins (2007)
maintained that students will exert maximum eftorperform and produce when there is
a clear purpose for their learning, when the stuleaws exactly what he or she must
understand and be able to do, when the studerst bi@sr achievement target that points
to what success will look like, and when the tasHirectly related to the achievement
target. Communication with the student is essedtiaing learning because the learner
needs to be informed continuously with descriptna, judgmental, detail as to how well

he or she is accomplishing his or her work.
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Strong, Silver, and Robinson (1995) discussedrtrasic internal drive to
actively engage in work. These innate human tenidsrace described through an
acronym, SCORE. “S” stand for “success,” becausedmns have an innate need for
mastery; “C” is for “curiosity,” because there i®asic human tendency to understand;
“O” stands for “originality,” which is the need fgelf expression; “R” refers to
“relationship” because of the basic human needdiationships and involvement with
others; and “E” refers stands for the “energy” thagether with all the other drives,
leads to engagement (p. 8).

Authentic assessment. According to Guskey (2007), a standardized test i
designed specifically to establish a ranking ofosdt and students for purposes of
accountability. Thus, such a test is not an autb@ssessment of individual students’
understanding and learning. They are inauthentaudrse they do not require students to
demonstrate understanding by engaging in a perfacenar creating a product. Guskey
pointed out that an assessment must be inautheatstudent can perform poorly even
after spending hours preparing, only because a&gaps between what she prepared for
and what was actually on the assessment. An aseassrauthentic and valid insofar as
it represents exactly what the student is expecteshderstand and be able to do.

An example of an authentic assessment céoumel in Schnitzer’'s (1993)
description of an authentic performance assesssiendieveloped at Gateway High
School in Aurora, Colorado (p. 32). Schnitzer, glonth her colleague, developed a
decision-making matrix for a science class follagvihe McRel assessment model. This
model consists of 14 “complex thinking processasyhely “comparison, classification,

structural analysis, supported induction, suppodediction, error analysis, constructing
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support, extending, decision-making, investigatsygtems analysis, problem solving,
experimental inquiry and invention” (p. 32). Usitigs model, the students had to solve a
hostage crisis by analyzing the various choicesreff and assigning weighted points for
each decision made. Students had to work in cobpergroups to discuss possibilities
and choose the decision with the highest points.r€Bults were surprising, as “doing
nothing” in the hostage crisis was the highest fpdatision. Using a matrix and rubric,
the students were able to manipulate choices, arah o their surprise, they came up
with several solutions. The exercise of maniputatime information made the point that
decision-making is highly complex and that the rfazations for each decision have
implications for other choices (p. 34).

Another form of authentic assessment is work sagpln this approach,
educators design instructional objectives for teaghnd learning as well as for
evaluation. The data from instruction are usedaksessment. The documentation is a
combination of the students’ work; the teacher'wiled records of student performance,
which are linked to national, state, and local déads; and the teacher’s and students’
reflections on classroom activities (Meisels, 199635). Work sampling involves
developmental guidelines and checklists, portfolasal summary reports (Meisels, 1996,
p. 60). Observations are compiled and documentet995, Meisels’ study of work
sampling was shown to have high interrater religbéind validity using a checklist and
summary reports of student portfolio ratings of kiiftlergarten students (Meisels, 1996,
p. 65).

Rubrics are another assessment tool. Thiereva kinds of rubrics, holistic rubrics

and analytic rubrics. Holistic rubrics list a sertd criteria, and the criteria are analyzed



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 43

as a whole. Analytic rubrics, on the other hand,aasessed on each criterion in the
assignment (Mueller, 2014). Analytics rubrics aftero used for scoring performance
assessments, papers, and projects. Brookhart (20h6jders rubrics that evaluate
individual criterion using a descriptive scale ®dnalytic, and such analytic rubrics
“provide expectations for individual criteria atcbgperformance level’(p.47). Brookhart
(2010) stated that higher-order thinking can be aestrated in one of the rubric trait
scales. This promotes the use of problem-solvirtgraasonable thought in logic and
reasoning skills. As students develop higher-ordasoning abilities, they often delve
into the exploration of inquiry.

Jones (1986) stated that cognitive instructioraiseol on the model of learning
that is emerging from cognitive science, which Ras(i1984) said is a loose association
of psychology, linguistics, and computer sciengentschema theory, comprehension is
understood to be an active and constructive prdoeskich the reader is constantly
reviewing what is known, linking new information poior knowledge, forming and
testing hypotheses about the meaning of what t ee¢ghe problem to be solved,
assessing appropriate study strategies, and rgwsimcepts and ideas as new
information is acquired (Jones, 1986, p.7).

Inquiry and problem-solving. The STAR assessment is neither authentic nor
higher-order. The assessment does not requirduterd to create a product, nor does it
ask the student to perform a task. This assessgiargstummative assessment of the
reading skills necessary at each grade level. 8tadee required to read and understand
the material as question complexity and text l@veleases in difficulty (Renaissance

Learning, 2012). Some of the questions are high#aran that students must be able to
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understand and choose between answers; howevengtigefact that the test is multiple-
choice means that complex questioning that encesrhamgyher-order thinking is
impossible.

Fostering Student EngagementReeves (2007) reported that student
engagement in learning is absolutely essentiatebaher is to provide feedback during
instruction to ensure improvement and academiceascdie pointed to findings that
showed that effective feedback not only informslents about performance but also
offers a path to improvement while the activitygisl current. Reeves cited the sport of
cross-country running as a prime example of avidgin which students are encouraged
to engage. Runners throughout this competitiomezeiving continuous feedback
attached to incremental benchmarks or goals thrmutghe running course. Each step
provides encouragement to continue to the nextastdpeventually to the ultimate goal.
In this sport, the feedback is immediate and orgybecause the runners are continually
engaged in striving toward reachable, incremerdalgy

According to Reeves (2007), schools often pi®\ittle engagement because no
feedback is offered other than an examination, wpirovides a final grade for a lesson
or learning episode. Contrast this with a sporéagnt or musical performance where the
reaction of a coach and spectators provides araamis incentive to continue with
engagement in the activity. The standards to beangetlear and consistent, the feedback
is instantaneous, and every error is quickly fokavwvith feedback and the opportunity to
correct. Reeves asserted that if students who edarm on the playing field, in the
auditorium, or in the theatre are not successfthénclassroom, it may be due not to a

cognitive deficit but rather to a lack of accurabmely, and specific feedback.
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Marzano and Brown (2009) discussed the use ofkeyeinstructional factors that
increase student engagement in the classroom. Theses are the use of high energy,
missing information, self-system, mild pressurej amld controversy or competition.
When students are actively moving, with fast-paoéehsity, student engagement
increases. Because humans have an innate urgactogempleteness or closure, teachers
can use this need to increase engagement by hstudgnt complete missing
information. Developing an interest for studentslos subject matter increases
motivation to learn and engagement, as does mdsspire in the form of games and
competitions. When presenting information in a coversial or competitive nature, most
students will find this interesting, and engagenveilitincrease, as long as the
controversial and competitive nature of the prest@m is non-threatening.

History of Reading Screen Studies

The introduction of new technologies brings a nayel of complexity to the
study of reading processes. Reading on a compisigagl screen, tablet, or e-book is
different than reading on the traditional paper med The screen studies discussed in
this section illustrate some of the differencesveein reading on screens versus paper
through variables in the perceptual processes asittiminance, color, and contrast of
the display screen. Studies that explored the @afeprocesses of motivation and
preference are also discussed. The outcomes & éxperiments measured the effects of
the perceptual and affective processes of reacingading speed and comprehension
(Korbin, 2003; Chen & Wang, 2003; Jabr, 2013).

Jabr (2013) discussed the differences of readingcogens versus paper and

concluded that many studies since the 1990s haeendi@ed that reading on paper is
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more advantageous to the reader. Readers compretangate, and retain more
information when reading on paper, and they also iti more comfortable than reading
on screens. In relation to the present study, latron of text on the screens of ipads,
eBooks, and computer screens play a notable ra@gaming the reader’s eyes. This is a
phenomenon called Computer Vision Syndrome. Therfoae Optometric Association
(2013) defined computer vision syndrome as “a grafugye and vision-related problems
that result from prolonged computer use. Many imhligals experience eye discomfort
and vision problems when viewing a computer scfeeextended periods” (para.l).
LCD vs. CRT Screen Types, Speed, Jump Length, Priritype and Color

Chen and Wang (2003) reported variables that rffagtaeading performance on a
computer leading display. Leading display is “aeinet homepage design method for
presenting dynamic information on visual displayri@als” (p. 249). The variables
tested in this study were visual display termirtaésn type, Chinese print type, text and
background color combinations, speed, and jumptiheafithe characters. Chen and
Wang tested two types of visual performance teagies, also called VDT
workstations, which are known as cathode ray t¢6&3) and liquid crystal displays
(LCD). Less research has been conducted on LC2issras these screens are newer. | n
former studies, Wang et al. (2007) found that “sarg/pe had no significant effect on
subjects’ searching performance for leading displpg. 6). In this study, screen type
was one variable tested. In the study describe@hsn and Wang, two types of Chinese
typography were tested. True type (or print) andtigae (or script) were variables in the
study described. In previous studies by Shieh (2a0& type was found to show more

accurate identification results than Kai type. Cabbackground displays were also
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defined and tested. Color is a variable when reptrt on an Internet homepage.
According to Chen and Wang, color provides attvactess and makes reading on a
display more pleasant. The colors of the backgralisplays in this study were white-on-
black, black-on-white, blue-on-white, red-on-whibdje-on-yellow, and green-on-white.
Green (2004) stated poor color choices for backgiadisplays notably hindered readers’
ability to read accurately and created visual disioot, especially if the colors were at
the extremes of the color spectrum, namely red/btumebinations. In Chen and Wang’s
study, the luminance difference comparing textaokground colors was an important
factor in text/background color result combinatidnghe aforementioned study, a
mathematical formula defined the luminance contésext to background color. Speed
was also presented differently in the study by Clossh Wang in that as the speed of
paragraphs are presented, reading performance enaffdrted. Two speeds of 250 wpm
and 300 wpm were used in this study. Jump lengghtha last variable tested in this
study. Jump length can be defined as the amowpaifing between characters. In
previous studies by Juola, Tiritoglu, and Pleuti®96), as jump length increased,
reading performance improved. This study testedfdhe variables using various
combinations.

