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Abstract

This study investigated whether Web-based homework (WBH) in mathematicsis a
method of homework delivery more suitable than traditional paper-based homework (PBH)
for United Arab Emirates (UAE) secondary studentsin Abu Dhabi. Few studies have
addressed delivery methods for mathematics homework outside of a context where
homework is considered usual practice. The study centres in the UAE because of its
culturally distinctive attitudes towards homework completion and reportedly low levels of
self-efficacy among Emirate students. If homework completion and performance were to
increase, WBH could offer opportunities to enrich student learning and engagement in
mathematics.

This study used the WBH tools Myimaths and GeoGebrain selected school years.
The research questions for this study were as follows: (1) Do students interact more with
WBH than with PBH? (2) What are student perceptions of their learning with WBH and
PBH? The sample consisted of approximately 2,000 students. The data for this two-group,
pre-and post-test control group design was collected over three years, covering school years
2012 to 2015. As ameasure of interaction, a Pearson Chi-square test suggested that student
homework completion was significantly higher in the WBH group. The result led to the
rgjection of the null hypothesis for the first research question, suggesting that students do
interact more with WBH than with PBH. Analysis of the student survey and interview
transcript notes indicated that students perceived they spent more time practicing
mathematics using the WBH tools due to the immediate feedback offered by the tools.
Furthermore, they were encouraged by the feedback to review their mistakes and revise their
thinking, subsequently resubmitting their WBH to get a higher score. Student perceptionsin
this study were that the availability of multiple homework submissions was a motivating
factor that contributed to them spending more time practicing mathematics. Students
reattempted the homework tasks that led to the possibility of them revising certain
mathematical concepts and procedure while in pursuit of a higher homework score. Though
WBH islimited in terms of written explanations and partial credit scores for correct
mathematical procedures, in comparison to PBH, student interview perceptionsin this study
were that the WBH tools used facilitated positive interaction effects. The effects described



were improved levels of motivation, positive peer communication, higher rates of homework

completion and an improvement in their mathematics homework performance.



I mpact Statement

Title: Web-based Homework versus Paper-Based Homework in United Arab Emirates
Secondary Mathematics

| ssue: Mathematics homework is often not given in the UAE due to teacher perceptions of
the reduced self-efficacy levels of students. If Web-based homework improved levels of
homework completion and interaction in this region, imagine the possible impact elsewhere

and in less affluent regions worldwide.

What was done: Mathematics Web-based homework was introduced by me as an alternative
supplement to traditional paper-based homework to try to stimulate homework completion

and interaction.
I mpact:

e Study results demonstrated that WBH compl etion rates were higher than those for
traditional PBH

e The study revealed that there is the possibility of blending both modern and
traditional forms of educational pedagogy to achieve higher rates of mathematics
homework completion and performance

e Theintroduction of mathematics WBH reported improved communication between
students, their peers, parents and class teachers

e Student self-efficacy levels were high throughout the study duration, and there were
limited reported accounts of mathematics anxiety

e Theanalysis of the study and student reports suggested that immediate feedback
offered by the WBH tools was the key to students interacting far more with
mathematical content material

e Participating students reported that due to the tool's facility for multiple homework
submissions, they were able to revise their mathematical thought processes where
necessary and resubmit their homework to get a higher mark

e Student perceptions in this study were that they were more motivated to complete
mathematics WBH than traditional PBH



e Thisstudy identified a need for more professional development training to equip
teachers with the necessary skillsto support and supplement curriculum content
materia (in the first instance) with Web-based learning (WBL) and WBH, and this
goes beyond the realm of mathematics education.
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Chapter 1 —Introduction

1.1 Rationale

This study examined whether Web-based homework (WBH) was a more suitable
method of homework delivery than that of traditional paper-based homework (PBH) given
the context of the United Arab Emirates (UAE). Reportedly, there are low levels of student
mathematics homework completion that have been associated with reduced student self-
efficacy levels when given traditional mathematics PBH (Sartawi et a., 2012). | hypothesised
that by introducing WBH as a supplement or as an alternative to PBH, homework completion
rates could improve. In so doing, it was essential to look at the perceptions of students about
the WBH tools used over a period in comparison to that of traditional PBH; the study thus
coversthree years. Particular literature supports the correlation between students' use of
WBH tasks and improved scholastic performance (Wooten and Dillard-Eggers, 2016).
However, to my knowledge, no clear recommendation has been developed regarding whether
these Online tools should be used optionally or made standard in secondary schools as part of
ateaching, learning and assessment process. Therefore, further research into the use and
efficacy of WBH in comparison with PBH is necessary. Many definitions of WBH exist, but
this study regards WBH as an Online technology tool that allows students to solve
mathematics homework guestions and problems, submit their answers and receive immediate
feedback (Bonham, Deardorff and Beichner, 2003; Khanlarian, 2011). Web-based homework
isarelatively new phenomenon and, not surprisingly, very little is known about its various
characteristics, composition and its impact on student learning over time (Khanlarian, 2011;
Nguyen & Kulm, 2005).

The cultural context of this study—the United Arab Emirates (UAE)—is unique. The
UAE has pursued an ambitious education programme to encourage and facilitate learning.
This program includes substantial investment to supply schools and Emirate households with
computer technology and access to the Internet. Understanding the use of WBH toolsin little-
studied settings such as the UAE are advantageous to the broader academic community. Such
an understanding provides insight into how different types of students perceive, interact and



behave with technology tools created in more familiar settings (Browne, 2013).
Investigations like this can illuminate whether these students' interactions or perceptions
differ from those of studentsin commonly studied settings such as the USA, Europe and the
UK.

This research aims to compare WBH with PBH in four United Arab Emirates schools
(two schools for boys and two for girls). A two-group control, pre-and post-test design was
used to compare homework methods. One group was subject to control (i.e., PBH) and the
other, an intervention (i.e., WBH). The intervention group used the WBH tools Myimaths and
GeoGebrato mark and grade homework, while the control group had their homework marked
by ateacher in the traditional way. Then, student perceptions or attitudes about each
homework method were investigated by a survey and follow-up interviews.

1.2 Problem Statement

Mathematics homework completion in some of the UAE, Abu Dhabi Education
Council (ADEC) schools was identified as a problem (Clarke, 2016). Clarke found that
attitudes towards homework and its completion were not seen as being necessary. The results
from asurvey of newspaper readers suggested that 80 per cent of those polled were in favour
of banning homework. It is challenging for classroom teachersin the UAE to develop a
culture of work outside of school hours without the support of most parents (Clarke, 2016).
This attitude also goes against the ambitions of the UAE's 2030 vision of creating a
competitive world-class education system that promotes, fosters and builds positive attitudes
towards learning that could propel the UAE into becoming a more competitive economy
(ADEC, 2012).

In 2014/2015, the Organisation for Economic Cooperation and Development (OECD)
who are the devel opers of the Programme for International Student Assessment (PISA) tests,
completed a report on homework around the world. It found that 15-year-olds worldwide
spent, on average, about five hours per week doing homework. Surprisingly, countries like
Finland and Singapore spent less (two to three hours per week) but still had high PISA
rankings. Therefore, it concluded that time spent doing homework did not necessarily
trandate into improved student performance. The authors of the study said that it isthe



approach that students take towards task completion in and out of school that matters most
(Falch, 2011; OECD, 2016).

My hypothesisisthat by introducing WBH to students in the UAE, attitudes towards
homework and its completion could change. The attitudinal change would allow studentsto
spend enough time on their homework both in and out of school, as the teacher and student
can review mathematics content material that supports and supplements the teaching and

learning process.

1.3 Research Questions

The main research questions (RQs) were as follows:

1. Do studentsinteract more with WBH than with PBH?

2. What are student perceptions of their learning with WBH and PBH?

Both quantitative and qualitative data were collected. The quantitative data looked at the
means and standard deviations of homework scores. Percentages of homework completion
rates were compared. The data a'so comprised of an analysis of a Likert-scale ordering of
preferences from a student survey. Also, interviews were used to gain insight into the
students' perceptions about their learning with WBH and PBH delivery methods.

1.4 Traditional and M oder n Education in the UAE

Historically, the primary source of educational technique in traditional education was
that of oral recitation (Bahgat, 1999). A traditional style of teaching and learning has been
passed to generations of UAE citizens as adirect result of the teaching and learning of the
Qur'an (Agshaet al., 2011). Thetraditiona teacher told the class how to perform atask, and
the students were expected to comply (McDonnell, 2008). This type of unilateral instruction
pre-dominated throughout Arabia after the spread of 1slam 610 A.D (Aqgshaet al., 2011).
With traditional education came traditional values based on the teachings of the Qur'an
(Agshaet al., 2011). Religion, language and history were the main focus of education in the
UAE until the oil economy emerged in the early 1960s (Bahgat, 1999). At that point, the



education system began to focus on modernisation for an expanding global economy that
would require the use of technical and vocational skills, as well as academic ability. The
region's dependence on foreign labour to fill this gap is evident throughout the Gulf, as
governments struggle to develop nationalisation programs to fill these skilled positions with
thelir citizens (Bahgat, 1999).

In an attempt to modernise education and training in the UAE, the constructivist
approach to teaching and learning was heavily endorsed by the ADEC in 2006 (Farah and
Ridge, 2015). Constructivist educators believe that students learn best when problems are
posed to them and that students can learn through exploration and active engagement
(McDonnell, 2008). The ADEC believes that while religion, language and history must be
preserved to identify Arab culture, it must be complemented with the "proper dose" of
science, technology and information (Bahgat, 1999, p. 131). However, issues arise
surrounding the free movement of information in this region for fear of instability; the
clearest example of thisfear is Internet access (ibid). The state communication networks
provide the Internet through proxy servers, and content material that is politically, socially
and culturally sensitive are automatically blocked (Bahgat, 1999).

A dilemmamay arise between preserving areligion, language and a history that is
unique in the context of a geographical region's affiliation with what is known as the "Golden
Age," atime of great accomplishment in the Islamic World and constructivist teaching
principles in education. Islamic and Arab history are incredibly proud of their scientific
contributions to civilisation, and this was acknowledged in the Western World by the former
president of the United States, Barack Obama, who said:

"It was Islam that carried the light of learning through so many centuries, paving the

way for Europe's Renaissance and Enlightenment. It was innovation in Muslim

communities that developed the order of algebra; our magnetic compass and tools of
navigation; our mastery of pens and printing; our understanding of how disease
spreads and how it can be healed.”
(Barack Obama cited in Ofek, 2011, p.
1).

These accomplishments may not commonly feature in Western accounts of world

history, but in Islam and to Arabs, thisis an integral part of their identity (Ofek, 2011). Arabs



who attend school in the geographical region known as Arabia, post—Prophet Mohammed
(peace be upon him [PBUH]), are taught this proud historical period in modern-day schools.

"The Golden Age" in Arabiaand Africawas referred to as the "Dark Ages' in Europe
and the Americas. It spanned approximately the eighth to the 13th centuries A.D., and the
disparity of intellectual achievements between then and now in comparison to the rest of the
world is of enormous significance (Ofek, 2011). Arabic knowledge thrived at the time, due to
Islam being the dominant civilisation in the world (Ofek, 2011). Historical accounts suggest
that by 750 A.D., Islam had spread throughout Arabia, Irag, Syria, Lebanon, Palestine, Egypt,
and much of North, East and Central Africa, Central Asia, Spain, and bordered the fringes of
Chinaand India. Newly opened routes connecting India and the Eastern M editerranean
encouraged trade and an agricultural revolution (Ofek, 2011). According to Ofek (2011), it
was the first time since Alexander the Great that this vast geographica area was united both
politically and economically. First arose the Arab kingdom under the Umayyad caliphs
(ruling in Damascus from 661 to 750) and an Islamic empire under the Abbasid caliphs
(ruling in Baghdad from 751 to 1258). This period witnessed what has been called the most
"intellectually productive age in Arab history" (Falagas, Zarkadoulia and Samonis, 2006, p.
1581). The Abbasids Islamic leaders were believed to have followed the teachings of the
Prophet (PBUH) and made the search for knowledge a quest (Falagas, Zarkadoulia and
Samonis, 2006). Scholars would travel to teach and share ideas, and as aresult, Arabic
became the universal language of scholastic work. Libraries were established in Cairo,
Aleppo and Baghdad with learning centres in Iran, central Asia, and Spain. Bookshops
opened with numerous titles on science, mathematics, astronomy and medicine (Ibid).
Finally, an academic institution was created that served as a university, The House of Wisdom
in Baghdad 1004 A.D. (Falagas, Zarkadoulia and Samonis, 2006).

Ironically, the "Golden Age" produced scholarly works across literary fields, even
though the predominant forms of teaching required memorisation and rote learning (Falagas,
Zarkadoulia and Samonis, 2006). Discovery and exploration were seen for aperiod in Arab
and Islamic history as unlimited and having very few boundaries. Great scholastic works
were tranglated that led to discovery, rediscovery and subsequently, innovation (Falagas,
Zarkadoulia and Samonis, 2006). It may seem counter-intuitive then, that certain problems
appeared with this teaching and learning methodology in this historic time. According to
Ofek, few Arabs could seek education enough to compare with the scholastic work that was



going on at the time. This was evident by the length of time it took Arabs and Muslimsto use
material that they were purported to have discovered. In many respects, such innovative
activity did not happen until centuries later, which would be indicative of an elite stratum of
scholarly activity (Ofek, 2011).

The UAE wants to maintain its cultural heritage, identity and religious values and
Islamic education are at the forefront of this effort in schools (ADEC, 2012). Pedagogy
throughout the UAE has barely changed since its introduction into the Kuttub schools
(schools children attend to learn the Qur'an). Memorisation and rote learning are essential to
the success of memorising the Holy Qur'an (Falagas, Zarkadoulia and Samonis, 2006).
However, the ADEC has embraced constructivist learning principles and has implemented a
new teaching and learning curriculum from year one to year six. Memorisation and rote
learning had become "dirty words"; hence the movement away from drill discipline and
practice in the early years of mathematics education (Farah and Ridge, 2015). Students from
an early stagein their developmental process were required to try to find relationships
between new concepts and their current understanding of certain topics. Thereis apossible
conflict between the reality of how information is disseminated to students and how the
ADEC reform process wants students to access information. Students are used to being given
the information or told what to learn and how to learn it (Falagas, Zarkadoulia and Samonis,
2006). The didactic (instructor-led) approach to education still pre-dominates in the UAE,
due to Qur'anic education and its teaching method. Memorisation, drill and practice are
commonplace, with keen students taking on additional practice at home with the support of
family members, friends or I1slamic scholars within their local communities (Farah and Ridge,
2015). The requirement and expectation for them now to access the information themselves,
be able to evaluate it, processit, and critically analyse it maybe too high, given the societal
and cultural make-up of the UAE. This study tried to address this dilemma with the use of the
tools Myimaths and GeoGebra. Myimaths requires discipline and practice that is associated
with the didactic style of teaching and learning asit is referred to as an 'Online' textbook
(Watershed, 2011). However, GeoGebra, with its ability to get students to interact more with
its tool features and be more creative about how and what students learn facilitated the ADEC
goals surrounding constructivist learning and its principles. Both tools were used in this study
to meet the criteria as to what constituted WBH. However, the GeoGebra tool was adapted by
being uploaded to the www.classtell.com website for ease of student access with a passcode.
It also had to be adapted for the provision of immediate feedback. The idea behind this
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approach was that if the "Golden Age" could produce innovative and constructivist work
despite the Qur'anic, didactic education given, types of learning theories could be embraced

to facilitate the achievement of set goals.

In 2010, the new school model was introduced as part of areform process that aimed
to focus on a child-centred approach to learning that encourages learner autonomy and
critical thinking (ADEC, 2012). The new school model claimed to embed professional
development for teachers and school leaders as an integral part of its educational reform
process. Therefore, it was sensible to use Myimaths as being compatible with the traditional
approach to learning and GeoGebra as being compatible with the ADEC reform agenda. The
use of the tools Myimaths and GeoGebrain this study can be argued to fit into different
forms of learning categories even though they come under the heading of Web-based
Learning (WBL). As mentioned earlier, Myimaths is regarded as an Online textbook that
encourages rigorous mathematical problem solving through practice and repetition. Arguably,
it fitsinto an objectivist approach to learning (Carter and Norton, 2013). This epistemology
espouses that the laws governing mathematics, are to a large extent constant, although our
knowledge of them may evolve (Nathan and Scobell, 2012). The Online textbook from
Myimaths presents a body of knowledge to be learned, and this knowledge isin the form of
considered facts, formulas, terminology, principles and theories (Watershed, 2011).
GeoGebra allows students to construct interactive representations of points, lines, and circles.
The construction of these geometric objects are interactive, and the student can reshape,
resize and move them around the screen by using clicking and dragging tool features.
GeoGebra arguably fits into the constructivist approach to learning (Gergelitsov”a, 2014;
Gergelitsova and Holan, 2016). This approach suggests that students construct knowledge,
meaning and understanding of events based on their individual and shared experiences
(Piaget, 2013). GeoGebra facilitates and encourages students to reflect, evaluate their work,
and to be able to identify any intermediary skills that are needed in order to compl ete set
tasks (Saha, Ayub and Tarmizi, 2010). It seemed appropriate to use GeoGebrain this study
asit fits the reform agenda and promoted teacher development and student exploration. It
also facilitated socia interaction, so learners interacted with their peersto share the
knowledge that helped them to achieve specific learning goals or targets. The cognitive
aspect of learning was achieved through visual representations of the tool's features, which
assisted both the teacher and student in learning mathematics and accorded with the
principles of constructivist learning (Garelick, 2005; Praveen and Leong, 2013).
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1.5 United Arab Emirates Education Reform

Education reform in the UAE (The Road to 2030) has six main priorities. Thefirstis
to elevate the quality of schoolsin Abu Dhabi against international standards. The second is
to improve access to education for all Emirates from the primary school level through to
grade 12. Third, isto provide affordable options for high-quality private education. Fourth, is
to preserve UAE culture and heritage and to devel op successful careers for studentsto
pursue. The last two final points are to do with improving the capabilities of the ADEC and
actively seeking to engage stakeholders (ADEC, 2012). Thereform isaimed at addressing
every component of the education system to improve the capabilities of school leaders and
teachers. The ADEC intention is to upgrade the curriculum to meet the emerging socio-
economic requirements by trying to implement an ambitious students assessment system
based on local and international standards. Also, ADEC wants to implement a comprehensive
school monitoring and inspection system for public and private schools and to upgrade the
public schools facilities, while at the same time attracting and expanding the use of quality
private schools. ADEC also aimsto target special needs education and to raise the curriculum
standards for Arabic, Islamic studies and civics (ADEC, 2012).

The effectiveness of traditional education and its knowledge transmission was
guestioned when the ADEC looked at educational reform and started to recruit teachers from
Western countries. The ADEC was used to help foster the vision (2030) of moving the UAE
from an oil and gas revenue dependent country into a more diverse international competitive
market economy (ADEC, 2012). Western teachers were recruited on the basis that they were
familiar with constructivist teaching principles and would be able to rel ate problems to
everyday mathematical solutions. The teacher's ability to seek and to value the students
points of view; devise activities that challenge student assumptions,; pose mathematical
problems of relevance; build lessons around big ideas and assess learning in the context of
daily teaching is considered to be core elements of the principles of constructivist teaching
(Abida and Muhammad, 2012; Piaget, 2013). Teachers were encouraged to use tools,
mathemati cs manipul atives and computer technology over textbooks. This approach to
learning was based on research suggesting that students can construct their own knowledge
instead of attaining it passively from their teachers (Murray et al., 2006; Quirk, 2012).



Education reform in the UAE adopted a policy approach to setting homework at |east
once aweek in government schools. It was believed that setting homework would improve
levels of self-efficacy that involved organisational ability and time management, believed to
be the necessary socia skillsrequired to compete in competitive environments (ADEC,
2012). "Theroad to 2030" refersto the UAE's vision of education reform, stating the
government of Abu Dhabi's desired objectives and approaches to learning; however,
homework itself is not mentioned. There is the mention of "improvement imperatives' to
foster self-efficacy and independent learning, with the belief that such imperatives will help
the UAE's education system to compete internationally (ADEC, 2012, p. 3). This hasled the
UAE to participate in external assessment examinations such as the Programme for
International Student Assessment (PISA) and The International Mathematics and Science
Study (TIMSS). It is anticipated that their performance results would be a measure of how
they were doing with the reform process and how far they would have to go to reach

associated international standards and their benchmarks.

1.6 Learning Theories

Given the contextual nature of this study, is set in the UAE, it is essential to draw
attention to the identified scholastic methods that are used to enhance learning. A possible
dilemma or conflict has been identified in this study between the traditional approach to
teaching that has come from Qur'anic education and the "2030" vision endorsed by the

government of the UAE.

Historically, contemporary educational theory recognises that behaviourism was at the
forefront of this developmental learning continuum (Sadowski, 2009). Behaviourism has
been described as a theory of learning that primarily focuses on observable behaviours and
takes away any independent activities of the mind (Bower and Hilgard, 1981). Behaviour
theorists often define learning as the acquisition of new behaviour based on environmental
conditions. Skinner (1950) described this as "a change in probability of response” (Skinner,
1950, p. 193). Skinner felt that behaviourism presented an environment that trained the
student to work or perform. Experiments conducted by behaviourists lead to suggestions that
conditioning was a universal learning process and that two types of conditioning produced
different behavioural patterns. Thefirst, referred to as classic conditioning was when a

natural reflex responds to a stimulus. The typical example given is where students exhibit
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emotions such as fear, anxiety or develop a phobia about failure. In an educational setting,
thisisusually ageneral school phobia about the fear of being unsuccessful at a given task.
The second example is that of behavioural conditioning. Behavioural conditioning iswhere a
response to astimulusis reinforced by regular or continuous feedback. This form of
conditioning could be associated with the teaching and learning of the Holy Qur'an. It was
also felt that if reinforcement followed the response to the stimulus, the same exhibited
procedures could probably be repeated more often in the future. Skinner (1950) used this
technique of reinforcement and continuous repetition to get pigeons to dance and bow! a ball
inamini aley. Thisform of conditioning is useful in getting students to re-attempt work that
has been marked incorrect. This form of engagement in an attempt, re-attempt cycle could
prove to be a beneficial pedagogical approach to learning mathematical procedures (Zerr,
2007).

Theorists of learning that talk about the use of mental representations of certain
phenomena are called cognitivists (Amuthabala, 2014). Cognitivists are associated with a
theory of learning that believes people develop menta representations of the world and that
they act based on these representations. These representations can be encountered in new
situations where pre-existing models of the world can be assimilated to suit new situations
(Mayer and Sims, 1994). According to cognitivist theorists, mental representations can be
expanded to make them more accurate, and this distinguishes itself from other theories by
producing a genuine understanding of atopic instead of just producing the right behaviour. In
mathematics education, this would be the ability of a student to attain the correct answer or
solution to a problem without understanding what it was they had found (Mayer and Moreno,
2003). Cognitivists believe that the student is a unique organism and has a view of worldly
events that are different from others and that information is processed according to their
distinct perspective.

Constructivism is atheory of learning that says students best learn by building upon
their previous knowledge or understanding of any given situation (Bruner, 1985). If that
situation has not been encountered, then the student constructs and develops their
understanding based on their knowledge of events. Constructivism is applicable to any
discipline, but it isvital to the context of this study. Students in the UAE have had years of
drill discipline and practice as a result of the Qur'anic teaching style in the Kuttub schools.

The constructivist teaching methodology the ADEC has embarked upon tries to remove the
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role of instructor-led teaching. Thisiswhen the teacher isthe driver, lecturer and
disseminator of mathematical information and knowledge. Therefore, situations would now
have to be created for students that would alow them to foster and grow mental mathematical
constructions by finding relationships between new topics and their current understanding of
atopic (Piaget, 2013). This study is different in the sense that it tried to embrace both the
traditional and modern elements of the learning theories. It does this by using the traditional
PBH and comparing it with WBH tools that can be considered as behaviourist (Myimaths)
and constructivist (GeoGebra) in their application. The tools are discussed in the review of
the literature in chapter 2.

1.7 Predicted Outcomes

This research highlights an important gap in the knowledge surrounding WBH and PBH
completion rates in the UAE and what was done to try to improve homework completion and
performance. Finally, student perceptions were used to gain an understanding of their
experiences with the homework delivery methods and whether their accounts would support

or reject this study's hypotheses.

1.8 Summary

This study tried to find out if WBH was a more suitable method of homework
delivery given the identified problem in the UAE with secondary students and their lack of
mathematics homework completion. A possible solution to the problem was introduced to try

to improve rates of mathematics homework completion and performance.

The rationale, which included the background to student learning in the UAE and the
problems associated with the prevention of mathematics homework compl etion was
introduced to the reader in order to establish an understanding of the variables that could

affect mathematics homework completion.

In the next chapter, the review of the literature on WBH looked at possible constructs
that could affect homework completion and student performance, as a student attemptsto

complete the assigned homework task. | started with the construct of homework itself and
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whether it is suitable in the context of the UAE. The critical role that feedback playsis also
reviewed as it is highlighted as one of the most important featuresin WBH studies (Bonham,
Deardorff and Beichner, 2003; Mavrikis & Maciocia, 2003; Khanlarian, 2011). The construct
of student self-efficacy levels and therole it usesto assist students with their homework
completion is also reviewed along with the possibility of mathematics homework anxiety.
The constructs of motivation; the suitability of the technology and metacognition, where the
student can revise and review strategies to answer questions due to the availability of instant
feedback and multiple homework submissions were also investigated. Finally, the construct
of support which includes, parental involvement, peer support, help features and methods of
communication that could facilitate homework completion, is also addressed. It isimportant
to note that student mathematics homework performance can vary considerably and is
certainly not limited to the constructs mentioned in chapter two. However, the constructs do
offer someinsight into how the students' attempted homework completion and how their

performance can be affected in different ways.
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Chapter 2 —Literature Review

2.1 Introduction

This literature review starts by examining the existing knowledge that is already in the
field of WBH versus PBH studies. Severa studies have examined the use of WBH in
comparison to that of PBH. However, few have attained aresult beyond that of equivalence.
The results suggest that WBH is at the very least, as effective as PBH. Studies have been
conducted on the use of WBH in physics (Dufresne et al., 2002; Bonham, Deardorff and
Beichner, 2003; Pascarella, 2004; Toback, Mershin and Novikova, 2005) and mathematics
courses (Hirsch and Weibel, 2003; Bliwise, 2005; Zerr, 2007; Hauk, Powers and Segalla,
2015). Also, research was completed on other studies that looked comparatively at WBH and
PBH in order to address the problem that was specific to the context of the UAE (Khanlarian,
2011; Locklear, 2013; Nguyen & Kulm, 2005). Primarily, this problem was the lack of
homework completion, but the study does look at some of the variables that could affect
homework completion and performance. This research tried to provide a solution to the
problem of homework completion by offering WBH as an alternative or supplement to PBH
whilst seeking information on student performance and their perceptions of both homework

delivery methods.

2.2 Mathematics Web-based Homewor k

One of the earliest studies that addressed any kind of definition of Web-based
homework (WBH) was that of Bonham et al. (2003), who wrote:

"In atypica Web-based homework system, students|og on using a password through
the Internet to a central Web server, select one or more assignments, and receive those
exercises' (Bonham, Deardorff and Beichner, 2003, p. 1053).

In addition, Bonham describes that in many cases, the numerical exercises given to
students are algorithmically scrambled, so that each student is assigned a different set of
numbers. Once the student has attained an answer, it is then submitted and, in most cases, the
tool will immediately evaluate the answer. This answer provides the student with some level
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of feedback that "may allow reworking and resubmission of the assignment depending on
how the instructor has set options’ (Bonham, Deardorff and Beichner, 2003, p. 1053). The
instructor can then handle the administrative details or create new assignments and questions,
and review or download student scores and responses. Bonham (2003) also acknowledged
that some WBH tools had additional support features such as chat rooms, instructor notes and
calendars that he claimed "added to the experience of the learning process" (Bonham,
Deardorff and Beichner, 2003, p. 1053).

When students use WBH, the feedback given in most cases to them can be considered
behaviourist in its approach, asthere are very few suggestions as to how to move forward.
However, due to the immediacy of the feedback, cognitivist thought processes can occur, and
in some cases, they are encouraged (Khanlarian, 2011). This process can lead the student to
find the link between a new concept and their current understanding of atopic. Certain types
of technological tools can both facilitate academic advancement in the classroom and
promote more cohesive homework assignments that allow studentsto practice "...specific
skills of acomplex process’ (Parmigiani, 2012, p. 195). According to Pitler et a. (2007), at
the very least, the student can become a problem solver, with the possibility of concepts
becoming clear later. It is, therefore, possible for alearning continuum to evolve with the use
of WBH that could help to bridge the gap between traditionalist teaching methodologies and
constructivist learning principles adopted in the UAE. Not only can the WBH element
reinforce teaching and learning objectives, but also it can facilitate the devel opment of
independent learners. It isimportant to note that in the Bonham et al. (2003) study that
compared student WBH with PBH performance over severa years where there were atotal of
117 students (35 women) in the WBH section and 113 students (20 women) in the PBH
section; they found no significant difference between homework delivery methods. They
concluded that WBH is at least as effective as PBH.

Severa studies have compared WBH with traditional PBH (Dufresne et al., 2002;
Tang and Titus, 2002; Bonham, Deardorff and Beichner, 2003; Mavrikis & Maciocia, 2003;
Pascarella, 2004). However, the vast mgjority of these mathematics studies were conducted at
the college and undergraduate level in the United States. These studies have centred on
mathematics courses that examined the effects of WBH systems on calculus, finite
mathematics and algebra. The Web-based Online systems used allows for multiple-choice

and open-response items with the provision of immediate scoring and feedback. Some
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homework systems allow students multiple attempts per question or test, as well as provide
hints and examples for problem-solving. The results of these studies have been mixed, with
some studies suggesting that WBH increases student performance as indicated by test scores
(Porter and Riley, 1996; Dufresne et al., 2002; Hirsch and Weibel, 2003; Larose, 2010).
Other studies indicated no significant differences between the WBH and PBH delivery
methods used and concluded that WBH is at least as effective in terms of performance as
PBH (Bonham, Deardorff and Beichner, 2003; Kodippili and Senaratne, 2008; Palocsay and
Stevens, 2008; Hauk, Powers and Segalla, 2015)

Chronologically, one of thefirst reported studies to offer any comparison between
WBH and PBH was that of Porter and Riley (1996) in the United States. Porter and Riley
used two sections of an introductory statistics course that was taught by the same instructor
for the study. Thefirst section used traditional PBH, and the second used a WBH program
created by the instructor. The study compared exam scores between the two sections. Porter
and Riley found that students who used WBH scored an average of 20 points more on
homework-related exam questions. Students were able to get worked solutions to all
problems that were answered incorrectly, and there were no restrictions on the number of
attempts of the adapted WBH question. The WBH group did have to complete more
guestions than the control PBH group, which could have led to better homework scores.
However, there was no significant difference reported between the groups. Even though the
WBH and PBH group performances were compared with exam related questions, the overall
performance of the groups was in favour of the PBH group that reportedly scored slightly
better given all homework questions. No indication was given as to why this result may have
occurred. The study concluded that WBH had a positive effect on student achievement
(Porter and Riley, 1996).

Dufrense et al. (2002), found that WBH leads to higher overall exam performance.
Their study was conducted using an Online Web-based L earning system called OWL. OWL
was used at alarge public university in the northeast of the United States. Their research
found that students in the introductory physics courses using OWL to submit assigned
homework tasks and receive feedback, received significantly higher marks on their course
exams. This group was contrasted with control-group students who submitted their
homework viatraditional methods using paper and pencil. Dufresne et a. (2002) compared

the performances of students over severa years. These students studied in calculus and

15



algebra-based courses with four different instructors who had taught courses with both PBH
and WBH systems. Dufrense et al. (2002) found that student exam scores improved
significantly after the introduction of WBH. Students who used WBH were reported to spend
significantly more time on their assignments than those using PBH. A substantial factor
considered for improvement was the provision of immediate feedback to students. Students
reported that they would use the feedback to adjust their problem-solving strategies to try to
get the correct answer and then resubmit their work. Even though the feedback was limited to
hint and help features and the provision of right and wrong answers, the students reported that
they could adjust their schemato find the correct solutions. Replacing PBH with WBH was
found to produce better exam scores in physics and mathematics (Dufresne et al., 2002). The
performance differential indicated in the study was around "athird of atypical exam standard
deviation for agiven class' (Dufresneet al., 2002, p. 247). A statistically significant
difference was established in a course taught by one of the four professors teaching, where a
part of the final examination mark reflected the same core elements across three different
parts of the same course. Their findings showed, to some extent that students who do well on
their homework generally receive higher exam results (Dufresne et al., 2002). However, it
must be noted that no evidence of a differential impact was found when PBH replaced WBH.
The study concluded that performance in WBH and PBH groups was "similar for low and
high SAT mathematics groups, for low and high homework score groups, and low and high

exam performance groups' (Dufresne et al., 2002, p. 247).

Tang and Titus (2003) used what they considered to be well-structured questions to
evaluate the perceptions of studentsin North Carolina (USA) regarding the use of
WebAssign to mark and grade cal culus and physics homework. This approach was an attempt
to present using a WBH management delivery system that encouraged active-engagement
assignments in Calculus and General Physics. Their aim was also to increase students' time
on tasks outside the classroom. They found that student interaction with faculty and peers
increased, as did the amount of time spent on coursework outside the classroom, enabling
faculty members to concentrate on the course, based on immediate feedback (Tang and Titus,
2002). The study used WebAssign as avehicleto try to engage students in the learning
process and to stimulate their learning efforts in calculus and physics and to improve their
performance. The study noted that weekly homework assignments and quizzes that were
delivered, collected and graded through WebAssign: "increased students time and effort;
generated appropriate learning activities such as interactive and cooperative learning;
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increased contact between students and faculty; increased reciprocity and cooperation among
students; provided prompt feedback to students and enabled the instructor to pay attention to
what students do in order to learn” (Tang and Titus, 2002, p.15). Twenty-three students from
aCalculus | class supported the observations and 147 students from two Genera Physics|
classes. Their support was offered in a student opinion survey on the use of WebAssign to
improve overall student interaction and performance. The study concluded that well-designed
problems given and marked by the WBH tool WebAssign represented clear favourites over
PBH.

Hirsh and Weibel (2003) compared the performance of university students in the
United States using WBH and traditional PBH in their general calculus classes. They found
that students who used WBH had asmall, but statistically significant improvement in their
final exam score. Hirsh and Weibel believed that the exam score gains could have been far
more significant if it were not for the small number of students assigned to the treatment
(WBH) group. This encouraged them to do awithin treatment group comparison with
students who completed the magority of their WBH tasks with those who completed just a
few or none. A very high correlation was found between the number of problems attempted
and the number of correct solutions. This suggested to the researchers that students persisted
with their mathematics WBH problems until they got the correct solutions and improved their
mathematics performance. Since students were allowed multiple attempts at solving WBH
problems, it was perceived as a positive attribute of student effort as opposed to their levels
of ability (Hirsch and Weibel, 2003).

Hauk and Segalla (2005), investigated differences in mathematics achievement in
college algebra courses, between undergraduates using WeBWork, an open-source WBH
system and traditional PBH. The study assessed learning for 439 studentsin 19 college
algebra classes in the United States, where 12 classes used WeBWork and seven classes had
the traditional PBH. The analysis of covariance (joint variability of two random variables)
revealed that there was no significant difference in algebra performance or achievement gain
by homework group, ethnicity, or gender. However, their results supported the notion that
WeBWork was at least as effective as traditional PBH given to students. The WBH tool
WeBWork provided immediate feedback to students on their answersin the form of "correct”
or "incorrect”. The WeBWork interface did not provide students with help features and hints;

it only lets the user know whether they had attained the correct answer or not. Students could
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resubmit their answer if incorrect, and the tool was able to algorithmically scramble the
problems that were marked wrong so that they were similar in content and procedure, but
numbers were different. The students in this study were encouraged by their teachersto seek
help from their peers and their teacher when they got stuck on a problem. They were able to
do thisin person, by email or other communicative methods built into the WeBWork
interface or outside of it. The data gathered for the study included pre-and post-test scores,
demographic information, and course completion information. The study used a 25-item
multiple-choice PBH test that was administered in the first and the last week of aterm. The
same test was used on both occasions, and students registered their choices on a scannable
answer sheet. For the WBH group, WeBWork was able to store information on what
guestions were attempted, how often and to what level. The study noted that the
implementation of homework in college algebra courses in the United States traditionally
focussed on factual and assimilative knowledge with very few non-routine problems that
encouraged students to be resilient with difficult concepts on their own outside of the
classroom (Hauk and Segalla, 2005).

Nonetheless, for students to now have immediate access to this factual knowledge via
aWBH tool could help to build, grow and construct conceptual understanding that could find
solutions to more complex mathematical problems. According to Von Glasserfeld (2001),
constructing concepts encourages a culture of reflection that enables the students to become
aware of connections that could link procedures and content material. This theory could be
applied to help improve the connections between the understanding of mathematical
procedural steps and atopic. The freeing-up of instructor-based time could also facilitate
improved student performance as the instructor could focus more on the setting of realistic
targets to help their students move on and to develop even stronger perceptions about their
learning. The limitation highlighted in the study was that no socio-economic classification
data were collected. However, the phenomenological study did investigate a proxy measure:

student access to and comfort with computers, the internet, and Web-based software.

Demirci (2007) tried to determine Turkish university students' perceptions from a 21-
item survey regarding WBH and PBH testing. The 21 items were arranged to form a Likert-
type scale with afive-point spread. Participant scoring options were (1) strongly agree, (2)
agree, (3) no opinion, (4) disagree, and (5) strongly disagree. In addition, the Demirci (2007)

study wanted to find if there was a statistically significant difference in students homework
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performance scores and physics grade point average scores. The results of the study that was
administered to 103 students (54 were male, and 49 were female) in general physics-1 classes
suggested that the students' perception about WBH and PBH was found to be positive.
Students' perceptions ranged from amean high of 4.61 (indicating agreement) for the Web-
based item "The Online test and its direction were easy to use and read on a computer screen,
and the testing was user friendly” to alow of 2.68 (indicating disagreement) for theitem "The
way in which evauation of the Online homework scares me" (Demirci, 2010, p. 31). Of the
21-item statements, thirteen (61.9 %) had means between 3.31 and 4.61; eight (38.1 %) had
means between 2.51 and 3.30. Also, students' perceptions ranged from a mean high of 4.02
for theitem of PBH, "The way in which using grouped pencil and paper homework for this
course is appropriate" to alow of 2.81 (indicating disagreement) for theitem "Theway in
which evaluation of the paper and pencil homework scares me" (Demirci, 2010, p. 31). Of the
21 statements, fifteen (71.4%) had means between 3.31 and 4.10; six (28.6 %) had means
between 2.51 and 3.30. Concerning student performance, the study did not offer any
conclusive reasons as to why students performed better in the PBH group than in the WBH
group. However, it said that several studiesin addition to that of its own found no difference
in student performances when WBH and PBH were compared (Alexander, Bartlett, Truell, &
Ouwenga, 2001; Bicanich, Slivinski, Hardwicke, & Kapes, 1997; Bonham et a., 2003).
Secondly, it also said that while students' perceptions of Web-based testing were positive, in
some areas physics educators may have to adapt the Online testing process to fit the desires
of students better so that they could improve on their performance (Demirci, 2007). Students
in the study felt that this could be achieved by scaffolding the questions so that students could

somehow build on their previous knowledge or understanding of the topic.

Perhaps, more specific to this study, an Online homework system was created for
calculus students at the University of North Dakota that also used WebWork. WebWork was
used by Hauk & Segalla (2005), as mentioned earlier. However, Zerr (2007), found that using
WebWork for WBH material content that was created by the professor on Blackboard to
support student engagement outside of the class by trying to replicate the attempt-feedback,
re-attempt cycle, significantly improved student test scores. Furthermore, the study suggested
that student survey responses indicated a high level of satisfaction with the Web-based
homework's usefulness in hel ping students to understand first-semester cal culus concepts.
The use of Blackboard to assign student homework and to provide immediate and more
detailed feedback to students distinguished itself from the Hauk & Segalla (2005) study as the
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feedback given in it was limited to correct or incorrect. The use of Blackboard was able to
follow-up with the student on their procedural steps used and it provided additional attempts
to solve similar problems to engage the student in are-attempt cycle immediately after
reporting their result on the WBH questions that were attempted. Before the due date,
students were allowed to retake their assignments as many times as they liked as it was felt
that this would provide them with the ability to "learn from and correct any mistakes that they
had made on an earlier attempt” (Zerr, 2007, p. 60). It isimportant to note that since each re-
attempt question was generated at random because the questions were scrambled
algorithmically, each assignment given would be different from those that preceded it. The
study reported that students learnt from their prior mistakes in order to be more successful in
their pursuit for a higher homework score and improved performance. The last homework
attempted by the student was recorded, and it constituted 10% of the student's final semester
grade.

Dillard-Eggars et a. (2008) found evidence that WBH used for accounting classes
increased student performance and that students believed that using WBH is an effective
method of study. The study gathered data to determine the amount of WBH that was
completed and its possible effects on class performance. Two-hundred and thirty-three
students were surveyed in eight accounting principles classes that were taught by four
different instructors. In all these classes' students had access to WBH problems. For 149 of
the students, WBH was a required part of the course grade. In the other classes homework
problems were selected for exam preparation, and their homework was not a separate
requirement for the student's grade. Information regarding the amount of completed
homework was compiled within the WBH tool. The study was able to link the students who
wrote their names on the survey to their homework and course grade. These students were
asked about their perceptions of WBH. Thelr response was mapped on a Likert scale order of
preference using open-ended questions. Student responses to the open-ended questions
suggested that they liked the immediacy of feedback the tool provided and that the homework
was interactive, and it provided help and hints when their first answer was marked incorrect.
Students found that typing was more comfortable instead of writing and that WBH provided
more structure to problem-solving as they felt that by sitting down in front of the computer
was more motivational than sitting with just pencil and paper (Dillard-Eggers et al., 2008).
The most commonly cited problem in the Wooten & Dillard-Eggars (2008) study was that
students faced confusion with the answer format with their WBH. Students expressed
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dissatisfaction with their effort to answer questions completely with the correct calculations
throughout a process, but when entering the answer, a syntax error was made, and this gave
them alower score. They aso expressed their dislike for help features that were to them
unhelpful. Some students experienced technical problems while other students felt that some
of the assigned problems were too simple or not representative of the complexity of the topic
they had covered. Students also noted that there were programme error inconsistencies
between the WBH given and thelir class supporting notes. Some students simply stated that
they preferred PBH to WBH.