The results of the study indicated that the factofluencing the reading
performance of the subjects with significance wenep length of the characters and the
text/ background color display. There were noi§iggmt results in screen type, speed or
typography. When the jump length was combined avadyaed using the Tukey multiple
test analysis, text background display in comboratiith higher jump lengths showed a

significant difference in readers’ performance (€B8eWang, 2003).
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Comprehension and Speed

Korbin (2003) focused on student reading engagemmshtcomprehension during
computer-based testing and how these are affegtételcontrast of the display screen
background and letters on the displewyher study, Korbin discussed the research on the
reading comprehension differences of participarite Wwok both a paper-and-pencil test
and a computerized reading comprehension assesshhenstudy was primarily a
gualitative study using “verbal protocol analydip’ 115), or a verbal questionnaire,
about the explanations of answering test item guestin this study, Korbin explained
“verbal protocols were used versus response spekdya fixation measures because
verbal explanations tell more about cognitive psses, the subject of the study” (p.
116). Korbin stated, “Former studies analyzed ntetal scores or individualized item
scores (or both) obtained by examinees on pa@lelputerized and paper and pencil
versions of the same tests” (p. 116). In her amgly®rbin recognized that comparing
scores is not enough because there are variowblesior constructs that skew results
and offer no means for comparison (p. 116). Kodaiiu

Computerized assessments give examinees an uigaiivdantage because

working memory interferes with the cognitive proges necessary to answer test

guestions. . . . Paper-pencil tests do not regaxaeninees to use working memory

processes. This interference may make the compansalid because they are

not comparing the same variable. (p. 116).

According to Korbin (2003), there were several tations to the study. First,
thinking out loud may distort or affect the cogmtiprocesses under study and overload

working memory (p. 116). When using a computer gk@minee may experience visual
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fatigue and distraction and may require more atiaat resources when decoding.
Decoding detracts from reading comprehension. Usiogmputer may also overload the
working memory (p. 116) and prevent the examinemfreading the entire passage,
because the examinee may have to scroll down. Aoggpto Dillon (1992), “Scrolling
may weaken a reader’s visual memory, which maycatfee reader’s ability to search for
and locate information in the passage” (p. 24). Got@rized tests may not allow the
reader to see the entire text at one time (Ko2®93, p. 116). Paper -pencil tests may
give the examinee an unfair advantage becausentngythe opportunity to underline
and mark text. This will help the examinee answersjons more accurately. In all,
it was hypothesized that the three constraintedhiced by computerized reading
comprehension tests- the difficulty reading tertirthe screen, the inability to
underline or mark text, and the inability to see émtire passage at one time-
introduced irrelevant cognitive processes intotédst, causing an extraneous
cognitive load. (Korbin, 2003, p. 118).

It was hypothesized, then, that the examite@ag computerized tests would have
less to say. A significant difference of utterana@alld exist comparing the paper pencil
test takers utterances to computerized test takenances (Korbin, 2003, p.118). In
essence, the computerized examinees would answer fgiestions than the paper-
pencil test takers because their working memorylevba on overload (Korbin, 2003, p.
118). In addition, the paper-pencil test takers dave more to say about “rereading,
paraphrasing, monitoring, understanding, makingrerices, identifying important

information, and integrating text” because they hade to look at and refer back to as
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compared to examinees reading split text on compgteens with less opportunity to
mark text (Korbin, 2003, p. 118).

Korbin (2003) found the paper and pencil takets had a significantly greater
number of utterances. This demonstrated that tdimg comprehension processes using
paper and pencil were significantly greater thami@pants taking the computerized test
(Korbin, 2003). When students were able to underinmark the test, this physical
manipulation helped them explain their reading psses with greater efficiency
(Korbin, 2003). The findings of this study suggesteat computerized tests may actually
measure reading comprehension better because sezaderot rely on underlining and
marking text, thus relying on deeper processeswiprehension (Korbin, 2003, p. 135).
However, Korbin (2003) found that “this study daoes offer strong evidence that the
mode of administration alters the constructs assklsg a reading comprehension test”
(p. 135)

The study described above is used a process simitae one used in the present
study. The present study is based on the effeatsanipulating the background and
lettering on a computer screen on student readigggement and comprehension. The
researcher attempted to answer a question basetether manipulating the above
variables would have a measurable effect on stuslggagement and comprehension
when in a testing situation. The previous arti¢té® @onsidered the comparison of results
from paper and pencil testing versus computer-btestohg and contained reactions from
students to each method of testing. In the prestedly, the researcher selected five

student behaviors, which she judged as positivenveledents were engaged in computer



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 51

based testing. She and the teacher participahiedttie evidence of these behaviors
during specific testing times.

Connell, Bayliss, and Farmer (2012), in tlmeixed-methods study, analyzed the
effect of eBook readers and iPads on reading cdmepeon and reading speeds when
compared to printed materials. Participants wese alirveyed as to their perceptions of
the effectiveness of technological devices in aadamic setting. As eBooks, Kindles and
iPads have emerged, studies on these devices banddw. Earlier studies have
explored effects of computer scrolling on CRT am@DLscreens that have background
lighting. eBooks have been studied in relatiorhrntusage and effects on reading
comprehension of special education students; howthese studies were conducted on
CRT computer monitors only. The present study megswhether or not there is an
effect on reading comprehension and reading spé&ed wresented with the same
reading material on an eBook reader with e-inkldigKindle), an iPad with
background lighting on an LCD screen, or 8.5"x1appr. Connell et al. found that there
was a significant reading speed difference compaBook and iPad to paper. Students
who read on paper read significantly faster. Cdretedl. concluded that reading on
paper is faster than reading on a tablet or eBealler. Connell also asked students about
their reading preference for academic reading. Sttedpreferred paper for academic
reading and eBook and iPad for recreational reading
Luminance

Mitzner and Rogers (2006) explored the effectsgef @and luminance contrasts as
it relates to reading speed and comprehension.d,dgpbin, and Luebke, (1987) stated

that luminance contrast is “the relationship betw® luminance of text and the
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background on which it is represented” (p. 2002k Tuminance contrast was defined in
the table as red, green, and blue. This quantiativdy examined two experiments. In
the first experiment, the readers, older versusigeuparticipants, were given a set of 40
sentences presented on different levels of inangasi decreasing luminance contrasts
from low to high or high to low. All participantsese screened for vision acuity. The
study results supported the alternate hypotheatsolder adults showed a significant
difference in the ability to read fast and comprehe/hen luminance contrast were at
lower levels. In experiment 2, given the differesmae contrast levels, the readers were
next presented with a word predictability exercseeading cloze exercise was given,
and older and younger readers were presented \sithies of 40 sentences that varied in
predictability and luminance contrast levels. Tégults showed that the older readers
compensated more and maintained their compreheasmvord predictability even
when luminance was low as compared to younger @ddio did not use the strategy of
context as successfully.

Another qualitative study by Rose (2010) explatezldifferences of on screen
reading versus paper. Several similarities aneigifices were noted in this study.
According to Rose, subjects found it difficult itod information due to scrolling
inefficiencies and the inability to mark and notatescreen texts versus paper was
another issue. Subjects preferred to notate onrpaypks versus reading on a screen.
While the storage of digitized files and text offérconvenience, the three dimensional
task of holding and paging through a book was prefe Another challenge with on-
screen reading was the difficulty of focusing ghii due to flickering and luminance.

Other distractors with on screen reading includegl yps, access to the Internet and
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Facebook, and animations in the margins. Subjeatedrthe pleasure of reading printed
materials, such as books, in a leisurely mannelewhclining. Subjects also remarked
that reading in an upright position such as a dietiracted from the amount and attention
given to the reading task at hand (Rose, 2010).

Color and Contrast

An early study by Simmers (1988) compared the &ffetthe foreground and
background colors of white green or yellow withdidext on a microcomputer display.
He studied the color and contrast combination€aff on reading speed, comfort, and
brightness. Simmers found that reading speed amdact were not significantly
different for any of the color combinations. Costrand brightness showed significant
results for the 15 visually handicapped junior aadior high school students in the
study. Students preferred the darker backgroungetier, the data showed that on a
CRT display, reading rate was faster for the lighckground displays.

In another quantitative study, Kragness (300&asured the effects of reading
comprehension and speed by changing the backgsmradn color of an LCD screen
from black text on white background to black temty@llow background. Participants
were given a comprehension test following the testst design method. For example,
the reader took the reading test with black texivbite background, and then took a
similar test with black text on yellow backgroun@ihe results of this study indicated that
there was no significant difference in the readiogmprehension results of the two
differently colored backgrounds. Kragness discusisedimitations, which were that the
number of lines of text of the yellow backgroundegmn differed depending on the

number of words in each question. In addition,ahmmunt of text for each selection was
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limited and may not reflect a real world applicataf using a yellow background overall.
Other color combinations may also yield a diffeneasult that this study failed to
demonstrate.
Luminance and Attention

Geske and Bellur (2008) also studied the effecteadling on a computer with a
CRT screen versus printed materials. In this gtetivte study, Geske and Bellur used
EEG to compare the bottom-up visual processing aredsn alpha levels to top-down
visual processing measured in beta levels tharatwccur during the reading process.
As it relates to reading, bottom-up processing ive® decoding the visual information at
the text level. Beginning readers concern themsehith sounding out the words and
“figuring out” the written text. Top-down procesgimvolves background knowledge of
the reader and the information in memory that gdaeler brings to the text in
comprehension. This study intended to show thdeprace of reading medium affects
attention and the brains ability to attend to pri@eske and Bellur chose 34 subjects
between the ages of 18 to 25 to participate ingtudy. “In this study attention was
operationalized as a decrease in alpha wave (8)1&tiiwity and as an increase in beta
wave (13-30 Hz) activity” (p. 412). The resultstbis study showed that there was a
significant difference in the alpha and beta meam@nts between the print and CRT
screen. Geske and Bellur (2008) noted “flickeluoninance presented to the parietal
lobes requires more ‘work,’ or processing for CRfegns. The reader is having to
expend more ‘neural energy’ to gather informati¢m”417).

According to Geske and Bellur (2008), the partinip@ading on a computer

screen may be experiencing difficulty in reading téxt, called cognitive overload, or
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the reader may have an interference which is cgudifficulty in processing the
information, possibly interference due to the luamoe of the screen itself (p. 418). Thus,
Geske and Bellur’s study indicated that readeendtd to print more easily than
computer screens, and this may be a result ofittief effect on brain processing (p.
399).