Kodippili and Senaratne (2008) used a textbook style WBH product (MyMathL ab)
that providesinstant feedback on correct or incorrect solutions, gives access to lessons, help
features, and students are allowed multiple homework attempts of the same problemsthat are
scrambled algorithmically. The purpose of their study was to see if the use of MyMathL ab
would lead to an increase in student performance compared with traditional PBH. Seventy-
two students took part in the study. The students enrolled were on a college algebra course in
the United States. Results from the study suggested that there was not enough evidence to
support that students in the WBH group that used MyMathL ab performed better than the
studentsin the PBH group that had their work marked traditionally by an instructor.
However, the success rate of the students,, indicated by their final grade A, B or C was 70%
in the WBH group, while the success rate in the PBH group was 49%. The researchers felt
that the difference between homework delivery methods and the success rate of student
mathematics homework performance should call for further research with larger sample sizes
(Kodippili and Senaratne, 2008).

Brewer (2009) also used MyMathL ab in a quasi-experimental pre-test, post-test
design in the United States that had five control (PBH) and four treatment (WBH) sections
with seven different instructors. When comparing the two homework groups (WBH versus
PBH), no significant differences between the groups were found. Mathematics self-efficacy
was measured in this study by using a survey design that elicited specific traits associated
with self-efficacy. The survey was given at the beginning and the end of atrimester. Again,
no statistically significant difference was found between the WBH and PBH groups. The
studies concluded that WBH was at least as effective as PBH (Brewer, 2009).

21



Hodge et al. (2009) conducted a study on the effectiveness of WBH that used
homework completion and performance scores as part of its measure for effectiveness with
1,394 college algebra students in the United States. The study found that the correlations and
related variance suggested that students who already possessed effective study habits and
learning strategies were more likely to view their WBH as being beneficial to them. Thiswas
especialy true for students who received low scores on traditional PBH tasks that were given,
it indicated they were able to identify when they needed help and to whom to go to for
assistance. Thiswas also true for students who believed that their own efforts would have
positive results (e.g., completing homework would help them learn). The data indicated that
students were motivated to complete more homework using the Web-based tool but would
prefer not all homework be set up in this manner (Hodge et al., 2009). Besides, it would not
deter them from taking future courses using the same or a similar Web-based tool. The results
of the experiment showed that students preferred to compl ete their homework using the Web-
based tool (Hodge et al., 2009). To answer their first research question (RQ)— "Would WBH
increase the student understanding of mathematics?'—a multiple regression analysis was
used to examine the causal relationship between students' perception of using WBH in
comparison to their perceptions of PBH (dependent variable). The independent variables used
were "methods of expected course grade, previous use of WBH in mathematics, ease of
navigation of the WBH tool, the frequency with which homework was completed, and
demographic items" (Hodge et al., 2009, p. 621). The demographic dataincluded age,
ethnicity, gender, previously taken course, and the students academic level. They did not find
any violations with the assumptions of normality, linearity, and homoscedasticity of residuals
(Hodge et a., 2009). The results of their regression model were found to be statistically
significant, F(24, 1051) = 38.953, p < .001. The multiple correlation coefficient was 0.686,
which may indicate that 47% of the total variance of "increased mathematical understanding”
could be attributable to the perceptions of students (Hodge et al., 2009, p. 247). The results
of the study suggested that the students were motivated to complete more homework using
the WBH tool than with traditional PBH methods. Also, about athird of the students
surveyed perceived that WBH did increase their mathematical understanding more so than
with traditional PBH methods. They aso found that students who perceived that they were
more motivated to complete their homework using the WBH system, "were also more likely
to acknowledge the need for help and seek out assistance from others' (Hodge et al., 2009, p.
618).
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LaRose (2010) used WBH as areplacement for ungraded PBH in aCalculus 11 course
at the University of Michigan (USA). The study investigated what impact WBH had on
student performance, behaviour and their attitude in completing the assigned tasks. The study
found that students in the WBH group appear to do no worse than those in the PBH group
and may do better. They noticed that the introduction of WBH in the course grade appears to
increase students' attention to the homework being set. Besides, there was supporting
evidence that suggested the more considerabl e attention resulted in students having a better
understanding of what they were doing on the homework and the derived benefits they gained
by completing it. There was aso evidence to support greater instructor flexibility in the
management of class time due to the immediacy of feedback and marking the WBH tool
provided (Larose, 2010). Twenty-four sections of the Calculus Il were randomly divided into
three groups of eight sections. The first group completed their PBH assignments that were
neither handed in nor graded, the second group completed the same problems for their WBH,
and the computer corrected it, but the scores did not count. The third group did the same
WBH, but their scores contributed to 5% of the total course grade. The students who
completed the assigned WBH tasks performed better, but it was only statistically significant
for one assigned task. LaRose (2010) concluded that the most important contributory factor
that influences student performance is whether the homework is marked on time and not the
method of homework delivery (WBH versus PBH). Also, it was noticed that when the
homework counted towards the final grade, students homework completion increased

significantly (Larose, 2010).

In alongitudinal study that examined various factors that are inherent in WBH and
their impact on student performance on an introductory accounting course in North Carolina,
Khanlarian (2010), found that theory driven concepts could be used to explore factors that
influence student performance in WBH. The Khanlarian (2010) model was based on student
survey responses over three time periods in a semester. His results revealed that the important
factors associated with WBH could be listed as. mastery motives, engagement, locus of
control, performance goals, self-efficacy, technical efficacy, usefulness, lazy user, frustration,
cooperative learning, perceived ability, and the student's grade point average (GPA). Mastery
motives are goals that involve a desire to achieve and to demonstrate academic competence,
understanding or improved performance using self-established standards (Dowson and
Mcinerney, 2004). In the Khanlarian (2010) study, mastery goals were associated with the
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students' perception that WBH helped them to achieve their primary goal, which was to
understand the major concepts and to acquire new knowledge. Mastery motives were
different from performance goals because, with performance goals, students wanted to
outperform their peers or attain the highest grade possible that was associated with sound
academic performance (Dowson and Mcinerney, 2004). According to Dowson and
Mcinerney (2004), mastery motives and performance goals have a direct influence on the
guantity and quality of the student's focus on learning. Simon (1967) believed that
motivation is the impetus behind students setting personal goals and that motives are what
causes the student to act in a certain way and that this behaviour had a direct effect on the
guantity and quality of student engagement (Simon, 1967). Based on educational theory,
according to Simon (1967), and later supported by Greene & Miller (1996), mastery goals are
associated with the student's perceived ability to interact meaningfully with their homework.
They felt that this could lead to better cognitive engagement, improved levels of self-efficacy
and performance (Simon, 1967; Greene and Miller, 1996).

Bandura (1974) described self-efficacy as a person's belief that they can behavein a
way that will allow them to achieve their goals. Greene and Miller (1996) found some
evidence to support a connection between self-efficacy and the achievement of student
mastery goals. This evidence came from student survey responses to items such as: "I can
complete homework assignments successfully, and when | work accounting problems using
the WBH software, | can get the right answers' (Greene and Miller, 1996, p. 185).

Rotter (1954, 1966) researched the ‘locus of control' which was defined as a
perception or belief that a person hasin their ability to control or have no control over the
events that occur in their life. Similarly, an external locus of control is the perception or belief
that others and other factors have more control over one'slife. Aninternal locus of control is
where every individual can exert some form of control over the events that happen in their
lives. Rotter (1966), found that an external locus of control in children was predictive of
achievement, but was not as successful in predicting outcomes as children aged (Rotter,

1966; Smith, Trompenaars, & Dugan, 1995). Rotter required students to respond to survey
item statements such as, "Chance or luck plays an important part in my success,” "Becoming
asuccess isamatter of hard work and that luck has little or nothing to do with it." Also, the

statement item "1 am able to finish my homework assignments by deadlines was at that time
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also included” (Rotter, 1966, pp. 11-12). Rotter's scale was later adapted and used by
Khanlarian (2010) to suit survey itemsin his study on attaining student perceptions of WBH.

The technical-efficacy construct that was used by Khanlarian (2010) can be linked to
student self-efficacy levels, and it refers to the student's ability, confidence and resilience in
overcoming technical difficulties. Low technical-efficacy was associated with high dropout
rates and homework incompletion (Sitzmann et al., 2008). Technical-efficacy itemsthat are
associated with WBH are that the student tried to discover new functions when using the
WBH software (calculator, hints, additional features). If the student heard about a new form
of information technology, they would be open-minded and look for ways to experiment with
it. Students also expressed their belief that using a computer is an efficient way for them to
learn new things (Santhanam, Sasidharan and Webster, 2008; Sitzmann et al., 2008).

The usefulness of technology is an important construct when researching aspects of
technology tool usage and the possible benefits for students. Santhanam et al. (2008) studied
self-regulatory learning and found that three key factors work together to assist and possibly
increase learning outcomes. These factors are information technology, instructiona strategy
and the learners psychological processes. The study aso found how the students learn, their
levels of computer self-efficacy and the level of positive feedback given by the tool or their
respective class teacher influenced their learning outcomes. The students' perceptions about
the usefulness of the technology tools they are using is a construct worthy of consideration.
Based on theories of technology and technology usage, it isfair to think that anyone who
engages in technology usage would be subjected to the probability that they would benefit
from increased performance (Brown et al., 2002). Brown et a. (2002) researched mandated
technology usage in the banking industry and found that workers responded positively to
survey items "[the software] enables me to accomplish tasks more quickly," "[the software]
has improved the quality of thework | do," and "[the software] gives me greater control over
my job" (Brown et al., 2002, p. 295). These statement items were also adapted for usein the
Khanlarian (2010) study to fit a technology useful ness construct. These survey construct
items were: using WBH software enables me to finish the homework assignment faster than
PBH; WBH software has improved the quality of the work | do compared to PBH, and WBH
software gives me greater control over my work compared to PBH (Brown et al., 2002;
Khanlarian, 2011).
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The Khanlarian (2010) study concluded that the data collected on student survey
perceptions demonstrated acceptable Cronbach al pha scores. All alpha scores on the
constructs that were used that fell below 0.6 were dropped. The datawere also used in a
principa components analysis to test for survey structure and development, and several
models (rotational) were used. The resultant confirmatory factor analysis supported the
constructs that were employed. The study found that there was a distinct change in student
behaviour over the three-time periods. This change in behaviour was attributed to the
students' mastery motives that they said was a strong predictor of student engagement, self-
efficacy, technical efficacy and usefulness (Khanlarian, 2011).

Since this study is using the Dynamic Geometry Software (DGS) tool GeoGebra for
the delivery of WBH, it is essential to look at studies that have comparatively addressed the
use of GeoGebra with that of traditional work given in class and at home. GeoGebrais
described as a powerful discovery, teaching and learning tool (Preiner, 2008; Schumacher et
al., 2008; Reis and Gulsecen, 2010; Saha, Ayub and Tarmizi, 2010; Briscoe, 2012; Kul,
2012; Praveen and Leong, 2013; Gergelitsov'a, 2014; Mukiri, 2016). The use of GeoGebrais
to find out if the selected tool can improve homework completion, performance and give
good benefit to students' learning processes measured by their perceptions of the homework

delivery methods.

In a study that examined the effects of using GeoGebra teaching strategiesin a
Malaysian Secondary school, a quasi-experiment of non-equivalent pre-and post-tests control
group design study was conducted by Masri et a. (2016). There were one control group (n =
17) and one experimental group (n = 29) that were randomly selected from four classes.
The experimental group used GeoGebra and the control group learnt viatraditional teaching
strategies. An achievement test and attitudinal survey were used as instruments in this study.
The data were analysed using a one-way ANCOV A and one-samplet-test. The analysis
showed that there was no significant difference between mean performance scores of students
in the experimental and control groups. However, the experimental students showed positive
attitudes towards using the GeoGebra software while learning mathematics topics. The results
suggested that using GeoGebra could help Malaysian students' to enhance their mathematics
understanding and performance (Schumacher et al., 2008).
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Sahaet a. (2010) also used a quasi-experimental study with a non-equivalent control
group, post-test only design that used GeoGebrain the mathematics classroom. The study
examined the effects of using the free-software tool in the learning of Coordinate Geometry
among students who had spatial ability issues. Students were put into categorise of having
high-spatial ability (HV) and low-spatial ability (LV). A total of 53 secondary school students
in Kuala Lumpur participated in the study. Students were assigned to two different groups.
One group was taught Coordinate Geometry using GeoGebra while the other learnt the
traditional way. Students' mathematics achievement was measured using the post-test score at
the end of the intervention. Independent samples t-test results showed that there was a
significant difference in mean mathematical achievement between the GeoGebragroup (M =
65.23,5D = 19.202) and the traditional teaching strategy group (M = 54.7,5SD = 15.660);
[t (51) = 2.259,p =.028 <.05]. The study aso found that the HV students performed
better than the LV students in both groups. In addition, the study found that there were no
significant differences between HV students assigned to the GeoGebra group and HV
students assigned to the traditional group. Meanwhile, the LV studentsin the GeoGebra
group (M = 64.07,SD = 21.569) significantly outperformed the LV studentsin the
traditional group (M = 48.79,SD = 15.106); [t (51) = 2.222,p =.036 <.05].The
results of the study suggest that the use of GeoGebra improved the students' performancein
learning Coordinate Geometry (Saha, Ayub and Tarmizi, 2010). However, students were
allowed to interact with the GeoGebratool at will and resubmit their assigned task multiple
times and improve their score and that this behaviour was not the same with the PBH group.
It was perceived by the researchersin this study that this behaviour contributed towards the
students' performance goals and mastery motives, which facilitated the pursuit of higher

homework scores (Saha, Ayub and Tarmizi, 2010).

Using an automatic evaluation system for construction geometry with GeoGebra
called Geo Test, Gergelitsova and Holan (2014) evauated construction assignments assigned
by 100 teachers on 4000 students in 100 classes in the Czech Republic. All students were
assigned the same task. The answers that were submitted were checked for the correctness of
instruction and additional marking criteria such as the amount of support or help the student
received from internet sources and their class teacher. The student was able to use the teacher
feedback and the support features to resubmit their work multiple times to get an improved

score. More than 90% of the homework tasks that students attempted to solve were
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completed with the correct answer (Gergelitsova and Holan, 2016). The study concluded that
by using Geo Test to support and evaluate the students homework construction using the
GeoGebratool increased independent work, interaction, cooperative engagement with their
peers and class teacher, improved levels of self-efficacy and initiated faster feedback.
Furthermore, the study also concluded that the use of GeoGebra with Geo Test had a positive
impact on students compl eting the assigned task successfully.

Student frustration that was experienced when completing WBH or PBH tasksin
some studies has been associated with anxiety and technical issues, especially when
syntactical errors have been made (Ceaparu et al., 2004; Bessiére et al., 2006). Bessiere et al.
(2002) and Ceaparu et a. (2004) defined user frustration as being stopped in a process by a
technical challenge or issue. Adaptations of their survey item questions were found in
previous studies to try to capture student perceptions about homework completion and
technology usage. The survey itemsincluded statements such as: | feel anxious when | run
into a problem on the computer or have a problem with the WBH software; | feel helpless
when | encounter a problem on the computer or have a problem with the WBH software;
when there is a problem with a computer that | can't immediately solve, | keep trying until |
have the answer and finally, frustrating experiences with the WBH software severely
impacted my ability to get the assignment completed (Demirci, 2007; Khanlarian, 2011,
Nguyen, Hsieh, & Allen, 2006).

Student cooperation as a construct involves students that work together through
whatever means to solve problems. Thisis achieved in the homework setting by
communication techniques used both in and out of school, and WBH completion through
collaboration has been positively associated as part of thislearning experience (Nelson Laird
and Kuh, 2005). Laird and Kuh (2005) researched technology usage in a university setting in
the United States and found that students increased their interaction time with their task and
collaborated far more with their peersin and out of the university setting. The cooperative
learning experience was associated with greater engagement and as aresult, group learning
activities were organised for the classes that participated in the remainder of the study. It was
expected or hypothesised that as students experienced more problem-solving activities, their
appreciation for collaborative learning would increase (Nelson Laird and Kuh, 2005). This

was asimilar finding in Dermici's (2007) study of physics students who used WBH. Students
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genuinely perceived that they interacted in more positive ways with their class peers, family

members and their teacher when trying to complete WBH tasks.

In summary, there seems to be some agreement amongst researchers in the field of
WBH versus PBH studies that WBH is at |east as effective as PBH and thisis supported by
the studies that attained the results of "at |east equivalence” when comparing distributive
homework methods (Bonham et al., 2003; Dufresne et a., 2002; Hauk et al., 2015; Hodge et
a., 2009; Nguyen & Kulm, 2005). Thereis also consistency in these studies with student
perceptions as to the benefits derived from using WBH tools. These benefits are the provision
of instant feedback, help and support facilities, the availability of multiple homework
submissions and technological facilities or equipment that facilitates the communication
amongst peers and class teachers. The mathematics WBH studies mentioned draw on the
students' perceptions that the immediacy of feedback and the availability of multiple
homework submissions is an important and integral part to the students attaining an improved

homework score.

2.3 Constructsthat could affect M athematics Homewor k Completion and
Performance

Several factors could affect the completion of mathematics homework and performance, and
this study is by no way exhaustive in its pursuit of these factors. In the literature review on
homework completion, the following constructs below came to the forefront and are
discussed.

2.3.1 Homework

M athematics homework completion in UAE secondary schools has been identified as a
problem as students rarely engage consistently in the process (Clarke, 2016; Sartawi et al.,
2012). Homework is defined as "tasks assigned to students by school teachers that are meant
to be carried out during non-school hours' (Cooper, 1989, p. 7). However, formal definitions
of homework must be flexible given the different types of homework, the length and quantity
of homework, the time frame for completion, whether it isto be completed independently or
with peers, the level of parental involvement, whether it is part of the school ethos, whether it
will be marked and recorded, and finally, whether it is compulsory (Cooper, Robinson, &
Patall, 2006; Coutts, 2004; Libbey, 2004). Up until the 20th century, homework was not
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viewed as a possible socia problem (Gill, 2004). Students fortunate enough to attend school
suffered the burden of hours of homework each evening, including weekends (Reese, 1995).
Students during the 19th century faced compulsory school attendance in the United States,
and to some extent in the United Kingdom, up until age 14. This requirement was mostly
dependent on the family income at the time, as labour was a crucia issue concerning the
family's ability to survive. With thisin mind, education was considered a luxury item, and
only atiny portion of the population would actually attend school in these emerging industrial
economies (Gill, 2004). The method of teaching subject matter at this time was often through
drill and practice, memorisation and recitation (Gill, 1996). This rigorous approach to
learning often required students to prepare extensively at home in order to be successful in
the classroom (Gill, 2004).

Towards the end of the 19th century, a progressive educational movement arose that
introduced a scientific method of evaluating education. With this movement came the first
critique of homework because of a study on children's health and learning by Dr Joseph
Mayer Rice (Rice, 1897). Dr Rice focussed on children's spelling, school drills, memorisation
and recitation pedagogy. The conclusion of the study was that spelling learnt at home was not
related to children's ability to spell (Gill, 1996). In short, it suggested at the time that spelling
given for homework was meaningless, asit did not raise academic achievement. Dr Rice's

conclusion gave rise to educational discourse and further research into homework.

During the early part of the 20th century, arguments over homework became more
intense and often heated amongst educators, researchers, parents and policymakers (Omlin-
Ruback, 2009). Thosein favour of homework at the time argued that homework encouraged a
culture of "self-discipline and good study habits" (Omlin-Ruback, 2009, p. 7). It was also
viewed as an integral part of the disciplining of young and adolescent children. Conversely,
those who argued against homework suggested that it overly exposed academics, frustrated
socia interactivity and limited leisure pursuits (Gill,1996). The idea that memorising literary
material and scholarly practices led to the acquisition of knowledge was widely accepted at
the time, and school s encouraged this practice as a homework strategy (Cooper et al., 2006).
However, by the mid-20th century, educationalists were arguing for more emphasisto be
placed on problem-solving strategies as opposed to mere drill and practice or rote learning
techniques (Gill, 2004).
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Historically, extreme cases of campaigns to abolish homework altogether have
appeared, whilst other educators have been prepared to take a more progressive attitude and
sought ways in which to reform homework (Gill, 1996). Subsequently, two schools of
thought emerged, the homework abolitionists and the homework reformers. The homework
reformers were atiny and helpless minority during the late 1920s and the abolitionists at the
time were very strong, adamant and extremely vociferous about the ills of homework (Omlin-
Ruback, 2009).

Homework, therefore, has been a subject of debate in education since the industrial
revolution, and attitudes towards homework have changed according to economic and social
circumstances at a given time (Gill & Schlossman, 2000). Gill and Schlossman (2000) write
that educatorsin the early part of the 20th century believed homework helped students to
discipline and train their minds. After 1940, people increasingly believed that homework
interfered with other home activities. Consequently, this triggered a strong verbal reaction
against it. In the late 1950s, when the Soviets launched Sputnik, educators believed that the
United States system of education lacked proper rigour as they feared the United States
falling behind the Soviet Union in the quest for technological supremacy and space
exploration. As aresult, schools viewed ample homework as a solution to the problem. By
the 1980s, it was reported that the view about homework had changed again: homework
could be harmful to the mental wellbeing of students and could subsequently affect their
mental health (Albright et a., 2007; Kralovec & Buell, 2000; Corno,1996). Since then,
several studies have sought to determine the effectiveness of homework on student
achievement; however, the studies are inconclusive about the benefits of homework
(Marzano & Pickering 2007; Albright et a., 2007; Cooper, 2007). The ideological changes
over time have been periodic and seemed to have met Western emerging economic needs and
values at associated times. The lack of consistency between homework and ideol ogy,
combined with the lack of conclusive results to determine homework's value, does not lend
credibility to the model of schooling with homework. With this thought in mind, it is then
hard to impose such amodel on a people whose identity involves established religious
practice such as the memorisation and rote learning of the Holy Qur'an.

During the 1930s to 1940s homework was abolished in many schools, districts and
councils from one side of the Atlantic to the other at the primary and early secondary school
level (Cooper et al., 2006). Post-Second World War, the issues raised by the homework
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reformers started to gain momentum and popularity in trying to reshape students' minds and
skills for a developing post-war order. The reformers were working to try to find anew
pedagogical approach to teaching and learning where homework would be an integral part of
it (Gill & Schlossman, 2000). They wanted to take learning away from textbooks and get
students to be involved in more activity-based | earning associated with the philosophy of
constructivist learning principles (Gill & Schlossman, 2000). The reformers were concerned
about the amount of time associated with homework tasks and they worked to devise policies
that could address these issues (Omlin-Ruback, 2009). The reformist formulated ideas that
were adirect result of progressive educators at that time. The notion of "learning by doing,"
"student-centred learning,” and "educating the whole child" were phrases indicative of the
change in educational philosophy at that time (Gill, 2004).

The Russian launch of the Sputnik satellite in 1957 changed the homework debate for
the United States and its allies. The Cold War brought about competition for technological
advancement and the need for greater rigour in educationa systems that enabled citizens and
countries to compete for future prosperity and superiority (Omlin-Ruback, 2009). As aresult
of proposals made by post-war reformists, homework was increased. This trend continued up
until the Vietnam War when culture wars over social inequality, civil rights and gender
inequality were also fought throughout the developing world (Gardner, 1983). Homework
was again viewed as pressuring young people at the expense of social, recreationa and
creative activities (Cooper, 1989). This attitude from the abolitionists continued until the
1980s when the cycle changed again in favour of the reformists. The reformists were
concerned that not giving enough homework was creating educational problems and
contributing to alack of social discipline and order (Gardner, 1983). The new attitude
towards achievement led to strict standards being imposed throughout the United States,
Europe, Africaand Asiawith many schools or policymakers demanding that homework be

given at earlier grade or year levels (Omlin-Ruback, 2009).

With the introduction of the oil economy in the UAE in the late 1960s, and its further
development in the 1980s, the rush to modernisation included vast expenditure on education.
The automatic increase in the expatriate population that followed brought about the emerging
school of thought on homework at the given time. It would flow periodically with worldwide
events from then on. However, since contracts for education-system devel opment was given

primarily to Western companies, it was unlikely that the developers would have had a
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thorough understanding of how homework would impact Islamic and cultural values over

time.

The most comprehensive study on homework has been by Cooper (1989). Cooper
synthesised almost 120 studies on the effectiveness of homework and found that there was a
positive correlation between homework and student achievement (Cooper, 1989). However,
hisfindings did vary significantly with the age of the student. Elementary-aged children
seemed only to have a small effect size ratio, whereas junior high school students had a
moderate effect size ratio. For high school students, the effect size ratio was almost double
that of junior high school students. The study indicated that the more homework high school
students completed, the better their chances of achieving higher marksin their final
examination (Cooper, 1989). In 2006, Cooper €t al., investigated and synthesised research on
the effectiveness of homework from 1987—2003. The 2006 study examined any causal
relationship between homework and student achievement. Part of this process was achieved
by comparing 20 experimental design procedures that involved experimental groups (i.e.,
with homework) and control groups (i.e., with no homework). The study found that 14 out of
the 20 groups were pro-homework, indicating that there were positive effects. In addition, 50
studies were examined to determine whether any relationship held between the amount of
time spent on homework and achievement. Cooper's studies found that with limited exception
cases, a causal effect held between the amount of homework and student achievement. This
relationship was found to be positive and statistically significant (Cooper et al., 2006).
Therefore, Cooper et a. (2006) postulated alink between homework and academic

performance.

The outcome of the research reinforced Cooper's earlier findings that there was a
statistically significant difference between the amount of homework students do and their
achievement. Their conclusion highlighted particular points of relevance, which included that
homework and achievement varied from student to student and that the amount of homework

assigned and completed was afactor in determining its effectiveness (Cooper et a., 2006).

Cooper's (2006) studies followed three experimental designs. The first compared the
overall achievement levels of randomly assigned students to groups who were given
homework, and students who were not given homework. These experiments compared

homework and no-homework groups, finding a positive relationship between homework
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groups and achievement scoring, with effect sizes varying betweend =.39 andd=.97 and a
weighted mean d-index of .63. The experimental design of the synthesised studies showed a
positive effect on the mathematics and language arts unit tests taken by the homework groups
(Cooper et d., 2006). Notably, four of the five synthesised studies were conducted at the
elementary grade level, going from second to fifth grade. The results of the study were not at
all surprising since the homework given was to help prepare students for their upcoming unit
tests. The students who completed the homework tasks were better prepared for the tests than
those who were not given the homework, so the homeworkers achieved higher scoresin those
units. The problem with this experimental design was that when students were measured on
standardised assessments over the long term (exams), the positive effect of homework was
not evident. As aresult, the synthesised research was labelled as flawed, since there was no
way of knowing or concluding a causal relationship existed between students who completed

homework tasks and exam performance (Cooper et a., 2006).

The second approach used by Cooper et al. (2006) in his analysis of homework was to
use data from the National Education Longitudina Study (NELS) in 1988, 1990, 1994 and
2000. The data tried to measure time spent on homework and its effect on achievement scores
(Cooper et d., 2006). The tests were conducted on secondary students (middle and high
school). They gave positive results suggesting again, evidence of a causal relationship
between the amount of time spent on homework and higher exam results. Thirty studies were
completed, with the magjority using multiple regression analysis or structural equation
modelling to make predictions about variable factors. Most of these studies found a positive
correlation between the amount of homework students did and achievement. These studies
used controlled outside-factor influences, such as the amount of time students spent
completing the task, who received help of any kind, distractions, and many other potentially
confounding variables (Dettmers, 2010).

Cooper et a.'s (2006) third approach used a bivariate correlation between the amount
of time spent on homework and the mark given or awarded on an assessment. The difference
between this approach and the others was that no other variable was taken into consideration
that could confound the results. The absence of variables that could have had an overall
impact on the amount of time spent on homework was seen as a possible limitation by the
researchers (Cooper et a., 2006; Kohn, 2006). However, they found in 32 of their studies

with 35 samples, 50 of the 69 correlations reported were positive, 19 were negative, and there
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was a causal relationship between time spent on homework and the grade awarded, as well as
the standardised test score (Cooper et a., 2006). Homework had a stronger achievement
correlation value than the standardised score (r = .25) and (r = .4), respectively. The
researchers themselves, along with fierce critics such as Kohn (2006), noted problems with
their methodol ogical approaches in most of the studies that they considered. However, the
researchers still conclude that, in general, the findings across subject areas, including
mathematics, confirmed a positive association between achievement and time spent on
homework (Cooper et al., 2006).

In 1985 Walberg, Paschal, and Weinstein compiled 15 homework studies and drew
similar conclusions as to the effectiveness of homework. According to Walberg et a. (1985),
graded homework within a specified period had a significantly positive effect on student
achievement and subsequently on their learning. Their studies also concluded that student
homework that was not graded or had no feedback had no effect on student achievement
(Walberg, Paschal and Weinstein, 1985). Walberg et al. (1985) compiled non-subject-specific

studies from elementary and secondary schools.

In 1999, Rayburn and Rayburn conducted experiments using manageria accounting
students at college and found that students who regularly completed homework problems
attained on average, significantly higher grades in their exams (Rayburn and Rayburn, 1999).
However, the method of exam assessment included multiple-choice questions, and this was
considered a severe limitation in the study, as it encouraged atrial-and-error type approach
that would be difficult to account for. Another potential problem with this study could be that
the students who performed better would be able to complete more homework and get better
results. So, the homework and attainment might not be causally related but could depend on

some third variable (e.g., the genera level of performance).

Doorn, Janssen, and O'Brien (2010) surveyed several students across a range of
disciplines and found that the mgjority of the students interviewed said that homework that
was marked and graded promptly was extremely helpful in learning material content that was
delivered viaa WBH tool (Doorn, Janssen and O’ Brien, 2010). The students surveyed in this
study "overwhelmingly reported that Online homework was beneficial in understanding the
material and preparing for exams' (Doorn, Janssen and O’ Brien, 2010, p. 16). These

statement items came up as being statistically significant. The students said that they liked the
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tool's flexibility and its provision of immediate feedback. However, the study investigated
only student perceptions, and it did not compare traditional homework with WBH. Therefore,
the study would not be able to conclude whether WBH was more suitable or worse than
paper-based homework (PBH). It could provide useful information only in relation to the
possible behavioural attitudes of students about WBH.

In relation to mathematics homework, standardised mathematics scores were
compared across multiple countries, and no link was found between mathematics
achievement and the amount of homework completed (Boli, 2006). The study's findings were
similar to that of Mikk (2006), where it was found that countries that gave students many
mathematics tasks in different forms for homework performed worse than students who were
given only asmall amount of mathematics tasks in different forms for homework (Mallick et
al., 2011). The studies concluded that a distinction should be drawn between the number of
homework assignments given by the teacher and the amount of time students spend on the
homework activity (Boli, 2006; Mikk, 2006; Trautwein & Koller, 2003). Ironically, in alater
study by Trautwein (2007), using data from Germany, it was reported that the frequency of
the homework was more important than the amount of time students spent on it (Trautwein,

L Gdtke, & Pieper, 2007).

Using datafrom TIMSS in 2003, Baker et al. (2005) found that teachersin countries
who had students with lower-than-average achievement scores gave more homework than
teachersin countries with higher achievement scores (Falch, 2011). Dettmers et al. (2009)
used other internationally comparable achievement test results and found that for
mathematics, there was a positive correlation between achievement and time spent on
homework (Falch, 2011). The mixed results are suggestive of confounding variables such as
more homework maybe set in schools with children from privileged backgrounds; there are
also gender differentials to consider in addition to social demographics. The claim that time
spent on homework is positively related to achievement was tested in three studies. Thefirst
study was prompted by the PISA 2000 findings that suggested longer homework timeis
associated with higher achievement (OECD, 2001). The second study was designed to
address the limitations that were highlighted in the first, and it used a sample of Germany
secondary school participants involved in the Trends in International Mathematics and
Science Study (TIMSS). The third study examined the effects of homework behaviour on

achievement. Behaviour was split into two categories of "homework effort (i.e., conscientious
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execution of homework assignments) and homework time" (Trautwein, 2007, p. 383).
Comparison of homework time was contrasted with other variable indicators of homework
frequency and the students' homework behaviour. The results of the three studies suggested
that completing homework tasksis positively associated with achievement. However, the
positive effects of assigning homework tasks and their completion are not captured by the

"time on homework™ measure (Trautwein, 2007).

Teachers who participated in the 2007 TIMSS suggested that some mathematics
homework was given to studentsin all countries except Holland. The teacher and student data
were merged, and 63.6 % of the surveyed studentsin Holland said that they are never
assigned mathematics homework, and those who did were assigned it only sporadically
(Falch, 2011). By contrast, in Germany and Hungary, 90% of students surveyed said that they
got mathematics homework after nearly every lesson. The data seemed to suggest that in New
Zedland, Sweden, England and Scotland, mathematics homework was given to students on
occasion after lessons. Appendix 3 shows the percentage of homework given to studentsin
TIMSS participating countries. Western countries are displayed because the model adopted in
the UAE wasiinitialy of Australian origin. A possible dilemma arises when one considers the
results from Asian countries where attitude, cultural discipline and belief structures are part
of their identity and perhaps very different to results attained elsewhere (Greenhalgh, 2016a).
Singapore, the Hong Kong Special Administrative Region (SAR), Korea, Chinese Taipel, and
Japan continue to outperform all other TIMSS participating countries in mathematics at the
fourth and eighth grades (Mallick et al., 2011). These countries have a rigorous regimented
structure of education that includes many studies outside of the classroom. So much so that
their success in this area of educational attainment has been widely undercut by having the
highest student suicide population rates anongst all Organisation for Economic Cooperation
and Development (OECD) countries, despite outperforming Western countries for the past 20
years (OECD, 2016). The 2016 PISA test scores—another external measure to assess student
performance international ly—indicated that eight of the top 11 countries were the Asia-
Pacific countries. They are reported to emphasise "competition, endurance, and pressure and
[their] students spend almost twice as much time studying as children in other countries’
(Greenhalgh, 2016b, p. 4).

Aside from the early abolitionists, criticism of homework has continued since

synthesised studies such as Cooper's and others appeared (Kralovec & Buell, 2000).
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Homework was heavily criticised for disrupting family life, overburdening children and
limiting learning to only what the curriculum content thought was relevant. The End of
Homework, by Kralovec and Buell (2000), attacked the United States competitive culture that
stemmed from the Cold War period as being detrimental to family values and social
wellbeing. In addition, students who were of different cultural and ethnic backgrounds and
those who were economically disadvantaged or disenfranchised were unwittingly penalised
because of their inadequate social environments, which made doing homework practically
impossible for them (Buell, 2000). This type of inequality would make it extremely hard for
many students to complete homework tasks with any degree of success at home. One
suggested aternative to combat this inequality was to try to extend the school day instead
(Crain, 2005). However, Bennett and Kalish (2006) argued that homework was harmful to
children's health and social wellbeing and that extending the school day would only infringe
upon time spent on other worthwhile social practices, such as sports (Bennett and Kalish,
2006). Also, the amount and quality of homework was severely criticised, as well as some
teachers' professional inability to assign appropriate levels, types and quantities of
homework. Bennett and Kalish (2006) provided empirical evidence that too much homework
had a negative effect on student health, family life and time spent socially interacting with

family members, colleagues and their peers.

In the book The Homework Myth: Why Our Kids Get Too Much of a Bad Thing, Kohn
(2006) directly attacks research on homework and personally condemns the authors. Kohn
writes that the lead researcher on two meta-analysis studies, Harris Cooper, massaged the
numbersin his research until he was quoted as saying that he had to get "something—
anything—on which to construct a defence of homework for younger children” (Kohn, 2006,
p. 84). Kohn (2006) concludes that the research failed to demonstrate the effectiveness of
homework as an instructional tool because results for homework scores were often included
in the overall assessment of the student's performance. As aresult, any correlation found
between homework scores and a student's overall grade could be misleading
(ChallengeSuccess, 2012). He recommends that changing the state of mind that homework is
mandatory was paramount in the students beliefs about whether homework would be
assigned, referring to the expectation of homework as the "default state” (Kohn, 2006, p.
166). Kohn felt that teachers should only assign homework if they can justify it as
"beneficial" to the student (Kohn, 2006). This meant that the students were actively engaged
in an assigned task that would encourage the learning for rea-life situations. In short, this
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activity might entail experiments, cooking, doing puzzles with the family, watching a good
TV show, or reading good books. The amount of homework and how much should be
completed, it is argued, should be left up-to-the student to decide, as some studies have
concluded that have also questioned the role of homework (Marzano & Pickering 2007).
Kohn (2006) makes some valid pointsin his case against homework, such as assigning
homework that has benefits to students as opposed to giving homework just for the sake of it.
However, Kohn has been severely criticised by researchers for trying to misrepresent
research studies and for sending an inappropriate and inaccurate message that research into

homework is flawed and inaccurate (Marzano & Pickering 2007).

2.3.2 Self-Efficacy

Levels of self-efficacy have been questioned in the UAE at both the teacher and
student level when using technology to support teaching and learning (Almekhlafi and
Almeqdadi, 2010). There is aso the concern that due to cultural differences and the family
support structure in the UAE, students lack the skills required to complete set and follow-up
tasks independently without the support of additional parties. Self-efficacy is defined as a
person's ability and level of confidence in performing, participating or completing a specific
set of academic tasks (Song and Thompson, 2011). Teachers self-efficacy beliefs towards the
use of technology integration in the UAE have been considered a crucia factor that affects
teachers' integration of technology (Al-Awidi and Alghazo, 2012). Mathematics self-efficacy
is amaths-specific personal assessment of the students' competence to perform particular
mathematical skills or tasks (Bandura, 1978; Bembenutty, 2011; Pgjares & Miller, 1994).
Self-efficacy isnoted as having four main factors that can affect it: experience, modelling,

social persuasion and physiological factors (Bandura, 1978).

Thefirst factor listed, experience, was linked with performance accomplishment and
mastery of an event or topic that gives the feeling of success. Hodges (2008) has argued that
if astudent feels confident about performing set tasks in school, he or sheislikely to be able
to go home and complete a similar task with additional extended material. Similarly, if
students are struggling to master atopic and are uncertain about their skill level, they may
develop asense or feeling of failure. Thisfeeling could lower self-efficacy (Murray et al.,
2006; Kats-Gold and Priel, 2009).
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The second factor, modelling, is based on the belief that if one seesit being done, one
can do it aswell. Students benefit from interacting with their peers, friends, parents or others,
and as aresult, they feel able to reproduce what they see. However, if students are not
exposed to this mode of social interaction, they may lack the confidence needed to complete a
task.

Thethird factor, socia persuasion, concerns persuading students that they can
participate in a set task and that participation isitself a measure of success (Song and
Thompson, 2011). Socia inclusion isimportant for this theory to work. If a student feels
disenfranchised from others and feels he has difficulty in understanding processes and

concepts being taught, this feeling may lower self-efficacy (Locklear, 2012; Felix, 2008).

Finally, physiological factors can have a drastic effect on a person's self-efficacy.
Symptoms of stress and anxiety can inhibit performance and alter attitudes that will prevent
the satisfactory involvement and completion of set tasks. According to Bandura (1978),
"Individuals are more likely to expect success when they are not beset by aversive arousa
than if they are tense and viscerally agitated" (Bandura, 1978, p. 8). In mathematics, self-
efficacy isrelated to the feeling of mathematics anxiety (Ashcraft, 2002).

2.3.3 Mathematical Anxiety

Mathematics anxiety can be described as "feelings of tension and anxiety that
interfere with the manipulation of numbers and the solving of mathematical problemsin a
wide variety of ordinary life and academic situations' (Menges et al., 2007, p. 551). Feelings
of incompetence associated with the fear of failure are foremost in students minds (Perry,
2004). It is not uncommon for some students to feel physically sick at the thought of having
to do their mathematics homework or mathematics test. Researchers have identified
mathematics anxiety in two categories of coursework: homework and tests; since students
most commonly cited these two tasks as the |eading causes of stress and unsettling behaviour,
even though mathematics anxiety is not limited to these areas (Ashcraft, 2002; Perry, 2004,
Menges et al., 2007).

Richardson and Suinn (1972) devised a mathematics anxiety rating scae (MARS) that
tried to determine a student's level of anxiety. They created an exam consisting of 98
guestions and tried to measure the reactions of students using mathematics in various
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situations (rated on a 5-point Likert scale). After that, mathematics anxiety scores were
considered by some researchers as the "gold standard” (Ashcraft and Kirk, 2001, p. 22).
However, due to the extensive nature of the exam, researchers have created shorter versions
called SMARS, the scoring of which continued to be highly correlated with the original
MARS scores (Ashcraft and Kirk, 2001). The experimental conditions included standardised
tests and homework, and SMARS was considered by the research community for many years
to be an acceptable measure of mathematics anxiety in students of particular ages (Wigfield
and Meece, 1988; Bull, 2009). Fennema and Sherman (1976), using a self-devel oped
mathematics attitudinal scale, found that mathematics anxiety was highly correlated with
mathematics ability (r = —.89) in asample of secondary school students. However, they
concluded that more research was needed to find out whether these constructs could be
distinguished more clearly. Most of the studies in the area of mathematics anxiety have been
conducted with high school (secondary) and college-age students, and therefore littleis
known about younger populations. The research studies that have taken place with younger
populations show that mathematics anxiety scores are similar to that of test and homework
anxiety scores in the sense that they increase as the pupil gets older (Wigfield and Meece,
1988). The research suggests the possibility that with age, students develop and attach
importance or relevance to their studies, and that this could be a contributory factor to

increased levels of anxiety that could potentially affect levels of mathematics performance.

Hembree (1990) conducted a meta-analysis to determine the effect size or
commonalities between previous research studies. His research brought together the results of
over 150 studies on mathematics anxiety. He concluded that anxiety in mathematics was
related to underperforming in formal mathematics assessment tasks such as tests and
homework. This had a subsequent effect on those students who achieved low scores to avoid
mathematics or at least take adidiking to it (Hembree, 2006). Severa years later, Ashcraft
and Kirk (2001) looked at the causal relationship between anxiety in mathematics and the
students working memory capacity. The study confirmed Hembree's findings that students
with ahigh level of anxiety in mathematics enrol in fewer mathematics-related courses and
score lower in the courses they do enrol in (Ashcraft and Kirk, 2001). They aso found that
anxiety with mathematicsis aresult of the mental processes involved in calculations
(Ashcraft and Kirk, 2001). These findings led Ashcroft and Kirk to split mathematics-related

anxiety into two categories:. test anxiety and numeric anxiety. In general, students who
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suffered from anxiety related to mathematics had very little confidence in their ability to go
through mathematical processes. As aresult, they found it very difficult to solve problems
and therefore tended to avoid mathematics (Hembree, 1990). This avoidance led to alack of
mathematical exposure or practice that perpetuated a somewhat vicious spiral (Ashcraft and
Kirk, 2001).

Mathematics anxiety stems from avariety of factors. It can arise as aresult of the
nature of mathematics as a study itself (Ashcraft and Kirk, 2001). The practice of processes
involving information recall or memorisation, the use of formulae, the concepts that you are
required to link together to solve problems can be adaunting affair (Wright & Miller, 1981).
If a student misses a part of the linking process stage or fails to grasp the understanding of it,
they may well find themselves left behind or out of reach. The mathematics then becomes
overwhelming, and the student feels that they cannot keep up (Perry, 2004). The student's
apprehension or fear of learning mathematics is often as aresult of poor situational

experiences that tend to exacerbate feelings of failure (1bid).

Poor mathematical performance by students is often aresult of high mathematical
anxiety and low self-efficacy (Smith, 2009). According to Smith (2009), the use of WBH
tools to improve the teaching and learning of mathematics should be monitored over time, but
certain constructs must be considered when evaluating their impact on student learning. In
addition, Smith (2009) believes that mathematical anxiety is aready conditioned in students
when first they enter school. Discoveries have been made that some 85% of studentsin
mathematics classes have mathematics anxiety (Smith, 2009; Perry, 2004). Mathematics
anxiety and self-efficacy in the class are essential topicsin the discussion of students working
at home, whereit is highly likely that the problem could be further exacerbated (Smith,
2009). Certain studiesinto WBH have indicated that WBH tools can provide students with a
degree of flexibility in the way in which they go about solving problems (Brewer, 2009;
Locklear, 2013; Nguyen & Kulm, 2005). The authors of these studies have argued that due to
the flexibility of WBH, regarding how students can learn and solve problems, their
engagement with mathematics increases; they experienced lower levels of anxiety and had a

more positive attitude towards learning.

Ashcraft (2002) has determined that mathematics anxiety in studentsis as aresult of

negative attitudes about mathematics and a negative self-image when it comes to their
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competency in mathematics. Mackenzie (2002) supported thisidea and said: "Intrusive
thoughts such as worrying about performance and fear of failure can negatively affect an
individua's ability to perform mathematicaly" (Mackenzie, 2002, p. 167). This observation
IS even more pertinent when students are required to solve problems and perform
mathematical tasks away from their peers and their class teacher. Hembree (1990) found that
positive attitudes towards mathematics and mathematics homework led to lowered
mathematics anxiety and heightened self-efficacy. This higher level of self-efficacy led
students to be able to work on mathematical problems and tasks outside of the classroom
environment, and it enabled them to complete homework tasks with some degree of success
(Hembree, 1990).

The most common reaction of a person with mathematics anxiety is avoidance
(Ashcraft, 2002). Both Ashcraft (2002) and Hembree (1990) have argued that students who
regularly did not attempt mathematics homework tasks were likely to be suffering from
anxiety. MacKenzie (2002) looked at undergraduate mathematics attitudes in entry-level
mathematics courses in universities in the United States. She found that most students
surveyed enjoyed mathematics at the elementary school level, and less than half of the
surveyed popul ation enjoyed mathematics at the secondary school level. Mackenzie found
that mathematics avoidance levels were extremely high for students taking humanities and
attributed this to high anxiety about mathematics scores. A strong indicative factor, according
to Mackenzie, was the students poor experiences in mathematics at the secondary school
level. Mackenzie felt that students who had perceived themselves as not being very good at
mathematics and had high levels of anxiety would choose other areas to study (Mackenzie,
2002). Mackenzie (2002) concluded that avoiding mathematics would eliminate many career
paths for prospective employees such as science, engineering, nursing and business.
Educational institutions would not be helping students if they continued to ignore low self-
efficacy levels of students and low confidence levels. Educators would just be continuing the
spiral of students avoiding number work, increasing gaps in their mathematical skill-building
and closing the door on specific career opportunities (MacKenzie, 2002). This effect of
mathematics anxiety on employment streams has raised serious concern for policymakersin
the UAE, as it marginalises the career paths the country wants to promote as part of its 2030
vision (ADEC, 2012).
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Unlike Mackenzie (2002), who focussed on student attitudes and perceptions,
Goulding et a. (2002) attribute much of the blame for mathematics anxiety on elementary
and secondary school teaching. The researchers focussed on primary and early-years teaching
in the United Kingdom, finding that a teacher's knowledge of the subject and pedagogy was
insufficient to reduce levels of anxiety in young children (Goulding, 2003). Goulding et al.
(2002) felt that if learners at the undergraduate level suffered from mathematics anxiety or
had experiences associated with low levels of it, then this anxiety would be passed on to
younger students, perpetuating a generational cycle of mathematics-anxious pupils
(Goulding, 2003).

According to Ashcraft (2002), one way to alleviate mathematics anxiety isto improve
teaching strategiesin early education and then build on students' attitudes towards
mathematics (Ashcraft, 2002). The performance levels of pupilswill improveif anxiety is
aleviated, and confidence in learning isinstilled. How ateacher approaches mathematics,
and mathematical problem solving can drastically affect the students' ability to feel confident

in performing the operations they are shown or in using similar techniques (Hodge, 2002).

Hembree's (1990) study compared four teaching strategies to alleviate mathematics
anxiety: classroom intervention, which attempted to reduce the levels of mathematics anxiety
experienced by all children in the classroom; behavioural treatments, which attempted to
reduce feelings of nervousness and tension; cognitive treatments, which attempted to
diminish concerns about mathematics as a subject; and cognitive behavioura treatment,
which attempted to remove both the intellectual concerns and the negative feelings associated
with studying mathematics (Hembree, 1990). It was found that the cognitive behavioural
strategy was the most effective of these treatments, asit helped reduce pre-conceived notions
about mathematics being difficult as a subject (Hembree, 2006). By presenting mathematics
and mathematical tasksin avariety of ways in the classroom, instructors could make the
lessons, perhaps more stimulating and engaging, so students could more easily continue their
work at home. This helped to partially overcomeinitial fears and anxieties associated with

studying and learning mathematics (Hembree, 1990).

In contrast to Hembree's (1990) and Ashcroft's (2002) methods to diminish
mathematics anxiety, Perry (2004) has argued that students must be proactive in their
approach to learning by acknowledging their strengths and weaknesses with the support of



their teacher. Any plan that teachers and students devise must include seeking the appropriate
help on-time so that the student does not fall behind and then develop afeeling of being left
behind. Also, Perry argues that classwork and homework receive appropriate feedback
promptly so that students can understand the key processes of the concepts (Perry, 2004;
Farrell, 2006). Once thisis achieved, students can repeat particular processes in different
contexts, be extended or moved on (Farrell, 2006). In addition to Perry (2004), Farrell (2006)
suggests that students need to keep up to date with their homework and resist a culture of
yielding easily to difficulty. He recommends that teachers should tell students that
mathematicsis askill that needs constant development and that this development happens
over time. If apositive attitude is kept, self-efficacy in mathematics will increase, and the
knock-on effect will be to help reduce levels of mathematics anxiety (Farrell, 2006).

2.3.4 Parental | nvolvement

A key construct that seemsto have been left out from the surveyed literature on
mathematics anxiety is the involvement or lack of it from parents. Often the help and support
given or not given can increase levels of mathematics anxiety (Murray et al., 2006).
According to Murray et al. (2006), parent and child interactions over mathematics homework
are crucia to the mathematical development of the child. After observing mother and father
interactions with eight-year-old children doing mathematics homework, it was noticed that
depression was evident in both parents and children in some volunteer samples (Murray et
al., 2006). The research showed that differing encounters with children produced different
outcomes. It was noticed that school attainment and 1Q were related to the parental strategies
used to encourage "representational thinking and mastery motivation" (Murray et al., 2006).
However, the research studies seem to emphasise that the child can adjust their behaviour,
have a certain amount of self-efficacy, and complete their mathematics homework with low
levels of parental involvement and low levels of coercion. Moreover, mothers and fathers
produced differing outcomes: "Notably, the influence of maternal homework support was
more strongly related to child outcome than was paternal support. This pattern was reflected
in mothers greater involvement in children's schools and school -related activities' (Murray et
al., 2006, p. 125). However, it was also noted that a depressed maternal mood might
drastically affect and interfere with all dimensions of mathematics homework (Murray et al.,
2006).
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2.3.5 Motivation

The statistically significant findings within the Hodge et al.'s (2009) model told us
that student perceptions about their increased mathematical understanding were due to them
being more motivated to do WBH than PBH. They found that the WBH tool helped them to
understand specific processes involved in answering questions by its "help" and multiple
guestion facility. Students also found it easy to navigate around the WBH tool. The
researchers found that the use of the WBH tool played "an important role in students
motivation to complete more homework, possibly because of the immediate feedback (ssmple
as that feedback may be) as ameans to increase their mathematical understanding” (Hodge et
al., 2009, p. 622). In determining whether the WBH tool contributed to students' study habits
or learning strategies, the correlation results of the study indicated that there was a
statistically significant difference between the Peer Learning Scale and the Help-Seeking
Scale, r(1283) = 0.534, p < .01. Even though the scales measured different types of student
learning strategies that could be considered similar in construction, a positive and significant
correlation between them was found. Students were also asked to respond to whether they
were more motivated to complete WBH than PBH, and a statistically significant correlation
was found between the "motivated” item and those who interacted with their peers (i.e., with
"peer learning™), r(1300) =.126, p < .01. In addition, statistically significant correlations
were shown between, on the one hand, the "motivated” item and those students who used the
"help-seeking"” tool, r(1297) = .094, p < .01, and on the other, the "motivated" item and those
students who had a very good idea about their grade outcome and the actions required of the
desired grade (i.e., "control of learning beliefs"), r(1309) = .232, p < .01 (Hodge et al., 2009,
p. 622). In short, the results suggest that students considered to be motivated to compl ete their
assigned homework using the WBH tool were very likely to seek out help and the assistance
of their peersin order to complete the task. Moreover, students who aimed to attain a B grade
or higher had high levels of self-efficacy, which accounted for 5% of the total variance
(Hodge et a., 2009). This meant that those students were far more likely to indicate that they
preferred to use the WBH tool rather than be given PBH. The results showed that individual
intrinsic motivation and computer efficacy are important factors in determining the level of
effort used and whether students perceive the tools to be useful. These findings are also
consistent with the findings of Peng (2009), who used an Online homework system to submit

accounting homework. Peng (2009) advised that educators and tool system designers should
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consider implementing Online homework systems and " determine which types of students

benefit most from the use of these systems in classrooms and beyond" (Peng, 2009, p. 263).

2.3.6 Effectiveness of the Technology

A construct that could affect the performance of students' in both positive and
negative ways is the technology tool or tools that are used. How useful technology tools are,
in getting students to first, complete the assigned task and second, to improve on their
mathematical performance, as measured by their homework score in this study is crucia in
determining whether to use the tool to support the teaching and learning process (Affouf and
Walsh, 2006).

According to Affouf & Walsh (2006), a better measure of a WBH technology tool's

effectivenessis to see how students perform in their final exams.

In a study on the effectiveness of WBH assignmentsin a college algebra course,
"effectiveness’ was used as a measure of the homework score in comparison with exam
performance (Potter & Johnston, 2006). Over three years, 1,653 students were monitored.
Strong correlations were recorded between WBH and achievement in final examinations
(Affouf and Walsh, 2006). The study concluded that WBH could be used as a good predictor
of final exam scores. The study used a quasi-experimental design and was observational. It
looked at the records of the students from 100 sections of them beginning college algebra
classes between autumn 2002 and spring 2005. The curriculum was designed to include
technology in ng student achievement. Over the course's duration, students were
required to complete between 40 and 50 WBH assignments. The assignments were exercises
that the students had to complete in order to support their classroom learning (Affouf and
Walsh, 2006). The completed WBH tasks contributed to 16% of their final mark. This
weighting of the course material could account for why the WBL was a good predictor of the
students' perception of their final exam mark. The WBH contained short-answer questions
that received immediate feedback. None of the questions was multiple choice. The questions
were algorithmically scrambled so that every time students revisited the task to try to improve
their scores; they would encounter asimilar problem with different numbers. The tasks set
had due dates that were in line with the college teaching plan and a help feature to assist,
guide and support students. In the first year of the study, students were given both PBH and
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WBH. The researchers believed that this would give them the opportunity to compare the
effects of WBH assignments and standard PBH assignments on student achievement (Affouf
and Walsh, 2006). The PBH was given via homework text or workbooks and worksheets and
was similar to that of the WBH content material but without the algorithmic scrambling.
Student results of their WBH assignments were generated by the computer and collected by
instructors of the relevant course sections. The collated results were compared with the
students' examination scores, after which statistical analysis was performed. Each student's
final grade took one of five levels, A—F (with no grade E). The researchers then conducted a
one-way analysis of variance (ANOVA) test to see whether the means of the WBH
assignments and final examination scores differed significantly among the given grade levels
A-F. The independent variable was the final letter grade, and the dependent variables were
WBH assignments and the final examination scores (Affouf and Walsh, 2006). The results
show that the ANOVA test was statistically significant for both variablesin each considered
year group. This meant that in each considered year, one, two and three, the p-values <

.001 (Affouf and Walsh, 2006). The researchers conducted follow-up tests to evaluate the
pair-wise differences among the means of the final examination mark and WBH assignment
marksin five given grade levels (A, B, C, D, and F) such as Tukey, Student-Newman-Keuls
(SNK) and Dunnett's C procedures (post hoc tests). The report of their conclusions was the
following: The results of their multiple comparisons showed that the means of the fina
examinations and student WBH assignment scores were significantly different in each grade
level with p-values < .001. This meant that the means of final examinations and WBH
assignmentsin the grade level (A) were significantly higher than the means of the grade level
(B). The means of (B) were significantly higher than the means of (C) level, and so on down
to thelast grade level (F) (Affouf and Walsh, 2006, p. 164). This study was one of afew that
could compare student mathematics homework performance scores with final exam grades as

ameasure of the effectiveness of the WBH tool.

In an attempt to improve basic mathematical skillsin lower secondary schoolsin
Germany, several schoolsin 2006 implemented an intelligent Web-based tutoring system
called eFit. The researchers aimed to investigate whether eFit was an effective intervention
that improved the basic mathematical ability levels of lower secondary-school-aged children.
The results showed that children in the eFit group significantly improved their arithmetic

performance compared to those children in the control group who used traditiona paper-and-

48



pencil methods for homework. The experiment ran for nine months, monitoring the children's
mathematics activities inside the class and at home. The children's final exam performance
was used as ameasure, as to the effectiveness of the WBH tool. The researchers noted that
eFit was designed to help eliminate mathematical difficulties and help to train and prepare
children for tests. Thisisin contrast to traditional mathematics instruction and homework
given that followed the curriculum content (Graff, Mayer and L ebens, 2008). This was put
down as a possible limitation before the study took place. Children received only minimal
feedback on their assigned WBH tasks. The class teacher would receive a detailed diagnosis
of the performance of each child, and then eFit would tailor learning based on the
performance of each child. This personalised learning curriculum would then generate what it
deemed appropriate homework for a child to complete at a given level. If the child showed
proficiency at the assigned level, the child would be moved on. A quasi-experimental pre-and
post-test design was used. After adjustment of the pre-test marks using the analysis of
covariance (ANCOVA), astatistically significant difference emerged for the intervention
group F(1,191) = 54.89; p = .01. Thisindicated that the children who participated in the
intervention groups and used the tool eFit showed more significant improvement in basic
levels of arithmetic than those children assigned to the control group.

The children from the eFit group had a mean score of 73.34 compared to a mean score
of 51.02 in the control group. The Cohen'sd was 1.17 with an effect size correlation of r2 =
.25. This meant that 25% of the variance in the basic arithmetical performance could be
attributable to the use of eFit in the experimental group (Graff, Mayer and Lebens, 2008).
However, thisis without considering any other factors. The researchers noted that a possible
reason why the children in the experimental group benefited significantly from the
implementation of eFit is"That eFit constitutes aform of instruction which is more
interesting and enjoyable for children because it is different from the traditional classroom-
based instruction” (Graff, Mayer and L ebens, 2008, p.8). Research observation showed that
children who used eFit enjoyed interacting with the tool. Children were also found to refrain
from browsing the Web whilst working on eFit, as the tool monitored it. The added
advantage for the experimental group was that eFit could be used both in the class and at
home. Observation notes indicated a noticeable difference in the classroom behaviour of the
eFit experimental group. Thiswas found to be of particular interest to the researchers as

lower secondary age pupils in the experimental region's locality were characterised as having
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behavioural peculiarities and are known for misconduct (Graff, Mayer and L ebens, 2008).
Children who used eFit worked with the tool for nine months and arguably had an advantage
over the control group in the post-test. This was due to eFit tailoring questions to each child's
ability that helped and supported them to perform significantly better in their final exams.
The research can be criticised for eFit using the same medium of delivery for the teaching
and the testing. Thiswould directly imply that eFit was "teaching to the test” that enabled the
students to perform better (Graff, Mayer and Lebens, 2008, p. 9).

2.3.7 Feedback

The construct of feedback isimportant in this study due to its motivational impact, or
lack of it, on student homework completion and performance. Feedback is regarded as
information that is provided by a person or agent (e.g., teacher, peer, book, parent, self) that
addresses aspects of one's performance or understanding (Hattie & Timperley, 2007).
Advocates of WBH has claimed that WBH given to students based on the premise that
practicing procedural methods with immediate feedback on your answersis a prerequisite for
achievement, and that homework is assigned for this purpose (Feng, Heffernan and
Koedinger, 2006; Mendicino, Razzaq and Heffernan, 2009). According to Heffermen (2006),
who conducted some studies with the intelligent tutoring system ASSISTment, the faster
feedback is given, the more the students will learn. Both Sanchis (2001) and Mavrikis and
Maciocia (2003) said that immediate feedback is the most important issue and the "strongest
asset in Web-based practice” (Mavrikis & Maciocia, 2003, p.3; Olivier and Snoep, 2004, p.2)
after studying the impact of WBH assessment tools. Tang and Titus's (2002) study
(mentioned in section 2.2) concluded that well-designed problems given and marked

immediately by the WBH tool WebAssign represented a clear favourite over PBH.

According to Thurlings et al. (2013), the characteristics of effective feedback fit into
five categories of learning, and they comprise of the following: 1. Behaviourism 2.
Cognitivism 3. Social cultural theory 4. Meta cognitivism, and 5. Social constructivism
(Thurlings et al., 2013). These categories are said to embody the characteristics that describe
feedback and are made-up of the following: task-related characteristics, timing, affective and
emotional characteristics and effects on learners (Thurlings et al., 2013). A list of the various
forms of feedback characteristics was made and associated with learning theories (see
Appendix 30). The related task characteristics should be goal-related, and any feedback given
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should contain information as to what the next steps are (Black & Wiliam, 1998; Espasa &
Meneses, 2010). Scholarly articles from the constructivist point of view suggest that feedback
on tasks should be given at the appropriate level where familiarity with the students working
at level iswell known and that this knowledge provides the platform for realistic perceptions
and beliefs about student performance (Hattie & Timperley, 2007). The timing of feedback
from a behaviouristic point of view isthat feedback should be given immediately (Goodman
et al., 2008; Schedler, McKinnon and Stout, 2012). Constructivists describe that feedback can
be given either immediately or in a delayed manner dependent upon the task that is given
(Hattie & Timperley, 2007; Van Der Kleij, Eggen, Timmers, & Veldkamp, 2012). Both
learning theories suggest that feedback should be given in atimely manner so that the
students' can still remember their actions and the process skills that were used to solve
problems. Furthermore, it was suggested that feedback should be given frequently (Black,
Harrison, Lee, Marshall, & Wiliam, 2003; Hattie & Timperley, 2007). Both learning theories
suggest that the affective and emotional characteristics of feedback should provide students
with the opportunity to respond to feedback, engage in dialogue and collaboration with
interested parties (Auld et a., 2019; Ong'ondo & Borg, 2011). From the constructivist point
of view, affective and emotional characteristics of feedback should be fair, honest and
respectful and should also encourage positive motivational beliefs (Li, Liu, & Steckelberg,
2010; Martens, de Brabander, Rozendaal, Boekaerts, & Van der Leeden, 2010). According to
Thurlings et al. (2013), behaviourist articles that were reviewed did not consider the effects
that feedback had on learners. Nassgji (2011), however, suggested that the important effect of
feedback should lead to students correcting their mistakes, thereby improving on their
performance. The constructivist view is that feedback effects should be trying to engage
students in thinking, self-reflection and finding alternative strategies to address problems
(Fund, 2010).

Two forms of corrective feedback were highlighted at the top of thelist on Appendix
30, and these forms were called the Giving Answer Strategy (GAS) and the Prompting
Answer Strategy (PAS) (Thurlings et al., 2013). These strategies according to behaviourists
and cognitivists, are effective (Goodman et al., 2008; Scheeler, McKinnon and Stout, 2012).
In the GAS strategy, the teacher or tool provides the correct answer, and in the PAS strategy,
the teacher tries to elicit the correct answer from the student. The two corrective feedback
approaches were investigated in language education, and it was found that PAS significantly
improved student performance even though GASwas used a lot more (Ferreira, Moore and

51



Méllish, 2007). Other characteristics on the list comprised, were the Knowledge of the correct
Response (KCR), where learners find out if their answers are correct. Also, Elaborated
Feedback (EF) that supports the students to engage in self-correction viathe provision of help
and hint features (Murphy, 2010; Nassgji, 2011; Van der Kleij, Feskens, & Eggen, 2015).
Distinctions were also drawn between what is considered to be direct and indirect corrective
feedback. Directive feedback indicates an error has been made and the correct answer is then
displayed, whereas indirect feedback only indicates that an error has been made (Van
Beuningen, De Jong and Kuiken, 2012). Behaviourists tend to agree that feedback is effective
when it isimmediate and instructional (Werts et al., 1995; Goodman et al., 2008; Schedler,
McKinnon and Stout, 2012). Thisinstructional feedback can take the form of parallel
instructive feedback that is given as procedural repetition to remind the learner as to what
instruction was given before and expansive instructional feedback that can extend on the
instruction given before to advance learners to engage in more complex problem solving
(Nassgji, 2011). Constructivists suggest that feedback should be sufficient if it isfocused on
or related to the assigned task and related to goals that the teacher or student has set. It isaso
sufficient if the feedback focuses on behavioural procedures that facilitate task completion;
has information about student progress; provides next step solutions and targets learning at
the appropriate task, process or self-regulatory levels (Hattie & Timperley, 2007; Li, Liu, &
Steckelberg, 2010). This self-regulatory process focuses on feedback that encourages student
reflection and the reinforcement of learning outcomes (Fund, 2010). Li et al. (2010) found a
significant relationship between the quality of student feedback given by the teacher in the
form of constructive comments on how to move forward and attain an improved score and

the quality of completed student projects.

Skinner (1953) was observing afourth-grade maths class and noticed that the teacher
was trying to teach a group of children who were totally different in terms of their skills,
ability, aptitude and learning styles. Skinner found that the students worked hard to find the
solutions to several problems before they were given any form of feedback, and rarely were
they able to work at their own pace. By creating a teaching machine that broke the
information down into small steps and provided the student with instant feedback on their
solutions. Skinner (1954) found that by using classic and operant conditioning to teach
different students with varying abilities could be more productive and allow for a self-
regulatory process (Cofer and Skinner, 1969). Classic conditioning is the response to a
stimulus even if it isin the form of a correct answer. Operative conditioning is the step-by-
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step process that is used in response to the stimulus to achieve the correct answer or the
desired behaviour. It was believed that the immediate feedback would stimulate the

reinforcement of learning through repetition of procedural methodologies.

However, in later studies associated with constructivist learning, it was perceived that
feedback could be of greater benefit to students if they were unable to attain the answer to
their maths questions straight away or if it were somehow delayed (Hattie & Timperley,
2007). It was said that "student control of feedback can lead to students not interacting with
the material if they can obtain the feedback without doing so. The feedback then lacks value'
(Cooper, 1993, p. 12). Given that alot of the WBH software gives the correct or incorrect
response to answers that are inputted by the student into the tool, Cooper also wrote, "while
feedback (reinforcement) is an effective tool, the quality of feedback is dependent upon the
quality of information that it imparts to the learner; which, in turn, isafunction of the
diagnostic ability of the program. Feedback mechanisms which only provide a bare-bones

indication of correct or incorrect response perform relatively poorly” (Cooper, 1993, p.13).

Kullhavy (1977) studied the construct of feedback and also found that in order for it
to be of benefit to any learning process, it is essential that the students were not able to attain
the correct answer easily (Kulhavy, 1977). With regard to PBH, Kullhavy felt that if the
answer was easily attained, students would merely copy the solution and disregard the
mastery involved in attaining it, and that would not lead to learning. With WBH, it was
believed that giving the right or wrong answer to student solutions would encourage atrial-
and-error type approach to learning that would be disadvantageous to the process of learning
(Kulhavy, 1977; Pascarella, 2004).

John Hattie (1999) reported on the various influences on student achievement in a
synthesis of over 500 meta-analyses that involved 450,000 effect sizes from 180,000 studies
that represented approximately 20 to 30 million students. The analysis covered more than 100
factors that could influence educational achievement such as the type of school, home,
teachers, curricular and feedback. In amore detailed synthesis of 74 meta-analyses in Hattie's
(1999) database, included some information about feedback that spanned across more than
7,000 studies and 13,370 effect sizes. The synthesis found that the most effective forms of
feedback provided cues or reinforcement to learners; and that these were in the form of video,
audio, or computer-assisted instructional feedback (Hattie, 1999). Hattie believed that for
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feedback to be effective, it must reduce the discrepancy between the current and the desired
understanding. Hattie said that effective feedback should answer three main questions:

1. Wheream| going? FeedUp

2. How am | going? Feed Back

3. Whereto next? Feed Forward

According to Hattie and Timperley (2007), effective feedback given at the task, the
process, and self-regulatory levels are dl interrelated (Hattie & Timperley, 2007). The task
level is where students can assess how well they have understood or performed on the task
that was set. The process level determines the main skill set that is required to complete the
task. The self-regulatory level isaprocess of self-monitoring, directing and the regulation of
actions needed to compl ete the task adequately. Finally, this can be followed by a self-
determining level that evaluates the overall performance positively about the learner. This
usually highlights away forward that would help the learner to achieve task completion to a
level that could, at the very least be considered satisfactory (Hattie & Timperley, 2007).

It was perceived that there were several ways teachers could facilitate the process of
reducing the gap between actual performance and the desired student goal attainment (current
and desired understanding of atopic). Thiswould need the setting of challenging and specific
personalised attainment goals. Specific goalsin the form of personalised feedback suited to
the student'sindividual needs are more effective than general or non-specific ones. Primarily,
thisis because they focus on the student's aspiration and attention which allows for the
feedback to be more directed (Polly, Lock and Bissell, 2004). The associated feedback is
more likely to include information that relates to the criteriafor success than more genera
goals. Teachers can also facilitate the process of developing the student's self-regul atory and
self-correcting skills that would support an error detection process. Hattie & Timperley
(2007) aso concluded that feedback is more powerful when it addresses possible
misconceptions or misunderstandings. They felt that this would help build the students
understanding of strategies and techniques that can be used to solve problems. The feedback
that was aimed to move students from the task to processing and then from the processing to
the regulatory levels was considered to be most effective (Hattie & Timperley, 2007). When
immediate feedback is given that is specific to each student's performance, the chances of the

student being able to perform at a higher level are increased. Strategies from the teacher or



tool can then be used and promoted to help move the student along to perform and solve

problems that are more complex (Schmitz and Perels, 2011).

It is essential to discuss the feedback that is associated with the tools used in this study.
The WBH tool Myimathsis used in over 750,000 schools around the world. In the United
Kingdom, approximately 75% of secondary schools subscribe to the site (Watershed, 2011).
Moreover, it is easily accessed in school and at home for most students, and the feedback
given to students is consistent in its pure form. The type of feedback generated by Myimaths
isopen to criticism; asit is not personalised feedback that can be useful in the restructuring of
information, especially if that information is domain, cognitive knowledge or skills strategies
used to help students improve (Hattie & Timperley, 2007). However, there is the option for
teachers using the tool to write more descriptive, detailed feedback to help students move on.
With GeoGebra, the feedback from the tool when constructing shapes viatool featuresis
immediate as they can check their construct in the algebra view window. Students can use
the algebra view window and input bar to insert formulae and expressions to construct visual
representations (Arbain and Shukor, 2015). Adaptive feedback can be applied through he use
of web applications or uploaded by the teacher onto platforms so that students can monitor
their performance and see how their constructions and answers have been marked and scored
(Gergdlitsova and Holan, 2016).

Given the cultural context of the UAE and the family name status that is prevalent
throughout the country, which links students to the ruling family, it is crucial to discuss
feedback and social justice. Social justiceis essential regardless of the contextual issues that
arise when giving feedback. A teacher's perception of the class or the type of students' that
they teach (good or bad) can have adramatic effect on their ability to complete set homework
tasks and to perform at a satisfactory level. Teachers who lack an understanding of the
demographic backgrounds and the history of the students that they teach may not be able to
help their students to identify with specific goals and set redlistic targets. Specific definitions
of social justice may vary, but the underlying assumption is that they all include the idea of
accepting, embracing and valuing diversity (Morgan and Watson, 2002; Garii and Rule,
2009). The ability of the teacher to recognise injustice or oppression that is caused by
differencesisacrucia element when trying to tie the academic content knowledge to the
lives of their class students. Also, feedback that is given to a student on homework may vary

given the relationship bond between the teacher and class students. At the secondary level in
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the UAE, relationships may vary given the status or family name of the student and whether
the student is taught at home by the same class teacher. Mathematics homework feedback is
motivationally different for all students. However, in the context where apparent disparities
and differences occur, it can have very adverse and long-lasting effects if some students
perceiveit as being unfair. Indeed, for any homework task to be effective and equitable the
assessment and feedback given by teachers should be of asimilar standard. The lack of
consistency in the teacher assessment process when the homework task is more complex
makes parity of esteem with feedback difficult. However, there is some evidence that with
teacher training and support, feedback given on the standards of student work can be more
aligned, equitable and fair (Morgan and Watson, 2002). Teacher training on the use of
interactive WBH mathematics tools could support the idea of greater fairnessif the student
can self-regulate and monitor their progress. If the student can afford any time accessto the
WBH material content, the feedback given by the tool, no matter how simple, is

indiscriminate of the student's background.

Finally, there is the importance of mentioning the assumption that all mathematics
homework tasks that are set are accompanied by the teacher feedback within agiven
timeframe. Of course, thisis not the case as there are situations where tasks are set, and no
feedback is given. This makes the whole process of setting homework redundant asit serves
very little purpose in supporting the individual needs of the student, especially those who are
struggling (Mangione, 2008). The reinforcement of learning and the monitoring of student
understanding are goals to be achieved when students are given homework, and the failure to
give simple, fair and equitable feedback on these goals inhibits and undermines educational
attainment (Cooper et a., 2006).

2.3.8 M etacognition

The construct of metacognition isimportant in this study, as it assesses how learners
adjust their thought patterns and mathematical problem-solving strategies to find a correct
answer. The previous section on feedback suggested that both the behaviourist and
constructivist learning theories place emphasis on the reinforcement of learning once students
are aware of their answers or mistakes. The feedback given either confirms the application of
correct procedural methods or encourages a rethink of the steps that were used (Hattie &
Timperley, 2007; Skinner, 1950). This change in the thought process can stem from the
availability of immediate feedback from the WBH tool's facility. Metacognition is aform of
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"thinking about your own thinking" which is considered to be two-dimensional (Suriyon,
Inprasitha and Sangaroon, 2013; Laistner, 2016). The two dimensions are metacognitive
knowledge and metacognitive regulation. Metacognitive knowledge informs the learner as to
what they know about their cognitive abilities; for example, whether the learner has trouble
remembering tel ephone numbers or the names of people. In mathematics, this would translate
into awareness about their knowledge or lack of it with specific topics or processes, such as
long multiplication or division, at an early stage of development. The learner can then
develop individual strategies to mitigate their perceived deficiencies. In the case of long
multiplication, such a strategy might be to break the numbers into separate chunks and use a
grid process to solve the problem. Metacognitive regulation allows alearner to control their
cognitive thought processes. This dimension of cognition is particularly important in this
study, asit enables the student to realise through the availability of immediate feedback that
the strategy, they used to solve the maths problem did not work, as it was marked incorrect
by the WBH tool. In such acase, arevision of the processes they used is needed (Suriyon,
Inprasitha and Sangaroon, 2013).

Perkins (1998) lists the four known categories of metacognitive learners as being:
tacit, aware, strategic and reflective (Moore, 2002). He describes the tacit learner as being
unable to think about any strategy used for learning; they either know how to do it or not.
Learnerswho are "aware" generally know about their ideas and problem-solving strategies,
but their thinking is not necessarily planned. "Strategic" learnerstry to organise their thinking
by arranging or grouping the ideas that could help them to make decisions. These learners try
to seek evidence to apply the strategies that would help them to learn. Finally, "reflective”
learners are extremely strategic about their thinking, and they can evaluate and reflect on any
learning that has taken place (Moore, 2002, p.12). For example, when students are studying
probability and probabilistic outcomes of an event happening or not happening, the example
of alottery is often used in grade 10. An open question is given to see how students would
deal with the situation: for instance, "How would you decide if it makes senseto play a
national |ottery every week?' The student would then be given the option to choose which
country to play the lottery in and compare that country's system with the system in his or her
own country or other countries. Thistiesin with Perkinsstacit strategic learner that can

devise a strategy to solve a problem without the process of thinking or learning.
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Metacognition can also be referred to as "self-regulation,” and the two terms are often
used interchangeably (Pasternak & Whitebread, 2014, p.55). However, recent research has
suggested "metacognition™” actually refers to the monitoring and the control of cognitive
thought processes. In contrast, "self-regulation” refers to the control of all other forms of
human behaviour (e.g., social, emotional and motivational) (Pasternak and Whitebread,
2014). Thelearner's self-regulation involved allows the learner to attain the goals that they
have set for themselves. However, the inspired action leads towards " controlled processes’
that change the cognitive behavioura patterns of the learner based on the monitoring
feedback that was given (Nelson, 1990). According to Nelson and Narens (1990), this
behaviour "produces some kind of action at the object-level, which could be (1) to initiate an
action, (2) to continue an action (not necessarily the same as what had been occurring
because time has passed, and the total progress has changed), or (3) to terminate an action”
(Nelson, 1990, p.127). Therefore, the monitoring and the checking process hel ps the student
understand their actions or situation with their completed homework activity. Once this
process is over, adecision is made based on the feedback given. This process can help the
student to regulate their behaviour and think about accomplishing set goals and targets or at
the least task completion. In this way, the student can monitor and manage their progress far
better than by being wholly reliant upon their teacher's feedback. The feedback with PBH
usually comes after afew days at aminimum, and in most cases, it arrives long after the
student can remember the assigned task. In some cases, the feedback is not even given, or itis
overlooked. Therefore, metacognitive practices in this research with WBH may make a
somewhat unique contribution to learning that exceeds the cognitive limitations students may
have with PBH. Research evidence has indicated that metacognitive practices have helped
students with their learning and improved academic achievement across a range of "ages,

cognitive abilities, and learning domains' (Sommerville, 2015, p. 2).

Like most areas of research, however, this one has limitations. It is unknown asto
how transferable metacognitive skills are in relation to the thinking that is done given the
feedback for a particular type of question in mathematics. For example, a mistake a student
makes in solving a quadratic equation can be spotted and rectified by adjusting a procedural
element. However, if the same question is presented differently, for instance, depicting areal-
life situation (asin Figure 1), it remains unknown whether the student could adjust, reflect
and solve the problem.

A company is going to make frames as part of anew product it is launching.
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A=2%-. The frame will be cut out of apiece of steel, and to keep the
weight light, the final area should be 28 cm?, and the inside of
6 the frame must be 11 cm by 6 cm.

What should the width x of the metal be?

Figure 1. Quadratic real-life expansion problem (Schneider and Artelt, 2010)

Despite limitations in the field of metacognitive development. It is an areathat needsto be
investigated practically in further studies to find out two things. The first is the development
of student awareness when using a particular strategy or method, and the second is the
transfer of those awareness-devel opment strategies to be able to answer more complex (real-

life) problems.

2.4 Summary

The literature review tried to give someinsight into why, even with the changing
historical and ideological contexts of homework, it can still be used as a vehicle to improve
the teaching and learning of mathematics. Despite the political, economic and socia debate
as to whether homework is good or bad, studies have concluded that students derive key
benefitsif they can engage in quality homework tasks (Cooper et a., 2006; Gill &
Schlossman, 2000; Murray et a., 2006). What constitutes high-quality homework, however,
has remained open to debate and scrutiny (Cooper & Vaentine, 2001).

The review of the literature suggests that mathematics WBH has been offered asa
possible solution to problems associated with traditional mathematics PBH. Problems of PBH
concerning student completion rates, engagement, anxiety, performance, motivation and
their perceptions of method delivery type have been well documented (Hodge et al., 2009;
Nguyen, Hsieh, & Allen, 2006; Nguyen & Kulm, 2005). This literature review triesto
highlight what is known in the field of WBH studies and the legitimate and the perceived
successes it has had in comparison to PBH. The aim of this research study was not to replace
PBH, but to offer WBH as a supplementary alternative and to evaluate its impact on the
possibility of improving student homework completion rates and performancein
mathematics. Again, what constitutes improved mathematical performance is open to scrutiny
and debate, but this review and this study conducted in the UAE tries to compare WBH and
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PBH scoresin control and intervention groups to seeif there are benefits to be attained asin
other studies (Bonham et al., 2003; Demirci, 2010; Hodge et al., 2009; Khanlarian, 2011,
Nguyen et al., 2006; Nguyen & Kulm, 2005).

Severa constructs could affect student performance when students attempt to
complete set homework tasks. This study looked at some of the constructs that could enhance
or inhibit student mathematics homework completion and performance. Thelist is extensive
but not exhaustive and includes homework, student-self-efficacy, maths anxiety, the amount
of parental involvement, student motivation, the effectiveness of the technology, feedback
and the benefits of multiple homework submissions. Besides, the critical inclusion of
metacognition and whether student perceptions are in line with the hypothesis that WBH
improves mathematics performance was also considered. These themes emerged from the
literature as some of the most important constructs in comparative studies of WBH versus
PBH to address (Bonham et al., 2003; Hodge et a., 2009; Jones, 2008; Khanlarian, 2011;
Nguyen et a., 2006; Nguyen & Kulm, 2005; Pascarella, 2004).

The difference between the results from the studies reviewed could be due to the
different types of WBH tools used. Some tools give more extensive feedback to students,
while others just marked the answer right or wrong and displayed the correct answer. Some
tools further provide help and assistance, support lessons and tutorials. One consi stent
approach used in the studies reviewed was to allow multiple homework submissions. This
approach may have encouraged atrial-and-error type method from students in some studies,
depending on the type of feedback given by the tool (Pascarella, 2004). However, a strong
argument for this approach isthat it may allow students time to revise their thought processes
and re-attempt the mathematical processes and procedures required to attain the correct
answer and achieve an improved homework score (Kaune, 2006; Schmitz and Perels, 2011;
Laistner, 2016). The actua number of homework attempts may have varied from study to
study, depending upon the criteriafor homework submission that was set. Some teachers may
have set limits, while others did not. Some studies may have been able to control this feature

using the tool, others not.

The areas considered in this research included the political, economic, social and
cultural environment where the research took place. When reviewing the literature from

Western socio-economic and political backgrounds, this was, to some extent, addressed
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comparatively. This study contributes to the body of knowledge by examining some of the
effects of student interactions with two WBH tools, Myimaths and GeoGebra in comparison
to traditional mathematics PBH. The tools were used to support the Abu Dhabi Education
Council (ADEC) curriculum content material, and they provided immediate feedback to
students who interacted with the technology on their performance. | deliberately chose the
tools used because | believed it fitted both the traditionalist and the constructivist approach to
learning that adds even greater value to this research process. It is unclear from the research
literature on WBH versus PBH studiesif two tools that are associated with different
approaches to learning have ever been adapted and used to facilitate a cultural context like
that of the UAE. The problematic issue with the lack of homework interaction provides
strong reason to find out if WBH could be used to improve rates of homework completion
and performance.