In comparison to Geske and Bellur (2008),tksehmar, Pleimling, Hosemann,
Fussel, Bornkessel-Schlesewsky, and Schlesewskyg)20und that luminance contrast
was a contributing variable, particularly in oldetult reading. This quantitative study
measured the comprehension of younger and olddisamtupaper as compared to
eBooks and/or tablet computers. The subjects sfakperiment were college students
ages 21-34 and retired senior citizens 60-77 yafaage. This experiment used EEG to
measure theta activity. According to Tzur, Berderia, and Posner (2010),

The human brain theta rhythm has been relatedetopleration of a generic

mechanism involved in error detection processeflffdrent types (e.g. detecting

incorrect motor responses or incorrect arithmegigagions). This theta activity
seems to be sensitive to error salience or magmitihet is stronger theta activity
is found with larger or more deviant error (e.g2%8) than with smaller or less

deviant ones (e.g. 1+2=4). (p. 758)

For the purposes of this study, theta agtimieasurements were taken when
errors were detected in reading by the older ongeu adult reader using an EEG or
electroencephalograph machine. Eye-tracking ingnisnmeasured the duration and
number of fixations that readers experienced oritthe different reading presentation

mediums: paper, eBook (Kindle), or tablet comp@fead?2). Participants read three non-
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fiction, three scientific, and three fictional texdn each of the three devices. Participants
were also asked which presentation medium theypes. Interestingly, even though
the older adults preferred the paper medium, thelteof this study found that there was
no overall difference of reading comprehension leetwthe two subgroups of young
versus elderly readers on the three different nmegitHowever, there was a difference in
the age groups on fixation duration and theta agti@lder readers showed a significant
difference in fixation durations and demonstratéolvaer theta activity on tablet
computers compared to paper and eBooks. Youngdergdid not show a significant
difference in fixation durations or theta activity either device. Older readers had
faster fixations than younger readers on the tatgatputer. Older readers also
experienced a higher level of theta activity onglaper medium and eBook reader than
on the tablet or iPad 2. This finding suggested tti@ older readers had less difficulty
reading on the tablet computer, even though thefemed to read on the paper medium.
Kretzschmar et al. (2013) noted, “Contrast senjtidecreases with age, and degraded
contrast conditions lead to longer reading timless tsupporting the conclusion that older
readers may benefit particularly from the enhara@drast of the tablet” (p. 1).
Scoptic Sensitivity Syndrome: Light-Sensitive Readig Difficulties

Irlen (1991) described Scoptic Sensitivity Syorde as a perceptual problem
(rather than a vision problem) in which the suffdras difficulty reading because the
light refraction off the page interferes with th®pessing and visual perceptions of the
letters on the page. Irlen described how white gemknd often competes with black
lettering and produces perceptual differences etét. Letters may jump, blend

together, dance, show bright lights, blink, or fasieay. Irlen described various reading
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methods that may help students, such as using ceéstays to reduce the light and glare
from light and glare that interferes with theirde®. Irlen’s work is particularly relevant
to the present study because the white backgratederence of Scoptic Sensitivity
Syndrome may be alleviated when readers are pesberth black computer display
backgrounds.

Irlen’s theory of Scoptic Sensitivity Syndromsenot accepted by all doctors in
the field of ophthalmology. According to Rickelmand Henk (1990), the symptoms of
photophobia, background accommaodation, visual véigol, span of focus, and sustained
focus cannot be measured during a routine eye ewedimn. Photophobia is a general
sensitivity to brightness, intensity of light, géaland fluorescent light. Difficulties with
background accommodation include the inabilityhe&f €yes to accommodate from black
to white and white to black contrasts. Symptomsdiffctulties with visual resolution
include distortions in visual print features. Thaftic Sensitivity Syndrome symptom
described as span of focus involves seeing grobp®mals clearly, and sustained focus
involves the performance of visual tasks for loegigds of time without difficulty (p.
166).

Assessment and Technology
Legislation, Technology, and its Effects on StuderReading Achievement

Legislation added to the scheduled reauthoorzatf the Elementary and
Secondary Education Act (1965) required Americdrosts to achieve specific goals in
reading, writing, and mathematics by the year 20s act, termed the No Child Left
Behind (NCLB) Act, stipulated that the effectives@d schools in reaching achievement

goals was to be measured by standardized testsstiened throughout the states
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(NCLB, 2002). In 2010, new "Race to the Top" legigin was passed, as the eventual
replacement for NCLB (NCLB, 2002) due to concerbbsw the No Child Left Behind
Act (2002). In his television program on PBS, May/€003) cited several reasons for
opposing NCLB, including the fact that some schegse being unfairly labeled as
failing. Moyers stated that the goal to have 100%twdents reading proficiently by the
year 2014 was not feasible. NCLB had narrowed tingaulum so that schools became
commodities rather than institutions to promoteccresponsibility and the socialization
of American citizens. Moreover, the testing compamade millions of dollars due to
the demands for testing (Moyers, 2003). The NCLdgslation created a demand for
data-driven instruction. The data needed make @ao@és in instructional practices was
necessary to update student information systenisngthool districts. NCLB assigned
responsibility for data collection, management, andlysis to school personnel. It
required that improvements in instruction aimetheteasing student achievement be
based on the data. Data was to be used as a méasie curriculum reform and to
increase collaboration among educators, especealying specialists (Bonk, 2010).

In 2009, President Obama signed into lanAimerica Recovery and Investment
Act, which contained an initiative termed the Rexd&he Top Challenge, a competitive
program under which states would be awarded granemto implement four reforms
described by Richardson (2009) as follows:

[word missing] internationally benchmarked standaadd assessments that

prepare students for success in college and thiepheme; recruit, develop, retain,

and reward effective teachers and principals; bdgth systems that measure

student success and inform teachers and prindioalsthey can improve their
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practices; and turn around the lowest performirgets. (p. 24)

The Race to the Top Legislation was intended tohesige the need for improvement in
the results attained by schools in the United Stdtedded to the emphasis placed by the
NCLB Act (2001) on data-driven instruction. Thealatcessary to make changes in
teaching and learning required real-time updatesudent information systems.

Teachers were held responsible for collecting, mgenga and analyzing data in their
classrooms. Data collected served as a meansedsasg effectiveness of teaching and
learning and as a measure to provide funding fotauum reform (Bonk, 2010).

The National Assessment of Educational Progid8&P) is a testing instrument
administered to students in United States schoatemnpare the state of the American
educational system to international education systevhich take a test with similar
items. The test serves as an example of the nattieport card in writing and
mathematics and has been redeveloped to enconfgaS€®mmon Core State Standards.
The National Reading Panel was created from the RAE2010. It was composed of
experts in assessment and education throughouirthed States who came together to
make recommendations in light of the large-scates@ment to be administered to the
nation's students. As reported by the Nationaltlitstof Child Health and Human
Development (NICHD), the panel did make statemesgarding technology (NICHD,
2000). The studies on technology reported thatifieeof technology for reading
instruction was a positive result. Since technology support speech-related
programming, this use of technology offers pronmistihe area of reading instruction
(NIHCD, 2000). Technology can support reading ingion by highlighting text to

emphasize vocabulary and anchor words. The use@h@uter as a word processor to
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include writing in the aspect of reading instruntie also positive. Two areas where there
is more research needed in the area of readingiatisin are the use of speech
recognition technology and incorporating interngplacations into reading instruction.

According to the National Assessment of Edaceti Progress (NAEP),

“emerging technologies may have the greatest pate¢atimpact the future of
assessment.” As educators use computers to aks@sstiidents, the validity of the
assessment should be considered. In other we@shérs may find that computerized
assessments may not match observation of dailgaeiment in the classroom. Dooley,
Landauer and Lochbaum (2009) called this face wglidnother pitfall to using
technology is that, often, computerized assessnuent®t have enough sample questions
to assess a critical skill accurately. Another fation is that computerized assessments
do not teach students anything, and there is n@bbenefit to the learning process
(Dooley et al., 2009, p. 45).

Dooley et al. (2009) also asserted, comptreé€acher-made tests, computerized
tests are more able to provide individualized fee#liio students. Other technologies can
provide adaptive tests where questions become har@asier based on the response of
the students on the computerized assessment (p. 45)

Norm-Referenced TestsLike the traditional STAR assessment, the Entegpris
assessments are norm referenced and use compapivadesting to provide the most
reliable information in the shortest amount of tire@ch test can be administered in 15
minutes and may be repeated as often as necebsaughout the school year. STAR
Enterprise connects assessment with instructiaugir research based learning

progressions (PR Newswire US, 2011, para. 2).
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This is done by charting student scaled scoresefiting and math. STAR
Enterprise also provides instructional planningorépand progress monitoring and
growth reports to help teachers plan instructi@tat Enterprise features reliable
predictive statistics, link to state and CommoneCstate Standards, and learning
progressions for detailed instructional planninglgance” (Renaissance Learning, 2012).
Summary

As technology in education evolves, the redearbelieves that educational
researchers should carefully scrutinize the fadiditsaof computerized assessments
because decisions based on these test results @ffleren on a daily basis. Student
performances on computerized reading assessmentised to make important decisions
such as curricular and instructional planning antfng decisions. Thus, the researcher
believed that it is imperative that all variableattmay either enhance or hinder student
achievement on computerized assessments be dyiscaltinized through rigorous
scientific research methods.

During the researcher’s work in a metropolitanusblan school district in the
Midwest, questions about the variables that atffeatputerized testing of children have
surfaced. In this suburban school district, whikmia socio-economically highly
disadvantaged area, the children seem to perfottarbe the classroom on
individualized reading assessments such as rumagayds, in comparison to the
computerized STAR Enterprise Reading test thadlmsiaistered throughout the entire
school year. This fact suggests that computer-biestithg practices warrant a closer
look. This closer look is particular urgent becaokthe testing scheduled for the 2014-

2015 school year. In that year, the entire statdissouri will administer the Common
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Core State Test known as Smarter Balance. Thisdsrgputerized assessment of the
Missouri Assessment Program. The researcher, ponsg to this upcoming assessment,
wanted to find a way to enhance or help childrethenarea of reading.

Specifically, the researcher was concerned withdtfferent contrasts that can be
used on the computer screen display. In the relsedsqrevious observations of older
students, she had seen that some children prefelaekl computer background screen
displays over white computer background screenalspDuring computerized testing
on the STAR Enterprise Reading test, the childrerevehanging the color of their
computer screens according to personal preferdimeeresearcher wanted to know if this
would help or hinder the child’s computerized regdiest results. In addition, the
researcher also wanted to know whether changingdloe of the background screen
made any difference in student engagement durimgehding process.

In the chapter to follow, Chapter Three, tbgearcher will describe the
experimental study conducted at the researchrsibedier to measure and compare the
reading comprehension and student engagementdsrgsiin grades two through six
while participating in the administration of the AR Enterprise Reading test.

Using a quantitative experimental design, the nesea will present a
guantitative analysis of the results found to beuvant to student achievement in reading
on a computerized assessment with differencesmpater background screen display.
The researcher will also present a quantitativéyarsaof the results found to be relevant
to student engagement in reading on a computeagseissment with differences in

background screen display.
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Chapter Three: Methodology

Background

On December 3, 2013 the international educatiooincunity received the
results of the Program for International Assessm@PISA) test. According to the results
of the 2012 PISA, American 15-year-olds, represgbiethe randomly selected states of
Florida, Massachusetts, and Connecticut, scoréteiiaverage range in reading and
mathematics, as compared to other 15-year-oldmatienally represented by the
Organization of Economic Cooperation and Develogni@&ECD) (OECD, 2013). Since
President ObamaRace to the Topitiative (2009), the nation’s focus had been on
testing and measurement. Data collection on a ceenifaster than more traditional
methods and teachers and administrators were @bi@ke informed educational
decisions at the student, classroom, school, amab$district level more efficiently with
the technology-based method. Computerized assetsmere introduced to meet the
data demands for information, evaluation, and, eaadly the restructuring of public
schools and school districts. More research wadetkat the elementary school level in
the area of computerized testing measurement. kapodecisions about teaching and
learning must be carefully weighed and data mustabefully gathered and measured for
accuracy. The young, 21st-century child needediaépiearly to technology. Measuring
the academic progress of young children on a coenpudis an additional challenge for
educational researchers. Measuring academic gratytbung ages may or may not
measure the actual learning progression of youiidreh given such factors as maturity,

experience, understanding, eye-hand coordinatitenteon, and focus (Huey, 1908;
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Clay, 1991; Lyons, 2003). Various factors and J\a#&gga, when testing elementary
students on a computer, must be researched.