The next chapter in this study provides the methods used to discover whether students
in the UAE interact more with WBH than they perhaps do with PBH. Also, if the methods
used would determine if the intervention with WBH improved rates of homework completion
and homework scores. Finally, it could also tell usif prolonged interaction with WBH by
students could help them identify differences between delivery methods in terms of the
benefits in learning mathematics. These benefits would be a measure of student perceptions
about their learning with WBH and PBH.
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Chapter 3—Methodology

3.1 Introduction

This study aimed to compare mathematics WBH with mathematics PBH in the
context of the UAE, where there are reportedly low levels of student self-efficacy and
homework completion (Afari, Ward and Khine, 2012). This study reviewed previous
mathematics WBH and PBH studies that looked at the use of WBH tools and their tasks in
comparison to traditional PBH tasks (Bonham et al., 2003; Demirci, 2007; Dufresneet d.,
2002; Jones, 2008; Khanlarian, 2011; Nguyen & Kulm, 2005; Tang & Titus, 2002). These
studies helped in the design and framework of this WBH versus PBH study. However, to my
knowledge, none of these previous studies used WBH mathematics in an unfamiliar setting
like the UAE.

The primary purpose of this study was to evaluate mathematics WBH toolsin
comparison to that of traditional PBH to see whether it could enhance homework completion
and performance. In using technology, this study considered whether the studentsin the UAE
Emirate of Abu Dhabi interacted more with their homework (measured by homework
completion) and could identify differences between delivery methods in terms of benefits
(measured by student perceptionsin surveys and at interviews).

The arrangement of this chapter isin sections; it first gives the research questions
(RQs) and the null hypotheses and then considers the appropriateness of the research design.
The setting and participant sample then follows. Then, the instruments used for this WBH
versus PBH study are described. Also, adescription as to how the data were collected,
processed and analysed followed. Finally, due regard and consideration were given to the
possible ethical considerations that the study could encounter. A final summary of the chapter

then follows this.
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3.2 Research Questions
1. Do studentsinteract more with WBH than with PBH?

2. What are student perceptions of their learning with WBH and PBH?

3.2.1 The Null Hypotheses

This study tested the null hypothesis from the leading primary research questions (RQSs):
Null Hypothesis 1
Students do not complete more WBH than PBH

3.3 Research Design

This study used atwo-group control pre-test, post-test design to answer the RQs
(Cresswell, lvankova and Stick, 2006). The two-group control pre-test, post-test design is
where one group is subject to control (PBH), and the other group is subject to an intervention
(WBH). The PBH control group was given homework in the usual, traditional manner viaa
maths homework book activity or worksheet, and the WBH group was given their homework
viathe use of Myimaths and GeoGebra. A two-group control pre-test, post-test design was
used because it was not possible to select the schools in the UAE randomly. Schools were
selected based on a convenience sample. However, student participants were randomly
assigned to groups (WBH or PBH) from within their selected school and grade. A pre-test,
post-test design was used to answer the RQs with better effect, asit would allow for possible
changes in participant behaviour over time (Cresswell, Ivankova and Stick, 2006). These
changes were associated with the study participants rates of homework completion,
performance and perceptions about their learning with Web-based and PBH. Student
perceptions about |earning mathematics was associated with whether WBH is a more suitable
delivery method than PBH given the study's identified problems and cultural context. The
design was supported by conducting a student survey and semi-structured interviews to gain
insight and considered valued perceptions of student experiences and interactions with
different homework-delivery methods. Four schools were involved in the study, school A and
B for boys and school A and B for girls. These names were chosen for equitable reasons and
to give parity of esteem. In each school, there were control (i.e., PBH) and intervention (i.e.,

WBH) groups. PBH and WBH were given simultaneously, and each time students had a
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week to submit their respective homework tasks and receive feedback. This process was
repeated 17 times.

The groups were then assigned the same task that they did for the pre-test, for the
post-test. However, the intervention group (WBH) would have their questions algorithmically
scrambled when using the WBH tool Myimaths. The homework task was the same, but the
numbers were different. The procedural processes required were the same asin their WBH
pre-test. The study used data on student performance scores from the two homework-delivery
methods (WBH versus PBH) set over three years. A construct design was necessary to
support this study as it looked at several variables that could affect homework completion and
performance. The constructs were homework and its completion; the self-efficacy levels of
the students; mathematics anxiety; feedback and metacognition. These constructs were
pooled from the review of the literature that indicated a notable effect on homework
completion and performance. Finally, student perceptions about their learning of mathematics
with WBH and PBH were investigated viaasurvey. This design would help to determine
whether the treatment group (i.e., with WBH) had any effect on student levels of self-efficacy
that led to greater interaction with the tools and improved homework performance (Cohen,
Manion, & Morrison, 2007). It was assumed in this study that the construct variables listed
above would have both positive and negative effects on the measure of homework
interaction. The measure for interaction was chosen to be homework completion as it
addressed the problem associated with the UAE context (lack of homework completion).

The WBH and PBH tasks were aligned to the mathematics curriculum learning
objectives and were given to reinforce learning (Marzano and Pickering, 2007; Mangione,
2012). To try to raise homework completion rates, WBH was introduced and used to support
and track student scores on homework tasks. Teachers had to be trained on how to use the
tools to support their students learning by being able to set WBH for their classes and to gain
access to student WBH scores. Class time was all otted both to help support the teacher and to
introduce the students to the WBH tools. My role as the Education Advisor was to train the
teachers to train the students on how to access and use the WBH tools to support the learning
process. Therole of the teacher was to use the tools to support their classroom teaching and
to help support the reinforcement of learning through mathematics WBH tasks. The WBH
and PBH tasks that were given in the study were similar in content, including the number of

problems given and their level of difficulty (see Appendix 2). The assumption was that this
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methodological approach would help to not only improve homework completion rates but

improve homework performance scores.

3.3.1 Pre-test, post-test design explained

The two-group pre-test, post-test control group design was used in this study. Students
were randomly assigned to their groups after selecting the number zero or one from a basket.
The rational e included the assumption that average class sizes were approximately 30
studentsto a class. Therefore, the aim was to have a balance of 15 students in both the control
(PBH) and intervention (WBH) groups. The students that selected a zero were assigned to
the control group and receive PBH and those that took the number one were assigned to the
intervention or treatment group and would receive their homework viathe WBH tools
Myimaths and GeoGebra (GeoGebra at selected times). Both the control and the intervention
groups were pre-tested and post-tested, with the main difference being that one group was
subject to the administered treatment, which was WBH. The students assigned to the
intervention group were given WBH in both pre-test and post-test and similarly students
assigned to the control group were given PBH in both pre-test and post-test. While taking the
pre-test, students were not expected to know the answers to al the questions, and it was more
than likely that they would have had to build familiarity with the language style and what
would be expected of them. However, it isfair to say that an expected assumption would be
that students would utilise previous knowledge to predict or attain rational answers. When
taking the same test called a post-test after an initia period (in this study it was a week), the
expectation was that students should be able to answer more questions correctly based on an
increase in their familiarity with the technology tool and the PBH task. As aresult, the
students should improve mathematical procedural skills and understanding that would lead to
an improvement in their performance (Hartas, 2010).

The two-group pre-test, post-test control group design allows me to compare the fina
post-test results between the two groups, thereby giving an idea of the overall effectiveness of
the intervention or treatment (Dimitrov and Rumrill, 2003). Moreover, it shows how both
groups changed from pre-test to post-test, whether one, both or neither improved over time. If
the control group showed a significant improvement, then | must try and attempt to uncover
the reasons behind this. Besides, the design allows for several analysesto take placeto help

get rid of so-called "third variables,” which are those the researcher failed to control (Cohen
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et a., 2007, p.139). These variables include possible effects on the dependent variable
(homework score) and maybe part of the constructs looked at in this study, such as
motivation and feedback. However, this design is said to have strong internal validity because

the pre-test tries to ensure that the groups are equivalent.

3.3.2 Between the pre-test and post-test

The provision of feedback to the PBH group was a key reason for the timeframe of
one week between the pre-and post-test. Feedback given from Myimaths and the GeoGebra
WBH tool was immediate in the case of Myimaths and close to immediate with GeoGebra.
Due to the nature of the WBH tools used and the provision of immediate feedback, this
allowed for an attempt, re-attempt cycle that was very difficult to near impossible to stop
(discussed in the limitations). It was an assumption that students during this time would
adjust their thinking by using help features, interacting with their peers, reviewing lesson
notes before attempting the post-test homework task. The magnitude of this attempt, re-
attempt cycle cannot be determined as there were no instructions given to the teachers to
review the WBH. However, the natural assumption made would be that through the
reinforcement of learning objectives in mathematics class alocated time, it would improve
student homework performance and scores.

The PBH feedback given was personalised and structured to help the student progress
by attaining more marks. Students would be given feedback during class time, and the papers
returned to the teacher. By doing this, the students would not know what to expect from the
post-test, as they were not told that the post-test would be the same as the pre-test. Notably,
some students would, of course, prefer the feedback given to them by the teacher as opposed
to atool that isjust displaying the right or wrong answer. Any teacher or class review of the
homework topic in preparation for student investigative assessments hel ped to support
student growth, and for sure in individual schools and year groups, this would have been the
case. This decision was based on the class teacher's experience and where they were with the
curriculum content and in what order they delivered it. The feedback given to all students
(PBH and WBH groups) was aso to help facilitate the reinforcement of learning objectives
that were to foster student motivation in preparation for regular continual assessment
activities such as tests, investigations and explorations. Uniformity was achieved with the

dates and times of the pre and post-test for al participating schools, but not al schools were
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at the same point with the curriculum content material. The dates and times for the homework

tasks are given in Appendix 2.

3.3.3 The notion of group equivalence

Equivaence of group designs are not easy to attain, and heated debates often arise
when considering the extent to which groups are equivalent (Hartas, 2010). The comparative
two-group control design used in this study is considered to be strong as the pre-test measures
are used to determine the changes that took place during and after the intervention.
Equivaent experimental and comparative groups help to control the extraneous variable
factors and helped me to draw possible conclusions that the observed differences were due to
the intervention (Hartas, 2010). To ensure that fundamental differences due to extraneous
factors are small, proper sample size and random assignment to the groups were necessary.
Minimising extraneous factors would help to eliminate the effect of post-intervention group
differences that are caused by the pre-intervention group differences between the groups that
maybe mistakenly understood as being caused by the intervention. Group differences could
have arisen as aresult of students trying to build language familiarity or an understanding of
how questions were structured. The students that were selected to be a part of the study were
introduced to WBH before the pre-test. Even though instructions would have been given to
students about their behavioural integrity, it is sensible to consider that some students would
have interacted with the tools at different levels and developed proficiency with tool usage
between the stages of pre-and the post-test. Another thing to consider is the ability levels of
the students assigned to either group. If a disproportionate number of students with ahigh
ability level werein either group (WBH or PBH), it could potentially confound the results. A
group concentration of high ability students can contribute towards ceiling effects and
abnormal data distributions that could lead to Type | and Type Il errors. A Typel error is
where we think that there is some relationship or an effect between the groups, but thereis
not. Thisleads usto incorrectly reject the null hypothesis in favour of the alternate
hypothesis. A Type Il error happens when we think that there is no relationship or effect
between the groups, and there is. Thisleads us to accept the null hypothesisincorrectly. A
Type | error is considered to be worse than a Type |1 error as we indicate that thereisa
statistically significant difference between the groups. In readlity, there is no relationship
between the groups (Hartas, 2010).
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3.4 Setting

This study took placein UAE single-sex secondary schools in the Emirate of Abu
Dhabi. The Emirate of Abu Dhabi was chosen to help inform the education reform
programme in Abu Dhabi and the broader social research community. Four schools were
chosen through convenience sampling through my working relationship with the Education
Council. Two boys' schools and two girls schools were selected in the city of Al Ain, Abu
Dhabi. Both boys and girl schools were selected to try to represent the school population in
Abu Dhabi. Although in using this approach, one might expect underlying gender variablesto
emerge in the study results, gender comparison is not part of this study due to ethical
concerns. The appropriateness of comparing schools and gender in Abu Dhabi is culturally
sensitive and risky asit can offend. This study does address some of the effects of WBH on
selected participants, and these effects may be due to gender differences, but this cannot be
confirmed. The data collected was carried out over three years and involved nine trimesters
of curriculum study. The government of Abu Dhabi has spent considerable amounts of
money investing in new technology for the schools and facilitating Emirate homes with
Internet access. The Education Council is now at the stage of trying to put into practice, the
greater use of computer technology in their cycle one, two and three schools. Cycle one
schools are primary schools that comprise of students aged between five and 11, and cycles
two and three refer to the secondary school age range, namely 11-18; this study examined
schools only in cycles two and three. Homework is arequirement in Abu Dhabi schools, and
mathematics homework tasks are supposed to be given once a week. However, homework is
not part of the continual assessment grades for students, and homework completion in Abu
Dhabi schools has been a continuous problem, attributed to inadequate levels of student self-
efficacy (Afari, Ward and Khine, 2012).

Before the start of this research, homework setting and completion in the selected
schools was almost non-existent. Education advisors who conduct formal and informal Iesson
observations of mathematics classes in schools, a process of which | was part, noticed this
absence of homework in the schools. The teachers main explanation for the paucity of
mathematics homework was lack of teacher confidence in the self-efficacy levels of their
students. | noticed that several schools have interactive whiteboards in their mathematics
classrooms, but any form of interactive Web-based learning (WBL) was rarely used. The lack
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of WBL led meto introduce it to the class and to support that learning by using interactive
WBH tools. Both teachers and students in my assigned ADEC schools used the tools. Initial
reactions were positive, and it inspired a pilot study in the 2012—-2013 academic year to test
the effect of WBH in comparison to that of traditional PBH in Abu Dhabi Schools. Itis

important to note that the pilot study was conducted in different schools.

3.5 Participant Sample

The data gathered in this study came from UAE students enrolled in government
schoolsin Abu Dhabi. The students were all Arab, with amix of both local UAE nationas
and Arab expatriates. English was their second spoken language, and the medium of
instruction was supposed to be in English up to grade 9. However, often the medium of
instruction was in Arabic, asthe year 10 to 12 curriculum was exclusively delivered in
Arabic. Students started WBH in the autumn of 2011, and the study concluded in the summer
term of 2015. Classesin year 7 through 11 were selected at random to go through the four
mathematics strands associated with the mathematics curriculum in Abu Dhabi. For these
year groups, control (PBH) and intervention (WBH) groups started with the tasks that were
assigned over the three years. Thetota population of the Boys School A and B was 543
students and 438 students, respectively. In the Girls School A and B, there were 584 and 493
students, respectively. Both the control and intervention groups consisted of students enrolled

in the common cycle age range from grades 7-11.

Due to my work as an Education Advisor for the ADEC, | had access to selected boys
secondary schools. However, in the selected boys' schools, | had minimal experience or
knowledge of their teachers or participating students. | was able to select the girl schools
because of my professional working relationship with a teacher in one of my assigned ADEC
boys' schools who knew femal e teachers who would be interested in using the WBH tools.
Male access to girls schools was difficult and restricted due to cultural and religious issues. It
isimportant to note that this teacher's school was not a school in the sample selection process.
The population (N) of the two boys' schools and two girls schools was approximately 2,000
students from Y ear 6-12. Y ear groups 6 and 12 were not used in this study because of their
differences from other year groups curriculum-assessment procedures. The year six curricula

had just been newly implemented, and year 12 was delivered exclusively in the Arabic
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language. The elimination of these year groups reduced the participant sample within the
schools by approximately 250 students. Therefore, a better approximation of the total
population size (N) would be 1,750 students. | used a sample size calculator to determine the
possible number of observations needed for the study condition to estimate the variability of
the phenomena at a confidence level of 95%. The calculator gave the value of 316 or more

measurements.

A total of 540 students from year 7—11 were selected to be part of the total sample

(see Appendix 1). Each class of students took a piece of paper from a basket with the
numbers zero or one written on them. Students took these numbers without replacing them
and were asked to keep them. At alater stage, their class teacher would inform them which
number coincided with the control or intervention group. Class sizes were not expected to be
any bigger than 30 pupils, so 30 pieces of paper with the numbers zero or one on them (15 of
each) were appropriate for each chosen classin the four selected schools. The method chosen
was to obtain, asfairly as possible, an equal number of participantsin each of the control and

intervention groups. The sample was stratified by school, Boys A and B and Girls A and B.

Appendix 1 breaks down the distribution of students selected to the control (PBH) and
intervention (WBH) groups. The stratified sample of school and year groups show Boys A
and Boys B aswell as Girls A and Girls B. The total (n) represents the numbers of students
randomly selected from the year group and school assigned to the WBH and PBH groups.

Since the schools chosen were single-sex schools, concern about the bal ance of
gender among participants was limited for two reasons. First, as mentioned earlier, this study
does not investigate gender differences regarding homework delivery methods. Secondly, the
data concerning the ratio of girlsto boysin UAE schoolsis unknown dueto rural and cultural
traditions of not sending young girls to school and involving them in the process of
education. The selected groups were tracked over the research period of three years to assess
whether the WBH delivery method had helped to improve student rates of homework
completion and performance more than that of PBH. The task section in Appendix 1 indicates
the number of pre-and post-tests conducted throughout the study. For example, in year eight,
atotal of six pre-and post-test WBH and PBH tasks were completed, three in the boys' school
and three in the girls. Sticking with the grade 8 boys, if we work across the rows, in the

column marked with a (n), is the total number of students sampled per school. In Boys A, 21
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students were randomly selected; 10 were assigned to the control group (PBH), and 11 were
assigned to the intervention (WBH) group. The date of the pre-test is written between the
total number of students selected and their equivalent breakdown in the control and
intervention groups. The post-test date follows with the number of students who completed
the set homework task again. These students were those selected for the pre-test homework
task. The numbers in the post-test homework task do not always correspond with the numbers
that completed the pre-test. Some students, for whatever reason, did not complete the same
assigned homework task for the post-test. These are the same set of students from the original
21 students selected from Boys A. This missing data was allowed and acceptable, as students
who were selected to be involved in the study could opt-out at any stage of the study if they
felt the need.

A student survey was given out to a sample of students at two stages: thefirst after a
pilot study in different schools in December 2012, and the second towards the end of the
main study. The pilot study survey was given to two different year groups in the mathematics
department of two selected schools (aboys and girls schoal). In the pilot study two year 8 and
11 groups were chosen from boys and girl schools, respectively. A 23-item survey was
trialled with 141 students to identify any misleading, ambiguous or mistranslated items. Of
the 141 students randomly selected who took part in the survey, 87 were boys and 54 were

girls.

The main study student survey consisted of 25 items and was available for students to
take Online; however, most of the surveys were completed on paper in the summer of 2015
(see Appendices 16 & 17). Manually completing the survey was more convenient for the
students, as they could seek support with the language used in the survey, even though it had
been translated from English to Arabic. There were 204 respondents from across the year
groups 7-11, 124 male and 80 femal e participating students. This sample size calculated was
on the basis that there were 540 students involved in the pre-and post-test WBH versus PBH
study. Therefore, the number entered in the calculator for a sample calculation was 540, and
the number of participants required to be involved was 225. However, 204 students
completed the survey out of apossible 230 that were randomly selected. This amounted to a
5.42% margin for error. The selection does fall below the required sample size for a 95%

confidence interval; however, given that the number of survey respondentsis close to the
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acceptable sample size recommended, it can be considered an acceptable sample size (Cohen
et al., 2007; Lenth, 2007).

In the summer term of 2015, arandom stratified sample of 24 (12 boys and 12 girls)
students were selected to be interviewed. These were students who had experienced both
types of homework methods (WBH and PBH). Students were from the year groups 8, 9, 10
and 11, and their selection was important in terms of their comparative experiences,
interaction and knowledge gained throughout the study. It was aso essential to make sure
that part of the stratified sample included students who interacted with both the Myimaths
and the GeoGebra WBH tools. Students were contacted by phone by their respective class
teachers and asked whether they were willing to participate in the interview process. The
method of contact tried to ensure students of anonymity and confidentiality about the data
collected. Students were informed at the interviews that the data would be recorded and | ater
transcribed. The recorded interviews and files were transferred to a personal computer for
transcription. The information on the computer was password protected. The names of the
students were replaced with code numbers that identified the school and gender of the
student. Each school had six interviewees, so in the Boys A school the codes were given
BAL, BA2, BA3. Similarly, in the Girls School B, the codes were given GB1, GB2, GB3.
The sample was chosen to produce a group of studentsinvolved in the two-group control
design who were representative of the population being studied. Sample size calculations for
the interviewed students was difficult to apply as the required number would have to be based
on the number of participantsinvolved in the study design that had experienced both
homework delivery methods. Twenty-four students for the interviews fall short of the power
calculation, but it is a sample that was chosen, based on convenience and access. Concerning
interview sample size within qualitative research, it is considered typical "to study afew
individuals or afew cases' (Cresswell, Ivankova and Stick, 2006, p.209).

3.6 Instrumentation

The instruments used in this study included pre-and post-test mathematics homework
tasks given via PBH, Myimaths and GeoGebra WBH. Also, a paper-based survey and a semi-
structured student interview were used to find answers to the research questions: (i) Do
students interact more with WBH than with PBH? (ii) What are student perceptions of their
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learning with WBH and PBH? The student survey was given in two stages. Thefirst was
after the completion of apilot study on WBH versus PBH in the fall of 2012. The second was
after students involved in the study had been allowed to devel op a better understanding and
more familiarity with the WBH tools towards the end of the study. The pilot study survey
was used as an informative instrument to devel op the survey for the main study. These
instruments were to gather student perceptions of homework delivery methods, after their
pre-and post-test experiences. The survey approach used helped students express, to some
extent, their feelings about WBH and PBH that could later be supported or rejected in follow-
up student interviews. Culturally, it is not easy for Emirate students to express themselvesin
amanner that is unfavourable to innovative or new experiences. Getting them to speak
openly about their perceptions and feelings towards topics deemed semi-political is often a
daunting task, for fear of repercussion or reprisal (Kargwell, 2012).

3.6.1Instructional and Curriculum Format

Sixteen class teachers taught the four ADEC mathematics curriculum strands
(number, algebra, shape, measurement and data) in the four schools over three years. Class
teachers were all expatriate, of Arab origin, which helped with the consistency, continuity
and student understanding throughout the study duration. Therefore, the teaching style,
delivery, instruction and grading throughout the study remained relatively consistent in terms
of the pedagogica approach adopted by each class teacher. However, the textbooks and
materials used did change, along with the curriculum content and assessment procedures.
This change caused much confusion and anxiety amongst staff and students. Confusion and
anxiety were kept to aminimum by keeping the homework procedures similar to those of
previous years. The Myimaths and the GeoGebra (WBH) tasks used were given to support

and reinforce the learning that took place in the classroom.

The curriculum content was taught using student workbooks from Pearson Education.
The curriculum books are written explicitly for the UAE context and updated from Sgnpost
Mathematics (Pearson Education) 2012—2013 to Mathematics for Life 2014-2015. The
ADEC made these changes. There were thus some inconsistencies in the curriculum format
over the nine trimesters. The change in student workbooks was made primarily to assist

accessibility in the English language, as well as the conceptual understanding and promotion
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of mathematicsin areal-life context. Six periods of maths per-week were given to studentsin
year 7, 8 and 9. For year 10 and 11, mathematics was given ten periods per-week. Each
period varied from 45 minutes to an hour, depending on the trimester and the school
timetabling. Since the scores were not part of the final cumulative continual assessment
score, any exclusion of mathematical content material was considered insignificant.
Therefore, the main variables to consider in this study is the homework delivery method of

intervention (WBH) and control (PBH), and the associated student scores.

The structure of curriculum content and assessment isimportant in this study as we
have to be able to follow and support the teaching and learning process according to the
pacing schedule issued by the ADEC. So, al assigned homework tasks must adhere to the
curriculum content material that is taught and assessed. The curriculum structure in cycle-two
schools (i.e., years 6-9) uses one process strand, so-called working mathematically, and four
content strands. number, patterns and algebra, measurement and data, and space and
geometry. The process strand incorporates the notion that " Students will devel op knowledge,
skills and understanding through inquiry, application of problem-solving strategies including
the selection and use of appropriate technology, communication, reasoning and reflection”
(ADEC, 2014, p.7). In grades 6-11, the curriculum content is broken down and assessed in
three areas: continual assessment, external measure of student achievement (EMSA) and a
final exam. In year 8-11, this breakdown comprises two explorations and one investigation in
the first and second trimesters, and it involves an investigation, exploration and test in the
third trimester. The continual assessment accounts for 60% of the curriculum content, EMSA,
10%, and the final exam in trimester three, 30%. In the Abu Dhabi School Model (ADSM) in
grade 7, the continual assessment accounts for 70%, EM SA 10%, and the final exam, 20%.
Each trimester is broken into a recommended class period time allocation. For example, in
the ADSM grade 7, the first trimester has 84 class periods, the second trimester, 69, the third

trimester, 54. Each trimester covers the content strands in various orders.

3.6.2 Web-based Homework Tools

There have been some irregularities in the results of previous research studiestrying
to determine the effectiveness of WBH tools (Alexander, 2013). In fairness, this may be
attributable to the different capabilities of the tools used. According to Alexander (2013),
when assessing why some tools are considered more effective than others, researchers must

give adetailed description of the tool used and the subsequent feedback from student and
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teacher interaction. This feedback could pave the way for the possible identification of
specific trends in tool functions that would benefit both software designers and educators.

The following is a description of the WBH tools used in this study.

Participating students who were randomly assigned to the WBH group and used
Myimaths received a percentage score along with atraffic light system of green, amber or red
to indicate a competence level. This feedback system used measured whether the student
should attempt the homework again and look through the lesson notes provided by the tool.
Once students compl ete the homework, they can click on a"checkout" bar that is on the
screen or upload their homework to awebsite for teacher feedback. Student scores are
recorded and then sent to a database that can be accessed by both the student and their class
teacher immediately upon completion. If students are dissatisfied with their performance,
they can attempt the homework task as many times as they like before the deadline, and their
most recent mark is recorded by the tool as their standing result. This method of allowing
multiple homework submissions was because it was similar in approach to that givenin
previous studies (Bonham et al., 2003; Demirci, 2007; Hodge et al., 2009; Nguyen et al.,
2006; Tang & Titus, 2002).With the GeoGebra tool, students uploaded their completed
homework task to the Classtell.com website. Automatic notification of any student upload
went to the respective class teacher. The teacher would then provide feedback on student

work. The feedback given was not immediate, but it was timely.

3.6.3 Myimaths

Irrespective of the type of homework delivery method, homework problems were
given to reinforce learning objectives and key mathematical processes required from the
curriculum content material. Myimaths, considered to be an Online textbook that supports the
United Kingdom and the international schools' curriculum is a subscription-based website for
schools that boasts "L essons’, "Boosterpacks’, "Online Homework", "Revise it" and
"Games' for studentsto interact with (Nicholls, 2010). Web-based homework, referred to as
"Online Homework" on the tool, was used to complement the lesson activities. In this study,
no distinction was drawn between WBH and " Online Homework™, as they are both accessed
viaaWeb-based browser. Myimaths is not an intelligent tutoring system that analyses student
responses to provide the student with personalised questions, appropriate feedback on method
layout and help. Instead, Myimaths is a basic tutoring system that provides immediate

marking on the tutorial content without the personalisation of the content material from the
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application. However, the content material can be personalised by the student's teacher after
observing atask completion or whatever the teacher feelsis an areathat needs to be
addressed after assessment for learning strategies (AfL) has taken place. In Figure 2, you can
see that each lesson has a national curriculum target level attached to a corresponding

homework activity that | have described as aWBH facility that supports the lesson content.
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Figure 3. Myimaths Web-based homework example question.

Figure 3 is highlighted in red to mark two sections of an Online homework task. Each
homework task has two main questions (Q1 and Q2) on the left-hand side of the page. On the
bottom right of the screen, students were able to get immediate feedback on their answers by
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clicking on "Markit". The feedback given was atick if the answer was correct, or the correct
answer is displayed. Once the student has compl eted the task, Myimaths records the result
onto a database system that can be referred to as a "pupil record system", as described by
Wood et a. (1999, p.92). The marks given to pupils are immediate and kept as arecord of
scores for completed work. The teacher issued the assessed work for this study with my
support. The WBH scores are given in a"traffic lights" formation. A red isissued if the
student achieved less than 50%, orange if between 51% and 74%, and green if 75% or above.
This "traffic light" system of feedback is automatic upon completion of the homework task. It
isinline with Assessment for Learning (AfL) strategies issued by the Department for
Children Schools and Families (DCSF Department for Children Schools and Families, 2009,
p.17). Questions from the Myimaths WBH tool's bank are scrambled algorithmically. The
algorithmic scrambling means that each pupil answers questions based on the same topic, but
the problems are numerically different. In the homework tasks, students were allowed the
opportunity to interact with the homework content through various communicative methods
which included their friends and family members. Promoting a collaborative, supportive
culture increases opportunities for learners to be exposed to diverse viewpoints and values,
and these values were extended to when students work at home (Mahendra et a., 2005). All
Myimaths homework tasks were marked with a percentage score within the tools database
system. Students were told how questions were created, what feedback, assistance or help
features were available, and how they could re-attempt their homework. Also, it was
imperative to look at the type of technological considerations the tools may have and what

access students had to their marks on compl eted tasks.

Students could compl ete the task as many times as they wanted to achieve their best
mark, but as mentioned earlier, only the most recent mark is stored in the WBH application's
database. A record of how many times the student had completed the same task is kept by the
WBH tool. Students, teachers and other interested parties who have access to personal login
details can access the database at will and monitor achievement records. For this study,
students were initialy asked to complete the task a maximum of two times for both the pre-
and post-tests. However, this rule was often not adhered to. It was acknowledged from the
initial pilot study that this ability to re-take tests could have a devastating effect on the overall
resultsif all participants wanted to score 100% and somehow worked collaboratively together
to achieve that. Therefore, students in this study were asked to behave in their usual manner
when taking the homework task, and they were reminded that honesty was an integral part of
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the success of the study. Thiswas done to try to prevent design contamination of multiple
homework submissions, thereby increasing the favour of WBH over PBH. Thetension
described here can be aligned with the desirable ways in which students work; whether it is
through collaboration, resilient determination or the will to succeed that is associated with
achieving the maximum score possible (Sartawi et a., 2012). Sartawi et al. (2012) describe a
process called introjected regulation, where a student's behaviour comes under pressure from
others. Introjected regulation has the effect of making the student behave well in order for
othersto respect them, and this they believe helps them to avoid inappropriate behaviour and
shame. The pilot studies demonstrated that students would not exhaust any facility of
multiple submissions with PBH even if they could. No guarantee could be given that students
would still not work together to pursue the highest marks. However, this possibility was
addressed in the review of the homework results, interviews and the study's limitationsin

Chapter five.
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Figure 4. Myimaths grade 7 Example question used.

Figure 4 depictsthe first question in the year seven homework task using Myimaths.
Students were required to find the area of each circle to one decimal place using either their
calculator or the one provided by the tool. In the exercise, students needed to have the
prerequisite knowledge of theradiusis equal to half the diameter, and the diameter is double
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the radius. Therefore, Q1 reinforces procedure by getting students to input numbersinto the

formula Area = nr?.

SMyiMaths com Online Homew ok (1
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Figure 5. Myimaths year seven, question 2.

Question two of the year seven homework task (Figure 5) required an understanding
of compound and fractional circular shapes. This type of illustration isindicative of the
structure used to evaluate student learning using Myimaths across topics and year groups
(Watershed, 2011). Teachers considered this WBH task to be accessible and supportivein
both the boys and girls schools asit had limited use of additional language that could hinder
the progress of students.

3.6.4 GeoGebra

The second WBH delivery method used was that of GeoGebra. Students could access
homework via ateacher set Classtell.com website. GeoGebra allows students, irrespective of
their mathematical ability, to investigate and explore key mathematical ideas through the
creation of figures and shapes. GeoGebra's multiple representations of algebra, geometry-to-
spreadsheet programmes allows the teacher and student to find and define possible
relationships between objects (Briscoe, 2012; Holan, 2014). Also, | chose GeoGebra because

it fitted the ambitions of the ADEC to provide a constructivist approach to teaching and

learning. GeoGebrais different from Myimaths, as Myimaths is considered to be an Online
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textbook that facilitates a more "direct instruction™ approach to teaching and learning
(Watershed, 2011, p.3). Besides, the cost of acquiring new technology is somewhat of a
determining factor to enhance student interaction and motivation, and GeoGebra offers this

without cost concerns.

Initially, to make students familiar with the tool's applications, | used a worksheet
conducted for an experiment for my MSc at Warwick University. The worksheet "The
Equation of a Snowman", was used to help students become familiar with the tool features of
GeoGebra while allowing them to understand and recognise the equation of acircle. Before
this study, | had taught some year 11 lessons designed to reinforce student knowledge by
practicing equations of circles using GeoGebra as alearning tool. Students were required to
understand how to use the basic functions of GeoGebra, such as plotting equations and points
and understand the standard form for the equation of acircle (x — h)? + (y — k)? = r%. As
part of the task, students were required to manipulate circles by changing the values of h, k
and r. Also, students needed to find the centre and radius of acircle when the equationisin

its standard form.

Figure 6. The Equation of a Showman

Students received only one 45-minute lesson in the

d computer room before this exercise. In this lesson, they

.~ could explore the software and discover itemsin the
" 1 menu bar before receiving the homework. Students
also were introduced to constructing simple shapes and
getting the shapes to move around. They did this by
using some of the drop-down features from the menu.

The aim was for students to complete their snowman

over two 45-minute lessons and address questions on
circle transformations at the end. The instructional itinerary was a quick review of the
equation of acircle. | explained to them that part of the lesson was for them to explain what
the values h, k and r represent, as well as what happens when one changes the values of these
variables and how they might alter the circle. | had a computer connected to an interactive
whiteboard and a prepared worksheet with a step-by-step guide on how to complete the
snowman (see Appendix 4). | started the task of completing the first two steps, and then |
allowed the class to interact with the technology and their peers. | facilitated the process by
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moving around the class, addressing any problems, questions or concerns. Once students had
completed their snowman, the task was "wrapped up" with students completing certain
statements for homework using a GeoGebra appl et.

¥ Graphics
.v @ ¥ ALW

Equation of Circle
isx*+y*=9

Figure 7. Equation of a circle with centre at the origin.

Figure 7 was given to students to access via the Classtell.com website. The circle was
created with amovable centre at A, and a moveable point at radius B. Points A and B could be
moved in any direction on the grid to see how the equation of the circle would transform. The
algebra view window would help students to identify with what transformation took place

and how it would affect the variables h, k and 2.

In Figure 8, points A and B are moved away from the origin and —3, respectively, and
students could see the transformation that took place with the circle equation. This and other

examples were used to help them answer the homework statements.
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The following were the GeoGebra homework statements students had to compl ete:

e Thegeneral equation of acircleis

e Assuming we have the unit, circle centred at the origin (x? + y? = 1), then if it is

shifted 4 units to the right the equation becomes

e Ifitisshifted 3 units down, it becomes

e If itsradiusisincreased by 6 the equation becomes

e Findly, students were asked, If the circle is shifted 2 units up and 7 units left, and its
radiusisincreased by 3, what is the equation?

b Algebra
Conic
@ c(x+dp+(y-17=10
Point
@ A=(-4,1)
®B=(7,2)

Figure 8. Circle equation with Points A and B moved away fromthe origin.
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Equation of Circle
is (x+4)*+(y-17=10

The intervention (WBH) group was given preparatory classesin their respective

schools for about aweek and then assigned a homework task. The control group was given
their homework task using the traditional method of PBH, which excluded the use of

GeoGebra. Preparatory classes with the use of GeoGebra was given to al studentsto get

them to be familiar with the tool features and to support them if they were selected to bein

the WBH group. Table 1 shows that the participants were year 10 and year 11 students who

were randomly selected from the four schools. Table 1 also shows that there were 104
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students involved with GeoGebra (WBH) and PBH tasks, 49 from year 10 and 55 from year
11.

Table 1. GeoGebra and Paper-Based Homework Participants

Frequency %
year 10 49 47.1
Valid year 11 55 52.9
Total 104 100

Table 2 divides student participants by school. This breakdown shows that there were
more boys involved with the GeoGebra homework tasks than girls. This situation occurred
due to difficulty accessing the girls school in order to gain access to the female teachers and
girl students (a culturally sensitive issue in the UAE). However, 30 girls from the two
selected girls schools out of the 104 students randomly selected managed to complete
homework tasks. Three of the four mathematics strands (algebra, shape, measurement and
data) were covered (see Appendix 2 for GeoGebra WBH and PBH tasks).

Table 2. Breakdown of participants from selected schools

Frequency %
Boys School A 41 394
Boys School B 33 31.7
Valid Girls School A 16 15.4
Girls School B 14 13.5
Total 104 100

Table 3 presents the number of students assigned to each mathematics homework task
by strand. The boys were assigned homework for the three strands, but the girls were only
assigned homework on measurement and data. Seventy-four male students were sel ected
from the boys' schools and 30 from the girls. Students had their usual class teacher to provide
them with their GeoGebratraining, as well as providing additional help and support with
their assigned WBH and PBH task.
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Table 3. Breakdown of GeoGebra Homework Tasks Completed by Strand

Frequency %
Algebra 32 30.8
Shape 17 16.3
Valid
Measurement & data 55 52.9
Total 104 100

The WBH tasks were marked out of 25 in four categories. Table 4 uses an example
from Boys school A where seven students were participants in the WBH group for the pre-
and the post-test. The table shows how the four categories were used by the teacher from the
adapted rubric to evaluate the students WBH. The use of tools, the correctness of
construction, presentation style and the teacher's discretionary mark were used based on how
much help each student received from their teacher in order to complete the task. Once the
student self-assessed the correctness of their construction, they would upload their completed
response for their teacher to evaluate. Upon evauation of the answer given, the student can
then (if incorrect) continue to solve or review process errors and then resubmit. The more
help received, the lower the score. The student's final mark was the sum of the four
categories, asisseen in Tables 4 and 5 below (pre-test and post-test final score). Itis
important to note that the same students were involved in the pre-test and the post-test.
Missing cases in the post-test WBH could have been due to severa reasons, but one strong
reason could have been the award of a high mark attained in the pre-test, which made the
students less motivated to be involved in the homework process again. Another reason could
have been student concerns as to where they were with the curriculum content and their
upcoming assessments. It was explained to students that the homework content would help
and support them with their assessments, but they may have perceived otherwise. Some
students who achieved a high mark in their pre-test PBH did express alack of motivation to
do the post-test. Looking at casesin tables 4 and 5, we can see that there were three scores
above 90% in the pre-test and two students who achieved scores of 97% and 99% did not do
the post-test. The asterisk indicates this beside the result in table 4. The number of students
that were involved in the GeoGebra WBH and traditional PBH tasks (investigating
trigonometric functions) can be seen at the end of Appendix 2. Tables four and five are an

illustration of how the GeoGebra WBH scores were accumul ated.



Table 4. Breakdown of the GeoGebra Homework Final Mark Pre-Test.

Grou Correctness of Teacher's Final mark
Y ear School Task P Use of tools . Presentation| discretionary
(WBH) construction pre-test
mark
Investigating
10 Boys A Trig functions 1 25 25 25 22 97
10 Boysa | IMvestigting 1 10 10 10 10 40
Trig functions
10 BoysA | |nVestgeting 1 15 10 15 1 52
Trig functions
Investigating
10 Boys A Trig functions 1 25 25 20 20 Q0
10 Boysa | IMvestigating 1 25 25 25 24 99
Trig functions
10 Boysa | Mvestigating 1 15 10 15 12 52
Trig functions
10 BoysA | |nVestgeting 1 20 20 20 20 80
Trig functions
Average 19.29 17.86 18.57 17.14 72.86
Table 5. Breakdown of the GeoGebra Homework Final Mark Post-test
Teacher's )
Year School Task Groups Use of tools Correotn@s of Presentation| discretionary Final mark
construction post-test
mark
Investigating .
10 Boys A Trig functions 1 25 25 25 22 97
Investigating
10 Boys A Trig functions 1 25 25 25 22 97
Investigating
10 Boys A Trig functions 1 25 25 25 22 97
Investigating
10 Boys A Trig functions 1 25 25 20 20 90
Investigating
10 Boys A Trig functions 1 25 25 25 24 99*
Investigating
10 Boys A Trig functions 1 20 20 20 20 80
Investigating
10 Boys A Trig functions 1 25 25 25 23 98
Average 24.29 24.29 23.57 21.86 94

Note. * indicates missing results (did not complete the post-test).

3.6.5 Timing and Delivery of Web-based Homework and Paper-based Homework Tasks

The timings of the WBH and PBH pre-tests and post-tests were negotiated with the class
teachersin the four schools. The negotiation was to make sure that al schoolswere at a
similar point in covering the curriculum content and that the homework tasks could be
completed on the same timeline (see Appendix 2). The teaching and learning aim was to
support the curriculum material taught in class, track and target student progress and
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reinforce learning. This ethical consideration was a professional decision that aimed to
support the teaching and learning process and to facilitate my research objective to answer
the research questions. Students were given workbooks at the start of the 2014-2015
academic year, which allowed the teacher to set specific exercises for completion at home.
Teachers could set even-or odd-number problems, as well as awhole exercise, to encourage
out-of-school learning and build self-efficacy. The control group received their homework
predominantly from the Sgnpost textbook and the new Mathematics for Life textbooksin
years 7-10, given to them by the ADEC. However, on occasion, they were given their
homework viaaworksheet. Worksheets were necessary with the GeoGebra activities as they
had to be created or manipulated to support the learning process within the given timeframe

of the lesson.