The present study, conducted in a lower socio-emoniMissouri metropolitan-
suburban school district, was one of the few swdaethe time of this writing, to analyze
the effects of reading comprehension and studegagament of elementary school
children when reading on computer screens withrasting computer background
displays. The purpose of this experimental study wwadetermine if a black screen with
white lettering contributed to a difference in ggadwo through six regarding student
engagement and comprehension during a computed-laasgptive test, Renaissance
Learning's STAR Enterprise Reading Assessmentrd$earcher intended to measure
the effects of background lighting on a computeese, white background with black
lettering and black background with white lettering students' reading engagement as
evidenced through teacher tallies on five majoasu@ positive engagement. As
technologies emerged, educational researchersatijtanalyzed the effects of different
variables associated with computerized testing wioemg children take tests on a
computerized assessment.

Reading Test

During the 2011-2012 school year, students atékearch site took the
Renaissance Learning’s STAR Enterprise Readingrtegtades two through six. This
test measured the reading comprehension scorésdefigs in grades two through six.
Students in grades K-1 took an Early Literacy STRéading test. For purposes of this
study, reading comprehension and student engagdyakaviors were recorded during

the administration of the test for grades two tigtogix only. The researcher explored
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this test because the reading texts of the test displayed on one computer screen with
text only. The Early Literacy STAR Reading test tanmed pictures and changing the
background screen display for this test would meakemparison invalid due to the
contextual differences. The Early STAR test alsly omeasured the phonetic knowledge,
not reading comprehension skills. This study wasgied as a quantitative experiment.
The researcher intended to investigate how stugewling engagement and
comprehension during computer-based testing wastafi by the contrast of the display
screen background and letters on the display?

The hypotheses were stated as follows:

Hol - There will be no measurable difference indberes of students who take
computer-based tests with the computer screenayiselt to black lettering on a white
screen versus white lettering on a black screen.

Ho2 - Teacher tallies of student behaviors dutiregadministration of computer-
based tests will not verify a measurable differencgtudent engagement with the
computer screen display set to black lettering amie screen versus white lettering on
a black screen.

The Research Site

The research site was one K-6 elementary scholalibgiin a large suburban
school district. There were 489 students enroltetthé school in grades K-6. Three
hundred and sixteen students in grades two threixgbarticipated in the research study.
Average class size was approximately 23 studemtslagsroom. The school also
contained two special education self-containedsctasns and one special education

resource room. Students who received special edadhirough the resource room were
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part of the study. The special education resourgdests took the STAR Enterprise
Reading Assessment with their regular educatiossoteom. Students in the other two
self-contained special education classrooms wetr@ard of the study because most of
these children did not take the test.

The study site school also offered orchestra, baridmusic, and physical
education classes, as well as gifted programmicgtéal at the district administration
center one day per week. The school was locatadaw socio-economic area with a
reported student population that was 81.5% freeraddced lunch. Racial demographics
were 89% Black, 4.3 % White, 1.5% Hispanic, and®&cent of other decent. The 2012
Communication Arts results for grades 3-6 wereollews: 19% Below Basic, 54%
Basic, 20% Proficient, and 7% Advanced on the yddAP assessment (MODESE,
2013).

For the six years prior to this study the studg sithool was in level 5
restructuring. Level 5 restructuring meant the stloid not meet Adequate Yearly
Progress projections of the state department #pthvious six years. Under the
guidelines of the Missouri Department of Elementang Secondary Education
(MODESE), schools that did not meet the state beack of progress in the areas of
reading and math were given the titie Need of Improvemenrfor each year the school
waslIn Need of Improvemetitere were consequences for not meeting statesassat
expectations. The administrator and building lesldigrteam of this research site wrote a
restructuring plan during the fifth year, 2010-20a&fiin Need of Improvemestatus.
Because the school did not meet the state accdlitytblenchmark for Communication

Arts and Mathematics in 2012, the district hadtplement the restructuring plan written
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in 2010-2011. The district administration was reedito remove the school principal in
the spring of 2012. A new principal was appointeidthe school year of 2012-2013.
Instrumentation

STAR Reading Enterprise was an adaptive, comp@erigading assessment
with a 35-question reading test administered firees per year as a benchmark
assessment. Students read passages silently ameradsnultiple choice questions
based on the reading. The reading passages weleddwy Lexile level and benchmark
cut scores. As students took the test, the comestof each answer determined the next
guestion to be asked. When a student correctly ereslva question, the next reading
passage would become more difficult. If the studlecbrrectly answered a question, the
next reading passage would become easier. In tys student reading ability and
performance was measured by performance on testigng This benchmark
assessment was a tool used to give the studetite district experience in taking
computerized assessments. According to NCREL, Noethtral Regional Educational
Laboratory, “To fully realize the educational opfmities that 21st century skills can
bring to students, education leaders must formadigrporate them into the mainstream
of school curriculum, instruction and assessmeNCREL, 2003, p. 73). This
assessment addressed the need for district stutdeumde technology; it also provided
information to teachers about areas for readingavgment and remediation in
instruction. The test was highly consequentiahm public school system.

The Troubled History of STAR. One reason the researcher was concerned about
the upcoming tests was administration of the tastgone poorly in the past. The STAR

Reading test did not come to the district withcanttcoversy. Many reading specialists in
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the district (Calcari, Stephens, & McCaleb, persaoaamunication, September 28,
2012), noticed that the skill level of district dants on the test did not always match the
reading skill level of students in the classroore Bdministration of the test was also a
challenge. Kindergarten and first grade studentescavere catastrophic on the first
administration of the STAR test in 2010. Approxiglgtd0% of students who could not
read at all performed well or proficient on thettegile 37% of students who could read
well performed poorly or below basic (Data Team Mes, October 3, 2012). For the
researcher, the instructional coach, and the rgasprcialist, these results raised
guestions. The test was administered again, ancefigarcher began to wonder about the
many variables that affected the results. The reeeawondered if the student’s level of
computer expertise or lack of experience, as vege#lttention span of students, played a
role in the variance of test results from one bematk to another. If important teaching
and learning decisions were based on the resutteeafomputerized testing then research
to test different variables that could possiblyamte or capture the best result of reading
comprehension should be explored. The researcloateteto manipulate the contrast
polarity when elementary students in grades twouin six took a test on a computer
display screen and to also monitor student engagewteen this variable was
manipulated or changed from white computer disptagen with black lettering to black
computer display screen with white lettering. This tested in order to gather
information to decide the best results for reméaineand reading improvement purposes.

During the first year, the teachers were adst@ming the assessment to classes as
a whole. In the beginning of the year, studentdnidergarten and first grade did not

know where to look (Woepke, Kirksey, & Shockleyrgmnal communication, October 3,
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2012). The students had to answer questions Ing @smouse and clicking on a number
that matched the picture they wanted to choose sfuidents had to listen, formulate
which answer of four choices was best, choose tingber corresponding to the choice,
and click the mouse to indicate their answers. {fEsewas also timed, and many students
timed out before clicking. If they did not chooseamswer, then the answer was wrong.
This was very difficult for students with no exparce on a computer. The scores in
kindergarten and first grade were noticeably bedaypectations and did not align with
the letter identification and sound tests admingstdoy the classroom teachers at the
beginning of the year (Data Team Minutes, Oct.03,2). In addition, the researcher
noticed that students were not engaged in theSastlents were looking all over the
room, talking to one another, and touching eackroth

Students in grades two through six did notqgrenfmuch better than younger
students in the first year of implementation. Tégearcher observed that teachers did not
follow test administration directions. Through infaal observation, the researcher
noticed that teachers had students sit down anid beg test without direction. Students
were not assigned to a computer. Students alsoiwetese proximity to their peers and
were often distracted. Even though students weseva@mng questions on different places
in the test and had different test questions, stisdeften looked on a neighbor’s
computer. The researcher also noticed that teadnrsot monitor their students taking
the test by walking around. The teacher often gawdents directions to start and then sat
at a free computer and surfed the web, emaile@aglles, or graded papers during the
STAR test administration (Watkins & Botello, perabnommunication, September 28,

2012),
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As the year progressed, the STAR scoresdalichmprove greatly. For example,
the average first and second grade student EatyRSScores jumped, on average, less
than 50 points in four weeks. When the studenttched at mid-year to the STAR
Reading test as part of standard protocol, theescmversed, and students who were
once considered proficient as measured on the BIiAR test were now considered
below average in reading on the STAR test (Insivnel Leadership Team minutes,
September 29, 2012). While some students did nrageovements, the overall success
of the test administration was questionable. Eashdeemed to measure different skills.
The Early test measured letter and sound knowlellyge STAR Reading test measured
reading comprehension, and students had to apgilykhowledge of letters and sounds
in reading actual words on the printed computesestr The students at the researcher’s
site came from a socioeconomically depressed araasuburban school district. Ninety
percent of the students were on free or reducechluand the school was 90% diverse.
Seventy five percent of students are in the BasBalow Basic categories as measured
on the latest state assessment, the Missouri MBtHMEODESE, 2012). The school was
in the midst of level 5 restructuring, which metrdt the building was in jeopardy of
losing its administration to a state takeover wlegjor changes were implemented at
the district level (Team Friday minutes, Oct. 512D

In 2012, the district removed the principalnfrthe researcher’s elementary study
site school because the district Missouri Assessirrgram (MAP) scores did not meet
Adequate Yearly progress expectations. The reseabdgan to reflect on every variable
in the school that should matter in terms of sti@ehievement. Low socioeconomic

status was not an excuse for poor student perfaendetermination and focus became
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the forefront of thought. With the implementatidrtlee CCSS and the computerized
assessment, the researcher began to study thelearthat could make a difference in
achievement and success. The new administratigeiddaought new skills with a data
team process and shared leadership. Goal settthggarsparency became the norm at
the study site school (Team Friday Minutes, Novemilge 2012).

The reality of computerized assessments wadlyaapproaching, and the stakes
were high. These technological assessments mea$reffectiveness of schools at the
district and state level. If schools were being paned using technological assessments,
then leaders must ensure that the validity andbgiiy of the administration of these
assessments were high. The researcher began kaftpoessibilities for advancing
students and giving them an edge when testingaamgouter. The practice needed to be
streamlined and reevaluated. The researcher &lthle students did not have buy-in to
the assessment process and that improvements aggshesment process should have
been considered (Data Team minutes, November 2P2)20

The researcher remembered using color ovettalgelp some students with
reading disabilities (Irlen, 1991), and began tonder: Could the screen change variable
affect the test results? Would the lighting, anfglek of experience, motivation,
attention, and color make a difference? With thffection came an observation made at
the study site school. The researcher noticedtiieathildren in the older grades were
already changing the background screens on the utensp(Kandel, personal
communication, November 21, 2012). The teachergs wet paying attention to the
children as they took the test and simply allowezi to change the screen without

permission. The researcher began to wonder wh#therariable of screen color might
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affect a student’'s engagement and reading compsedreacores. Some teachers had
previously set goals for reading scores with stteleand these students may have been
those who progressed throughout the year. Thendsgaas instructional coach, decided
to change the background color of the screen tovbegher it made a significant
difference in student engagement and performance.

Reliability and Validity. The researcher was concerned with the reliabifity a
validity of the testing instrument during the adisiration of the Renaissance Learning
STAR Reading test during the 2011-2012 school y&aen though this test was not the
measure used for state accountability purposestdhbt did project the expected result of
school test scores on the Missouri MAP assessrirtresearcher questioned certain
variables that may have affected the results afinggscores when young elementary
school students took a reading test on a compliterresearcher also noticed certain
student behaviors during the administration ofRlemaissance Learning STAR
Enterprise Reading test on a computer. One sucivimehwas that older students were
randomly changing the background color of the caepscreen display during reading
testing. All regular elementary school classroomgrades two through six took the
Renaissance Learning Enterprise assessment therfiesas part of standard protocol
throughout the school year of 2011-2012. Speciatation students enrolled in regular
elementary school classrooms took the test witin grade level homeroom teacher.
Students took the same Renaissance Learning Eistegasessment again in 2012-2013,
the year of the study. During the administratiothod experimental design, all
participants received the same treatment, but evfferent computer screen displays as

part of the independent variable.
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Instrument: Renaissance Learning STAR Enterprise Asessment

Renaissance Learning provided technology-baskdol improvement and
student assessment programs to local school déstrationwide Renaissance Learning,

2012. Renaissance offered Reading STAR Enterprisadaptive test. These
assessments were norm referenced tests which ogmuter adaptive testing. The STAR
Enterprise Reading assessment provided reliabléimedly information so teachers
could make decisions about teaching and learnimg§RSenterprise connected
assessment with instruction using a research-braseit called a learning progression
(Renaissance Learning, 2012).

The research site of this study was one ofl@hentary school buildings in the
district that uses Renaissance Learning’s ReadliARSEnterprise assessment as a
formative assessment tool for instructional plagmurposes. Teachers collected reading
data, set instructional goals, and planned dadgirey lessons based on the information
this reading assessment provided. Essentiallyietir@ing progressions provided by
Renaissance’s Reading STAR Enterprise assessmaptuh student scores so teachers
may plan lessons and instruction that is alignetl e student results of skills driven
data. The STAR Enterprise assessment was link€dmomon Core State Standard and
provided teachers with a screening report, groegorts, and real time data based on
student’s performance on the test. The test wast@eavhich means the test gets easier
or harder based on the previous answer of the istu@lee adaptability of the test
measures the zone of proximal development of tn#esit, thus making the number of

necessary questions to assess the skills lower.



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 74

Data Collection and Analysis

The Renaissance Learning STAR Enterprise assessimantred four times
beginning in January and ending in May, 2012. Theree four benchmark periods. The
testing session for the STAR Enterprise Readingoesurred within a one-week window
for grades two through six. The benchmark windoglsded for the study were within
the months of December, February, March, and Ard012. The first and last
benchmark windows for the school year were notcsetepurposely so that beginning of
the year school data and end of year school datdgdwmt be affected in any way by the
study. All students in grades two through six ttlek STAR Enterprise Reading test
during their regularly scheduled computer lab tifaighteen classroom teachers
administered the test throughout the entire scheat as part of standard district
protocol. Each class testing session was 35 mirfrdgesstart to finish. The tester, or
classroom teacher, had a 40 minute time frame &nirance to exit of the lab each
session. Benchmarks were given every six weeks.
Timelines and Procedures Used in This Study

1. Permission to conduct the study was attained flurstiperintendent.

2. Permission to conduct the study was attained flwretementary school
principal (written approval and signature provided)

3. All 18 teachers in grades two through six who adsténed the Renaissance
Learning STAR Enterprise Reading assessment wiyamed of the study. The
researcher personally met with the teachers anidiexgl the extent of
participation and secured their consent. Procecfregident engagement

observations were explained in detail.
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4. Engagement procedures prior, during, and afteingestere described to
teachers.
5. The researcher shared the tally sheets for masgtident engagement
distribution, and the procedure was explainedltteachers.
6. The researcher met with the teachers to explaitethesheets and marking
process.
Selection of Participants
The participants of the study were 316 elementgeysthool children in grades
two through six. One hundred and sixteen studerte wandomly sampled for student
engagement data analysis from grades two throxgfi'se researcher selected the
random sample by drawing four odd numbers anddean numbers from each
classroom population out of a bucket. A total ofsddents for each grade were selected
for the random sample of 116 students in all. Altof 60 students were selected from
the odd-numbered computer group and 56 students sebected from the even-
numbered computer group. Students who were abseingdhe window for screening
for more than one reading comprehension test sessee taken out of the random
sample population. Student names were scrubbedtirerdata sets. All data, provided
by the Renaissance Learning STAR Enterprise repwdse collected by the researcher.
The classroom teachers tallied the student engageand data was collected on reading
comprehension by the researcher.
Procedure for Laboratory Setting
The students in this study were randomlygesi to the computers by their

classroom teacher and used the same computer Houutpe school year. Classes tested
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in the computer lab with their self-contained, fagelementary education class. Each
teacher submitted a computer laboratory seating th¢éhe researcher with the computer
assignments for the entire 2012-2013 school yelhcomputers were numbered in
sequential order, 1-30. If a computer was out ofise during the time of testing, the
teacher was instructed to assign the child, ifmoe@d-numbered computer, to another
odd-numbered computer. In essence, the childrea placed in either odd-numbered
computer groups or even-numbered computer groupsofaputers in the rectangular
shaped room were facing the outside wall made aewdoncrete cinderblock. There
were two computers on each table facing the wak Mom was cool, comfortable, and
brightly lit with fluorescent lighting. There wer® windows for natural light. The room
was situated on the lower level or basement ostt@ol building. The computer
laboratory was directly across from the threefdir®de classrooms. The laboratory was
also directly beside two music rooms.
Collection of Student Engagement Data

Teacher observers collected tallies on gewgeent. The procedures for collecting
student engagement were explained to the teachdéoi@vs: The teacher stood behind
and to the direct right of the child. The teaclvakied down at the carpet for three
seconds. Next, the teacher looked up to the chittracorded the behavior or behaviors
observed while counting to 10 (posture uprightesgmg words on the screen, hand
position on mouse, eyes fixed on screen only, fipgénting on screen). Then, the
teacher looked down and counted to 10 and then dimvihe next child and repeated
this procedure. During each sweep of the roomtaeeher was allowed to mark one tally

for each behavior, but only if observed during ¢theervation. The teacher observed and
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recorded student engagement for each student.€Blobdr went around the room to
observe students a total of three times for eaolktbeark session. The teacher used the
tally sheet(s) to mark the student engagement hetsaroughout the testing session.
Behaviors were marked as observed with a tally matkft blank if the behavior was

not observed.

The researcher and teacher participants circylateditored, and recorded
through tallies of these five behaviors for tharer35-minute testing session. The
researcher compared the number of positive stuetegagement behaviors based on
black and white background computer displays.

Randomizing the Student Engagement Data

The researcher conducted a stratified random psoiweselect data for analysis.
Computers were numbered and students were asdigicedhputers by their teachers.
This assured that students were exposed to bobh dsiplay background variables
throughout the study process. The sample size ®kfiidents from grades two through
six was directly related to the researcher’s behat validity and reliability of findings
will be enhanced by the size of the population18 8tudents in all. An average of 24
students from each grade, grades two through sre vandomly chosen from the school
population. One hundred sixteen students, fourmgdbered and four even-numbered
computers were selected from each classroom afi2deach grade made up the
stratified random sample in this study for studamjagement.

It is important to note that one fourth-grade teaghlaced her students on odd-
numbered computers only for the first, third, aadrth trials. On the second testing

window, she remained consistent by utilizing eved add-numbered computers. For
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purposes of this study, this fourth grade teacbatrtbuted odd-numbered number
student engagement results only for the firstdthand fourth trials.

Computer seat numbers randomly chosenddn eeacher participant are found in
Table A. The researcher highlighted the selectedpeter numbers on the teacher’s
computer assignment list. Yellow highlighter wasdifor the odd-numbered group.
Orange highlighter was used for the even numbéesteel. The researcher highlighted
the selected computer numbers on the teacher’'s wiemassignment list. If students
needed to move to a different computer, the teaclere instructed to keep that student
in the same odd-numbered or even-numbered gro@sdigning them to another odd-
numbered computer or even-numbered computer itabweatory.
Prior to the Testing Session

Computer display background contrast wagser to student testing session. All
odd-numbered computers were set to black backgrdispdays with white lettering. All
even-numbered computers will stay as white backgtalisplays with black lettering.
Teachers had student engagement behavioral tabtsheady prior to the testing session
along with a stopwatch. The researcher was alssepten the room. The tally sheet had
computer numbers to the left of the sheet anddivgaging behaviors: student posture,
repeating words on the screen, hand position orsmayes on screen and finger
pointing, across the top of the sheet marked (ggeeAdix A). Prior to test
administration, teachers followed the Renaissam@@ning Enterprise STAR Reading
Assessment protocol, which was to read test adtratien directions to students.

Students sat at their assigned computers and hegfamg.
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Computer Assignments

Students were randomly assigned to computerdahaatory setting. All
computers were evenly spaced with two computesstédle. Every other computer was
black screen/white screen. In the first testingi®es all odd-numbered computers had a
black background display with white lettering aticeaen-numbered computers had a
white background display with black lettering. Ammibered seating arrangement and
computer lab map was attached (Appendix B). Onessige sessions, the display screen
alternated. On the second session, all odd-numlzemaguters had a white background
display with black lettering and all even-numbecedputers had a black background
display with white lettering. In the third sessiafl,odd-numbered computers had a black
background display with white lettering and all esreimbered computers had a white
background display with black lettering. In thetlssssion, all odd-numbered computers
had a white background display with black letteriaty even-numbered computers had a
black background display with white lettering. Thias to ensure that students would not
experience harmful effects to their results forpoeposes of achievement testing.
During Testing

The researcher and teacher participants circulatedjtored, and recorded
through tallies of these five behaviors for tharern35-minute testing session. The
researcher compared the number of positive stuetegagement behaviors based on
black and white background computer displays.