Moreover, the year 11 students in the 2013-2014 academic year did not have a
textbook, so, it was necessary to give PBH tasks via a worksheet or handout. In the 2014—
2015 academic year, year 11 students did have a textbook to work with, and on occasion,
homework was set from the book. Students answered questions that would assess the same
knowledge base on the pre-and post-test. This approach tried to make the PBH tasks as
authentic as possible, in the sense that the tasks given for homework were similar to the
material the class teacher would use to assess student learning and understanding of the
material content taught in class. All homework tasks were given on the same date for the
control and intervention groups in the four schools, and students had three days to complete
the task, so teachers could give feedback on tasks within the school week before the post-tests
took place. The post-tests were in most cases, one week after the pre-test for both the control

and intervention groups.

The intervention group used Myimaths for the majority of the WBH tasks due to
application accessibility and ease. Appendix 2 shows the homework set for both PBH and
WBH tasks. In total, 13 Myimaths WBH tasks were completed, along with four GeoGebra
WBH tasks. With GeoGebra, students uploaded their completed work to the Classtell.com
website created for them to use. Appendix 2 also shows the GeoGebra activities used for the
year 10 and 11 students, the given dates for these tasks and the number of completed
activities pre-and post-test for both the WBH and PBH groups.
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3.6.6 Compar ative Homework Problems

An essential stage of this WBH versus PBH study was to address the issue of similarity
between the WBH and the PBH task. The PBH task, referred to as being traditional, was
regular homework that the class teacher would give to support the teaching and learning
process. The PBH was checked for content similarity, and the time it took to compl ete the
task. The WBH problems were very similar to that of the PBH problems in terms of the
required mathematical procedural steps and conceptuality. For example, in factorising
guadratic equations, ayear nine homework task was given to the control and intervention
groups in the four selected schools (See Appendix 7).

A randomly chosen example from the student textbook given as a PBH would be as follows:
Solve: x? + 7x + 10 = 0,

and the corresponding WBH question would be:

Solve: x% + 13x + 36 = 0.

Both questions asked students to solve the quadratic equations without the use of a
calculator as they are both factorisable. Since the questions were somewhat in line with each
other, this allowed students to use the textbook or their lesson notes as a resource to solve
homework problemsin both the PBH and WBH groups. Even though a support "L esson"
feature appeared in the Myimaths tool to help students practice similar problems scrambled
algorithmically, it was not aways widely used or understood, and some students did refer to
their textbooks and class lesson notes. In the GeoGebra WBH, students could use their lesson
notes, textbooks and their peersto afar greater extent to check their solutions, as the
feedback was not immediately available Online. The fundamenta difference between WBH
and PBH delivery isthe availability of additional practice questions and the speed of
feedback. With both Myimaths and GeoGebra, additional support questions were available to
students, firstly, within the tool itself through a gorithmic scrambling and, secondly, through
teacher interaction via Classtell.com. Severa problems could be generated of asimilar type
in terms of the level of difficulty and conceptual understanding. This helped the students to
practice their procedures to develop proficiency for as long as they wanted. Even though it
was not arequirement as part of this study, once a certain level of proficiency was achieved,

the student could move on to solve questions of a higher order, such as:
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Solve: 4x?> —33x 4+ 37 = —6x + 2.

Looking back at the "L esson" feature would generate as many problems for the
student as they desired until they were satisfied with their progress, understanding and
development. However, in the "Online Homework™ feature, they could enter only the values

of x, and it would be marked with atick, or the correct answer would be displayed.

3.6.7 Feedback Given

As mentioned in chapter 2, feedback plays a crucial rolein the theories of teaching
and learning. As areminder, from the constructivist perspective, effective feedback given at
the task, the process, and self-regulatory levels are al interrelated (Hattie & Timperley,
2007). It is essential to focus on the constructivist perspective asthisisthe aim in the ADEC
2030 vision of teaching and learning pedagogy (ADEC, 2012). Hattie & Timperley (2007)
also concluded that feedback is more powerful when it addresses possible misconceptions or
misunderstandings. They felt that this would help build students' understanding of strategies
and techniques that they could use to solve problems. Kulhavy (1977) found that for feedback
to be beneficia to learning, the correct answer must not be easily attained. It is believed that
students would copy the answer and would not ook to devise suitable strategiesto try to
solve the problem. Therefore, this would not lead to the promotion of learning (Kulhavy,
1977). A three-way matrix looked at the role feedback played in this study by portraying the
type of feedback that is given by WBH, including GeoGebra and PBH. Table 6 shows how
that feedback is given to the students for the subscription site Myimaths and the free open
software tool GeoGebra. All WBH tasks were marked with atick () or across (X) for the
correct and incorrect answers. Students received instant feedback on their WBH tasks with a
percentage score that helped them to move on. For the GeoGebra WBH, the evaluation was
given via a percentage score, but then later transformed into E, D and M (emerging,
developing, mastery). Feedback for PBH was also given via a percentage score with teacher

comments and within atimeframe of three to five days.

Table 6. Homework Delivery methods and Type of Feedback Given
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Homework Delivery Method Feedback Associated Learning Theory

*Marked instantly

*Giving answer strategy (GAS) for right or
wrong answer, traffic lighted with a

Web 2.0 subscription |percentage score. Behaviourism
* Prompting answer strategy (PAS) for help
& lesson note features

* Performance feedback

Web-based homework
(WBH) Myimaths

*Immediate from the tool

*Marked in a timely manner/delayed
Free open source *Knowledge of correct response (KCR)
*Elaborated feedback (EF).

GeoGebra * Adaptive feedback and usually givenin |Constructivism
class, based on teacher and student
Students upload evaluation of construction and graded right
homework to or wrong

Classtell.com * Summative and formative

Within 3-5 days.

Paper-based homework|Traditional  book or|* Ticks and crosses and a mark givenas a

(PBH) worksheet percentage score
*|nstructional

* Directive

Behaviourism

Once students answered their homework problems, the feedback was given for their
efforts. The type of feedback given varied accordingly, dependent on the homework delivery
mode, as seen in Table 6. With the WBH, the ssmplest type of feedback was given, right or
wrong, and the correct answer is displayed. This feedback is associated with the Giving
Answer Strategy (GAS). The Prompting Answer Strategy (PAS) was used if students were to
access the help features and support lesson notes via the tool, to complete the set homework
task. Some feedback was given in the form of praise such as, "Great Job" or "Well done."
Also, some teachers posted more descriptive feedback for individual students in Myimaths
and in Classtell.com for the GeoGebra WBH, so that when students logged in to their
accounts, they could see the teacher's more detailed, and constructive feedback. This type of
constructive feedback is more descriptive in its content, as it informs the student with
procedural and conceptual directions that they could use to help them answer the questionsin
the homework task. That did change the nature of feedback that is usually associated with
Myimaths. However, it does match the desirable features of the ADEC 2030 vision. The
vision of aconstructivist pedagogical approach to teaching and learning. In the case of
GeoGebra, this would be to inform them as to which tool feature or syntax type to usein the
input bar to help them move on with their homework task. Common misconceptions or
mistakes would be identified before setting homework tasks, and generic feedback
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instructionsinstalled in the tool's database were used. In Myimaths, this feature is built-in and
was adapted to suit teacher needs. In Classtell.com, the teacher responded to individual class
members at will to support instructional guidance. For example, teachersin all four schools
who gave the quadratic functions year nine PBH identified a common mistake among
students with "directed numbers'. The WBH tool was then used by teachersin the class to
address the common misconceptions and mistakes and to provide students with instructional
help to get them to address any errors made in both WBH and PBH groups (See Appendix 7).

The difference between the WBH systems Myimaths and GeoGebra is the type of
feedback given by the tool and what constitutes WBH. Feedback is given immediately using
Myimaths, as an answer in the form of anumerical value is predominantly required. With
GeoGebra, evaluation and feedback on student work are far more complicated due to the
constructive nature of the homework task and features of the tool (Ravenscroft et al., 2012).
There were differences in the types of questions asked. Myimaths agorithmically scrambles
guestions based on the textbook-style lessons it has stored in its database. With GeoGebra,
the questions were created by the teacher and I, in support. Questions were based on student
knowledge and understanding as to how to use the tool features. It was often the case of
giving the student the required input information for students to move on and use the
construction to answer set questions. Myimaths also had a"help” feature that students could
use to answer homework problems. This type of feature is not available in GeoGebra. It
offersa"help" feature to assist with construction, but it will not help in answering problems
set by the teacher. However, GeoGebra Wiki and Y ouTube were used by some students to
support their homework tasks. The student was required to interact with the tool, its features
and input functions to answer the select problems given to the WBH group. Occasionaly,
students were further required to complete set procedures to find an answer. However, no
marks were awarded for procedural steps. If the student answered correctly, full marks were
given. Students had the option to seek the help feature if the answer was incorrect or they
were stuck, but any answer marked as incorrect, could not be corrected without the student
attempting the whole task again. Syntax errors unrelated to procedural misunderstandings can
easily arise, and as aresult, students often repeated the tasks.

The diagnostic feedback for Myimaths appears in the form of a correct or incorrect
result, with the correct answer displayed. This type of feedback is highly criticised in
constructivist theory. However, it does conform to the kind of reinforcement recommended
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by behaviourist theory (Hattie & Timperley, 2007). When a student is unsuccessful at a
problem, they can use the lesson facility to practice examples differentiated by difficulty. For
example, inyear 11, logarithms WBH, the first question may start with "log; 81 = 7' The
student is then required to input avalue. The student can practice thislevel of questioning in
the lesson examples until they are confident to move on to problems requiring more
procedural understanding such as"3 log x — log 4y = 7' Again, they can keep answering
similar problems with the same level of difficulty with just the numbers changing until they
are comfortable to return to the WBH activity. This similar type of problem generation is
hugely appealing to students who want to develop mastery. It is also appealing to students
who use such limited feedback as an incorrect answer to try to find out where they had gone
wrong. This form of practice can help them to devel op determination and mathematical
resilience in developing the procedural elements required to solve particular problems
(Johnston-Wilder and L ee, 2008).

GeoGebra WBH was accessed via Classtell.com, and students could use the
GeoGebra Tube features for help and assistance as well as Y ouTube to construct and use
their product to answer the problems given to them. The feedback was dlightly delayed as
students had to upload their answers to questions and wait for their teacher's response. The
guestions that students must answer were also available on the Classtell.com website, or they
could have it printed off and given to them in school. That gave the homework assignment a
somewhat dual process, involving the "free open source software" that was accessed viathe
Web and the PBH questions that students must address. For example, in grade 11, students
were required to investigate a hyperbola (see Figure 9).
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Figure 9. Reciprocal functions

Figure 9 exemplifies the worksheet that students used to facilitate their interactive
experience with GeoGebra at home. They used it to input functions and answered the
investigational type question on the worksheet. The feedback from the tool features used to
construct functions isimmediate, but the student must have the necessary skillsto interpret
whether the tool features used are correct. The correctness of construction can be confirmed
with the use of the algebra display window in GeoGebra. The worksheet that was given
combined both WBH and PBH to enhance their mathematical experience. It was an attempt
to give students a better understanding of hyperbolas and their transformations through
graphical representations and to be able to use this representation to find out where turning
points are. For some students, this was much easier than finding the centre of the graph
using (x — x;)? — (v — y;)? = 1. Students then tried to find the centre, box out the points

and join the opposite corners. The students took a standard hyperbolain the form of question
1,inFigure10, y = i + C, and saw more clearly that, the larger the value of x, the closer y —

co. Similarly, they saw the larger the value of y, the closer x — . The same wastrue if
students were to look at negative numbers and find that asx — —o,y — 0. Also, when x —

0,y » —oo.
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Figure 10. Graphing reciprocal functions

The teacher feedback with GeoGebra was offered to students quickly once the teacher
checked for student uploads through the Classtell.com website, but it was not instant. The
descriptive feedback was, in most cases, verbal and given in class. The student would then
readdress consequent problems at home and, if necessary, resubmit the WBH task. One
diligent teacher had student email addresses and was in contact with students who had
difficulty or experienced problems. However, it was noted that students often checked their

solutions viathe Web.

3.6.8 Statistical Package for the Social Sciences (SPSS) for Quantitative Data Analysis

The Statistical Package for the Social sciences (SPSS) was used to perform the
statistical tests required and to investigate the RQs quantitively. An apha coefficient of .05
was used as a confidence level to indicate a 5% chance or less that causal events or effects

happened by mere coincidence.
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Research Question 1 (Do students interact more with WBH than with PBH?) was restated to
test a statistical hypothesis: Do students complete more WBH than PBH?

Hyl:pl =p2
Hi1:p1 # p2

To find out whether students interacted more with WBH than with PBH, | considered
the total amount of homework completion and the number of attempted homework tasks. The
rationale was that if students participated in the study completed both pre-test and post-test
WBH and PBH tasks without duress; they would have demonstrated one level of homework
interaction, which is completion. Admittedly, there are various other levels of homework
interaction in terms of quality and engagement that is later discussed, qualitatively using the
semi-structured interview data. The first measure of homework interaction considers the
number of homework tasks completed from pre-test to post-test. The second measureis the
number of homework tasks attempted. For the first research question (RQ), homework
attempts are considered because the number of Online submissions was far greater in the
early part of the study for WBH tasks than for the PBH. With the PBH tasks, students rarely
requested to do more than the voluntary required pre-test, post-test homework. In the PBH

control group, this tendency tended to dictate one homework submission for each test.

In theinitial pilot study, it was evident that students interacted far greater with the
WBH than the PBH due to the availability of multiple submissions. The effect of multiple
homework submissions was considered to be a severe limitation in the pilot study. Both the
Myimaths and Classtell.com website for the GeoGebra indicated the number of student
submissions in the feedback. If all students were in pursuit of and scored maximum marks, it
would destroy the study. The total number of WBH tasks completed could be a possible
effect indicator, asit is used as a measure of more time spent on WBH activitiesas a
percentage of al homework activities. Theideais that only the completed WBH and PBH
activities be considered and not their score or teacher judgement. To determine the level of
homework interaction (measured by homework completion), | considered that homework
completion was based on the student answering all questions and non-completion was when
students had missing answers to questions or had |eft questions unanswered. The rationale for
thiswas that if a student interacted with the mathematical material content, they would, at the
very least, attempt the task but maybe unable to complete the whole task. It could also
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account for any differences that may occur from pre-test to post-test. The parametersin SPSS
were set to register those who compl eted their homework and those who did not. Any student
who attempted all questions of the homework task in either the control (PBH) or intervention
(WBH) group assignment received one point for completion and those students who did not
attempt all questions received a zero. The percentages of completed and noncompl eted
homework tasks for both pre-and post-test were calculated per control and intervention
group. SPSS computed the percentage of completed homework tasks based on the total
number of possible tasks assigned for each group. | then tried to find out if thereisa

significant relationship between the intervention (WBH) group and homework compl etion.

A Chi-square statistic was used to evaluate tests of independence when using a
crosstabul ation. The crosstabul ation shows the distributions of the two categorical variables
simultaneously, with the intersections of the categories of the variables appearing in the table.
Thetest of independence assesses whether an association exists between the two variables by
comparing the rates of homework completion and non-completion for both pre-and post-test.
The Chi-square statistic used in the test of independence is labelled the Pearson Chi-square
and is examined by merely checking the p-value provided by SPSS. The value labelled
"Asymp. Sig," (which isthe p-value of the Chi-square statistic) should be less than an alpha
level of .05, which is associated with a 95% confidence level (Hartas, 2010). If thisisthe
case, then the variables are not independent of each other and that there is a statistically
significant relationship between WBH and homework completion. However, the Chi-square
test only informs us as to whether we can reject the null hypothesis of no association; it does
not inform us of the strength or magnitude of any association. If any association is found

between the variables, then a measure of the effect size may need to be provided.
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3.6.9 Student Survey

The student survey was designed and initially piloted in the fall of 2013, and it aimed
to gain insight into how students perceived WBH. It was given out in the third and fourth
week of October 2013 and the second and third week of May 2015 (see Appendix 16). The
survey was translated from English to Arabic for ease of understanding (see Appendix 17). In
the main study survey (May 2015) the term "Web-based homework" was replaced with
"Online homework" because that was what the students' saw on the screen of the Myimaths
WBH tool. A hard copy of the survey was given to students for convenience, as access to the
Internet was severely limited in some Abu Dhabi schools due to bandwidth problems. The
survey was designed to be anonymous, and there were 25 main question items. The survey
was given out at the start of alesson, and it took approximately 20 minutes to complete. Two-
hundred and four students took part in the survey: 124 boys and 80 girls. The studentsin the
survey were from the two boys' schools and two girls' schools selected for the study. They
were amix of students from all year groups (see section 3.5). | chose to give the student
survey out on paper to classes for practical reasons. The class teachers offered support and
assistance when necessary to help facilitate the completion of the survey in the given
timeframe. Support and assistance provided was to the best of the teachers' ability without
hindrance and possible undue influence. This could not be said if | wereto rely on booking a
computer suite for the completion of the task for selected groups at the school due to possible

clashes with other classes.

The 25 statement-items on the survey tried to measure three constructs. The
constructs are the students' perceptions about their experiences with WBH and PBH. These
survey constructs are linked to the RQs, and they try to capture student beliefs and

perceptions about these questions. The questions were as follows:

1. What are the interaction effects of WBH compared to PBH on students?
2. What are student perceptions of their learning with WBH and PBH?

Survey results were entered into the software Statistical Package for the Socia
Sciences (SPSS) using a Likert-type ordering of preferences with a six-point scale spread.
The six response items were ameasure of value for the completed survey. Participant scoring
optionswere 1 (strongly agree), 2 (agree), 3 (neutral), 4 (disagree), 5 (strongly disagree),
and 6 (don't know).
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Initially, from the pilot study of 141 surveyed students, survey statement items E1-E7
tried to determine the students' understanding of WBH and to see whether they understood
why it was important as alearning tool. Questions E8—E16 were designed to determine how
effective WBH is. Finaly, statement items E17-E25 aimed to determine whether the students
felt that as aresult of WBH, they had improved learning mathematics. After looking at both
Cronbach's Alpha coefficients and the Inter Item Correlation Matrix (if item deleted section)
that was generated using SPSS it was better suited to have statement items E1 to E5, E9, E17
and E25 at determining the interaction effects of WBH. This was due to reorganising the
statement items in such away to attain the highest alpha coefficient. Using the same method,
survey items E6-8, E10-11, E18 and E19 were grouped to look at student perceptions as to
how WBH could improve their mathematics performance and finally, E12-15, E21, E24 and
E25 to gain an insight into student perceptions about their learning with WBH and PBH. The
final group of survey questions aimed to find some insight into the structuring of interview
guestions to address RQ2. The survey was given out to a sample of students (n = 204) in

year groups 7 to 11 in the mathematics department of the four schools.

3.6.10 Interview Strategy, Questions and Recording

This study completed four semi-structured interviews conducted with groups of six
students from each of the four schools. The questions were pre-prepared for the participants.
The interviews lasted from 90 minutes to 180 minutes in length. Twenty-four students (12
boys and 12 girls) were interviewed over two years. These students were randomly selected
from different year groups and schools (stratified sample-see section 3.5). This method was
chosen because it allowed for class teachers to conduct the interviews in the girls school
where there were issues around cultural sensitivity and restricted access for males. Sinceitis
virtually impossible and impractical to design a survey with statements that can capture all
possible perceptions, it was necessary to support the survey data with semi-structured

interviews that were given towards the completion of the study (Cohen & Crabtree, 2006).

Due to the possibility that the interview experience might be intimidating for students,
the semi-structured interviews were conducted with groups of six students—the
methodological approach allowed for the possibility of dialogue. Interviewing the studentsin
groups of six was preferred so that the students were ableto feel at ease with their peers. The
students could then elaborate on their responses to select questions with some degree of
comfort. Thisfeeling of ease might not have been attained if | had chosen one-to-one
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interviews. Students in this situation can feel intimidated and frightened to say something that
they may feel could put them in adifficult situation. Having the researcher as the 'minority’,
amongst students already familiar with each other, helps us to understand the expressed body
language, the emotions and reactions to situations (May, 2012, p.62). Student familiarity and
confidence with each other helped for the questions to be adjusted accordingly to alow for
in-depth responses when possible. However, this was perhaps not true for those students who
felt intimidated by their class teacher, especialy in the girl schools, where | had to rely upon
ateacher to give me the recording of the interview. In this case, the students were much more
careful and perhaps constrained with their responses in comparison to the other students. Due
to the semi-structured nature of the interview, the researcher and class teachers could go
through set questions that were already prepared in advance (see Appendix 25). This
approach was necessary for consistency between the schools.

There are disadvantages to this type of approach, such asinterview bias, reliability
and possible subjectivity, especialy since the researcher and the class teacher were the ones
conducting the interviews. It could be perceived as an interview that triesto fit whatever
agenda the researcher has and bias in favour of WBH (Hartas, 2010; May, 2012). Therefore,
to try to increase the reliability of the research method, interviews were recorded and
structured around statements made in the survey to get the students response after their
experiences with the homework tasks. This qualitative approach is preferred asit increases
accountability with the transcribed data, which helps to reduce bias and possible subjectivity
(Hartas, 2010). Semi-structured interviews were a so preferred, as they provided an insight
into how the students' viewed their experiences with the tools used in their homework setting.
This method provided them with the opportunity to construct their perceived "reality" of the
world (Horn, 2012, p. 37). The students involved in the research were allowed to
conceptualise their experiences through anaytical insights that could add further value to this
study (Horn, 2012). The flexibility of semi-structured interviews allowed the students to hear
and share their voices and opinions based on their experiencesin the study. It helped to adjust
the questioning given the changing circumstances in the interview, and it provided the basis
for both structure and direction (Cohen & Crabtree, 2006; Hartas, 2010). The questions were
arranged in amore general way than that found in structured interviews. The aim was to
provide the study with both flexibility and latitude so that the possibility of further
guestioning and student responses could take place. For example, questions began by
enquiring what students had open on their platforms or computers when attempting to do
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their mathematics homework. This topic was part of an icebreaker to discuss possible
distractions or enter conversations about the use of social media while they were completing
their homework. It addressed the theme of communication and other forms of homework
interaction linked to RQL. It was an opportunity to find out what else or who else they were
interacting with at the given time. Theinitial introduction opened the critical topic of student
interaction and communication, which gave rise to follow-up questions later (see Appendix
25).

Three methodol ogical approaches were used for the design and analysis of the student
interviews. The first was an inductive approach as | had already made specific observations
that produced a somewhat fragmented theory that WBH was a more suitable homework
delivery method than that of PBH, given the background and culture of UAE students. This
"bottum-up" approach (see Figure 11) would eventually lead me to make tentative theories
about the data set that was generated. However, initial steps and procedures would have to be
followed first (Moretti et al., 2011). The observations came about from interacting with the
students in conversation throughout the study. Also, these observations facilitated getting
student thoughts on homework tasks. A pattern emerged that indicated student experiences
with the homework tools were positive. The pursuit of higher homework scores through
multiple homework submissions was an interesting factor to take into consideration. This
behaviour made the students spend more time on their homework activity because of this
facility. The additional time spent on the WBH tasks was interpreted to be a positive
contribution towards mathematics learning benefits, in terms of interaction and improved
homework performance. The inductive approach (see Figure 11) used to create questionsin
the interview allowed for the generation of themes, concepts and ideas to emerge from

student responses to set questions, which then generated the data.

Interview questions considered student perceptions about WBH and PBH from the
student survey and their pre-and post-test experiences (see Appendix 25). This approach was
chosen to examine whether there were changes in student perceptions and attitudes towards
homework delivery methods over time (Wilkins and Ma, 2003; Anderson-Pence, 2015). The
interview questionsinitially used in the pilot study, before the main study took placein the
autumn term of 2012, were adapted and improved through inductive reasoning. This
inductive reasoning considered the ongoing interactions between students and their teaching

staff throughout the study. Therefore, many interview guestions were posed. The adapted
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version accounted for observed patterns of behaviour and interaction with the assigned
homework material given to studentsin theinitial pilot study and mid-way through to
students in the main study. The experience gained over time throughout the study of student,
teacher and researcher interaction allowed for students to respond to the questionsin away
they would not feel constrained. Students were able to somewhat freely express their views
and opinionsin a structured way (Charmaz, 2006; Hartas, 2010). For example, the question
"How do you learn maths at home using the WBH tool Myimaths compared to PBH?' was
changed to "What are the main differences in the way you learn maths at home using
Myimaths compared to PBH?" The interview questions thus took cues from differing
circumstances, but the structure of the interviews remained similar throughout. Open-ended
guestions such as, "The questionnaire indicated that most students re-do or revisit their
Online homework, could you explain why?" provided afocus on student behaviour that could
help to validate a construct or theory. The generation of themes, concepts and ideas is part of
the inductive analysis process where the researcher looks for patterns in the data that can

better explain what is happening.
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Figure 11. Inductive research approach, "bottum-up."

The primary focus and justification for the student interviews were to account for
their real-life experiences and views of their interactions with both homework methods of
WBH and PBH. Therefore, an inductive approach was predominantly used in the first
instance, to try to gain insight through the eyes and minds of the student participants
(Moustakas, 2011). A deductive approach to content analysis followed thisin presenting the
findings (Cresswell, Ivankova and Stick, 2006). The second approach was the decision to use
content analysis, which came after the compl etion of the study. Content analysis was used to
anayse and interpret the transcribed text. Content analysisis aresearch method that allows
the researcher to find and conceptualise socia patterns of behaviour or trends in the data set
observed (Walsh et al., 2015). The core study of WBH being a more suitable delivery
homework method than that of PBH in the context of the UAE is the concept under
investigation. This method of interpretation was used to clarify the purpose of the study based
on the students' understanding of their experiences with the homework delivery methods,
WBH or PBH (Rennie, 2007). Student responses to initial themes were coded using the
qualitative software NVivo. The findings consist primarily of the keyword content analysis,
coded into themes or categories using memos to analyse the content. This process was
completed manually using NVivo by highlighting the searched-for text about the theme and

dragging over from the results box to the Nodes box under the relevant category.

Further understanding of the student participants experiences was gained by adapting
the phenomenol ogical research methodology used by Moustakas (1994). Moustakas used a
modified version of the Van Kaam (1959) method that involved the understanding, meaning
and the structure of a person's or groups of individual experiences (Barbour, 2011). Thisthird
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methodological approach applied to the analysis enabled me to find patterns, trends and
shared beliefs from the lived experiences of the participating students. Thus, the analysis of
the transcribed data was an adaptation of Moustakas's (1994), phenomenol ogical approach to
get agood "lifeworld" understanding of the student's usage of WBH in comparison to that of
PBH (Rennie, 2007; Barbour, 2011; Brooks and Psychologist, 2015, p. 642). Common
themes or parent nodes from the lived experiences of the UAE student participants were
mapped out and identified. Since the objective of the semi-structured interview questions was
to gain a comparative insight into student experiences with WBH and PBH, the RQs were
used as a guide to help with this focus and comparative analysis. NVivo was used to reduce
the transcribed text that included the elimination of repetitive words and phrases. This
process was used to increase the quality of the participants experiences with the homework
delivery methods (Cresswell, Ivankova and Stick, 2006; Rennie, 2007; Moustakas, 2011,
Walsh et al., 2015). In each of the grouped cases that comprised coded individuals, area-life
textual account description of the homework experience was given (Corbin and Strauss,
1998). The synthesised description that includes the interview questions, emergent themes,
and a coded narration of the student participant responses to their lived experience, is
indicative of an integrated account of the three methodological approaches used for the
design and analysis of the interview process. The process exemplifies the inductive approach,

content analysis and the Van Kaam methodol ogy.

Interviews were recorded using Evernote and uploaded to QSR NVivo. Evernoteisa
cloud-based notetaking and recording application, which | downloaded onto my smartphone.
The smartphone was password protected and suitable for interview recording as it affords
anytime and anywhere access (Ifeanyi and Chukwuere, 2018). Evernote is compatible with
NVivo, and the notes can be directly imported from the cloud-based platform. Using the
NVivo software helped to organise, arrange and filter avast amount of data. Once coded, the
text assigned to the code was easily viewed and arranged so that it could be put into a
category that addressed the RQs. Also, NVivo could run specific searches that would find
words or synonyms related to a common theme. The transcript was then formatted in
Microsoft Word such that it could be successfully uploaded to NVivo. Interview questions
were assigned headings and then displayed in the contents section of the tool. This structure
simplified getting from one section of the transcript to another. It also helped to put the
selected texts into properties when importing the transcript into NVivo—in short, formatting
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the interview transcript as such, facilitated data analysis. Moreover, it helped to reduce the

amount of time required in repeatedly sifting the data manually.

3.6.11 Using NVivoto Verify Codes, Develop and Clarify Categories

The software program NVivo was used to analyse high-frequency keywords related to
WBH and PBH. This strategy helped to determine student perceptions based on their real-life
experiences with the homework-delivery methods. Addressing frequency word usage was the
first step of the analysis process. The second step was to code the comments and responses to
the semi-structured interview questions and to organise them into themes and categories. The
third step was to decide which categories were the most important and to examine them for
irregularities or inconsistencies with the main RQs and the research process itself (semi-
structured student interviews). This process would help to resolve any dilemmas with the

collected data (student pre-and post-test homework experiences and in the student survey).

With the NVivo tool, open coding was used for the semi-structured student
interviews. A process of manual coding did take place in the first instance to identify the
interviewed students in their respective schools. The coding processis evident in the
interview transcript that was uploaded to NVivo (see Figure 12). However, using open coding

in NVivo gave an extensive range of unstructured results.
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Figure 12. The coding process.

that led towards memo writing from a more organised and focussed list of codes. Focussed
coding tried to structure these results into themes. The objective of focussed coding was to
identify recurrent patterns, rethink the general topic and to regroup student responses into
categories that could address the RQs (Charmaz, 2006). For example, in Figure 12, the
coding for whether the students experienced greater communication with their peers whilst
interacting with the tool was commonly expressed through the usage of their phones. Hence,
the word "phone" became a sub-theme associated with greater communication. A process of
carefully comparing student responses to interview questions was used, as well asthe
comparison of categories that included both properties and dimensions. For example, | had
communication as atheme that had a sub-theme: the phone. This sub-theme captured times
when students used the phone as a method of communication with their peers and friendsto
discuss, find out answers to consequent problems and generally seek help with their

homework task. However, this was done using the content analysis methodology guidance on
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coding. | worked through each of the student responses to questions in the transcript, line-by-
line. This method enabled me to get a better understanding of the key themes and abstract
categories that could be conceptually related, particularly in the case of student usage of
social media and the theme communication. Keyword frequency and aligned phrases were
highlighted in the tool from the search function and noted on post-it notes like those shown in
figure 12. Memos were written to try to filter through the student responses and arrange them
with the created themes that could address the RQs. The more student responses coded, the
more the post-it notes started to ook like a brain-storming exercise or amap that had
branches to specific categories. Memos were written and used throughout this process to help
keep pace with thought processes that linked the coding to the categories that could later
address the RQs.

Creating codes with reflective memo-writing was a system used throughout the
interview procedure and when addressing the final interview transcript with the data from all
four schools. Codes were updated continuously to help merge the interviews and to produce
onefinal transcript. Since the schools were not competing against each other and since there
was no distinction between them, one final transcript that addressed student responses to the
set questions was deemed appropriate (Jehn and Doucet, 1997). A final matrix was put
together that held categories, codes, properties and dimensions (see figure 13). Student

responses and comments were added to try to align them to the RQs.
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Student Quote

Coding

Theme

Once | am on the Internet I'm always
interacting with my friends whilst I'm doing my
homework.

Reference 1-0.27% coverage
Students BAS

Communi cation

We would phone each other to check on the
processes used in order to get the correct
answer.

The instant feedback makes you check your
work if there are mistakes and you can
resubmit to get a better mark.

The instant feedback surely helped. | used my
lesson notes a lot more with the WBH than
with the PBH. The online lesson notes help as
well and was a good way to revise.

Using the lesson notes to revise our thinking if
we are wrong.

It allows us to change our thinking by |ooking
at problems again.

The instant feedback makes you check your
work if there are mistakes.

Instant feedback helps you to go back and
check your work, especially when there are
mi stakes.

Figure 13. Matrix of categories and initial

It was essential to try to verify all assigned codes so that they were consistently
applied (Corbin & Strauss, 1998; Miles & Huberman, 1994). The first phase of the coding
was completed using pen and paper and then matched into groups or categories that helped to
identify patterns or trends in the interview data. Student responses were then grouped under a
node in NVivo and comparisons were made between the codes used for the transcript data
and the codes used and entered in NVivo (see figure 13). The comparison confirmed that the
codes used were similar, for example, communication and engagement. Theinitial coding
from the transcript data was too narrow and mirrored the exact words used by the students' in
the interviews. The comparison helped to reveal and clarify whether the new codes were
representative of the interview data. Categories were used to capture student-coded responses
from the four schools and were put together to address the RQs. The codes that were used and
grouped into categories conceptually captured what the students involved in both the WBH

Reference 3-0.76% coverage
Students BA3 and BA4

Reference 31-0.17% coverage
Student GA5

Reference 34-0.48% coverage
Student GA1

Reference 2-0.17% coverage
Student GB2

Reference 27 0.15% coverage
Student GA1

Reference 6-0.22% coverage
Student BA5

Reference 49-0.23% coverage
Student GA3

Communi cation

Instant Feedback

Instant Feedback

Metacognition

Metacognition

More Engagement

More Engagement

framework thinking.

and PBH tasks had expressed. These were their reported experiences.
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All codes and categories that were given to the interview datawere applied
consistently (Corbin and Strauss, 1998). The interview transcripts were coded using NVivo
by manually highlighting and dragging the relevant text to the parent and child nodes (see
Figure 13). Theinitial codes that were written used post-it notes. The post-it notes were then
arranged into categories that helped to identify areas of repetition within the data set. These
areas of repetition were derived from consistencies in student responses to set questions.
Afterwards, these codes were filtered and entered into a Microsoft Word document, under the
heading that had the RQ. Some comments were added to the codes before being transferred
back into NVivo.

The codes entered into NVivo were compared with the initial codes that were written
on the post-it notes to see whether they could represent the transcribed data. The comparison
between the two coded data sets showed that the initial codes were perhaps too broad and not
nuanced enough to represent the data set accurately. With additional sub-themes or newly
created nodes, it was possible to make the themes narrower to fit the data. Therefore, re-
coding the interview data was an essential step in getting the transcribed student datainto the
appropriate categories or themes. The students' responses to questions were recorded in
memos and highlighted under the set themes. The codes that were devised conceptually

reflected what was said by the studentsin the interview.

Memo writing helped to facilitate thought and reflection and the development of the
codes and categories. The memos were used when trying to establish links between the data
and the setting up of categories that could be used to address the RQs. This process provided
the theoretical framework asinitial coding was developed into more focussed coding. Also,
memo writing hel ped to take away the pressure of having to fit or determine how some ideas
could be located in the context of the overall research findings. Being able to leave the
memos for a period helped to sort out ideas and to structure them into categories or to remove
them later on.

The next step in the organisation of the interview data was to go through each line of
the interview transcript and use focus codes that would help to align the student responses to
each RQ. This approach helped to identify the issues considered relevant to the students at the
interviews. These phenomena were assigned a conceptual |abel, which became a code or a

concept (Corbin and Strauss, 1998). The codes or concepts sometimes overlapped and shared
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many similar characteristics, put together into categories to possibly build atheory. This
process helped to focus on answering the RQs by using the interview data to develop
categories. The focused codes helped to guide and structure the categories (Corbin and
Strauss, 1998). The development of categories was atwo-part process. The first was the
process of iterative coding that used a manua method of working through the text and
assigning codes to the students from the different schools. This method a so involved
working through the student responses to devel op themes that could address and answer the
RQs. The second process was aimed at devel oping the codes further by grouping the student

responses from each school and aligning them to each RQ.

=
S

Open U interlink categories

coding to build theory
group similar

b4 dd label
a0a:abe; . codes
Comenm =2 o oy

for example event,
object, action or idea

| | ! ; |
: | share properties | | may have properties |
' | : i and dimensions

Figure 14. Coding stepsin content analysis (Corbin and Strauss, 1998, p. 158).

Using content analysis to count the frequency of words or categories occurring in
interview transcriptsis vital from the perspective of the interviewees. These words or
categories can have essentia properties or dimensions. According to Strauss and Corbin
(1998), a property can have ageneral or a specific characteristic of a category. This
dimension refers to the location of a property along a continuum (see Figure 14). For
example, the category "greater communication” could have the properties of the phone, peers,

friends, brother, sister, family members, social media, plus others.

The main category was central and distinctive in the sense that it stood out and tried to
define what was happening as part of a developed theory. All of the sub-categories related to
the central theme or category repeatedly appeared in the interview transcript (Corbin and
Strauss, 1998).

The coding of the data helped to devel op the analytical framework when attempting to
address the RQs. It isthe link between the collection of the data, both quantitative and
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gualitative that either supported or rejected the study's hypothesis. It also provided further
evidence to support or reject a connection between the empirical reality of the study and my
initial hypothesis that WBH is a suitable homework delivery method in the UAE. The coding
brought together the responses made by the students about their experiences with the WBH
and PBH tasks. The coding also helped to explain and predict possible outcomes and
scenarios when students engage in similar future activities. Comparing the collected data with
others helps to widen the research base and to "ground” what has been found in a possible
emerging theory (Charmaz, 2006).

3.7 Qualitative Data Analysis

The qualitative data analysis involved four semi-structured student interviews that

hel ped to capture student experiences with WBH and PBH.

Thefirst stage of the interview data analysis was to identify the units for analysis. It
was done by breaking up the interview into useful and manageable chunks of data and
becoming more familiar with it. Then, it was necessary to work with individual words and
phrases as well as sentences and paragraphs from the transcribed text on aline-by-line basis.
The formatting of the text started with student responses in the form of sentences. Sometimes
these sentences would be long and contain many facets that would need breaking up on a
line-by-line basis. Also, the analysis of the data would require editing and spacing, and this
allowed for notes and memos to be made in-between the text. The second stage wasto give a
comment or code to each line or chunk of data. The code given to the data should try to
describe the meaning of the text accurately. Then, the "open coding process' used a particular
word to describe the meaning of the text. After open coding, the entire interview, alist of all
the codes were made. Theinitial list was exhaustive and contained similar codes, as well as
some redundant codes. It was then essentia to reduce thislong list of codesto amore
manageable and meaningful list, with constant comparisons being made between the new,
more manageable list and the original list of codes to see whether or not the new list of codes
matched that of the old (Kondracki and Wellman, 2012).

The third stage was to code the codes or to use "closed codes’ (Wicks, 2017). This
closed coding process tried to identify key themes or categories that would group the open

codes. Closed coding was a time-consuming process that involved reducing the coded items,
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again and again, to get them to address the key themes from the text. The final themes
generated aimed to reflect the purpose of the research, and they are exhaustive in the sense
that they are sensitive towards the generated interview data. For example, it was essential to
investigate whether the themes and sub-themes were di stingui shabl e between the different
homework methods. At the end of this stage, arange of themes was put together that reflected
the students' real-life experiences of using the tools with regard to the semi-structured
interview questions. These themes covered common themes—themes that | expected to
emerge out of the data. Then there were the unexpected themes, which | did not expect to
find from the data. Some themes were difficult to classify, asthey contained ideas that do not
necessarily fit into one theme, or they overlapped with several other themes. Finally, there
were major and sub-themes. The major themes represent the major ideas and the minor, the
secondary ideas from the interview transcripts. The sub-themes that appeared as the "child

nodes' are given under major theme headings in Chapter 4.

Stage four was to gather all the interview quotes within atheme and examine as many
of the ideas as possible that make up the theme and sub-themes. | then looked at how these
themes interact with each other to find out whether there was a sequence or order to which
certain textual information belonged. Similarly, | looked for any evidence of any relationship
between the overarching or hierarchical themes. This process was essential for some student

responses that were initially difficult to classify because they fit into several themes.

In the fifth stage, | repeated the first four stages for the other three remaining
interview transcripts. In some, new themes emerged, but the themes largely replicated what
was already discovered in the first transcript analysis, as student responses to the set
guestions were similar. Constant comparisons of the themes were made, and where new
themes emerged, they were recorded in memos and coded. At this stage, classification trees
(see Figure 15) were built and were essential to moving from specific ideas to general ideas
(Braun and Clarke, 2006).
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Research Question

Theme

Student perceptions at interview with supporting

evidence/text in asummary table

Figure 15. Classification tree for the qualitative data write-up.

The final stage of the qualitative data analysis process was the write-up, depicted in figure
15. After completing all the interviews and reading through the transcribed data, | constructed
anarrative of the themes, sub-themes and codes. This narrative describes the themes with
guotes from the interviews that are aimed at supporting my ideas. All of thisinformation was
organised and led by the RQ. It was then aligned to the theme that was generated or chosen to
address the RQ. An interpretation of the meaning of the theme, then followed, with evidence
from the transcribed data to support the RQ. This supporting evidence included students
perceptions of their lived experience during the study. Their described experiences were
followed up by a discussion of the interrel ationships between the sub-themes and the themes.
These themes highlighted the theory that | set out to develop. A deductive, thematic approach
was used in the very last stage of the analysis process (Braun and Clarke, 2006; Wicks,
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2017). Thisanalysis process led to the presentation of the resultsin three parts. So, the

emergent themes were used in athree-step process of analysis as follows:

1. RQ,
2. theme, and

3. student perceptions.

This "top-down" approach was used to inform my interpretation or to provide possible
explanations for the hypothesis tests conducted in the quantitative data analysis (Wicks,
2017). This method was chosen to add authenticity to the research process. The observationa
datafrom the student interviews, namely the quotations used from the generated themes and
sub-themes, were used as evidence to either support or reject my theory (Braun and Clarke,
2006; Moretti et al., 2011; Kondracki and Wellman, 2012). This "thematic anaysis’
methodological approach can be used in conjunction with content analysis, where the RQ
forms the basis of enquiry. After thoroughly examining the transcribed data to develop
themes, | used the themes generated by the supported text to answer the RQ (Braun and
Clarke, 2006).