The classroom teacher collecting the student emgagedata walked around the
room three times in all and monitored studentgstUpon recording observations, the

teacher followed the written directives which wexplained. The researcher was in the



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 80

room to monitor student testing problem solve técdirdifficulties during testing, and to
answer student questions or needs so that eadtadas teacher could focus on the
collection of student engagement data without atskons.
Analysis of Data - Student Engagement Data
The researcher calculated the mean level of stuglerdgement on each of the

five observed student engagement behaviors asiedeto the computer background
displays that are white with black lettering. Tlesearcher also calculated the mean level
of student engagement on each of the five obsesttgbbnt engagement behaviors as it
related to the computer background displays thae Wwkack with white lettering.
Engagement data were organized according to th@taugs of student’s tests: students
viewing a white background and students viewindgalbbackground. A-test for
difference in proportions was applied to data feck and white computer background
displays. The-test for difference in proportions compared tha&leht engagement
performance of students on black screens vers@isrpemce of students on white
screens. Once the test value was computed its significance wasgddgased on an
alpha level of 0.05 to determine whether or notdhgerve differences were statistically
significant.
Procedures for Randomizing the Reading ComprehensioData

All students in grades two through six gaptted in the administration of four
Renaissance STAR Enterprise Reading benchmarktkestgghout the entire school
year. Students were assigned to computers randoyrtlyeir teachers and were assigned
either an odd-numbered or even-numbered computegrasent for the entire year. The

researcher collected a stratified random sampledoh grade two through six. From the
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stratified random sample, the researcher randont@adsmaller sample size of 20
students for each grade. After students were sslettieir reading scaled scores, taking
into consideration use of the white and black complbiackground displays and lettering
for each month were placed into a spread sheetodaldaverages for black background
displays with white lettering and white backgrouthsplays with black lettering reading
scaled scores were calculated for each grade cechbin
Analysis of Data-Reading Comprehension

Student achievement scores on the STAR Readingsassats were recorded and
compared. The control group, consisting of 11@lcanly selected elementary school
children in grades two through six, took the STAdg a white computer background
display with black lettering. The experimental gspaonsisting of 116 randomly selected
elementary school children in grades two throughtsiok the same test using a black
background with white lettering. The researcheculated the mean of all the scaled
scores of students testing on the white computekdraund displays and all the scaled
scores of students testing on the black computgkdraund displays. &-test for
difference in means was applied to the reading cehgnsion data to compare scores
from each group to each other. TAtest assessed whether or not the means of two
groups were statistically different from each otl@nce the-value was computed its
significance was judged based on an alpha lev@0&tto determine significance of the
findings.

The researcher conducted-test for difference in means for each grade level.
Later, the researcher combined all grades by addmghonthly reading scaled score

totals together for black background displays amwdwmhite background and then
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collected a stratified random sample of combinedestt reading scaled scores for each
background display color. To assure representétioall grade levels the researcher left
the students in the list next to their grade wreerdomizing the overall combined
population. From the stratified random sampledistombined grades, the researcher
randomized to a smaller sample size of 51 studé&htn a z-test for difference in means
was applied.

Throughout data collection, the academic well-bahthe students was
considered. If a teacher felt that a given studesttore appeared to be an extreme outlier,
the student was retested on the STAR Readinghtedoliowing day. Retest data was not
a part of the data analysis. This re-testing emstivat student performance was not
significantly penalized or harmed academically tuthe difference in the computer
background screen display administered duringtiiys In addition, students were
tested with different color computer backgroundesardisplays every other time they
participated. This practice was also meant to enthat no harm would fall on student
performance for an extended period of time throwglioe school year. The researcher
intended to determine whether the type of backgidigiting on a computer screen
affected student engagement and comprehensioffiested by their scores during the
computer-based adaptive test.

Results

Based on the results of the achievement tesittimgesearcher determined if she
could reject or not reject the null hypothesis, ethstated: There will be no measurable
difference in the scores of students who take cdenghased tests with the computer

screen display set to black lettering on a whiteext versus white lettering on a black
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screen.
Summary

The methodology of this experimental design le¢adm investigation of student
reading comprehension performance and student engag when reading on
contrasting computer background displays: a blagdkground computer display with
white lettering or a white background computer igpvith black lettering. The
researcher approached this study using a quaméitetiperimental design with careful
randomization and procedures that would insuregaraledistribution of participants
across the selected grade levels of grades twaghrsix. The control data were gathered
from participation on the traditional computer aaotissplay background. The quantitative

results of this experimental study will be presdnteChapter Four
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Chapter Four: Results
Introduction

The data collected and analyzed during this stlidywad the researcher to
explore the relationship of student reading comg@mnsion and engagement to reading on
different computer background display contrasthegiblack background with white
lettering or white background with black letterifighe researcher intended to compare
the reading comprehension results of two groupuafents, as well as the student
engagement of both groups during computer useegspiérticipated in administration of
the Renaissance Learning STAR Reading test.

Bonk (2010) stated that technology was increasibglyoming woven into
everything we do in today’s society, even in themeof education. As Race to the Top
efforts affected American education, the introdoarctof high stakes testing forced
educators to analyze current practice in the tegchind learning field and also in the
area of educational testing (Bonk, 2010). Schostridis recently, at the time of this
writing, opted to introduce students to computaneyated measures that would allow
teachers to analyze their current performancederaio adjust instructional strategies
and techniques (Bitter & Pierson, 2010). As stusléate computerized reading tests,
several factors may affect elementary studentslingecomprehension scores and
student engagement. This study was intended tyanédctors which may help enhance
reading comprehension scores and student engageomamg the computerized testing
of elementary school children enrolled in a lowfpaning turnaround school in a

suburban metropolitan area.
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Problem Statement

In order to assess growth in reading comprehentachers at the study site
school administered quarterly summative readingsssaents designed by Renaissance
Learning called the STAR Reading assessment. @niloir grades two through six
participated in administration of the test five éisnper year and children who scored
below 80% proficiency could take the test up tdifr@®s per year, in a prescribed
schedule of progress monitoring assessments whilcted the same 34-question test as
the benchmark and quarterly assessments (Renagssa@tl). Several factors may
affect the outcomes of these scores. Since chilere taking this 34-question test on a
computer monitor in a computer lab setting, teaxineeded to accommodate students by
providing motivation and encouragement, settingradied language upon
administration of the test, and adjusting roomattisg conditions such as lighting,
temperature, seating space, environmental distgcad computer monitor display. The
purpose of this study was to analyze the effectooofputer monitor lighting display on
children’s reading comprehension scores and tingjagement when testing on a
computer.

Questions to be answered by the study includelfitexchers adjusted the
computer background display from white lightingwittiack lettering to black lighting
with white lettering, will there be a positive afteon children’s reading comprehension
scores? And b) If teachers adjust the computerdvackd display from white lighting
with black lettering to black lighting with whitettering, will there be a positive affect

on children’s students’ engagement?
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Purpose Statement

The purpose of this study was to investigate tfecebf background lighting on
reading comprehension rates of children in an eteéang school setting grades two
through six, and examine engagement in the actbgtyween groups using the two
different display settings. Students must leartake tests more regularly on computers
in order to prepare for the Missouri MAP Assessni&oigram, which beginning in 2014
will be taken on the computer. The purpose of shisly was to analyze the effect of
computer display lighting on students’ performataeotentially identify a strategy to
help students achieve better reading comprehessmnes on the test.
Description of the Sample

The research site for this quantitative experimesitaly was a Midwest
metropolitan elementary school, grades K-6, locatealower socio economic suburban
school district. All students in grades two throwphwere required to take the
Renaissance Enterprise STAR Reading test five tpeeyear as benchmark summative
assessments. Teachers could also administer theeasgassment as a formative
assessment in between benchmark assessmentswidreré89, K-6 students enrolled in
the school. There were 316 students enrolled ideg#wo through six. The 2012
Communication Arts results for grades 3-6 wereollews: 19% Below Basic, 54%
Basic, 20% Proficient, and 7% Advanced on the yddAP assessment (MODESE,
2013).
Quantitative Data Analysis

The researcher investigated the following null itjeses in this study:

Ho1l - There will be no measurable difference indberes of students who take
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computer-based tests with the computer screenayiseit to black lettering on a white
screen versus white lettering on a black screen.

Ho2 - Teacher tallies of student behaviors dutiregadministration of computer-
based tests will not verify a measurable differencgtudent engagement with the
computer screen display set to black lettering amie screen versus white lettering on
a black screen.

A z-test for difference in proportions was conductedampare odd-numbered
and even-numbered student engagement data genbyatteel random samples-tests
were conducted independently for each of the beackmeriods designated as
December, February, March, and April. All studentgrades two through six were
placed in either an odd-numbered group or even-ruetbgroup and data generated by
both groups were compared for each benchmark pdridde month of December all
odd-numbered computers were black background d&edeh-numbered computers were
white background. In the month of February all eduhbered computers were white
background and all even-numbered computers weok blackground. In the month of
March all odd-numbered computers were black backgt@and all even-numbered
computers were white background. In the month aiflAall odd-numbered computers
were black background and all even-numbered computere white background. The
purpose of alternating the computer backgroundrestg was to limit the amount of
harmful effects on student achievement throughoeityear.

Data values for thetest for difference in proportions for December found in
Table 1. Since the level of significance is at 0095% confidence level, the critical

values are +1.96. The test value veas0.034, and since the test value does not fall
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within the critical region of greater than 1.96g thull hypothesis is not rejected. There is
not a difference in means at the 95% confidencel lestween engagement of students
reading on a black versus white display background.

Table 1.

Total December Engagement Data All Grades

Odd: Black Screen Even: White Screen
Grades Behaviors Total Behaviors Total
n2 88 180 76 180
n3 74 180 78 180
n4 78 180 39 120
n5 95 180 104 180
n6 90 180 97 180
N 425 180 394 180
Sample 60 56
pl 0.472
"p2 0.469
p-bar 0.471
g-bar 0.529
z-test 0.034

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

Data values for thetest for difference in proportions for Februarg &sund in
Table 2. Since the level of significance is at 00095% confidence level, the critical
values are +1.96. The test value was 0.034, amg $ihe test value does not fall within
the critical region greater than 1.96, the null diyy@sis is not rejected. There is not a
difference in proportions at the 95% confidencesldetween the engagement of

students reading on a black versus white displakdraund.
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Table 2.

Total February Engagement Data All Grades

Odd: White Screen Even: Black Screen
Grades Behaviors Behaviors Total
n2 91 180 102 180
n3 96 180 93 180
n4 63 180 36 120
n5 101 180 95 180
n6 92 180 103 180
N 443 900 429 840
Sample 60 56
"pl 0.492
"p2 0.476
p-bar 0.367
g-bar 0.633
ztest 0.179

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

Data values for the-test for difference in proportions for March aceifd in
Table 3.
Table 3.

Total March Engagement Data All Grades

Odd: Black Screen Even: White Screen
Grades Behaviors Behaviors Total
n2 84 180 86 180
n3 100 180 97 180
n4 79 180 44 120
n5 86 180 81 180
n6 100 180 102 180
N 449 180 410 180
Sample 60 56 116
"pl 0.498
"p2 0.488
p-bar 0.751
g-bar 0.249
z-test 0.127

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.
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Since the level of significance is at 0.05 or 958nfdence level, the critical values are
+1.96. The test value was= 0.127, and since the test value does not faliwithe
critical region greater than 1.96, the null hypasikes not rejected. There is not a
difference in means at the 95% confidence levelbeh the engagement of students
reading on a black versus white display background.

Data values for thetest for difference in proportions for April areund in Table
4. Since the level of significance is at 0.05 d¥®&onfidence level, the critical values are
+1.96. The test value was- -0.97, and since the test value does not fahiwithe
critical region greater than 1.96, the null hypasikes not rejected. There is not a
difference in means at the 95% confidence levelbeh the engagement of students
reading on a black versus white display background.
Table 4.