The content analysis method used in this study described and classified the written
transcribed text into identified categories that had similar meaningsto that of the related text
(Moretti et al., 2011). The categories that were created represented the views, opinions and
experiences of the participating studentsinvolved in the PBH and WBH control and
intervention groups. The classification of the written text into identified categories of similar
meaning was put together with how | thought things should work, through the students
experiences with the tools and through my experience of working with children (Corbin and
Strauss, 1998; Walsh et al., 2015).

Substantive coding was used to capture critical levels of conceptual abstraction derived
from textual exploration and word usage concerning theoretical underpinning (Corbin and
Strauss, 1998; Walsh et al., 2015). For example, when looking at the possible positive
interactions between the students and the tools used. Thisinteraction can be two-fold. The
first, isthe interaction between the student and the use of Myimaths and GeoGebra, and
second, would be their positive interaction with other stakeholders, their peers, parents,
friends and other interested parties. The analysis aimed at finding keywords associated with
the main conceptual theme and then considered the student or students' response that could
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shed light on their experience and on addressing the RQs. Figures 12 and 13 are exampl es of
items coded to try to address the notion that students communicated far more often using
WBH than using PBH, albeit the more frequent communication was not always perceived
positively. The students continued to interact with others via social media or mobile

communication technology.

In short, NVivo was used to assist in the analysis by creating links, coding and doing
simple statistical calculations to find where possibl e relationships were within the transcribed
text. The content analysis method chosen enabled me to identify the keywords, paragraphs or
themes from the data that could link to the RQs (Hsieh and Shannon, 2005). The content
analysis supported the use of direct quotations to help conclude the experiences of the

students who had different homework delivery methods.

3.8 An Integrated Approach to Answering Resear ch Question 3

The second research question (RQ2): What are student perceptions of their learning
with WBH and PBH?

In order to answer RQ2, a mixed-methods approach was used. Student survey
perceptions were analysed with SPSS, and they were used with the recorded student
interviews entered in NVivo for qualitative analysis. The 25 item student survey data was
entered into SPSS, and the respondents’ frequency distributions, means, standard deviation
and correlations between response items were compared across all 25 statement items. The
student responses to survey items were then placed in tables and appendices to support the
main findings from the survey to be presented in chapter four. The survey construct reliability
was then checked using Cronbach's apha and Principal Component Analysis (PCA) to seeif
the survey items that were grouped to measure the constructs were suitable. Factor analysis
was used to reduce further component variable factors associated with the constructs being
measured to a minimum to try to parsimoniously explain the variables that were |oaded onto
the rotated extracted components. The extracted component factors were then aligned to the
construct measures when the data were re-tested using the alpha coefficient (Cronbach's o).
The first output from the analysis was the table of the descriptive statistics for al the
variables under investigation. This output is the mean, standard deviation and the number of

respondents (N) who participated in the survey. The following output from the analysisisthe
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correlation coefficient. A correlation matrix gives the correlation coefficients between a
single variable and all the other variablesin the investigation. If any variablein the
Correlation Matrix had a value of lessthan 0.5, | would withdraw that item from the analysis
and repeat the factor analysistest in SPSS. The next stage isto look at the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy. This measure determinesif the responses given
with the sample are adequate. The KM O measure should be close to 0.5 for a satisfactory
factor analysis to proceed (Kaiser, 1974). Kaiser (1974) recommended that the minimum
acceptable value for KMO is 0.5 (barely acceptable) and that values between 0.7 to 0.8 are
acceptable, and values above 0.9 are superb. The total variance is then explained by
Eigenvalues that reflects the number of extracted factors whose sum is equal to the number of
items which are subject to factor analysis. The Eigenvalue tableis divided into three sub-
sections, i.e. Initial Eigen Vaues, Extracted Sums of Squared L oadings and Rotation of Sums
of Squared Loadings. For the analysis and the final interpretation, we are only concerned with
the Eigenvalues that are greater than one. The next part of the analysis processisto look at
the Component Matrix, which tells us the number of items that are loaded onto each
component. The higher the absolute value of the loading, the more the factor contributes
towards that variable which has yet to be named. Ideally, the final named variable or factor
should coincide with the construct | am trying to measure. All loadings less than 0.5 were
suppressed (Pituch and Stevens, 2015). L oadings greater than 0.4 were pre-set in SPSS as a
good value for minimum loading of avariable or item onto afactor (Bunz, 2010). According
to Tabachnick & Fidell (2007), 0.32 isagood value for the minimum loading of avariable
onto afactor and accounts for 10% of the shared variance. However, in this study, | used the
cut-off point of 0.5, given my sample size was 204 pupils. According to Pituch (2015), there
is arelationship between sample size and acceptable factor loadings. For a sample size
greater than 100, factor loadings are significant at the 0.01 level when they are larger than
0.512 (Pituch and Stevens, 2015). Finally, the idea of rotation must be contemplated to try to
reduce the number of factors on which the variables under investigation have high loadings.
Rotation does not change anything, but it tries to make the interpretation of the analysis much
easier. This can be achieved by possibly deleting select survey items and by using Oblique
rotational methods in SPSS. Even though my initial intention was to use the cut-off point of
0.5, the Oblique rotational method of analysis was investigated out of curiosity because some
valuesin the Component Correlation Matrix laid between 0.32 and 0.5. | choseto do this
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because it could also address the subjective and somewhat controversial literature that

supports factor loading values (Hartas, 2010).

Thematic analysis was important in presenting the datafor RQ2 so that any
interpretation of that data was consistent with the theoretical framework used. The thematic
approach used to answer RQ2, included an interpretation of RQ1 and that was based on the
students' lived experiences. Hence, the themes generated are aligned with the RQs. Since this
study worked on an experimental framework, claims about the social construction of the
research topic cannot be made, but the method of analysis for the interpretation of the data
was driven by the RQs (Braun and Clarke, 2006; Wicks, 2017). The themes generated have
an interconnectedness about them. Student communication involves the interaction not only
with the tool but with what is around the student, including people in the home, mobile
devices and Internet resources used to assist them in completing the homework task. The
instant feedback given from the tool encourages other forms of communication with peers,
other parties, Internet sources, reflection on student notes, books and other forms of help.
This feedback could lead to the revision of students' thinking as they re-attempt questions that
were marked incorrect. Revised thinking is an influential driver of students spending more
time interacting with their WBH task, for multiple reasons. Therefore, student engagement is
an interconnected theme if students perceive that they spend more time on their homework
when it is WBH as opposed to PBH. The categories and connections made from summary
tables are the main results of the interviews and contribute new knowledge about the world
from the perspective of the participating students in this study. Notably, this new knowledge
from the participating students is represented by their quotations, obtained from the student
transcripts, which were aligned with the themes and their meanings in a summary table
(Wicks, 2017). The summary tables offer "findings a a glance" (Wicks, 2017, p. 254). Since
themes are patterns across data sets that are important to the description of a phenomenon,
they can be associated and aligned to the specific RQs (Braun & Clarke, 2006; Hartas, 2010;
Miles, Huberman, & Saldana, 2014).

3.9 Ethical Considerations

Consent for research was sought and received from students and parents, who signed
the consent form issued by the schools' principals. The consent was completed after the
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approval of awritten request to conduct research at the school was issued by the University
of London, Ingtitute of Education (I0OE) and the ADEC. The students were informed of the
voluntary consent process, as outlined by BERA (2011). Students were told that at any time,
they could leave the processiif they so wished. They could do this by discussing the matter
with their class teacher. A written letter was sent home to the participants parents to both
confirm and acknowledge the voluntary consent involvement in the study (see Appendix 28).
In addition, the participants and their parents were informed as to why their involvement was
necessary and for what purpose the research would be used.

The letter also highlighted that every effort would be made to ensure the anonymity of
the participants chosen in any final research publication outside the context of the school.
Confidentiality was maintained throughout the study, as students were informed that they
were part of the context of research and that they were not the subjects. Therefore, anonymity
was assured outside the context of the chosen participants. Student surveys were anonymous,
but they did disclose gender. However, since | was the only one able to access the data, |
could assure that the students' identities remained anonymous, so no waiver of rightsin
writing was needed from their parents. No names were associated with responses for recorded
items, and an assurance was given that recorded responses to items would be erased
immediately after the research was complete. | ensured that students were not identified as a
result of putting their gender on the survey. Students were aso allowed to "opt out” of
answering questions on gender or any of the 25 statement items if they feared some sort of
reprisal. The survey and interview data were anonymous, as the names of individuals and the
school were omitted. The pre-and post-test data after the completion of the study were
deleted to make the participants further anonymous. The Web-based and PBH data used in
this study does not reveal the identity of any student or teacher, as only examples of
homework activities and their results were given. All the data were stored in a secure private
location outside of the school premises, where only | had access to the information, which

was password protected.

Interview access to the girls schools was complicated due to cultural sensitivity about
the presence of men in women-only contexts. Therefore, semi-structured interviews were
chosen so that their class teacher could go through questions that were already prepared by
(me) the researcher. The success of the interview was reliant upon their class teacher going

through and recording responses to questions in an orderly manner. Also, interviews were
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dependent on the teacher's relationship with the randomly selected students. All teachersin

girls schools are female.

There were ethical issues to consider regarding the selection of participants to the
WBH and PBH groups. Where a participant repeatedly selected a number that was later
found to be associated with the PBH group, and that participant wanted to change to the
WBH group, the class teacher and | tried to facilitate this change for reasons of fairness and
equity. Only asmall number of students complained about repeated selections to the same
homework group. Throughout the study duration, this was combated by an automatic switch
in two of the classesto avoid participants being repeatedly chosen for the same group. This
happened near the end of the study to keep participants happy, and it was implemented at
their request.

| followed the review pane's instruction and guidance notes after my upgrade and told
students to limit the number of homework attempts to a maximum of two. Limiting
homework submissions proved extremely unpopular and, as the students themselves pointed
out, "unredistic”. Students told me that even with two submissions, they would simply click
the "Next" button on Myimaths and take the homework task multiple timestill they believed
they were ready to input their login details and submit. With the GeoGebra homework, they
could interact with the task as much as possible until they felt the homework was suitable for
submission onto the Classtell.com website. Thiswas primarily due to the homework style and
type. For equity considerationsto prevail, | had no option but to allow students using
Myimaths and GeoGebrato interact with the tools as much as they wanted and to investigate

this behaviour as a possible confounding variable in the analysis of the results.

3.10 Summary

The purpose of this research study was to evaluate WBH versus PBH and see which
homework method was more suitable, given the context of cycle-two and cycle-three students
in the UAE. The RQs target some of the interaction effects of using WBH tools, and finaly,
what student perceptions were about their learning with both Web and paper-based
homework. A goal of this study and otherslikeit isto find out whether students benefit from
engaging and interacting with WBH tools that would help them to improve at mathematics
through the possible reinforcement of learning. This chapter outlines the methods used in
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order to answer the RQs. A two-group pre-test, post-test control design was used to find and
measure the interaction effect of adifferent homework delivery method than that of
traditional PBH. Student perceptions of these measures were collated and analysed using a
survey near the end of the study. The survey was given to students after they had completed
pre-and post-test homework tasks that compared student homework scores using the WBH
tools Myimaths and GeoGebra with that traditionally given viaPBH. The third part of this
study was the student interviews; this part sought, whether the student data collected and
analysed quantitively could be supported by the analysis of the qualitative data with that of
student perceptions about their homework delivery methods. The final stage isto consider the
findings from this research study with findings in other research on WBH versus PBH studies

using the constructs mentioned in the literature review (see chapter 2 section 2.3.1 to 2.3.8).
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Chapter 4 — Results
4.1 Introduction

This chapter presents the quantitative and qualitative data findings of the study. It
begins by presenting the results of the participant breakdown by school, year group and
curriculum strand and then the underlying assumptions used in the study to conduct the tests
in SPSS. The two research questions (RQs) are used in this chapter to analyse the data
collected from the students' performance homework scores using the tools Myimaths and
GeoGebra (i.e.,, WBH) versus traditional PBH tasks, a survey and semi-structured interviews.
Each RQ and the accompanying hypotheses are then answered and, in turn, either supported
or rejected based upon the usage of avariety of statistical techniques. Each RQ hasits results
presented in this chapter, and then they are discussed in chapter five.

4.2 The Participant Breakdown

Table 7 shows the student participant breakdown of the four selected schools. There
were 575 (327+248) participantsin the girls school that accounted for 52.8% of the selected
schools' population and 514 (267+247) participants for the boys, accounting for 47.2% of the
selected schools' popul ation.

Table 7. Student Participant Breakdown by school

School Frequency Per cent
Boys school A 267 245
Boys school B 247 22.7
Girls school A 327 30.0
Girls school B 248 22.8
Total 1089 100
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Table 8. Homework Task Completion by Year Group

Y ear Groups Frequency Per cent
Year 7 93 8.5
Year 8 256 235
Year 9 180 16.5
Year 10 398 36.5
Year 11 162 14.9
Total 1089 100

Table 8 shows the breakdown of the number of homework tasks completed by each
year group. This year group distribution is grouped by school years, ranging from year 7
through to year 11. It is clear from the table that studentsin year 10 completed most of the
homework tasks (398 out of a possible 1089) accounting for 36.5% of the tasks set in this
study. Thiswas by no means a deliberate result. The homework tasks that were given were
based on convenient access, suitability and where students were in relation to curriculum

content material covered and their up-coming assessment material

Table 9. Completed Homework by Curriculum Strand

Curriculum Task Frequency Per cent
Number 373 34.3
Algebra 191 175
Shape 431 39.6
Measurement & Data 94 8.6
Tota 1089 100

Table 9 shows a breakdown of the number of completed homework tasks that the
participant students were engaged with by curriculum strand. The mgority of the homework
tasks completed were on shape as 431 homework tasks were completed out of a possible
1089. The research covered the four main strands in the mathematics curriculum: number,
algebra, shape, measurement and data. Comparative analysis between the strands is not part
of this study, and therefore only possible attributable variables will be discussed when
addressing the RQs. These variables would include the tasks that are associated with the
curriculum strand, as shown in the WBH and PBH tasksin Appendix 2.

120



Table 10. Control or Intervention Participant Groups

Control/Intervention Frequency Per cent
Intervention 543 49.9
Control 546 50.1
Total 1089 100

Table 10 shows that 546 students were assigned to the contral (i.e., PBH) and 543

students to the intervention (i.e., WBH) groups.

4.3 Running Statistical Testsfor the Data Assumptionsin SPSS

The data generated for the two-group control pre-test, post-test design was collected and
entered into SPSS to test the assumptions required to run an independent samples t-test.
Three conditions must be met as the preconditions for meaningful use, and we need to test to

see whether these assumptions were met. These conditions are as follows:

1. independence (participants between and within the groups of control and intervention
were randomly selected from the population, and the sample selected for one group
has no bearing on the sample selected for the other groups),

2. normality (scores are normally distributed around the mean of the dependent variable)
and

3. homogeneity of variance (groups have equal variances in the population).

Assumption 1

In the methodol ogy chapter, | gave an account of how the data would be collected, the
size of the sample and how students were selected to participate in the control and
intervention groups (See section 3.5). Therefore, this account supports the first assumption.
There are possible confounding variabl es associated with the notion of independence,
primarily when students assigned to opposing study groups can interact with each other and

are from the same school class.
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Assumption 2

To determine whether the assumption of normality had been met, | ran a Shapiro-
Wilk normality test in SPSS.

For at-test to be carried out, the dependent variable should be approximately
normally distributed for each category of the independent variable. However, an independent
sample t-test only requires an approximation to normal data distribution becauseit is quite
"robust” to violations of normality due to the Central Limit Theorem (Laerd Statistics, 2015).
The theorem states that the distribution of sample means approximates a normal distribution
as the sample size gets larger, meaning that the assumption can be violated and still provide
valid results. The Shapiro-Wilk test was used to test for the normality assumption (Hartas,
2010).

Table 11. Test of Normality Assumption

Shapiro-Wilk
Control or intervention Statistic df 59
Post-test  Intervention 693 536 .000
Control 866 531 .000

Table 11 indicates that the post-test homework scores were, not normally distributed,
as assessed by Shapiro-Wilk'stest (p < .05). Thetest tells us that the students homework

scores significantly deviate from anormal distribution.

Table 12. Post-test group statistics showing mean, standard deviation and the standard mean error

Group Statistics

Control or Intervention N Mean Std. Deviation  Std. Error Mean
Intervention 536 95.56 6.707 .290
Post-test
Control 531 88.87 11.522 .500

Table 12 shows the values of the control (PBH) and intervention (WBH) group
statistics (M = 95.56,SD = 6.707) and (M = 88.87,SD = 11.522), respectively. The
group statistics help us with the analysis of the results for the third assumption, as at-test is

run.
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Assumption 3

A Levene's test would determine the homogeneity of variance. If thetest isfound to
be statistically significant, it will endorse the rejection of the null hypothesis that thereis an
equal variance between the groups. Table 13 shows the statistically significant result of the
Levene'stest when thet-testisrunin SPSS p < .05, which indicates that the null hypothesis
(equal variances between the groups) must be rejected. The violations of the assumption of
normality and homogeneity are also further supported when looking at the Q-Q plots and
histograms in Appendices 5 and 6. Appendices 5 and 6 show that many students achieved full
scores in both pre-test and post-test homework tasks in the control and intervention groups.
Thiswas comparatively at the significant level between the WBH and the PBH groups. One
hundred and eighteen students achieved full marks on their WBH task and 95 students on the
PBH tasksin the pre-test. In the post-test 346 students, out of a possible 536 students
achieved full marksin the WBH group. Thisresult isin contrast to the 171 out of apossible
531 in the PBH group. Both groups had improved on attaining full scores, but the WBH
group significantly so. The empirical redlity of the study in allowing multiple homework
submissions for improved mathematics homework score was an ethical consideration given
based on what was allowed and what was done in previous studies. The facilities and features
the WBH tools have and how students would naturally behave and interact with the resources
given was essentia to the success of the study and its design. These interaction effects would
have to be considered between the pre-test and the post-test, asit could to be a limitation to
the internal validity of the study and its design.

Table 13. Levene's Test for Equality of Variance (Homogeneity)

F p-value
Post-test 120.212 .000

The result of the Levene'stest in table 13, indicates that the assumption of
homogeneity (equal variances between groups) is violated. The group variances are
significantly different from each other p < .001. The result left me with three possible
choices; thefirst isto proceed with the original data set and rely upon the robustness of the t-
test given my sample size. Second, to proceed with a nonparametric equivalent test called the
Mann-Whitney U test. Findly, to transform the data so that the assumptions of normality and
homogeneity are met. All three approaches were used and investigated in this study.

However, in order to use these approaches effectively, it is necessary to comparatively look at
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the mean scores to enable us to get a measure of the central tendency and what could possibly

be considered normal for the groups.

4.4 Resear ch Question 1

Research Question 1 was stated as follows: Do students interact more with WBH than with
PBH?

Null Hypothesis 1. Students do not complete more WBH than PBH.
Alternate Hypothesis 1: Students do complete more WBH than PBH.
Hyl:pl =p2

Hi1:pl # p2

Table 14. Amount of Web-based and paper-based homework completed (in %)

Contral or intervention * Task Completion Cross tabulation

Task Completion Tota
Attempted both  Completed both Completed Completed
pre-test and post- pre-test and post- pre-testonly  Post-test only

test test
intervention Count 191 112 6 234 543
(WBH) % Total 17.5% 10.3% 0.6% 21.5% 49.9%
control Count 366 86 9 85 546
(PBH) % Total 33.6% 7.9% 0.8% 7.8% 50.1%
ot Count 557 198 15 319 1089
% Total 51.1% 18.2% 1.4% 29.3% 100.0%

Table 14 shows the percentage count of the participants who attempted both pre-test
and post-test, completed both pre-test and post-test, completed only pre-test, and completed
only post-test in the intervention and control groups. It is evident from the above-mentioned
table that the percentage of participants who didn't complete both pre-test and post-test was
higher for paper-based homework (control group: 33.6%) as compared for the web-based
homework (intervention group: 17.5%). The percentage of participants who completed both
pre-test and posttest was higher for web-based homework (intervention group: 10.3%) as
compared to paper-based homework (control group: 7.9%). The percentage of participants
who completed only pre-test was higher for paper based homework (control group: 0.8%) as
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compared to web based homework (intervention group: 0.6%) and percentage of participants
who completed only post-test was higher for web based homework (intervention group:
21.5%) as compared to paper based homework (control group: 7.8%). Total percentages
show that the percentage of participantsin WBH group (intervention group) and PBH group
was almost equal.

A Chi-square statistic was used to find out whether the categorical variables are
associated. The null hypothesis of the Chi-Square test is that no relationship exists on the
categorical variablesin the population and that they are independent. We have two
categorical variables, homework completion and treatment (control PBH) or intervention
(WBH).

Table 15. Chi-Square Test

Chi-Square Tests

Value df Asymp. Sig. (2-
sided)
Pearson Chi-Square 128.5852 3 .000
Likelihood Ratio 132.321 3 .000
Linear-by-Linear Association 120.110 1 .000
N of Valid Cases 1089

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.48.

Table 15 shows that the association between treatment (i.e. intervention with WBH)
and homework completion of the pre-test, post-test is significant with Pearson Chi-Square p-
value < .001, Likelihood Ratio p < .001 and Linear by Linear Association is aso significant
with p <.001. Therefore, we can report that a Chi-square test for association was conducted
between the type of homework given (WBH or PBH) and task completion. All expected cell
frequencies were greater than five, which isindicative of test suitability. There was a
statistically significant association between the type of homework given (WBH) and
homework task completion, y2(1) = 128.585,p < .001. The Likelihood Ratio suggests
that the model used isagood fit to suggest that there is an association between WBH and
homework completion. This result is further supported by the statistically significant results
of the Linear by Linear Association test, which measures trends for the associations of

categorical variables.
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However, thereis a problem with the Chi-square test for association, as it does not
inform us of the magnitude or strength of any association. In order to measure for any
association (as mentioned in chapter 3) a symmetric measures test was run.

Table 16. Symmetric Measures Srength of Association Test

Symmetric Measures

Value Approx. Sig.
. . Phi -.063 .037
Nominal by Nominal Cramer'sV 063 037
N of Valid Cases 1089

Tables 16 and 17 show that the association between the intervention (WBH) and
homework completion of the pre-test and post-test is significant with the Pearson Chi-Square
p-value < .001, and the Nominal by Nominal association is evident by Phi (¢) with p <.05.
Therefore, we can conclude that there was a moderately strong association between the use of

WBH and homework completion, ¢ =.037, p <.05 (Cohen, 1988).
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4.5 Resear ch Question 2

Research Question (RQ) 2 was as follows. What are student perceptions of their learning with

WBH and PBH?

4.5.1 Student Survey Results

Table 17. Survey Item Statistics Mean Std. Dev N
E1. I like to do maths homework on the computer. 131 493 203
E2. Online maths homework motivates me to practice maths. 1.53 .981 203
E3. | like to receive immediate scores on my maths homework. 141 749 203
E4. Immediate scores help me to be aware of my performance. 17 1.205 203
E5. | like the help and suggestions facility on my Online maths homework. 1.70 1.148 203
E6. | refer to the Online lesson activities to help me complete my homework.  1.71 1.056 203
E7. Online homework feedback helps me to recognise my mistakes. 1.45 752 203
E8. Online maths homework gives me more chances to practice mathematical  1.50 .829 203
topics.

E9. | enjoy doing maths homework activities Online more than on paper. 1.64 1.123 203
E10. The Online lesson review helps me to review mathematics concepts. 151 .864 203
E1l. | haveless anxiety in taking Online homework than paper-based 175 1.143 203
homework.

E12. Online maths homework helps me evauate my own understanding and 1.52 .786 203
performance.

E13.1 like Online maths homework more than paper-based maths homework.  1.47 .828 203
E14. | fed | can be better at maths as aresult of Online maths homework. 1.60 1.055 203
E15. | am more motivated to do my maths homework on the computer than 1.53 .892 203
on paper.

E16. | am easily distracted when doing Online maths homework. 3.38 1.835 203
E17. | discuss my Online maths homework with my classmates and others. 175 1161 203
E18. My parents are keener to monitor my progress in maths because of 1.69 1.185 203
Online homework.

E19. | get help from my family, friends and othersin completing my Online 167 1.026 203
maths homework.

E20. Paper based homework isjust as effective as Online maths homework. 1.76 1.201 203
E21. Online maths homework is better than Paper based maths homework. 1.67 1.110 203
E22. The use of English language for my Online maths homework is not a 1.83 1.309 203
problem.

E23. My teacher encourages the use of Online maths homework. 1.56 1.626 203
E24. My maths hasimproved as aresult of Online homework. 1.47 772 203
E25. | spend more time on my maths homework because | can interact with 161 .986 203

the maths.
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Table 17 shows the descriptive statistics for each item, including mean, standard
deviation and sample size. The mean score for each item ranges from 1.31 to 3.38, with the
lower mean scores' indicative of strong survey item agreement. The mean score for item E16
("1 am easily distracted when doing Online maths homework™) can be classed as an outlier as
it falls outside the majority of the data (Rousseeuw and Hubert, 2011). The inter-item
correlation matrix in Appendix 31 shows that amost al items are correlated significantly
with each other (with p < .05) except for item E16. The high correlation between all items
shows high construct validity. However, this needs to be supported by areliability check
using Cronbach's alpha and exploratory factor analysis of the statement item constructs that
were grouped to measure student perceptions about their learning with WBH and PBH
(Ferketich, 1991).

For survey item E16, 39.7% of students were in agreement and 38.3% in
disagreement (see Appendix 32). There could have been a misunderstanding of item E16, as
all other student responses to items ranged from a mean score of 1.31 to 1.83. Theresults
indicated a strong favourable agreement within the range of the survey statement items E1 ("I
like to do maths homework on the computer") to the item E22 ("The use of English language
for my Online maths homework is not a problem™). The sample size was 204 students, but
203 students were recorded in SPSS as there was one missing data item from a student whose
survey was incomplete because of a missed response to item E15. There were 328 (6.4%)
neutral responses and 79 (1.5%) don't know responses to select survey items, the largest of
which was survey item E16 that accounted for 22.1% (n = 51) of student responses.

Visual inspection of the frequency tablesin SPSS showed that out of the possible
204 students surveyed (124 male and 80 female), all the students said that they had access to
or could gain access to a computer to do their Online mathematics homework (see Appendix
32).

The main findings of the survey showed that 188 students agreed or strongly agreed
with item E24, "My maths has improved as aresult of Online homework™ (M = 1.47,SD =
0.772); 194 students agreed or strongly agreed with item ES3, "l like to receive immediate
scores on my maths homework™ (M = 1.41,SD = 0.749); 185 students agreed or strongly
agreed with item E2, "Online maths homework motivates me to practice maths' (M =
1.53,5D = 0.981); 193 students agreed or strongly agreed with item E7, "Online homework
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feedback helps me to recognise my mistakes' (M = 1.45,SD = 0.752); 182 students agreed
or strongly agreed with item E15, "I am more motivated to do my maths homework on the
computer than on paper” (M = 1.53,5D = 0.892) and in contrast to that, 80% of the
students surveyed (n = 163) agreed or strongly agreed with item E20, "Paper-based
homework isjust as effective as Online maths homework™ (M = 1.76,5D = 1.201). Follow-
up discussions with students indicated that the immediacy of feedback was a key feature of
homework preference. Students also emphasised the importance of the teacher-monitoring
layout processes in PBH and getting feedback to students in a prompt manner. Some student
interactions suggested that a key concern was the lack of monitoring of layout from the WBH
tool Myimaths. This concern was consistent with the initial pilot study taken in the fall of
2013 and with previous WBH studies (Demirci, 2010; Nguyen et al., 2006). The 81 students
that felt they were easily distracted when doing WBH may be due to interaction with social
media applications or other distractions that pertain to their home environment. We have no
way of knowing whether these social media applications or perceived household distractions
were used to support student learning or if they distracted students and took them off task.
Eighty-eight per cent of students (n = 180) agreed or strongly agreed with statement item
E18, "My parents are keener to monitor my progress in maths because of Online homework™
(M = 1.69,SD = 1.185). This could suggest a homework culture that is supportive of
homework completion and improved mathematics performance. The assumption is that with
the improved student homework scores and additiona time spent on task viathe use of
multiple homework submissions, whatever distractions took place did not hinder student

perceptions about their homework experience, completion and performance.

As mentioned in chapter 3 (section 3.6.9), after looking at both Cronbach's Alpha
coefficients and the Inter Item Correlation Matrix, it was better suited to have survey items
(E1 to E25 from Appendix 16) organised and structured in a suitable way to answer the
research question. The restructuring of items would help to gain a better insight into student
perceptions about Web-based and PBH. From the constructs used in chapter two (section
2.3), that could affect homework completion and performance, the gathering of student
perceptions helped in determining whether students felt that there are associated benefits to
be gained from WBH that could contribute towards improved performance in their

mathematics.
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4.5.2 Student Survey Construct Results and their Reliability using Cronbach's Alpha

It isessential to test the reliability of the survey in its entirety as well asthe
constructs it measured (Hartas, 2010). In the first instance, this was done using Cronbach's
alpha, the inter-item correlation matrix and the corrected item-total correlationsin SPSS.
Cronbach's alpha was used to find out whether it was justifiable to interpret scores that have

been aggregated together to measure constructs based on the 25-item survey inventory.

Table 18a. Case processing summary 18b. Reliability of Student Survey using Cronbach's o.

Case Processing Summary

N % Reliability Statistics
valid 203 995
Excluded 1 05 Cronbach's Alpha n of ltems
Cases
Total 204 100 0.907 25

From the case summary in Table 18a, only one participant from 204 was excluded
due to a missing response to one of the statement items. In Table 18b o =.907, which is an
estimate of the internal consistency for the 25-item inventory. The apha coefficient of 91% is
agood measure for the survey in terms of its design and what it aims to measure (perceptions
about mathematics WBH and PBH) and can be considered as a true score variance (Lance,
Butts and Michels, 2006). A true score variance refers to the reliability of the test based on an
estimate of the variance of reliable ability scores measured by atest. The inter-item
correlation matrix (see Appendix 19) makes clear that al the items correlate positively with
each other with all the corrected item-total correlations in the items-total statistics ranging
from 0.3t0 0.7 (see Appendix 20) apart from statement item E16 (I am easily distracted when
doing Online maths homework). Thisitem if deleted, would improve the interna consistency,
but it isalready at an acceptable level (Ferketich, 1991).

From the reliability test of the survey, it was essential to present the results of the
constructs being measured and to test their reliability, as mentioned in chapter 3 (section
3.6.9). Therdiability of the constructs was a so tested using Cronbach's alphain SPSS.
Cronbach's alpha was used to find out whether it was justifiable to interpret scores that have

been aggregated together to measure a construct.
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Table 19. Survey Construct Results Statistics

Mean Std.Dev N

Construct 1: Student perceptions of how they interact with WBH comparedto  1.58 .657 203
PBH

Construct 2: Student perceptions of how WBH improves mathematics 1.62 .664 203
performance

Construct 3: Student perceptions about their learning with WBH and 156 .656 203
PBH

Table 19 gives the survey construct statistics results and it shows that the highest
mean score is obtained for Construct 2 (M = 1.62; SD = .664), followed by the mean score
for Construct 1 (M = 1.58; SD = .657) and then the mean score for Construct 3 (M = 1.56;
D =.656). The low mean scores indicate positive associations and agreement amongst the
survey items put together to measure the constructs. Strong positive correlations are ranging
from 0.3 to 0.7 in most cases between the survey items grouped (Ferketich, 1991). This
result is supported further by the significant associations amongst all survey items put
together to measure constructs one, two and three in Appendix 33. The item correlationsin
Appendix 33 for constructs 1, 2 and 3 indicate that there are statistically significant
correlations between all the items with p < .01. These results suggest that constructs 1, 2 and
3 have high construct validity. The item correlations for Construct 1 shows that E1("l like to
do maths homework on the computer™) has the highest correlation with E2 (" Online maths
homework motivates me to practice maths") withr = .693. E2 also shows one of the
strongest correlations with item E3 (r = .644). Iltems E3 ("'l like to receive immediate
scores on my maths homework™) and E5 ("1 like the help and suggestions facility on my
Online maths homework™) are aso strongly correlated with r = .560. For Construct 2, the
strongest correlation is obtained between survey item E8 (" Online maths homework gives
me more chances to practice mathematical topics') and E10 ("The Online lesson review
helps me to review mathematics concepts') with » = .7, followed by a high correlation value
between survey items E18 ("My parents are keener to monitor my progress in maths because
of Online homework™) and E19 ("I get help from my family, friends and othersin
completing my Online maths homework") with » = .666. Construct 3 shows that E13 ("I
like Online maths homework more than paper-based maths homework™) and E14 ("I feel |
can be better at maths as aresult of Online maths homework™) have the highest correlation
between the items with r = .717, followed by the correlation between E12 ("Online maths

homework helps me eval uate my own understanding and performance”) and E13 withr =
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.692. So, within the 25-item inventory, the items associated with constructs 1, 2 and 3 were
grouped and analysed. However, it isimportant to note that Cronbach's alphaisonly a
measure of internal consistency and not areliable measure as to how the scale is measuring
any additional isolated constructs.

Table 20. Reliability of construct 1(Sudents perceptions of how they interact with WBH compared to
PBH) using Cronbach's a.

Cronbach's o n of items
.808 8

For construct 1 (Students' perceptions of how they interact with WBH compared to
PBH ) a = .808 (Table 20), which indicates 81% of the variability in a composite score,
combining the eight items listed below as a measure for construct 1, can be considered as a
true score variance. The inter-item correlation matrix in Table 43 makesit clear that all the
items correlate positively with each other. However, in theory, it is better to have the item
correlation somewhere within the 0.3 — 0.5 range to strongly support the notion that the items
are measuring the same phenomenon (Hartas, 2010). The statement item E9 ("I enjoy maths
homework activities Online more than on paper") scored outside of this range with statement
items E3 ("'l like to receive immediate scores on my maths homework™), E4 ("Immediate
scores help me to be aware of my performance”), E5 ("I like the help and suggestions facility
on my Online maths homework™) and E17 ("1 discuss my Online maths homework with my
classmates and others"). These items score outside of the range because they could be saying
asimilar thing. However, the average inter-item correlation that is a measure of internal
consistency can fall in the range of 0.15 to 0.5 (Briggs & Cheek, 1986; Clark & Watson,
1993). According to Briggs and Cheek (1986), this rather wide range suggested, is because
the optimum value that is necessary will be dependent on the target construct that is
measured. Therefore, even though some items may conflict with othersin trying to measure
the same underlying construct and fall outside the 0.3 to 0.5 range, a measure of 0.2 and
above can still be considered an acceptable part of the construct's measure (Briggs and
Cheek, 1986).
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Table 21. Inter-Item Correlation Matrix for Construct 1

I like the I spend
help and more time
Online I like to suggestio I discuss on my I enjoy doing
maths receive Immediate ns facility my Online maths maths
I like to do [homework |immediate| scores help on my maths homework homework
maths motivates | scores on me to be Online homework because | activities
homework me to my maths | aware of my maths with my can interact| Online more
on the practice homework| performance |[homework |classmates with the than on

computer maths. . . . and others. maths paper.
Ilike to do
maths
homework on 1.000 727 663 .266 .546 542 .362 317
the computer
Online maths
homework
motivates me 727 1.000 .535 .327 422 .380 469 413
to practice
maths.
Ilike to
receive
immediate 663 535 1.000 248 397 aza 377 209

scores on my
maths
homework.
Immediate
scores help
me to be .266 .327 .248 1.000 .301 332 431 229
aware of my
performance.
I like the help
and
suggestions
facilityon my
Online maths
homework.

I discuss my
Online maths
homework
with my
class mates
and others.

546 422 397 .301 1.000 317 357 229

542 .380 474 .332 317 1.000 .338 .243

I spend more
time on my
maths
homework 362 469 377 431 357 .338 1.000 467
because | can
interact with
the maths

I enjoy doing
maths
homework
activities 317 413 .209 229 229 243 467 1.000
Online more
than on
paper.

A further investigation into the construct's internal consistency using the item-total
statistics (see Table 21) suggests that the eight items are a reasonable measure for construct 1.
All theitems' corrected item-total correlation measures are above 0.4. This correlation
measure is a Pearson correlation between the specific item measured and the sum of all the
other items. If al of the items measure the same underlying construct, the expectation is that
the correlation coefficient would be between 0.3 and 0.7 (Ferketich, 1991; Lance et dl.,
2006). Notably, Pearson correlation coefficients lower than 0.3 are usually a cause for
concern, because such a value indicates that a question or statement item might not be
measuring the targeted underlying construct. In this case, it might be best to remove the

statement item from the construct considered.

The last section of the item-total statisticsin Appendix 21 (Cronbach's alphaif item
deleted) is perhaps the most important, as it suggests that if any of the items put together were
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to be deleted the alpha coefficient would improve. All eight statement items have a value of a
> .75. According to Ferketich (1991), any alpha coefficient greater than 0.7 is more than an
acceptable measure for internal consistency (Ferketich, 1991; Lance et d., 2006).

The same method for measuring the reliability of construct 1 was used for the second
construct, and o =.794 for the seven items listed (see Table 22). The corrected-item total
correlation measures were all above 0.4 (see Appendix 22). However, theitem listed as E11
(I have less anxiety in taking Online homework than paper-based homework) in the "if item
deleted" section was 0.796.

Table 22. Construct 2 (Student per ceptions of how WBH improves mathematics performance)
Cronbach's a.

Cronbach's a n of Items

794 7

In Table 22, the construct (Student perceptions of how WBH improves mathematics
performance) shows that positive correlations are with survey items E8 (" Online maths
homework gives me more chances to practice mathematics") and E10 ("The Online lesson
review helps meto review maths concepts"). Participating students indicated on the survey
(item E18) that their parents were keener to monitor their mathematics progress due to them
spending more time interacting with the material content. Visual inspection of Table 45
suggests that the positive correlations in the inter-item correl ation matrix lie between 0.3 and
0.7 which indicates that the items put together from the 25-item survey inventory are
measuring the same phenomena (Hartas, 2010). Further support for thisis the item total-
statistics (see Appendix 22) that shows the corrected item total-correl ations lie between 0.4
and 0.7, which is at an acceptable level for the construct being measured. However, statement
item E11 ("I have less anxiety in taking Online homework than paper-based homework"), if
deleted, would increase the internal consistency reliability associated with scores derived
from the scale to .796 which is greater than the o coefficient of .794. Since this is negligible
and internal consistency isaready at an acceptable level, | have chosen to ignore this

observation.
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Table 23 Inter-Item Corréation Matrix for Construct 2.

Inter-ltem Correlation Matrix

| refer to
the Online

lesson
activities
to help me
complete

my

homework

Online
homework
feedback
helps me to
recognise
my
mistakes

Online maths
homework
gives me
more
chances to
practice
mathematical
topics.

The Online
lesson
review helps
me to review
mathematics
concepts.

I have less
anxietyin
taking
Online
homework
than paper
based
homework

I get help from
my family,
friends and
others in
completing my
Online maths
homework

My parents
are more
keen to
monitor my
progress in
maths
because of
Online
homework.

I refer to the
Online lesson
activities to
help me
complete my
homework.
Online
homework
feedback
helps me to
recognise my
mistakes
Online maths
homework
gives me
more chances
to practice
mathematical
topics.

The Online
lesson review
helps me to
review
mathematics
concepts.

I have less
anxiety in
taking Online
homework
than paper
based
homework.

I get help from
my family,
friends and
others in
completing my
Online maths
homework

My parents are
more keen to
monitor my
progress in
maths
because of
Online

1.000

356

576

395

342

351

295

homework.

.356

1.000

.333

.400

.316

437

.398

576

333

1.000

604

.263

340

292

.395

400

604

1.000

212

443

512

342

316

263

212

1.000

279

269

351

437

.340

443

279

1.000

425

.295

.398

292

512

269

425

1.000

Finally, Table 23 has the seven items that were put together to try to get student

perceptions about the third construct (i.e., student perceptions about their learning with WBH

and PBH). For these items, o = .819 and again, the corrected-item total correlation measures

were above .4 (see Appendix 23). All measuresin the "if item deleted” section was less than

the a pha coefficient.
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Table 24. Construct 3 Reliability (student perceptions about their learning with WBH and PBH).

Cronbach's @ nof Items

819 7

In Table 24 for construct 3, positive correlations are shown with statement items E12
("Online maths homework helps me evaluate my own understanding and performance™) and
E13 ("l like Online maths homework more than paper-based homework™). Also, statement
items E14 ("I feel | can be better at maths as a result of Online maths homework™) correlated
positively with statement item E24 ("My maths has improved as aresult of Online
homework™). Visual inspection of Table 47 suggests that the positive correlations in the inter-
item matrix lie between 0.3 and 0.6, which indicates that the items put together from the 25-
item survey inventory are measuring the same phenomena. Thisis further supported by the
item total-statistics (see Appendix 23) that shows the corrected item total-correlations lie
between 0.3 and 0.7, which is at an acceptable level for the construct being measured. Like
with constructs 1 and 2 on the student survey, the item-total statistics can further support the
internal consistency and reliability of the construct being measured by inspecting the
corrected item-total correlation, which for construct 3 lies between 0.4 and 0.7 (see Appendix
23) whichisagain at acceptable levels (Ferketich, 1991; Lance et al., 2006).

In the evaluation of the coherence of the constructs, three statement items from the
survey were omitted from the analysis as they were considered to be informative qualitative
data that may not fit the construct design. These itemswere E16 ("1 am easily distracted when
doing Online mathematics homework"); E20 ("PBH isjust as effective as Online
mathematics homework™) and E23 (" The use of English language for my Online mathematics
homework is not a problem™).
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Table 25. Inter-1tem Correlation Matrix for Construct 3.

Inter-ltem Correlation Matrix

I enjoy doing
maths
homework
activities
Online more
than on
paper.

Online maths
homework
helps me

evaluate my
own

understanding
and

performance.

| like Online
maths
homework
more than
paper
based
maths
homework.

| feel | can
be better
at maths
as aresult
of Online
maths
homework

| am more
motivated to
do my
maths
homework
on the
computer
than on
paper.

Online
maths
homework is
better than
Paper based
maths
homework

My maths
has
improved as
a result of
Online
homework.

I enjoy doing
maths homework
activities Online
more than on
paper.

Online maths
homework helps
me evaluate my
own
understanding
and performance.
Ilike Online
maths homework
more than paper
based maths
homework.

I feel | can be
better at maths
as aresult of
Online maths

iam more
motivated to do
my maths
homework on the
computer than on
paper.

Online maths
homework is
better than Paper
based maths
homework

My maths has
improved as a
result of Online
homework.

1.000

.156

.285

.366

.398

.500

.389

.156

1.000

.664

.385

344

.299

.399

.285

.664

1.000

497

492

321

527

.366

.385

497

1.000

427

351

567

.398

344

492

427

1.000

392

474

.500

.299

321

351

.392

1.000

.348

.389

399

527

567

474

.348

1.000

In summary, the first construct consisted of eight items (E1-E5, E9, E17 and E25).
The scale had a high level of internal consistency, as determined by o = .808. The second
construct consisted of seven items (E6-E8, E10, E11, E18 and E19) and it produced o = .794.
Finally, for the third construct (items E9, E12-E15, E21 and E24) to measure student
perceptions of their learning with WBH and PBH, o = .819. The results indicate that the
survey items that were put together can be considered to have ahigh level of internal
consistency and can, therefore, be areliable measure of the constructs being tested. However,
this must be supported by using factor analysis as we are testing for dimensionality when

using the survey items to measure constructs.
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4.5.3 Reliability of the Student Survey Using Factor Analysis

A factor analysis was conducted to test the reliability of the student survey constructs.
The factor analysis aims to reduce the number of variable components, or statement itemsin
this study that is associated with the constructs without compromising the meaning of the
construct (Hartas, 2010).

Table 26 is a correlation matrix of the principal component analysis (PCA) for the
eight variables (E1 to E5, E9, E17 and E25) in construct 1 (student perceptions of how they
interact with WBH compared to PBH) . These variables came from the 25-item inventory on
the student survey. Table 48 shows al the inter-correlations of the eight variables measuring
construct 1. By visual inspection, notice that the Pearson-correlation between survey item E3
("1 like to receive immediate scores on my maths homework") and survey item E17 ("l
discuss my Online maths homework with my classmates and others") as being .474 and has a
double asterisk which indicates that it is statistically significant at the .01 level (2-tailed), p <
.01. The correlations between the variables or survey items have been analysed with SPSS,
and it suggests that all items are correlated with one another and at aminimum level (p <
.05) significantly so. The factor analysis that was run in SPSS came out with two-component
variables that tried to explain the correl ations between the eight variables that could provide a
more parsimonious solution that identifies these relationships.
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Table 26. Correlation Matrix for Principal Component Analysis (construct 1)

| spend more time

Ilike the helpand I enjoy doing | discuss my on my maths
Online maths  Ilike toreceive  Immediate scores  suggestions  maths homework  Online maths homework
homework  immediate scores  help me to be facilityonmy  activities Online  homework with ~ because | can
I like to do maths homework on  motivates meto ~ on my maths aware of my Online maths morethanon  my classmates  interact with the
the computer practice maths. homework. performance. homework. paper and others. maths
Ilike to do maths homework  Pearson Correlation 1 77" 663" 266" 546" 317" 542" 362"
on the computer
3 Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204 204
Online maths homework Pearson Correlation 727" 1 535" 37" 422" 413" 380" 469"
motivates me to practice o .
maths. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204 204
like to receive immediate Pearson Correlation 663" 535" 1 248" 397" 209" 474" 377"
scores on my maths = =
— Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.003 0.000 0.000
N 204 204 204 204 204 204 204 204
Immediate scores helpme to  Pearson Correlation 266" 37" 248" 1 301" 229" 332" 31"
be aware of my performance. .
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.001 0.000 0.000
N 204 204 204 204 204 204 204 204
Ilike the help and suggestions Pearson Correlation 546" 422" 397" 301" 1 229" 317" 357"
facility on my Online maths
yonimy Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.001 0.000 0.000
homework.
N 204 204 204 204 204 204 204 204
I enjoy doing maths homework Pearson Correlation 317" 213" 209" 229" 29" 1 243" 467"
activities Online more than on
paper Sig. (2-tailed) 0.000 0.000 0.003 0.001 0.001 0.000 0.000
N 204 204 204 204 204 204 204 204
I discuss my Online maths Pearson Correlation 542" 380" 474" 33" Eiva 243" 1 338"
homework wih y CBSSITIeS g2 ailed 0,000 0000 0,000 0000 0000 0,000 0000
and others. 19, () ) ’ ’ ’ ’ ’ ’
N 204 204 204 204 204 204 204 204
| spend more time on my Pearson Correlation 362" 469" 377" 431" 357" 267" 338" 1
maths homework because | : .
e e s Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204 204

**jndicates statistical significance at the .01 level (2-tailed)
A principal component analysis (PCA) was run on an eight-item construct from the

student survey in SPSS. The construct measured Students' perceptions of how they interact
with WBH compared to PBH; The suitability of PCA was assessed prior to analysis.
Inspection of the correlation matrix showed that all variables had at |east one correlation
coefficient greater than 0.3 (see Table 26). The overall Kaiser-Meyer-Olkin (KMO) measure
of sampling adequacy was 0.812 with individual KMO measures all greater than 0.7,
classifications of ‘'middling' to 'meritorious according to Kaiser (1974). Bartlett's test of
sphericity (see Table 49) was statistically significant (p < .05), indicating that the
correlations in Table 48 taken as agroup, significantly differ from 0 and that thereis at least
one significant correlation between two or more items (the correlation matrix is significantly
different from an identity matrix). The dataindicates that it islikely to be factorisable. This
means that the variables put together to measure the construct can be reduced to just one or a
few factors that can best describe the construct being measured. In SPSS, this is done by

extracting any variable that records an Eigenvalue greater than one.
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Table 27. Bartlett's Test of Sphericity construct 1

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling 812

Adequacy.

Bartlett's Test of Approx. Chi-Square 607.278

Sphericity df 28
Sig. .000

In Table 28, the PCA in SPSS revealed two components that had Eigenval ues greater
than one and which explained 47.5% and 13% of the total variance, respectively.

Table 28. PCA Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Variance ~ Cumulative % Total % of Variance  Cumulative % Total % of Variance ~ Cumulative %
i 3.797 47.466 47.466 3.797 47.466 47.466 2913 36.407 36.407
2 1.044 13.047 60.512 1.044 13.047 60.512 1.928 24.105 60.512

Visual inspection of the scree plot in figure 16 further indicated that two components
should be retained (Cattell, 1966). In addition, a two-component solution met the
interpretability criterion of having an Eigenvalue greater than one, and as such, two

components were retai ned.

Scree Plot

Eigenvalue

2 3 4 5 s} 7 8

Component Number

Figure 16. Scree Plot Construct 1

The two-component solution explained 60.512 % of the total variance. A Varimax
orthogonal rotation was employed to aid interpretability after checking the component
correlation matrix in Table 29. The PCA extraction method generated a value of 0.492, which
is close to the benchmark of 0.5 but is not greater than 0.5 (Pituch and Stevens, 2015).

Therefore, we can assume that the correlation relationship is orthogona and not oblique.
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Table 29. Component correlation matrix for Construct 1

Component 1 2
1 1.000 492
2 492 1.000

Table 30. Rotated component matrix for construct 1
Rotated Component Matrix

Component

| like to do maths homework on the computer .895

I like to receive immediate scores on my maths .821

homework.

Online maths homework motivates me to .699

practice maths.

| discuss my Online maths homework with my .650

classmates and others.

I like the help and suggestions facility on my .621

Online maths homework.

| spend more time on my maths homework .782
because | can interact with the maths

| enjoy doing maths homework activities Online .758
more than on paper.

Immediate scores help me to be aware of my .651

performance.

In Table 30, the rotated solution exhibited 'ssmple structure' as each variable is |oaded
on to one component factor (Thurstone, 1948). The interpretation of the data was consistent

with the perceived interaction effects the survey was designed to measure with strong
loadings of interaction and motivation on component's one and two. However, when we
check the Cronbach's alphafor the reliability of each of the weighted components, the five
weighted

items on component 1 and the three weighted items on component 2, only component 1 has a
>(.7. With an a coefficient of 0.781 in Table 31a, it suggests that these five statement-items
El, E3, E2, E17 and E5 respectively is areliable measure of student perceptions about the
interaction effects of WBH compared to PBH.

Table 31a. Reliability Analysis Construct 1 Table 31b. Reliability Analysis Construct 1
Reliability Statistics
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Cronbach's Reliability Statistics
Alpha N of Items
.781 5 Cronbach's Alpha N of Items

.631 3
The three statement-items that are associated with component 2 in Table 31b

achieved an a coefficient of < 0.7. This result indicates that after extraction, these 3
statement items had little effect on the construct being measured. When all eight items were
put together o = .808 (see Table 26), therefore, the statement items that have been put
together for construct 1 (student perceptions of how they interact with WBH compared to
PBH) isasuitable measure and can be named, "perceptions of interaction with WBH
compared to PBH".
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Table 32. Correlation Matrix for Principal Component Analysis (Construct 2)

Correlations

My parents are

Online maths The Online more keen to | get help from my
I refer to the homework gives lesson review | have less monitor my family, friends
Online lesson  Online homework me more chances helps me to anxiety in taking progress in maths and others in
activities to help =~ feedback helps to practice review Online homework because of completing my
me complete my  me to recognise mathematical mathematics  than paper based Online Online maths
homework. my mistakes topics. concepts. homework. homework. homework
I refer to the Online lesson Pearson Correlation 1 356" 576" 395" 342" 295" 351"
activities to help me complete
my homework. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204
Online homework feedback Pearson Correlation 356" 1 333" 400" 316" 398" 437"
hel 1
©ps me [0 recognise my Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000
mistakes
N 204 204 204 204 204 204 204
Online maths homework gives Pearson Correlation 576" 333" 1 604" 263" 292" 340"
me more chances to practice G :
mathematical topics. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204
The Online lesson review Pearson Correlation 395" .400™ 604" 1 212" 512" 443"
helps me to review Sig. (2-tailed 0.000 0.000 0.000 0.002 0.000 0.000
mathematics concepts. ig. (2-tailed) - . . - - .
N 204 204 204 204 204 204 204
| have less anxiety in taking Pearson Correlation 342" 316" 263" 212" 1 269" 279"
Onl h k th
nine homeworkinan paper g, ~ > tailed) 0.000 0.000 0.000 0.002 0.000 0.000
based homework.
N 204 204 204 204 204 204 204
My parents are more keen to  Pearson Correlation 205" .398™ 202" 512" 269" 1 425"
monitor my progress in maths
because of Online homework. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000
N 204 204 204 204 204 204 204
| get help from my family, Pearson Correlation 351" 437" 340" 443" 279" 425" 1
friends and others in 5 .
completing my Online maths Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000
homework N 204 204 204 204 204 204 204

**_Correlation is significant at the 0.01 level (2-tailed).

Table 32 isacorrelation matrix of the principal component analysis of the seven-
survey statement items (E6, E7 E8, E10, E11, E18 and E19) in construct 2 (student
per ceptions of how WBH improves mathematics performance). These variables come from
the 25-item inventory on the student survey. Table 32 shows al the inter-correlations of the
seven variables that tried to measure, construct 2. By visual inspection, the Pearson-
correlation between survey item E8 ("Online maths homework gives me more chances to
practice mathematical topics") and survey item E10 (" The Online lesson review helps meto
review mathematical concepts") as being .604 and has a doubl e asterisk which indicates that
itisstatistically significant at the .01 level (2-tailed), p < .01. The correlations between the
variables or survey items were analysed, and the results suggest that all items are correlated
with one another and at a minimum level significantly so. The factor analysisthat wasrunin
SPSS came out with one variable that tried to explain the correlations between the seven
variables that could provide a more succinct solution that could explain these relationships.

A PCA was run on the seven-item construct from the student survey in SPSS. The
construct measured student perceptions of whether WBH improves mathematics
performance. Inspection of the correlation matrix showed that all variables had at least one
correlation coefficient greater than 0.3 (see Table 32). The overall KMO measure of sampling
adequacy was 0.799 (see Table 33), and Bartlett's test of sphericity was statistically
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significant (p < .05), indicating that the correlationsin Table 33 taken as a group
significantly differ from 0 and that there is at |east one significant correlation between two or

more of the items.

Table 33. Bartlett's Test of Sphericity for Construct 2

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling .799

Adequacy.

Bartlett's Test of Approx. Chi-Sguare 411.431

Sphericity df 21
Sig. .000

In Table 34 the PCA in SPSS revealed one component that had an Eigenvalue greater
than one and which explained 46.7% of the total variance.

Table 34. Total Variance Explained for Construct 2

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative %
1 3.266 46.664 46.664 3.266 46.664 46.664

Visual inspection of the scree plot in figure 17 further indicated that only one
component should be retained as there was one Eigen-value greater than one and the

component solution met the interpretability criterion (Cattell, 1966).

Scree Plot

Eigenvalue

1 2 3 L

m
@
-

Component Number

Figure 17. Scree Plot for Construct 2

Since only one component was extracted from the seven variablesin SPSS, no
rotation was performed. Visua inspection of the component matrix in Table 35 shows how
each individual variable or survey statement item weighed on the extracted component. These

factor loadingstell us how strong the item is with our component solution. Therefore,
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statement item E6 (" The Online lesson review helps me to review mathematics concepts”)
has the highest loading of 0.77 on the component. All values attained in Table 35 are greater
than 0.5, which indicates that the survey items do a good job in explaining the one extracted
component or factor. Based on student perceptions, the survey statement items that have been
grouped under the one component factor seems to indicate that it is a reasonable measure for
the construct, of how WBH can improve mathematics homework performance. The construct

can then be named perceptions on improved mathematics performance.

Table 35. Component Matrix for Construct 2

Component Matrix

Component 1
The Online lesson review helps meto review 0.770
mathematics concepts.
Online maths homework gives me more 0.732
chances to practice mathematical topics.
| refer to the Online lesson activitiesto help 0.699
me complete my homework.
| get help from my family, friends and others 0.688
in completing my Online maths homework
Online homework feedback helps meto 0.676
recognise my mistakes
My parents are keener to monitor my 0.668
progress in maths because of Online
homework.
| have less anxiety in taking Online 0.521

homework than paper-based homework.

Table 36 is acorrelation matrix of the principal component analysis for the six
variables (E9 to E12, E13, E15, E21 and E24) in construct 3 (student perceptions of their
learning with WBH and PBH) . The same method of analysisis used asin constructs 1 and 2.
Table 36 shows all the inter-correlations of the six variables that try to measure construct 3.
By visual inspection, notice that the Pearson-correl ation between survey item E12 ("Online
maths homework helps me evaluate my own understanding and performance") and survey
item E13 ("I like Online maths homework more than paper based maths homework™) as being
.665 and has a double asterisk which indicates that it is statistically significant at the .01 level

(2-tailed), p < .01. The correlations between the variables or survey items have been
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analysed with SPSS, and it suggests that all items are correlated with one another and at a

minimum level significantly so. The factor analysis that was run in SPSS came out with two-

component variables that tried to explain the correlations between the six variables. This

explanation could provide a more parsimonious solution that explains the relationship

between the six variables or survey statement items and the two extracted components or

factors.

Table 36 Correlation Matrix for Principal Component Analysis (construct 3)

| enjoy doing
maths homework
activities Online

more than on

Correlations

Online maths
homework helps
me evaluate my

own
understanding

| like Online
maths homework
more than paper

based maths

| am more
motivated to do Online maths
my maths homework is

homework on the ' better than Paper
computer than on  based maths

My maths has
improved as a
result of Online

paper. and performance. homework. paper. homework homework.
| enjoy doing maths homework Pearson Correlation 1 157" 286" 308" 501" 390"
activities Online more than on
pa;gr' : Sig. (2-tailed) 0.025 0.000 0.000 0.000 0.000
N 204 204 204 203 204 204
Online maths homework helps Pearson Correlation 157" 1 665" 344" 300" 400"
me evaluate my own - =
understanding and Sig. (2-tailed) 0.025 0.000 0.000 0.000 0.000
performance. N 204 204 204 203 204 204
| like Online maths homework Pearson Correlation 286" 665" 1 492" 322" 527"
more than paper based maths — =
ETENEk Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
N 204 204 204 203 204 204
| am more motivated to do my Pearson Correlation 308" 344" 492" 1 392 474"
maths homework on the = =
computer than on paper. Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
N 203 203 203 203 203 203
Online maths homeworkis ~ Pearson Correlation 501" 300" 322" 392" 1 350"
better than Paper based i, (2-tailed
e ——— Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000
N 204 204 204 203 204 204
My maths has improved as a Pearson Correlation 390" 400™ 527" 474" 350" 1
It of Online h k.
resuit ot oniine ROMework- g0 "> tailed) 0.000 0.000 0.000 0.000 0.000
N 204 204 204 203 204 204

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Inspection of the correlation matrix showed that al variables had at |east one

correlation coefficient greater than 0.3 (see Table 36). The overall Kaiser-Meyer-Olkin

(KMO) measure of sampling adequacy was 0.773 (see Table 37). Bartlett's test of sphericity
was statistically significant (p < .05), indicating that the correlationsin Table 37 taken as a

group significantly differ from O and that thereis at least one significant correlation between
two or more items. The dataindicated that it islikely to be factorisable.
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Table 37. Bartlett's Test of Sphericity construct 3

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling 773

Adequacy.

Bartlett's Test of Approx. Chi-Square 380.864

Sphericity df 15
Sig. .000

In Table 60 the PCA in SPSS reveaed two components that had Eigenvalues greater
than one and which explained 50.2 %, and 17.7 % of the total variance, respectively.

Table 38. PCA Total Variance Explained Construct 3

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative %
" 3.012 50.199 50.199 3.012 50.199 50.199
2 1.062 17.703 67.901 1.062 17.703 67.901

Visual inspection of the scree plot in figure 18 further indicated that two components
should be retained (Cattell, 1966). Also, a two-component solution met the interpretability

criterion of having Eigenvalues greater than one, and as such, two components were retained.

Scree Plot

Eigenvalue

1 2 3 4 S 5]

Component Number

Figure 18. Scree Plot Construct 3

The two-component solution explained 67.901 % of the total variance. A Varimax
orthogonal rotation was employed to aid interpretability after checking the component
correlation matrix in Table 39. The PCA extraction method generated a value of 0.388, which
isnot greater than 0.5. Therefore, we can assume that the correlation relationship is

orthogonal and not oblique.
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Table 39. Component Correlation Matrix Construct 3

Component 1 2
1 1.000 .388
2 .388 1.000

Table 40. Rotated component matrix for construct 3

Rotated Component Matrix?

Component
"

1 2
Online maths homework helps 0.875
me evaluate my own
understanding and
performance.

| 4

I like Online maths homework 0.871
more than paper based maths
homework.

My maths has improved as a 0.589 0.465
result of Online homework.

I enjoy doing maths homework 0.869
activities Online more than on
paper.

Online maths homework is 0.770
better than Paper based
maths homework

I am more motivated to do my 0.494 0.554
maths homework on the
computer than on paper.

In Table 40 the rotated solution exhibited some 'ssmple structure’ (Thurstone, 1948).
However, there were factor |oadings on more than one variable. The interpretation of the data
was consistent with the perceived improvement in mathematics homework performance the
survey was designed to measure, with strong loadings of evaluation, understanding and maths
improvement on component's one and two. There are three items from the six that measure
WBH or PBH preference. When we check the Cronbach's alphafor the reliability of each of
the weighted components, the four weighted items on each of the components has o > 0.7.
With an a coefficient of 0.787 in Table 41, it suggests that these four statement-items E12,
E13, E24 and E15 respectively for component (1) is perhaps a reasonable measure for student
perceptions about their learning in mathematics using Web-based and PBH.
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Table 41. Reliability Analysis for Construct 3(component 1)

Reliability Statistics
Cronbach's
Alpha N of Items
787 4

The four statement-items that are associated with component (2) in Table 42 achieved
an a coefficient of .733. This a coefficient is slightly similar but smaller than the alpha

measurein Table 41.

Table 42. Reliability Analysis for Construct 3(component 2)

Reliability Statistics

Cronbach's Alpha N of Items
733 4

Since statement items are similar and are trying to measure the same underlying
construct of student perceptions of their learning with WBH and PBH, we can name the
factor as perceptions of mathematics learning with Web-based and PBH.

| measured three constructs from the student survey. However, five-component
factors emerged when anaysing the three survey constructs and their variablesin SPSS. A
further check with the entire survey with two statement items removed E16 ("l am easily
distracted when doing Online maths homework™) and item E21 (" Online maths homework is
better than Paper based maths homework™) due to the alpha coefficients being greater and,
therefore, amore reliable measure of the constructs being measured was performed in SPSS.
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Table 43. Total Variance Explained for all Survey Items

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Component Total % of Variance ~ Cumulative % Total % of Variance  Cumulative % Total % of Variance ~ Cumulative %
9.492 41.271 41.271 9.492 41.271 41.271 3.480 15.132 15.132

1.500 6.521 47.791 1.500 6.521 47.791 3.212 13.965 29.097
1.389 6.039 53.831 1.389 6.039 53.831 3.095 13.457 42.555
1.332 5.792 59.623 1.332 5.792 59.623 2477 10.768 53.322
1.015 4414 64.037 1.015 4.414 64.037 2.464 10.715 64.037

5 S IS IS

In Table 43 the PCA in SPSS reveal ed five components that had Eigenvalues greater
than one and which explained 64.037% of thetotal variance. A Varimax orthogonal rotation

was employed to aid interpretability after checking the component correlation matrix.

The rotated solution (see Appendix 24), exhibited afew complex variables |oaded on
more than one component (Thurstone, 1948). However, the interpretation of the data was
consistent with the perceived mathematics homework interaction; perceived benefits WBH
has on student learning that possibly emerged as aresult of improved mathematics homework
performance and on the student's perceptions about their mathematics learning with Web-
based and PBH. These were the constructs that the survey was designed to measure. There
were strong loadings of perceived homework improvement on component 1, in Appendix 24.
The matrix showed seven loadings greater than 0.4, which was pre-set in SPSS as a good
value for minimum loading of avariable or item onto afactor (Bunz, 2010). Survey statement
item E14 ("I feel | can be better at maths as aresult of Online maths homework™) was the
highest weighted variable on the first factor (component 1) with a correlation coefficient of
0.715. The second item E24 ("My maths has improved as aresult of Online homework™)

contributed towards defining the factor with the five other survey items under the component.

Component two had six weighted items that emphasi sed homework interaction (see
Appendix 24). Survey statement items E21 (" Online maths homework helps me evaluate my
own understanding and performance”) and E3 ("1 like to receive immediate scores on my
maths homework") weighted highly on the factor with coefficients of .694 and .659
respectively. The variable items grouped for component two were associated with student

perceptions of their interaction with WBH.

Components three, four and five had five weighted items each and the top two survey
statement items E19 ("I get help from my family, friends and othersin completing my Online
maths homework"), E9 ("I enjoy doing maths homework activities Online more than on
paper"), E23 ("My teacher encourages the use of Online maths homework™), E4 ("Immediate
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scores help me to be aware of my performance”), E6 ("I refer to the Online lesson activities
to help me complete my homework™), and E8 (" Online maths homework gives me more
chances to practice mathematical topics') weighted highly for each of the remaining
component factors. Component three suggested the variable items were student perceptions
about how they have improved when compl eting the mathemati cs homework; component
four and five were suggestive of how students perceive WBH devel ops mathematics
homework performance and homework interaction. Even though an orthogonal, uncorrelated
technique in SPSS was used, it does not mean that some survey items grouped were not
measuring asimilar construct. Visual inspection of the correlation matrix does indicate that
some statement items are significantly correlated with items that are measuring another
construct. Some complex variables appear in more than one component (survey items E1, E2,
E8, E13 and E25). When we check the Cronbach's aphafor the reliability of each of the
weighted components, the four weighted items on each of the components has o > 0.7. With
an a coefficient of 0.787 in Table 63, it suggests that these four statement-items E12, E13,
E24 and E15 respectively, is perhaps a reasonable measure for student perceptions about their
learning with WBH and PBH.

Table 44. Reliability Analysis of student Survey Factors1to 5

Cronbach's Alpha  nof Items

Factor 1 0.870 7
Factor 2 0.781 6
Factor 3 0.786 5
Factor 4 0.748 5
Factor 5 0.819 5

The weighted statement-items that are associated with components one to five in
Table 66 achieved a coefficients of .870, .781, .786, .748 and .819, respectively. Since some
statement items are similar and are trying to measure the same underlying construct of
student perceptions of homework interaction, performance and about their learning with
Web-based and PBH, it is essential to look at the extracted component factors with some
caution as some correlations do exist, and the likelihood is that they will overlap and measure
similar constructs. As mentioned earlier, | used three constructs to measure student
perceptions from the survey. However, five-component factors emerged when analysing the
three constructs in SPSS. This happened in both the construct cases (construct 1 to 3) and in
the analysis of the entire student survey. It suggests that there is an element of consistency

about the constructs used to measure student perceptions of their experiences with WBH and
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PBH from the survey, even though some of the component items (survey statement items)

may have been better suited elsewhere.

Further tests were conducted to see if the data could be simplified further. Statement
item E22 ("The use of English language for my Online maths homework is not a problem")
was taken out as it could improve the survey. Direct Oblimin and Promax rotations were
investigated with factor loadings set at the 0.4 level, and component loadings were reduced to
four. Direct Oblimin was unable to load and the Promax |oadings exhibited a structure similar
to that of the 23-item survey inventory in Appendix 24. The pattern matrix loadings that uses
regression coefficients suggested that survey items E1, E2, E3, E7, E12 and E17 (see
Appendix 16 for names of listed survey items E1 — E25) could be used as a measure for the
construct of homework interaction (see Appendix 29). For these six items, the reliability
alpha coefficient is .833. Factor loadings of E5, E8, E10, E12, E13, E14 and E15 could be
used as a measure for student perceptions on WBH and mathematics performance with
statement item E8 (" Online maths homework gives me more chances to practice
mathematical topics') recording a coefficient score of .905. For these seven items, the
reliability alpha coefficient is.865. The third component loading suggested that survey items
E9, E15, E18, E19, E24 and E25 were a suitable measure for student perceptions about their
learning with Web-based and PBH. For these six items, the reliability apha coefficient is
.814. However, statement items E4, E11, E20, E23, E25 were |oaded onto a fourth
component and were also associated with student perceptions about their learning with Web-
based and PBH (see Appendix 29). For these five items, the reliability apha coefficient is
.752. These resultstell us that the Promax rotation used provides adlightly firmer structure as
to how the survey items that measured the constructs could have possibly been better
grouped. However, when | looked at the structure matrix in SPSS to double-check the
loadings after rotation, severa complex variables were loaded onto more than one factor
which can make the analysis and naming of the variable construct complicated (Hartas,
2010).

4.5.4 Student Interviews

The organisation of the student participants experiences into themes using the NVivo
software helped to generate four main parent categories. The key themes are listed below,
with their child themes or sub-themes. The analysis of content focussed on the frequent usage

of keywords amongst the interview participants. The NVivo software was able to facilitate

152



the process of identifying key important themes via atext search frequency query. The search
told me the number of times aword or phrase was used in the transcribed data. It also gave
me associated words and phrases that were synonymous with keywords and themes.

Figure 19 illustrates an NVivo output of aword cloud that illustrated the frequency of the
word usage, the bigger the font size, the greater the frequency.
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Figure 20. Word tree generating sub-themes and categories

Figure 20 shows that in addition to the word cloud, there is aword tree facility in
NVivo that depicts a high-frequency word that could be viewed as an associated theme or
possible sub-theme with the words used in conjunction, before and after it. For example, the
word "work" was associated with branches of other words, clauses and phrases that helped to
support the extracted themes. The interview transcript was divided into four themesto help
support and answer the RQ. These themes are presented in Table 67.
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Table 45. Key Themes fromthe Interview Transcript.

Key themes Sub-themes

1. Communication with |Interaction with classmates, family
the technology and peers |and others

2. Engagement with Student perceptions as to their
technology, peers and working at levels when completing
others WBH in comparison to PBH

3. Feedback from the
technology, peers and
others

Instant feedback and the marks
associated with the completed work

Revised thinking and the reviewing

4. Metacognition of mathematical content material

Table 67 isamatrix mapping of emergent themes that came from a frequency word-
search query. The query was formulated in the form of aword cloud or tree and then
considered in relation to the interview and RQ. Memos were made about the meaning of
these words and their associated words. They were then considered for themes and sub-
themes. The interview guestions were then mapped to the RQ in an attempt to generate the
datain a consistent manner that could address the objectives of this study. The key themes
were generated to address the RQ (as mentioned in Section 3.6.10). Some of the emergent
themes overlap with each other, such as communication and engagement. Communication is
considered in the context of students interacting with the tool, material content, their peers,
and others. It isfair to say that multiple variables are considered here. Engagement is
considered in reference to the time spent on homework and the students' perception of quality
and benefit with regard to WBH and PBH.
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Figure 21. Evidence of coding using the drag and drop method in NVivo.

Figure 21 shows how referenced student responses were highlighted and then dragged
and dropped into the themes and sub-themes of the parent nodes. The "Source” indicates the
number of interviews where the themes and sub-themes were coded. The "References"
indicate the frequency of the word usage across the interviews. For example, under the parent
node "instant feedback”, the word "marks"' was used 82 times across al four schools. This

indicates that the marks or homework scores were important to the participating students.

The interview data were examined for frequently occurring words relating to the four
identified themes listed above in Table 67: greater communication, instant feedback,

metacognition, and more engagement.

Table 68 below offers a breakdown of the most frequently occurring words used in
the final interview transcript. The analysis of the transcripts was done instead of analysing the
recorded interview because of language issues. Some of the participating students were more
comfortable speaking in Arabic; therefore, it was necessary for reasons of equity to allow for
this process to happen. The recorded interviews were then translated and transcribed. The
quality of the translation was checked and verified by an Arabic specialist teacher who is
proficient in the use of the English language. This provided some assurance that the
tranglation was accurate and consistent enough to go ahead and use a word search method to

assist with the analysis of the data.

156



Table 46. Associated keywords with a frequency greater than 100

Word Word Count  |Weighted %

Homework 171 2.48
PBH 150 2.17
Feedback 132 191
Get 126 1.83
Marks 120 1.74
WBH / online homework 110 1.59

The total occurrences of keywords are shown in Table 68 (frequency > 100). The
occurrences of keywords used more than 100 times include "homework” (n = 171), "paper-
based homework™ (n = 150), "feedback” (n = 132), "get” (in reference to what students
received for their WBH score; (n = 126), "marks" (n = 120) and "Online homework™ (n =
110). The weighted percentage assigns a part of the word's frequency usage within the
transcript.

The job of coding the interview transcripts resulted in atotal of 661 references to the
four main categories listed above (i.e., greater communication, instant feedback,
metacognition, and more engagement). The coded references were grouped into four
categories interpreted to have addressed the semi-structured interview questions. Also, some
sub-categories included |anguage usage, synonymous with the themes of the main categories.

These subsections or words were al so recorded and analysed.

Table 47. Coded Categoriesin NVIVO

Categories Associated words Cerd uryts/Frequerpy N
interview transcript

Communication Phone (10) 10

Feedback Marks 60

Metacognition Revise thinking (54) 44

Engagement Work (112) 81

In Table 69, only a selection of the keywords was used from those identified in
NVivo. The total word count for the interview transcript is 7,171 words. The coding of the
transcript in NVivo resulted in 309 references to the four core themes. In Table 69, there were

associated references to categories of the themed data, such as using the phone and talking to
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colleagues, siblings, parents, and others. "Feedback™ was the second-most frequently used

word amongst the sampled participating students. Feedback was used 60 times. With the

word "metacognition”, students regularly used the term "revised thinking", which was used

54 times when answering WBH mathematics questions. With "engagement", the associated

word "work" was used 112 times. The evidence of this coding is given in Appendix 26.

Appendix 26 illustrates how the students experiences with their assigned homework task
(WBH or PBH) can be used to address RQ2.
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Figure 22. Initial coding thoughts on emergent themes from the student interview transcript.

\ /
."lj

- Metacognition J

S

\ Greater ;
/ communication kY
A\
/ b\

/

/

/

/

coding thoughts

/

/

/
/
Instant feedback -

A\

improve
seore fmarks.

N

reattempt
homewnork!
resubmission

N

more
engagement

N

Figure 22 presents an initial mapping of the keywords that emerged from the search

guery that was related to the interview questions and RQ2 (What are student perceptions of

their learning with WBH and PBH?). The results show that the students felt that they

communicated more with the WBH tasks than with the PBH. They perceived that due to the

immediacy of the feedback, they were far more inclined to improve their scoreif they did not

get full marks on their first attempt. They acknowledged that this behaviour was different

from their behaviour when completing PBH. Students with PBH were less inclined to check

mathematical processes and procedures with their friends via social media or the use of their

mobile devices. Sometimes, with their PBH they would get the help of afamily member,

peer, or friend, but the transcript notes suggest that they were more inclined to do this with
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the availability and use of technology with their WBH. Instant feedback is aligned to the right
in Figure 22, because it was perceived as the key component and feature of WBH that
possibly motivated students to communicate more and to drive them towards achieving a
higher score. Thisimpetus engaged the student in more work that encouraged a homework
re-attempt cycleto try to achieve a higher score. The interview responses related this to the
student becoming more engaged in mathematical procedures by checking their results or,
through communication, revising their steps and mathematical process skills. These responses
are discussed in the following chapter when we look at participant student experiencesin
each of the main themed areas. From the emergent themes, it is noticeable that thereisan
interconnectedness amongst them. With the availability of immediate feedback, al the other
themes and sub-themes are far more employable. Immediate feedback played a functional
rolein assisting and devel oping the student's attitude towards homework completion and
according to their perceptions, towards the improvement of their mathematical performance,
or at the very least a contributory factor in improving their mathematics homework score.
For example, Student BA3 said, "The biggest difference is the availability of feedback
straight away. Thistellsusif we are right or wrong. If we are wrong, we can check the work
and correct it. We can straight away go to our notes, or we can use the help feature." Student
GAS said, "WBH helps you to practice more math because it isinteractive, and the feedback
isinstant. Because the feedback isinstant, the time spent on math homework is of better
quality." Student GA2 said, "'l could revise and practice more math content on the website
Myimaths because of immediate feedback. In each homework task, | wanted to get the
highest mark of 100%. When my parents saw this, they were aways impressed. This helped
to motivate me to do more mathematics tasks on the computer.”

Appendix 26 gives an example of how the interview data were coded and used to
discover common themes in the lived experiences of the participating students. The
highlighted coding isindicative of the frequency at which the keyword was used in the
sentence or phrase. Their responses to the interview questions (see Appendix 27) were as a
direct result of their own learning experiences, which took place with the assigned homework
task (WBH or PBH). Their perceptions of their experiences with the mathematics homework
delivery methods were recorded and then viewed in line with the RQs. The emergent themes
(i.e., mathematics communication, instant feedback, metacognition, and mathematics

engagement) are used in athree-step process of analysis, as follows:
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1. theme,
2. RQ, and
3. student perception.

4.5.5 Student perceptions of mathematics communication

"There was more interaction with our classmates when doing the homework task. We
would phone each other to check on the processes used in order to get the correct
answer. Thisis because the answer was given to us when we checked "mark it". This

helps us to change our thinking." (Students BA3 and BA4 in agreement)

Students expressed that they were motivated to get the highest marks that they
possibly could with the tool, and this seemed to increase their ability to communicate not

only with their peers but with other parties such as family members and friends.

"I'm often on the phone to my friend in the class who can help meif | need it. We

share answers and we learn together.” (Student BB1)

The sharing of answers and information on how to improve the marked score was
important to students. This collaborative behaviour seemed perfectly acceptable and
reasonabl e to the students as a method for some to improve their homework scores. However,
afew students did relate this behaviour as away to improve their mathematical thinking. For
example, Students GA3 and GAG6 stated the following:

"The communication hel ped with thinking. For example, after completing a question

my friend told me how to check it without having to start the whole login process
again.

Thisway, you couldn't see how many times | completed the task. | think it's agood
thing to be alowed multiple submissions.” (Students GA3 and GA6 in agreement)

It isthisform of collaboration that addresses new areas in the study of WBH versus
PBH. If the revised thinking helped to support the learning and devel opment of mathematical
procedures and processing skills, then WBH needs to be used and explored in greater depth.
Table 70 marks the start of the summary tables that tells the story of the findingsin alinear
way. The theme (T1) of communication has already been introduced above but is yet further
evidenced in the table.
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4.5.6 Student per ceptions of homework interaction — Summary Table 1

In Table 70, communication was perceived by the participating students as being an essential facet in the success of WBH. The majority
felt that WBH alowed them to interact with their class peers, friends, and family far greater than PBH. Interaction with the tool was also
positive, with instant feedback being the strongest form of communication. Theme 1 (T1) has linked evidence that suggests students spent more
time communicating about their WBH with their classmates than with traditional PBH. There is any number of reasons as to why thisis.
However, studentsin this study mentioned that they shared strategies and were in pursuit of full marks, and communication about the WBH task

became more interesting than their experience with PBH.
Theme: Communication

Table 48. Summary Table 1- Student perceptions of homework interaction

Research question (RQ) Interview question (IQ) | Theme (T) Meaning Evidence
RQ1 1Q2 T1 The datareviewed "I communicate a lot more with my classmates. We talk
suggested that about the homework and we share strategies. This never
Do studentsinteract more | What influenced the Communication students who access happened before, and it makes learning more fun." (GA4)
with WBH than with PBH? | changes as to how you WBH tasks are more
learnt with WBH since likely to communicate | ! SPend more time on maths because | want to get full marks
you started using it? with their peersand | @ | compete with my friends. We communicate more about
others viatechnology. | Nomework, so | think it gives us more interest.” (BB2)
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RQ1

Do students interact more
with WBH than with PBH?

1Q3

What are the main
differencesin the way
you learn maths at
home using Myimaths
compared to PBH?

T2

Instant feedback

The data reviewed
suggested that students
felt theimmediacy of
the feedback was key
to them interacting
more positively with
their homework tasks.

"I could revise and practice more math content on the
website Myimaths because of immediate feedback. In each
homework task, | wanted to get the highest mark of 100%.
When my parents saw this, they were alwaysimpressed. This
helped to motivate me to do more maths tasks on the
computer." (GB2)

"I could easily find out the answersto problems by using the
'‘Mark it' button. | would do thisfirst and then try to work out
the problems from the answers." (BB5)

Interviewer: So, you used atrial and error type approach to
solve the homework problems?

"Yes. | clicked the Next button so that you wouldn't know
my login details and how many times | attempted the
homework task. This helped me to get very good scores not
just in the homework, but in my end of year exams too. |
practiced alot." (BB5)
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4.5.7 Student per ceptions of Web-based and Paper -based homework— Summary Table 2

In Table 71, the theme instant feedback was perceived as being the key to students doing and completing more mathematics homework
tasks. The word key is used to denote any change in behaviour that would stimulate their performance and devel op learning benefits. Some
students did state that they would check the "mark it" button to see the answer, work on mathematical processes independently or share
procedures with friends in order to get full marks or the highest marks possible. Regardless, asto whether thisisatrial and error type of
approach, the effect of instantly available feedback seemed to have had a profound effect on student behaviour in terms of motivating them to
continue working and achieving more.
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Table 49. Summary Table 2-Sudent perceptions of Web-based and Paper-based homework

Research question (RQ) Interview question (1Q) Theme (T) Meaning Evidence
RQ1 Q4 T2 The data reviewed "My parents knew about the homework task and they
suggested that students can check my progress. They have even helped me as
Do studentsinteract more | The survey indicated that most | Instant feedback were keen to get full much as they could to make sure | got full marks."
with WBH than with PBH? | Students re-do or revisit their marks for their assigned | (BA3)
Online homework. Couldyou | Sub-theme (marks) task and that this
explain why? encouraged collaboration | "I wanted maximum score on all homework tasks. |
or greater would keep trying until | got the best score possible."
communication. (GA3)
Performance goa s and ]
mastery goals possibly "I think all of us set out to get fuI_I marks_ asthe
et homework on the computer was impressive. When we

were told that it would support our continuous
assessment mark, we all tried our best, of course.”
(GB3)

Interviewer: Didyou get full marks?

"Not always. Sometimes, but my continuous
assessment mark was very good. | was happy.” (GB3)
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4.5.8 Student per ceptions of mathematicsreflection and metacognition — Summary Table 3

In Table 72, students perceived that there were distinct differences between WBH and PBH. These differences made them feel that they
were more confident in maths because of spending considerably more time practicing process skills and procedures. Their perception was that
thisfacilitated and fostered better and more improved mathematics performance. Student perceptions were that WBH aso encouraged more
independent learning. Independent learning leads them to use additional resources such as help features, websites, their school notes, books, their
peers, family members and their colleagues to support their learning process. Students felt that once feedback was given on answers that were
incorrect on the WBH tool, they were far more inclined to spend time to correct their mistakes by finding out what they did that was
procedurally wrong and get the correct answer. Besides, they felt that this helped make them better at mathematics.
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Table 50. Summary Table 3- Sudent perceptions of mathematics reflection and metacognition

Research question (RQ) | Interview question (IQ) | Theme (T) Meaning Evidence

RQ2 1Q7 T3 The data reviewed "We had the chanceto reflect on what work wedid in class
suggested that recently. This helped us to improve at math and remember

Wheat are student Were you motivated in | Metacognition students revised their

perceptions of their
learning with WBH and
PBH?