Total April Engagement Data All Grades

Odd: White Screen Even: Black Screen
Grades Behaviors Behaviors Total
n2 87 180 72 180
n3 85 180 92 180
n4 72 180 48 120
n5 86 180 92 180
n6 85 180 91 180
N 415 900 395 840
Sample 60 56 116
pl 0.461
"p2 0.470
p-bar 0.465
g-bar 0.535
z-test -0.97

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

A z+test for difference in means was conducted to coengeading

comprehension data of the random samples gendrgtstidents sitting at odd and even-
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numbered computers. Odd-numbered computers andrnenehered computers always
had different color computer background displayse Get would be black, while the
other was white. Data from odd-numbered and evenbewued groups were compared for
each grade level. The scores for odd-numbered ctargowere combined for the months
of December, February, March, and April for eacidgrindividually. The scores for
even-numbered computers were combined for the re@ftbecember, February,

March, and April for each grade individually. Oddmbered and even-numbered groups
were also utilized for an overall combined gradmparison. The null hypothesis was:

There will be no measurable difference in the ssofestudents who take
computer-based tests with the computer screenayiselt to black lettering on a white
screen versus white lettering on a black screen.

The results of the-test for difference in means for second gradeingad
comprehension are found in Table 5. Since the lelvsignificance is at 0.05 or 95%
confidence level, the critical values are +1.96e Tést value was= 0.044, and since the
test value does not fall within the critical regigreater than 1.96, the null hypothesis is
not rejected. There is not a difference in meartkea®5% confidence level between the
reading comprehension scores of students readirgoteck versus a white display
background, in second grade. For second grade ighacesignificant difference in scores
when students were utilizing the different backgmgolors on the computer screen.
Observably, the average scores on computers viathck background color were mildly

higher than average scores on computers with aevalaitkground.
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Table 5.

z-Test: Two Sample for Means-Grade 2
Odd: Black Screen  Even: White Screen

Mean 266.05 264.28
Known Variance 14051.46 18020.81
Observations 20 21
Hypothesized Mean Difference 0

Z 0.044

P({Z<=2) two-tail 0.964

z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

The results of the-test for difference in means for third grade ragdi
comprehension are found in Table 6. Since the lefvsignificance is at 0.05 or 95%
confidence level, the critical values are +1.96e Tést value was= -0.52 and since the
test value does not fall within the critical regiess than -1.96, the null hypothesis is not
rejected. There is not a difference in means a98% confidence level between the
reading comprehension scores of students readiragbdack versus a white display
background, in third grade. For third grade therea significant difference in scores
when students are utilizing the different backgbualors on the computer screen.
Observably, the average scores on computers withita background color are higher
than average scores on computers with a black bacid.

Table 6.
z-Test: Two Sample for Means-Grade 3

Odd: Black Screen  Even: White Screen

Mean 383.52 405.10
Known Variance 12110.37 19427.10
Observations 19 19
Hypothesized Mean Difference 0

Z -0.529

P({Z<=2) two-tail 0.596

Z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.
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The results of the-test for difference in means for fourth grade regd
comprehension are found in Table 7. Since the lefvgignificance is at 0.05 or 95%
confidence level, the critical values are +1.96e Tést value was= -0.10 and since the
test value does not fall within the critical regiess than -1.96, the null hypothesis is not
rejected. There is not a difference in means a98% confidence level between the
reading comprehension scores of students readirgoteck versus a white display
background, in fourth grade. For fourth grade themo significant difference in scores
when students are utilizing the different backgbuaalors on the computer screen.
Observably, the average scores on computers withitea background color are mildly
higher than average scores on computers with & biackground.

Table 7.

z-Test: Two Sample for Means-Grade 4
Odd: Black Screen  Even: White Screen

Mean 448.19 456.33
Known Variance 11058.66 110553.43
Observations 21 21
Hypothesized Mean Difference 0

Z -0.107

P({Z<=2) two-tail 0.914

z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

The results of the-test for difference in means for fifth grade rewadi
comprehension are found in Table 8. Since the lefvsignificance is at 0.05 or 95%
confidence level, the critical values are +1.96e Tést value was= -1.00 and since the
test value does not fall within the critical regiess than -1.96, the null hypothesis is not
rejected. There is not a difference in means a98% confidence level between the
reading comprehension scores of students readiragbdack versus a white display

background, in fifth grade. For fifth grade thesend significant difference in scores
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when students are utilizing the different backgbuaalors on the computer screen.
Observably, the average scores on computers withite background color are higher
than average scores on computers with a black lbagikd.

Table 8.

z-Test: Two Sample for Means-Grade 5
Odd: Black Screen  Even: White Screen

Mean 506.25 555.60
Known Variance 21055.57 26738.46
Observations 20 20
Hypothesized Mean Difference 0

Z -1.009

P({Z<=2) two-tail 0.312

z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

The results of the-test for difference in means for sixth grade regdi
comprehension are found in Table 9. Since the lefvsignificance is at 0.05 or 95%
confidence level, the critical values are £1.96e Tést value was= 0.22 and since the
test value does not fall within the critical regigreater than 1.96, the null hypothesis is
not rejected. There is not a difference in meartbea®5% confidence level between the
reading comprehension scores of students readiraghdack versus a white display
background, in sixth grade. For sixth grade themoi significant difference in scores
when students are utilizing the different backgbualors on the computer screen.
Observably, the average scores on computers viatiack background color were higher

than average scores on computers with a white bachd.
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Table 9.

z-Test: Two Sample for Means-Grade 6
Odd: Black Screen  Even: White Screen

Mean 785.63 767.77
Known Variance 69730.72 70864.37
Observations 22 22
Hypothesized Mean Difference 0

z 0.223

P({Z<=2) two-tail 0.823

z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

The researcher combined reading comprehensionsstmrall four months
together to obtain a combined sample for thosegusiblack display background and for
those using a white display background. The resitiitsez-test for difference in means
for combined grades are found in Table 10. Sinedetel of significance is at 0.05 or
95% confidence level, the critical values are +1Bte test value was= -0.45 and since
the test value does not fall within the criticagian less than -1.96, the null hypothesis is
not rejected. There is not a difference in meartbe®5% confidence level between
reading comprehension scores of students readiraghdeck versus a white display
background, for all grades combined. For the coedbsample represented by all grades,
there is no significant difference in scores whierdents are utilizing different contrasts
in background computer background screens. Obslgr\thb average scores on
computers with black background color are verye&lmsaverage scores on computers

with a white background.
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Table 10.

z-Test: Two Sample for Means- Combined
Odd: Black Screen Even: White Screen

Mean 432.68 434.80
Known Variance 53518.90 55308.48
Observations 51 51
Hypothesized Mean Difference 0

Z -0.045

P({Z<=2) two-tail 0.963

z-critical two-tail 1.959

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

Summary

The purpose of this study was to investigate whrath@ot student reading
comprehension and student engagement while takiest @n a computer would be
affected by the differences in background lightomga computer display screen. A
summary of the hypotheses and results are showahle 11.

According to the results of thetests for difference in proportions of student
engagement andtests for difference in means for reading compnelwa, the data
analysis failed to reject the null hypothesis facle disaggregated category, which stated:
There will be no measurable difference in the stofestudents who take computer-
based tests with the computer screen display d#abk lettering on a white screen
versus white lettering on a black screen.

According to the results of thetests for difference in proportions of student
engagement andtests for difference in means for reading compnelwa, the data
analysis failed to reject the null hypothesis facle disaggregated category, which stated:
There will be no measurable difference in the stofestudents who take computer-
based tests with the computer screen display d#abk lettering on a white screen

versus white lettering on a black screen.
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Table 11.

Summary Results: Testing of Null Hypotheses

Hol- Reading comprehension: There will be no medderdifference in the scores of
students who take computer-based tests with th@atanscreen display set to black
lettering on a white screen versus white letteang black screen.

Result Critical Value Test Value
Grade 2 Failed to reject +1.96, (-1.96) 0.044
Grade 3 Failed to reject +1.96, (-1.96) -0.052
Grade 4 Failed to reject +1.96, (-1.96) -0.100
Grade 5 Failed to reject +1.96, (-1.96) -1.000
Grade 6 Failed to reject +1.96, (-1.96) 0.220

Ho2- Student Engagement: Teacher tallies of stuideimaviors during the administration
of computer-based tests will not verify a measwaifference in student engagement
with the computer screen display set to blackiieifeon a white screen versus white
lettering on a black screen.

Grades Combined Result Critical Value Test Value
December Failed to reject +1.96, (-1.96) 0.034
February Failed to reject +1.96, (-1.96) 0.179
March Failed to reject +1.96, (-1.96) 0.127
April Failed to reject +1.96, (-1.96) -0.97

Note: Stratified Sample n = 116. Alpha = 0.05. Critivalue = +1.96.

The guantitative data analysis also faileteject the null hypothesis for each
disaggregated category, which stated: Teachéedalf student behaviors during the
administration of computer-based tests will noifyea measurable difference in student
engagement with the computer screen display dattk lettering on a white screen

versus white lettering on a black screen.
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Further discussion of results, recommendationéuidner research, and

conclusions will be discussed in Chapter Five.
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Chapter Five: Discussion of Results and Conclusion

This quantitative study investigated whether oruming different background
colors on computer display screens during the aditn@tion of Renaissance’s STAR
Enterprise assessment would make a significargreifice in the reading comprehension
scores and student engagement of two randomlytedletementary student populations,
enrolled in grades two through six. The studentigpants were randomly assigned to
computers, utilized for reading assessment, witeeia white display screen with black
lettering or a black display screen with whitedettg. The study compared data from
teacher-observed student engagement scores andgeadprehension scores of 116
randomly selected elementary school children frovtidwestern suburban school
district during four benchmark periods in the 2@#-3 school year.
Summary of Results

Analysis of the student engagement data useckiapblication of the-test for
difference in proportions failed to reject the rfufpothesis, which stated: Teacher tallies
of student behaviors during the administrationahputer-based tests will not verify a
measurable difference in student engagement watltdimputer screen display set to
black lettering on a white screen versus whitetetg on a black screen. Furthermore,
data representing the reading comprehension resubErticipants used in the
application of the-test for difference in means failed to rejecttiodl hypothesis, which
stated: There will be no measurable differenddénscores of students who take
computer-based tests with the computer screenayiselt to black lettering on a white

screen versus white lettering on a black screen.
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Each analysis was applied to individual gradelkesaed to the combination of all
grade levels while comparing averages generatesuolents using the black display
screen to averages generated by students usimnghileedisplay screen. To minimize
potential harmful academic results in varying tieplhy colors, students were tested
with one of the two different color computer baakgnd screen displays every other time
the reading comprehension test was administereatddition, teachers watched for
unusual scores from students during each admitigtravith a retest administered when
necessary.

Methodology

Students in grades two through six were assigned todd-numbered or even-
numbered computer for an entire year. The backgt@omputer display screens were
switched, so that students alternated every othechimark period between having a
black or white background. Reading comprehensida fie black and white computer
background displays were compared usizgest for difference in means. All student
random samples were compared within each gradé awe a combined-test for
difference in means for combined grades was alkwnleded for black and white screen
comparison. In addition, teachers collected datagustudent engagement tally sheets,
and recorded the five observable student engagdmebatviors. Az-test for difference in
proportions of the black versus white screen saswkes calculated, and failed to reject
the null hypothesis in each case.

Research Questions and Hypotheses
This study was guided by the following researchstjoa: How is student reading

engagement and comprehension during computer-tbastlg affected by the colors of
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the contrasting display screen background andsette the display?

Contrary to the researcher’s initial belief thadN screen displays would be
associated with a difference in student engagearamhtomprehension when answering
test questions on a computer, the reading engagehelementary students in this study
was not significantly different between the two e using black display screens versus
white display screens. There was a small obsemnatdifference in the means of the two
groups presenting the white screens as slightlyerfeororable. The fifth grade group in
particular showed the greatest test-valueof1.01, but was not within the critical
region with a critical region less than the valtig & -1.96. Thus, rejection of the null
was possible. This especially intrigued the redeatclo explore further, tatest for
difference in means for dependent samples wasegpmithe fifth grade sample to
compare results generated on a black screen vanshge screen. Testing the null
hypothesis that there would be no difference, &salt of thist-test yielded a test value
of z=-0.40. The critical value was z = +2.0. So, oagain there was not enough of a
difference to reject the null hypothesis. This derest confirmed the previous results
and affirmed that there is not a significant diéiece in reading comprehension when the
computer displays are presented on black or wistgalys to elementary school children.
Despite the statistically supported results of #tigly, as an educational leader, and even
though there was an observational difference witioge favorable result for the white
screen, the researcher would still not recommeatistudents change the computer

display background screen from white to black.
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Hypothesis # 1 There will be a measurable difference in the ss@f students
who take computer-based tests with the computeesatisplay set to black lettering on
a white screen versus white lettering on a blackest

Data in this study did not support Hypothesis Bdsed on the results of this
study, the researcher believes that elementaryoschddren do not experience a
favorable increase in reading comprehension pedoo® when the computer
background display is changed to black with whetéeking. Possibly, this result may be
due to the age of the children. For children’s ypeges, the luminance of the computer
screen may not be as sensitive to the light ofithiée screen as compared to adults.
Kretzschmar et al. (2013) described the resulessifidy in which older adults read from
an iPad versus paper. The researchers found tlerewidence to conclude that older
readers were affected by contrast changes of tmpeter background display when
reading. Kretzschmar et al. (2013) found older tsduhd fewer fixations when reading
on an iPad versus paper, based on the number reezenirof eye fixations using a
device designed for that purpose. The researclbadued that lower luminance
contrast decreased the number of mistakes madeglders (Kretzschmar et al.). This
may not be the case for elementary school childuento the age of their eyes, and
further study would be necessary to make a detertiom

Hypothesis # 2 Teacher tallies of student behaviors during thaiaistration of
computer-based tests will verify a measurable iffee in student engagement with the
computer screen display set to black lettering amie screen versus white lettering on
a black screen.

Data in this study did not support Hypothesis B&sed on the results of this
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study, the researcher believes that elementaryoschddren did not experience a
favorable increase in student engagement when eimatitge computer background
display to black with white lettering, even if thwhite-on-black display was preferred.
The researcher believes that further researclerktatstudent engagement should be
analyzed.

Limitations

The results of the student engagement data hadasdiv@tations. First, the
researcher observed lack of teacher buy-in. Eveugih the teachers consented to
participate in the study, teachers were not alveaysistent and prepared to test. The
teachers did not have the tally sheets ready t@lgey often had to ask the researcher for
a fresh sheet even though they had been givenialatenr the teacher had to send a
child back to the room to get the tally sheet. Thiicated that teachers had many tasks
and often appeared distracted and unprepared.€ankér did not fill out the tally sheet
correctly, even though the teacher had been irtstliseveral times. Another teacher lost
the tally sheets and gave the researcher thesfadlgts several weeks after testing. The
teacher asked for a new tally sheet prior to tugnimn. The researcher was suspicious of
the results turned in, even though the tally markse consistent with other benchmark
observational sheets.

Another challenge with the data collection proagas a number of interruptions
during the testing of students. A few times, offie¥sonnel called the computer lab
looking for students to go home early. In one ieaigl there was a power outage and
students had to restart testing. During anotherdtation of the test, there was a

tornado drill. These interruptions, associated thinelementary school computer
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laboratory setting were factors that could havetéththe engagement of students, as
well as affected the reading comprehension results.
Implications

For the study site school, these results showatetren though children may
prefer the black background display screen, childt®uld be discouraged from
changing the screen away from the traditional whaekground with black lettering to
the black background with white lettering. The e¥sber recommends that teachers at
the site and other teachers within the districusthdiscourage students from changing
the background screen during testing. On stats, tespecially the computerized Smarter
Balance assessment, teachers should discouragmtidicbm changing the background
computer screen display. Based on the results®sthdy for elementary school
children, changing the background color of the cotapscreen from white to black
computer background display may not significantyptregular education elementary
school children in grades two through six whenrigla reading comprehension test on a
computer.

Studies by Geske and Bellur (2008) and Kretzschehat. (2013) compared the
luminance contrasts of the computer screen verapsrpmediums. These previous
studies compared the luminance of the screen (ctanpght shining in the reader’s
eyes) versus absence of luminance (no light fraonaputer shining in the reader’s
eyes). In the present study, the students were amdppn computer display screens with
differences in luminance indirectly: more luminamaéh white screens and less
luminance with black screens. Both previous studiere also with adult readers. The

study here presented was a study of elementarybkchiddren only, and age may have
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been a contributing factor to the difference intdsults when compared with the studies
aforementioned.

Kragness (2007) compared the reading compreheds#fenences of background
computer screen display of white background veyellew background. The participants
in Kragness’ study were young adults. The resudltsragness’ study are congruent to
the results of this study, which resulted in nagigant difference in reading
comprehension. Like Kragness, the researcher reemusfuture studies to explore
different colors of the spectrum for computer sorbackground display. This researcher
recommends the participants should be a compaokelementary school children
readers versus adult readers.

Recommendations for Further Study

For future study, the researcher would recommerwhgparison of more schools
across districts or schools with differences in@@oonomic status and less homogeneity
of racial ethnicity. It is important to note thaetchildren in this study were grouped by
grade level alone. Upon reflection, the researarmnd recommend a comparison of
children with learning disabilities as comparecahddren with no learning disabilities. In
addition, a comparison could be made between @nmldith corrective lenses and
children without corrective lenses, or betweendriih diagnosed with attention deficit-
hyperactivity disorder (ADHD) and children withahis diagnosis. Other future studies
might investigate potential gender differencesuFaistudies could explore reading
comprehension and student engagement differenddaak computer screen displays
versus white computer screen displays for theselptpn subgroups of students in this

study or in future studies.



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 106

Another recommendation for similar studies infinere is that another
individual, other than the classroom teacher, shtally the results for all groups of
children throughout the testing window. The relidgpiand validity of results in the
present study may have varied due to the diffenayts in which the various observers
tallied student engagement behaviors. There wasaemtive in place to motivate the
adults to conduct the observational student engagedata accurately. The researcher
was somewhat skeptical of the results due to ttietthat there were dips in the reading
comprehension scores of individual students. Tiedheets were not studied to see if
there was a difference in the individual studemagement scores that correlated with
these dips. This could be further explored usimgdata collected. In addition, there were
not enough observations within the testing windbur. a future study, the researcher
would tighten up the procedures of the student gagent tally sheets by requiring more
observations of students per session. Another wayplement this would be to
videotape and record each child as the test waepted. More observational data could
be collected if this were part of the procedurefutare studies.

As a researcher, the procedures for the compalbegirid the expectation for goal
setting should be addressed in future studiesraddily practice as well. The spike in
fifth grade scores may be attributable to the olegernal difference for that particular
grade. The researcher noted that in fifth gradetehchers had discussed goal setting and
provided incentives for students to do their veegtion the Renaissance Learning STAR
Enterprise assessment as part of their yearlyaudarin requirement. Students in grade 5
would receive more Accelerated Reader reading appities and more interesting books

if their scores improved each time on the STAR Emise Reading test. The researcher
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believes this incentive motivated students to gegnéion and perform their best. The
researcher believes that all teachers should ingaé¢this incentive in the classroom to
help students improve their reading comprehensnohpasitively impact their student
reading engagement. Internal motivation is angplessible avenue to explore, and
adding a qualitative measure in addition to thentjtetive measures could possibly give
some insight into student motivation and increasegecreases in reading
comprehension scores and student reading engagemantomputerized benchmark
assessment.
Discussion

This researcher, a reading specialist, believatitttere would be a difference in
reading comprehension and student engagement wiaagiog the computer
background display from the traditional backgrowhevhite with black lettering to black
with white lettering. The researcher believed thatfindings of aforementioned studies
by Chen and Wang (2003), Geske and Bellur (2008)gKess (2007), and Kretzchmar et
al. (2013) demonstrated that contrast differenffested student reading performance.
Although each of these studies measured the conlifferences on a computer screen
versus a paper medium, these studies also medsunathnce differences ranging from
low luminance (black screen) to luminance measunésngithin contrasting color
variations. All of the studies measured readindguerance, and the researcher believed
these studies showed promise of a difference betiveelargest contrasting difference,
black versus white screen.

The researcher was motivated to pursue this stuggiit by her interest in

Irelen’s (1991) Scoptic Sensitivity Syndrome. Theeaarcher, a reading specialist, had
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observed that children with reading difficultiesesf have difficulty reading in bright

light. The researcher also had personally witnessee successful reading performance
when adding different colored lenses to the priqtage for struggling readers. The
researcher had hoped that this study would posk#illy students who experience reading
difficulty and recommendations could be made tangeasthe computer background
screen display from white to black to help childtemead and comprehend text on a
computer screen more successfully. The upcomingaotenzed state MAP test was also
a concern for the researcher, who was looking fmysato help student performance on
state tests as well.

As a result of this study, the researcher is recending that children not change
the background color of the computer screen froaelboto white when testing, even if it
is preferred. The researcher believes that futwdiess on children with reading
disabilities and attention deficit disorder mayroar the target population for future
benefit of reading performance. The new researestoquns could possibly be as follows:
a) How is a reading disabled student’s reading geigeent and comprehension during
computer-based testing affected by the contrasteoflisplay screen background and
letters on the display? And b) How is attentioni@etlisorder student reading
engagement and comprehension of students duringuwembased testing affected by
the contrast of the display screen background etterts on the display?

As a researcher, it is important to constantlyeetfand analyze the different
variables associated with testing students usicigi@ogy, especially young children in
an elementary school setting. It is imperativeg¢bthe most accurate information, as

guantitative data is used to analyze the effectssrof teaching, learning, and planning



EFFECT OF TWO TYPES OF COMPUTER SCREEN BACKGROUNIGHTING 109

the school curriculum. In an era of high-staketingsteachers, administrators and
school district administrations are making finahdecisions, curriculum decisions, and
many other crucial decisions based on the compeidresults of reading, writing, and
mathematics assessments. Technology is playingkrele in transforming the
educational system in the United States and thé&vasra whole. Educational leaders
should understand the role of technology, the béegassociated with testing
instruments, and the uses of technology to enhstiuckent performance in order to make
informed decisions about teaching and learning@ividual schools and school districts,

as well as more broadly in the high-stakes testimgronment of the 21st century.
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