RQ2

any way to do better in
the post-test?

108

What is the better
homework method PBH
or WBH?

1Q3

What are the main
differencesin the way
you learn maths at home
using WBH compared to
PBH?

1Q3

thinking strategiesin
pursuit of full
homework scores and
as aresult, were more
inclined to reflect
upon their solving
strategies and the
process skills used.

Students regularly
mentioned that they

what wedid. | think for sure the WBH made us practice and
prepare for our tests a lot more. It also encouraged
independent learning.” (GA1)

"Immediate feedback tells me to check my work or to
change my thinking if | have the wrong answer. If | have
the wrong answer with the PBH, I'm sure | wouldn't check
it when given the paper back. | would just look at my
mark." (GA2)

"Using the lesson notes to revise our thinking if we are
wrong. With the PBH, you have to wait until the teacher
marks it and this can take some time. Even with the
corrections made, you can have forgotten the work that you
did" GB2

"There was more interaction with our classmates when
doing the homework task. We would phone each other to
check the processes used in order to get the answer correct.
The communication helped with thinking. For example,
after completing aquestion my friend told me how to check
it without having to start the whole login process again.
Thisway, you couldn't see how many times | completed the
task. | think it's a good thing to be alowed multiple
submissions." (GA3 and GA6)

"Being able to look at the lesson review to see how
problems are worked out step by step is of great value. Itis
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What are student
perceptions of their
learning with WBH and
PBH?

What are the main
differencesin the way
you learn maths at home
using WBH compared to
PBH?

T3

M etacognition

would revise their
thinking on their
WBH task more so
thanon PBH in
pursuit of the highest
score possible.

as if you have a teacher that is helping you to work by
yourself, sorry independently. PBH does not encouragethis
procs easily. | mean, it ismore difficult to do." (GA4)
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4.5.9 Student per ceptions of mathematics engagement — Summary Table 4

Table 73 looks at the theme engagement. There is an interconnectedness between the themes of communication, instant feedback,

engagement, and revised thinking (metacognition).

Table 51. Summary Table 4- Student perceptions of mathematics engagement

Research question (RQ) Interview question (1Q) Theme (T) Meaning Evidence

RQ2 1Q2 T2 The data reviewed "I look at my class notes alot more and in addition, | used

suggested that the help facilities on the website." (BA4)

What are student If you can remember, Engagement students were

perceptions of their what influenced the engaged with their "Our parents can see our homework scores, and this makes

learning with WBH and changes as to how you Sub-theme (wWork) | WBH in amanner of | mewant to do better." (BA3 and BA4)

PBH? learnt with WBH since waysthal Werevery | wrpo piooedt difference is the availability of feedback
you started using it (you different from their ioh Thistdls us if o i
can discuss with peers)? engagement with the straight away. Thistells us if we are right or wrong. If we

PBH tasks. They are wrong, we can check the work and correct it. We can
straight away go to our notes, or we can use the help

worked harder and festure.” (BBS)

researched more '

mathematics material | ™Y ou can't just work on the computer; you have to work

content. out the solutions on paper first before you enter any steps
or give the answer. With 27 studentsin the class, the PBH
takes the teacher along time to mark. When the feedback
comes, we have forgotten the math. This happened to me
when | did the post-test." (BB1)
"There was more interaction with our classmates when
doing the homework task. We would phone each other to

RQ2 check the processes used in order to get the answer correct.
1Q3 Engagement The communication helped with thinking. For example,

Studertts re_gularly after completing a question, my friend told me how to
reported using help
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What are student
perceptions of their
learning with WBH and
PBH?

What are the main
differencesin the way you
learn maths at home using
WBH compared to PBH?

Sub-theme (work)

features and
mentioned interaction
with their peers and
other partiesin order
to attain correct
answers to problems.

check it without having to start the whole login process
again. This way, you couldn't see how many times |
completed the task. | think it's a good thing to be alowed
multiple submissions." (GA3 and GAG)

"Instant feedback and the marked score was the key. My
parents were very impressed with this, and that encouraged
me to do more math homework. The GeoGebra homework
was fun and enjoyable too. | understand graphs and their
functions and transformations a lot more from GeoGebra.
Thisis not the casefor PBH." (GAD)

"I found the language easier on the computer than on the
paper. It took time to get used to, but once you understand
how the website worked, it was a good benefit. It helps me
to improve my math more than the work given to me on
paper. You still have to use paper to solve problems before
entering the answer." (GA6)

"WBH gives you immediate feedback and alows us to
change our thinking by looking at problems again. This
helps us to practice more mathematics, which is a good
thing. PBH is still good, but it doesn't encourage you to
look at math in the way that WBH does." (GA1)
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Research question (RQ)

Interview question (IQ)

Theme (T)

Meaning

Evidence

RQ1

Do students interact more

with WBH than with PBH?

1Q2

What influenced the
changes as to how you
learnt with WBH since
you started using it?

T1

Communication

The data reviewed
suggested that students
who access WBH tasks
aremore likely to
communicate with
their peers and others
more than with PBH.

"I communicate a lot more with my classmates. We talk
about the homework and we share strategies. This never
happened before, and it makes learning more fun.” (GA4)

"I spend more time on maths because | want to get full
marksas| compete with my friends. We communicate more
about homework, so | think it givesusmoreinterest." (BB2)
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Student perceptions and linked supporting evidence suggest that they spent more time
looking at their class and lesson notes for the WBH tasks. This perception could be due to
any number of reasons. However, one possible compelling reason could be due to their
parents having access to their results because they have accessto their child's username and
password. The perception was given that parental access to students' results seemed to
motivate them to do better as student's BA3 and BA4 stated. Student GA3 a so stated that she
was encouraged to do more maths homework because she had impressed her parents with her
homework scores. GeoGebra WBH was referred to as being "fun and enjoyable,” whilst the
perception of mathematics learning was taking place. This perception leads to the belief that
key mathematical procedures were better understood with the use of GeoGebra WBH than
with any PBH equivalent.

4.6 Summary

The results presented in this chapter indicate that the use of the WBH tools Myimaths
and GeoGebra increase the amount of homework that the students complete, which in this
study isindicative of interaction. The results suggest that the answer to RQ1 is that students
did interact more with their WBH than with their PBH and completed more WBH tasks. This
result isirrespective of tool usage. Homework completion rates were high regardless of the
delivery method (WBH or PBH). Student perceptions regarding their homework interaction
arose primarily from the provision of immediate feedback. This feedback was perceived to
trigger more communication with their peers, family and household members and with
additional tool features and other Web-based material such as'Y ouTube, and GeoGebra Wiki.
Study participants also perceived that they interacted more with support material to help them
get the highest score possible. Students mentioned this added interaction with the GeoGebra
homework tasks. This perceived interaction is consistent with the findings of Khanlarian
(2010). The development or pursuit of performance-related goalsto try to outscore your peers
or achieve the highest grade possible was a motivating factor in this study. Moreover, it
could be said that performance goals seem to have had a direct influence on the quantity and

quality of the students focus on learning, as suggested by Dowson & Mcinerney (2004).

Students also reported that WBH improved their homework scores and that this
improved performance could be associated with an improved understanding of mathematics.
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There are, of course, multiple benefits to be gained from the positive student interactions with
mathematics WBH content, and improved homework scores were one of them. The results
showed that there is a statistically significant difference between the two homework delivery
methods and that WBH can be more effective than PBH given the context of the UAE and its
reported lack of mathematics homework completion and low levels of self-efficacy. Also,
WBH has several additional benefits that emerged from the measured constructs in the
student survey and follow-up interviews. These benefits help to facilitate greater interaction,
homework completion and improved mathematics homework performance. A more detailed

discussion of the results is explored in Chapter 5.
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Chapter 5 - Discussion, Concluson and Recommendations

5.1 Introduction

This chapter aims to provide a summary of the reported results obtained from Chapter 4
and to discuss these results in relation to other studies. A compelling reason for using
mathematics WBH isto increase students engagement and involvement in the learning
process, to improve their performance in mathematics, as measured by results taken from
formal tests (Nguyen & Kulm, 2005). To enable students to have greater success with
mathematics through an ability to rework problems again and again until the problem is
correct increases their levels of self-efficacy (Locklear, 2013; Murray et al., 2006; Toker &
Moseley, 2013). The purpose of this research study was to investigate the following:

a) whether students interact more with WBH than with PBH (comparative interaction

effect — measured by homework compl etion)
b) student perceptions of their learning with WBH and PBH

By using the WBH tools Myimaths and GeoGebra versus traditional mathematics PBH, |
considered if students became more engaged with WBH and whether their mathematics
homework performance improved. Also, | considered student perceptions about the benefits
of their learning with WBH and PBH as aresult of tool usage. These perceptions were

assessed via survey and follow-up interviews.

Education theorists are inclined to agree that homework can be a useful tool in building
the student's mathematical understanding of the material taught by giving them the additional
practice of the concepts and procedural applications involved (Cooper et al., 2006; Doorn et
al., 2010; Gill & Schlossman, 2000; Marzano & Pickering, 2007; Omlin-Ruback, 2009).
Web-based homework (WBH) studies have at least concluded that the delivery homework
method used (WBH or PBH) does not diminish the benefits of mathematical procedural
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reinforcement through homework or additional out of class activities (Bonham et a., 2003;
Hauk et al., 2015; Ncca, 2003; NCTM, 2008, 2014; Nguyen et a., 2006).

This chapter starts by discussing the answers to the research questions. The chapter then
proposes what this study offers to the broader research community and the body of
knowledge already accumulated on WBH versus PBH studies. This study takes into
consideration the identified constructs that could affect homework completion and
performance. In section 5.5, the study's limitations are presented in terms of itsinternal,
external and construct validity and the study's overal reliability. Finally, recommendations

for social change and for future research are proposed.

5.2 Discussion of Findings

There were two research questions (RQs) in this study that related to the possible
effectiveness of WBH in comparison to that of traditiona PBH. Thefirst RQ enquired after
the interaction effect, and it was pursued by an examination of the number of homework tasks
that were completed and attempted. The simple rationale behind this methodical process was
that if students attempted to do their set homework task (pre-test and post-test WBH and
PBH), they were engaged in a process. If they were able to complete and submit the set task
without duress, this could be considered a definite measure of homework interaction

(completion).

The RQ was restated in the form of a null and alternate hypothesis, and the result was
to rgject the null hypothesisin favour of the aternate hypothesis that students do complete
more WBH than PBH H; 1: p # p2. Students were far more likely to complete their
homework using the WBH tools Myimaths and GeoGebra as opposed to PBH. This result
was evident from the post-test homework completion rates between the control and
intervention groups. The availability of Online practice and multiple submissions seemed to
entice students to interact more with their homework in the WBH group than in the PBH
group. This behaviour is consistent with previous research studies (Bonham et a., 2003;

174



Web-based Homework versus Paper-Based Homework in United Arab
Emirates Secondary Mathematics

Hauk et a., 2015; Hirsch & Weibel, 2003; Locklear, 2013; Reis & Gulsecen, 2010; Zerr,
2007) and indicates that students are more engaged when completing WBH than PBH.
Engagement in school can be defined as the degree to which students are intrinsically and
extrinsically motivated to learn and perform well in awhole-school context (Welford, 1979).
The definition includes the out-of-school context and the idea of supplementary work to
reinforce the learning process that takes place inside the school.

One of the terms and variables used to measure a student's relationship with their
school, according to Libbey (2004), is whether students care whether their homework is
completed correctly. In the case of the UAE, it isif students care homework, is completed at
all. Thistype of relationship is referred to as school bonding, and it means that the student
has a commitment to the school that reflects an "investment in the group” which includes
such constructs as commitment, attachment, involvement, school rules and engagement
(Welford, 1979, p. 1; Libbey, 2004). It also pertainsto the construct of homework itself and
whether it is perceived or even proven to enhance learning. Even though the homework
policy in UAE schoolsisto provide homework at least once aweek to try to encourage a
culture of bonding, responsibility and to promote and raise levels of self-efficacy, thisruleis
often not observed. Social connectedness has a strong influence on the level of student
engagement with students having positive feelings of ability. These ability perceptions led
students to be able to compl ete definitive tasks with a degree of competence in this study, and
thisis consistent with the findings in other studies (Doorn et al., 2010; Jones, 2008; Kats-
Gold & Priel, 2009; Nguyen et al., 2006). Cultural traditions, and to some extent restrictions,
that stem from an attitude towards the promotion of family life, social and religious bonding,
can inhibit students from engaging in out of school curricular activities (Farah and Ridge,
2015). Mathematics homework is completed rarely in the UAE, and there are concerns about
the self-efficacy levels of students and how they need to work more independently from their
teacher and do the task (Sartawi et a., 2012).

This research has demonstrated that it is possible to engage students in mathematics
homework and get them to completeit at a higher rate than traditional PBH. Using a different
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medium of delivery (WBH), students demonstrated their ability to socially connect, not only
with the technology but reportedly from the student interviews with each other, in far greater
ways than with the traditional homework delivery method (PBH). Thisfinding isaso
consistent with earlier research findings (Hirsch and Weibel, 2003; Zerr, 2007; Hauk, Powers
and Segalla, 2015; Wooten and Dillard-Eggers, 2016) but it was not discussed in those
studies and related to interaction and self-efficacy. It is essential to mention that in this study,
homework completion was high irrespective of the delivery method. This behaviour is out of
line with the earlier claimsthat | and the supporting literature made about homework
completion in the UAE (Innabi, 2009; Khanlarian, 2011; Al Khatib, 2012). This positive
behaviour could have been adirect result of students being involved in the research process
itself, which had some novelty effect. This novelty effect can be described as the ‘Hawthorn
effect’ and will be discussed in this study's limitations section (see section 5.5). The positive
behaviour, as mentioned earlier, could also be attributable to a student's attachment,
connection and interest in the schooal, its rules and ethos, and cares whether homework is
completed correctly (Libbey, 2004). Introjected regulation, where students behave and
perform well could also have played a contributory part towards their positive behaviour in

order for others to respect them (Sartawi et al., 2012).

Hirsch and Weibel (2003) found a positive correlation between the amount of
homework completed and the number of correct solutions. Thisisindicative of students
revisiting their homework questions multiple times until they got their problems correct.
Hauk et al. (2004) found that WBH was completed at a significantly higher rate (78%) when
compared with PBH (65%). However, when considering homework compl etion rates, we
must be careful not to compare different case scenarios. Paper-based homework was
completed, usually only once by studentsin this study in the pre-and post-test control groups.
It was noted from interview conversations that very few students had the desire to re-do their
PBH multiple times, due to the delayed nature of the feedback. Such a problem with feedback
did not prevail in the case of WBH, as the feedback was instantaneous in the case of using
Myimaths and prompt when students used GeoGebra. Web-based homework questions can
be taken multiple times and practiced multiple times through help features, with only limited
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knowledge of the number of student attempts at similar questions. The only indication
available to the teacher is whether the student resubmits the assigned homework task multiple
times. In most of the research cases mentioned, it was hypothesised that the completion rate
and the student's WBH score would improve. With thisin mind, it would be a mistake to
make rigid comparisons between WBH and PBH unless students in the WBH intervention
group were given only one attempt to complete their homework. This asymmetry would work
against the nature of the tools facility and be impossible to police. It also defies the logic of
using WBH, which is to engage the student in mathematical rigour and practice to improve
the understanding of conceptual procedure (Khanlarian, 2011; Sartawi et al., 2012; Hauk,
Powers and Segalla, 2015). To combat the notion of inaccurate comparisons in this study, |

considered the amount of homework that was completed as well as attempted.

The findings in this study showed that the majority of GeoGebra WBH group post-
test mean scores were better than that of the PBH group, but the difference was not
statistically significant. The student survey and follow-up interviews suggest that GeoGebra
WBH provides students with the ability to learn geometric, algebraic and statistical concepts
through construction visualisation. Also, as aresult of their revised thinking, they were able
to explore mathematical relationships more easily. Studies that supported this level of revised
student thinking with the use of dynamic geometry software (DGS) to bolster both teacher
and student specia skills and mathematical development through visualisation include Guven
and Kosa, (2008), Saha et al. (2010) and Masri et a. (2016). Students in these studies
perceived that through using the tool featuresin their WBH effectively, they were ableto
visualise and promote their learning and their understanding of mathematical concepts and
processes. This result was consistent with other research findings using DGS (Tat and Fook,
2005; Tarmizi et al., 2010; Nathan and Scobell, 2012).

The construct of feedback in this study in comparison to that given in the literature is
somewhat confusing. According to Hattie and Timperley, effective feedback given at the
task, process and self-regulatory levels are al interrelated (Hattie & Timperley, 2007). They
also concluded that feedback is more powerful when it addresses possible misconceptions or
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misunderstandings. They felt that this would help build the students understanding of
strategies and techniques that can be used to solve problems. Kulhavy (1977) found that for
feedback to be beneficia to learning, the correct answer must not be easily attained. It was
believed that students would merely copy the answer and would not ook to devise suitable
strategiesto try to solve the problem. Therefore, this method was presumed not to lead to the
promotion of learning (Kulhavy, 1977).

In this study, feedback was given at the very basic level in the form of a correct or
incorrect answer. However, this type of feedback did not deter students from wanting to
pursue the correct answer by reattempting questions in Myimaths or GeoGebra. Even though
the correct answer was displayed, students wanted to gain a higher score and were prepared
to repeat the entire homework as individual itemised questions were not part of the tool's
facility. However, thisis consistent with the findings of Walberg et al. (1985). They found
that graded homework within a specified period had a significantly positive effect on student
achievement and subsequently on their learning (Walberg, Paschal and Weinstein, 1985).
With GeoGebra, the feedback was given on the construction as to whether it was correct or
incorrect, but the correct answer was not shown. The students could have attained a graphical
representation of an answer via help features (GeoGebra Tube or GeoGebra Wiki), but this
would have required the student to have positive skill processes. These skill processes could
have been communicated or acquired to attain a higher homework score. Students were
awarded marks based on additional criteria

In the case of the GeoGebra WBH, the answer to RQ1 was to retain the null
hypothesis that students do not interact more with GeoGebra WBH than with PBH,
Hy1:p1 = p2. Thisresult wasinitially viewed as strange, given student feedback on their
perceived levels of engagement with the homework activities. Student pre-and post-test
homework scores were noticeably high irrespective of delivery method, and the mean scores
for the PBH and WBH groups were close together. Interestingly, there was a statistically
significant difference between the curriculum stranded homework tasks on shape and number

and the other strands (algebra, measurement & data). This result could be due to the nature of
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the positive interaction with the GeoGebra WBH tool that led to high homework scores. It
could also be indicative of the design of the WBH tasks and its PBH equivalent. Another
critical fact to note is that the majority of the homework tasks that were set were on shape and

number.

However, according to Santhanam et a. (2008), students may have been involved in
aself-regulatory process as a direct result of the positive feedback given to them by their
teachersin the form of help and assistance and this could have contributed towards the high
scores associated with the GeoGebratool. Another contributory factor to the attainment of
high scoresisthat if a student can see the work being done by their peers, Y ouTube or
GeoGebra Wiki, they may develop the confidence to do it themselves. This type of
interaction may get students' to reproduce or replicate the work with limited levels of
understanding. Modelling is a practice that is associated with self-efficacy and can assist
students' in developing proficiency and confidence (Bandura, 1978). However, modelling

answers does not necessarily trandlate into an understanding of the conceptua procedures.

L earning the GeoGebratool features, developing proficiency with the features, and
using tools to construct objects was time-consuming and required alevel of diligence and
mathematical resilience that not al studentsin the GeoGebraintervention group could
develop in the required timeframe. According to some mathematical educationalists, this
process of building familiarity can take up to two years (Pimm and Johnston-Wilder, 2004).
In this study, however, the timeframe was one 45-minute lesson in the computer lab. This
limited-time allocation perhaps hindered the interaction effects between the studentsin the
intervention group and the tool. Previous research studies have commented on the time
students need to become familiar with the tool features of GeoGebra and other dynamic
geometry software (DGS) as being crucia to its success (Tat and Fook, 2005; Preiner, 2008;
Saha, Ayub and Tarmizi, 2010; Nathan and Scobell, 2012; Ravenscroft et al., 2012; Thambi
and Eu, 2013). It was noticed that in the earlier part of the study, homework completion in the

intervention group using GeoGebrawas far greater than it was towards the end. Student
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coursework and exams were afactor in preventing students from spending more time
interacting with the software.

Several causal factors could contribute to heightening homework completion, and
subsequently tranglated into improved mathematics homework performance scores. The first
isthat students are given paper-based material in class via coursework, exams and assessment
for learning tests. This assessment type breeds a culture of familiarity with question style and
format that relies solely upon students physically writing out their solution on paper. This
procedure may have had a positive impact when students tried to interact with the Online
materia content and when students attempted to complete their WBH. Even though
physically writing out their solutions in attempting to do their WBH would have been
required at times, their developed familiarity with the tools and possible question style may
have contributed to their improved performance. A second reason could be the amount of
effort used with the WBH, regardless of the amount of time spent on WBH tasks. Some
students were able to use the tools' assistance and help features to improve their WBH scores
and consequently, developed the perception that their mathematics had improved. This
finding agrees with those of Peng (2009). He found that students were not influenced by the
tool used to learn accounting methods or principles, but were merely influenced by the ease
with which they could answer questions correctly to get an improved score (Peng, 2009).
Using WBH systems does encourage a trial-and-error type approach to problem-solving,
which may not necessarily coincide with the students' perception of improved learning. With
the GeoGebra WBH, this certainly could be the case in this study. Once students were able to
get correct results viathe correct tool usage and constructions, their homework was compl ete.
However, their real understanding of what was completed may have been limited and merely
instrumental. "Instrumental understanding” can be described as knowing the rules and
procedures to perform set tasks without understanding why those rules or procedures work
(Skemp, 2020). The completion of the assignment may thus have been contrary to their
perceived understanding, as suggested in their follow-up interviews. However, asin other

studies, students did suggest that they needed more time to build familiarity with the tool's
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feature, and the lack of time to satisfy this need could have had an adverse effect on their
level of confidence, which could have contributed to insufficient learning taking place (Peng,
2009; Praveen and Leong, 2013; Mukiri, 2016). Arguably, with the availability of multiple
submissions, problems that require key processes using agebraic manipulation are not fully
understood by the students. Instead, what their work involvesis a repetitive process of
mimicking the steps taken in worked-out examples, help features or solutions to problems
presented in the GeoGebra Wiki. With the GeoGebra homework, students said that they got
the correct answer or construction by following the steps their peers used or what was
presented in examples on Y ouTube or GeoGebra Wiki. Students were able to get maximum
scores on their post-test GeoGebra WBH but may not have conceptually understood key

mathematical processes.

It isimportant to mention that students who pursue high homework scores, are more
inclined and led to believe that they are competent in that area of mathematics. This
misperception may provide afalse sense of confidence about their ability. If the students feel
that the set homework task is merely work, to just try to get a maximum grade or the highest
grade possible they may not be inclined to learn from their mistakes and rush through the
work. This could have been the case with less challenging homework tasks that did not
require students to use the multiple submission feature, as was reported in the Nguyen (2006)
study, where students achieved very high homework scores without the need to resubmit the
task. However, a counterargument against Nguyen's conclusion is that we have no way of
knowing whether the students found a way to practice the homework task without the
teacher's knowledge of unofficialy practicing or reviewing the task before entering their
login information. An example of this practice is given below during an interview in Boys
School B.

"The instant feedback helps you to check your work if there are mistakes, and you can
resubmit to get a better mark. Many studentsinvolved in the study didn't like being
limited to two submissions. There was an easy way around it." (BB5)

—"What was that?' I nterviewer
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"Just click the next button without entering your login information. Thisway, you can do the
task as many times as you like to make sure you understand what is required." (BB5)

This trial-and-error type approach to WBH was considered by Pascarella (2004) to be
aserious limitation to students learning. He felt that students would use the displayed correct
answer to rework the problem and then attain the correct answer without having understood
the mathematical procedures involved. However, later studies have focussed more on the
student's interaction with the tool and have suggested that even if the student isusing atrial-
and-error type approach to learning, there are metacognitive skills that are being used. These
skills are used when the student is in the process of revising their answer and perhaps their
thinking (Tang and Titus, 2002; Jones, 2008; Khanlarian, 2011). These studies revealed that
increased student interaction due to the immediacy of feedback led to an increased amount of
time spent on reviewing mathematical content material irrespective of the student's
knowledge base behind it. The fact that students were able to interact with their peers and
other material resourcesin order to attain correct answers, improved their ability to learn both
cooperatively and independently. This result is consistent with the findings of Laird & Kuh
(2005). Through the availability of multiple homework submissions and the pursuit of the
highest mark, trial-and-error increased student levels of collaboration, determination, and
maybe even mathematical resilience. This behaviour may facilitate learning from one's
mistakes, which could have helped to aleviate some elements of mathematics anxiety. Since
mathematics anxiety was linked in the literature to low levels of student-self efficacy (see
section 2.3.3), any alleviation of anxiety could improve levels of self-efficacy (Khanlarian,
2011; Means, Toyama, Murphy, Bakia, & Jones, 2009; Smith, 2009). Given that this study
improved rates of homework completion and homework scores, it could be fair to say that the
introduction of WBH had a positive effect on improving the levels associated with
mathematics anxiety and self-efficacy. According to Hembree (1990), this could be due to the
presentation of mathematics and mathematical tasks in avariety of waysin the classroom
with suggestions as to how to follow-up at home for supportive learning and homework
completion. The class teachers could make the lessons perhaps more stimulating and

engaging, so students could more easily continue their work at home. Students in this study
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were frustrated by syntactical errors made that could have contributed to some form of
numeric anxiety, as mentioned by Hembree (1990) and Ashcraft and Kirk (2001). Studentsin
the interviews did comment that their teachers and peers were able to provide help and
support when they encountered problems with mathematical procedures required by the tool,
and with any issues associated with the tools' technical features. This type of supportive
culture would help to aleviate forms of mathematics anxiety and promote efficacy (Ashcraft,
2002; Hembree, 2006).

Student perceptions about WBH in this study were very positive, as reflected in the
survey results and the semi-structured interviews. Their perceptions of their interaction with
the tools and whether it benefited mathematics learning was extremely positive. In this study,
their perceived notions as to whether WBH improved their mathematics more so than that of
PBH iswarranted but questionable. The data suggests that there are perceived benefits that
encourage the students to spend more time interacting with the homework material content
and improve homework scores. However, it does not entirely support whether the additional
time spent constitutes improved mathematical learning. Asin other studies, there is evidence
that WBH can offer "unique opportunities’ to improve student learning and practices
(Bonham et a., 2003; Hauk et al., 2015; Nguyen et al., 2006; Pascarella, 2004). For example,
this study revealed student perceptions about the revision and review (revised thinking) of
guestions marked incorrect. This opens-up the relatively new area of metacognitive thought
processes and skills associated with this behaviour. However, further research evidence is
needed that supports student improvement with their final assessment results as opposed to

just improved homework scores.

The fact that the results were statistically significant for all homework tasks on the
post-test comparison of WBH versus PBH suggests that there are possibilities to explore
when giving WBH to students to help improve their mathematics. The effect sizeratio
calculated for this study, suggests that there is a substantial difference between the students
who were given WBH and those students who were given traditional based PBH. The
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intervention of WBH had the effect of significantly improving mathematics homework scores
overall (irrespective of tool usage).

The results and scope of this study are unique in the sense that the homework
activities covered multiple areas of mathematics that involved the four main curriculum
strands in school (algebra, shape, number and data). The study attempted to look at two
distinctly different types of WBH tools. The GeoGebra WBH was perceived by students as
being extremely engaging and perceived by mathematics educationalists as constructionist in
its approach to getting students to interact with technology in away that is suitable for them
to learn (Potter, 1996). This approach to learning mathematics using DGS is considered to be
better by constructivists than other WBH tools, where students' input answers marked right or
wrong, and the correct answer is displayed. However, we are not comparing WBH toolsin
this study; we are comparing WBH with PBH. This study has found that WBH goes beyond
the result of equivalence (is at least as effective) as found in other studies with PBH (Bonham
et a., 2003; Dufresne et d., 2002; Hauk et a., 2015; Hodge et a., 2009; Nguyen & Kulm,
2005).

The results from the survey and the interview are combined in this section to discuss
the key findings from the study in relation to the literature and RQ2. In addition, these results

will aso be used to assess the internal and construct validity of the study.

The survey results and follow-up conversations with selected students indicated that
students did not confront any problems with access to computers or slow modem speed. All
the students could access the Internet, log on to a central Web server and access
www.myimaths.com and www.classtell.com. Students said that with multiple submissions,
they could develop a better understanding of how to compl ete some of the homework
guestions. Proponents of WBH say this approach is extremely advantageous, because it
allows students, through repetition, to check and revise their work (Tang and Titus, 2002).
However, as mentioned in Chapter 2, opponents to WBH claim that by alowing multiple
homework submissions, you encourage atrial and error type approach to solving problems

(Pascarella, 2004). This was the case for one student interviewed in this study, who reported
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simply entering numbers randomly until the correct answer was found. Multiple homework
submissions can be controlled with some operating tools like WebAssign. WebAssign has a
built-in facility that can control the number of homework submissions that is dependent on
the type of question format. For example, if the question is of a multiple-choice format, the
number of submissions would not exceed the number of distractors (Yee et al., 2009).
WebAssign will allow students to resubmit new or changed question parts, entire questions,
or the entire homework task, however, the instructor has the final say on the number of
submissions that are allowed (Tang and Titus, 2002). According to Zerr (2007), aslong as
process skills are being developed and the students are engaged in an attempt, re-attempt
cycle that promotes the revision of mathematical procedures, there are many benefits students
can gain from the availability of multiple homework submissions. Perry (2004) argued that
students must be proactive in their approach to learning by finding out their strengths and
weaknesses with the support of their teacher (Perry, 2004). Perry (2004) also argued that
homework should receive appropriate feedback promptly so that students can understand the
key processes of the concepts (Perry, 2004; Farrell, 2006). He said that once thisis achieved,
students can repeat particular processes in different contexts, be extended or moved on
(Farrell, 2006). Perry (2004) and Farrell (2006) suggested that teachers should tell students
that mathematicsis a skill that needs constant development and that this devel opment
happens over time through the application of skill repetition. They also said that if a positive
attitude is kept, self-efficacy in mathematics will increase and the knock-on effect will beto
help reduce levels of mathematics anxiety (Perry, 2004; Farrell, 2006).

Students from the WBH group expressed their excitement towards the end of the
study that "Doing maths on the computer was fun”, "Maths on the computer gives more
clues, more information and more practice”, and "Doing maths on the computer made them
understand certain topics better." These statements are consistent with the findings of both
Nguyen (2005) and Demirci (2007).

A few students said that they did not like Myimaths because of the impersonal nature
of the feedback given. They said that it was just marked right or wrong, and they felt that it
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could not show them where they had made mistakes. Myimaths is not an intelligent tutoring
system, and it does not provide detailed feedback on ability or show students where they went
wrong. Some students felt uncomfortable with this lack of feedback, as they lacked the
confidence and ability to revise mathematical procedure independently. Thislack of student
confidence was mentioned in homework studies that looked at the role feedback played in
assisting students to develop a degree of required resilience and motivation to continue to
work and solve problems independently when they encountered difficulty (Feng et a., 2006;
Hattie & Timperley, 2007; Johnston-Wilder & Lee, 2008).

It isdifficult to interpret the neutral responsein item E7, where 13 students remained
neutral asto whether computer feedback helped them to recognise their mistakes. This result
could be due to "task" level feedback, where questions are only marked right or wrong, and
the student is required to "self-regulate”, as described by Hattie and Timperley (2007).
However, the availability of immediate feedback and scoring had the highest factor-extracted
communality value, 0.892 (see Appendix 19). As such, it was the most important contributing
factor in determining the responses to most of the surveyed statements E1-E25, and it was
essential in determining what perception students had about WBH. Students said that they
were able to revise their steps, learn from their errors and confirm concepts that had been
previously studied in lessons. This self-regulatory process according to Zerr (2007) helps the
student to build on previous knowledge and most importantly, how they can apply what they

have learnt to other situations (Zerr, 2007)

From the survey results, all 204 pupils said they understood and in principle, agreed
with the range of statement items E1-E7. Favourable agreements were with statement items
E1 ("I like to do maths homework on the computer"), E2 (" Online maths homework
motivates me to practice maths') and E3 ("1 like to receive immediate scores on my WBH")
of particular importance as they accounted for more than 72% of the total variance. These
three statement items are the core reasons for the popularity of WBH, according to Bonham
(2003), Dufrense et a. (2002), Nguyen (2005) and Demirci (2007). From the Nguyen (2005)
study, this could have the effect of forming the student's perceptions and attitudesin a
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favourable manner that could lead the reader to form the opinion of research bias. In this
study and Nguyen (2005), there was aminimal, neutral response rate where participants felt
that they were indifferent about the statements and could not be forced either side, whichis
legitimate. There was less than a 10% neutral response rate in the survey, and this could be
attributable to students who joined the study at different stages as a result of previous
absenteei sm. Students may have been unfamiliar with the WBH tools and its language. Apart
from this, student responses to survey items E1-E7 suggested sound understanding of WBH
as described by Bonham (2003). The survey statement E7 (" Online homework feedback helps
me to recognise my mistakes') was statistically significant between groups (WBH and PBH).
The group means were statistically significantly different (p <.05), and therefore we can
reject Null Hypothesis, that the variance was the same or similar between the groups and
accept the aternative hypothesis for statement item E7. In other words, thereis a distinct
difference between Online homework feedback (WBH) and PBH feedback, and thisis due to
the availability and facility of immediate feedback from the WBH tools.

5.3 Conclusion

The investigation of this study, WBH versus PBH in UAE Secondary Mathematics
arrived at the following conclusionsto its RQs:
RQ1. Do studentsinteract more with WBH than with PBH?

This study found that students do complete more WBH than PBH. This positive
homework interaction took the form of greater communication between peers, teacher and the
use of additional resources that supported the teaching and learning process. As aresult,
homework completion was greater, and it can be reasonabl e to assume that the time spent on

the interactive learning of mathematics was greater for the WBH group.

RQ2. What are student perceptions of their learning with WBH and PBH?
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The construct of metacognition was introduced in the literature as an important part of
this study (see section 2.3.8). It assesses how |learners adjusted their thought patterns and
mathematical problem-solving strategies to find the correct answer. In this study, according
to the student interview responses, the change of thought processes was stimulated by the
availability of immediate feedback from the WBH tools. Metacognition was mentioned in the
literature review as being two-dimensional. Some students in this study used metacognitive
knowledge and some metacognitive regulation. These dimensions hel ped them to overcome
their mathematical errors and attain the correct answer, irrespective of whatever previous
knowledge base they had. The prompt for this two-dimensional process to occur could have
been a syntax error that was made, a procedural error, or students working from the answer.
The follow-up student interviews suggested that they were able to develop or devise a
strategy to combat their deficiency, whether it was through communicating with their peers,
using help features or other mathematical resources such as school notes or the Internet.
Metacognitive regulation took place immediately when the student realised their answer was
incorrect. Students using WBH tools did not panic. They demonstrated that they were able to
revise their thinking and the processes that they used to solve the problem. This process of
revision is mostly lost when students complete PBH tasks because the feedback is not instant.
Student perceptions, when interviewed, suggested that PBH tasks lost this metacognitive
regulatory effect due to untimely feedback.

It appears from this study that most |earners aimed to achieve the best mark possible,
irrespective of what they knew or understood about their learning capabilities. It is unlikely
that studentsin this study would know if they were tacit, aware, strategic, or reflective
learners as described by Perkins (1998), or any combination of them al unless they had been
informed or read material content that addressed this. However, it does seem that WBH does
have the ability to encourage reflective learning, which helps the learner to think and reflect
on the incorrect answer they got from the WBH tool used. This finding maybe true of the
students who said that they tried to elicit the answers by the use of trial and error in the
follow-up interviews. There is an argument for using the trial and error approach, however,

that even when the student is engaged in this form of elicitation, cognitive thought and
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mathematical reflective analysisis still happening and can be considered avalid and useful
form of learning (Suriyon, Inprasitha and Sangaroon, 2013). This evaluative process of the
learning that has taken place or the procedural process used isareview of strategy and the
student becomes more strategic about what it is they have done (Moore, 2002). According to
Perkins (1998), this self-regulatory process that the student gets involved with promotes
levels of self-efficacy and resilience. The student's level of newly found confidenceis
irrespective of the fact that they are working from the attainment of an incorrect answer.
More than likely, without the student's knowledge, they have engaged themselvesin all forms
of metacognitive regulatory processes. They have engaged in the monitoring and control of
cognitive thought processes as a direct result of immediate feedback and made conscious
decisions as to how to correct their mistakes and attain better marks. These forms of human
behaviour also involve social, emotiona and motivational aspects of self-regulation in order
for the student to achieve or pursue a homework score that they desire or find acceptable
(Pasternak and Whitebread, 2014).

The self-regulatory monitoring processis triggered by immediate feedback in this
study as in other studies on WBH versus PBH. Considerable evidence has been offered from
the transcribed student-interview data that suggests that WBH does inspire actions that lead
to "controlled processes’ which change the cognitive behavioural patterns of the student,
based on feedback that was given (Nelson, 1990). In this study, the action often taken by the
student after feedback on their WBH was to resubmit. This behaviour is consistent with the
findings of other WBH studies (Bonham et al., 2003; Dufresne et al., 2002; Hauk et al., 2015;
Jones, 2008; Khanlarian, 2011; Mavrikis & Maciocia, 2003; Nguyen & Kulm, 2005). Such
action would involve them going through the mathematical content material again and
revising their thought processes and skills used (Nelson, 1990). According to Nelson and
Narens (1990), this process alows students to manage their progress far better than by
reliance upon the teacher's feedback. Studentsin this study expressed that, in the case of PBH
tasks, feedback would often come at atime when they had either lost interest in the work that
they had completed or had forgotten about it. Therefore, the implications of metacognitive

practices in this research study with mathematics WBH makes a valid contribution to
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learning that exceeds the cognitive limitations that students experienced with mathematics
PBH. This study has indicated the possibility that student perceptions regarding their
mathematical learning with WBH are positive and can contribute to improved academic
achievement. The positive perceptions about learning go across a range of ages, cognitive
abilities, and learning domains and this is somewhat distinct from other research findingsin
other studies (Doorn et al.,2010; Nguyen & Kulm, 2005; Sommerville, 2015; Tang & Titus,
2002). The interconnectedness of the core generated themes in Chapter 4 (section 4.7.4) can
beillustrated to show how the interaction with WBH can promote and foster additional
mathematical learning and encourage areview of student thought processes and skills.

' ‘.
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Figure 23. Displaying the relationship between themes.

Figure 23 illustrates the i nterconnected rel ationship between the themes that represent
the results of the student interviews. Like other studies, this study presents the most
influential component of WBH as the power of immediate feedback (Dufresne et al., 2002;
Bonham, Deardorff and Beichner, 2003; Mavrikis & Maciocia, 2003; Hauk and Segalla,
2005; Jones, 2008; Khanlarian, 2011). In figure 23, theillustration starts with the interaction
with the technology and the WBH tool. From the feedback given, even in the form of the
right or wrong answer, the metacognitive processes were triggered to encourage and revise
mathematical processes. At this stage, communication can happen between the student and
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the tool with help features or additional Online resources, the teacher, class peers and others.
Despite criticism of the correct or incorrect answer displayed as being poor and limited
feedback given (Hattie & Timperley, 2007), mathematical thought process skills were
triggered, and actions were taken by participating students to resolve problems. The learner
tried to seek evidence to apply the strategy that would help them to learn. This process of
reflection allows the learner to be extremely strategic about their thinking, and they can
evaluate and reflect on any learning that has taken place (Moore, 2002). This reflective
process led to improved mathematics homework performance and scores at a significant
level. This area of the study isrelatively new to the body of knowledge on WBH versus PBH
studies as it promotes and fosters insight into how to get students to perform better
mathematically.

We have no way of knowing how transferable metacognitive skills are with the
thinking that is done, given the feedback for a particular type of question in mathematics.
Both WBH tools Myimaths and GeoGebra did address some real -life application problems,
and student perceptions did not suggest that they had trouble with the type of questions asked.
However, there were help features and additional Internet resources available to the
participants that could quickly have acted as prompts (Y ouTube and GeoGebra Wiki).
According to research in mathemati cs metacognition, these prompts would have helped
students to reflect on their strategies used for specific problems. These prompts act, without
the student identifying that any metacognitive thought process or experienced difficulty had
taken place (Kaune, 2006; Suriyon, Inprasitha and Sangaroon, 2013; Laistner, 2016). With
the WBH, reflection happened as the learner was prompted, often through immediate
feedback to re-do their work and to resubmit. This feedback led to more engagement with the
mathematical content material. This study suggested that this increased engagement isas a
result of students being motivated to improve their homework scores, and could lead to the
review, revision and learning of mathematical procedures and content. Thisfinding is
consistent with that of other research findingson WBH (Dufresne et al., 2002; Affouf and
Walsh, 2006; Jones, 2008; Doorn, Janssen and O’ Brien, 2010; Schneider and Artelt, 2010).
This was the perception of students when asked whether they felt that they were better at
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maths as aresult of their interactions with the WBH tools. Most of the students interviewed
felt that PBH did not have the same impact on their learning of mathematics due to the
untimely manner of the feedback and how it was given. Student perceptions in this study
were similar, and in line with other studies that suggested, if feedback on PBH is not given on
time, metacognitive thought processes are lost (Hattie & Timperley, 2007; Khanlarian, 2011;
Laistner, 2016; Schneider & Artelt, 2010).

Thetools used, and the student's homework environment was key in determining
participatory levels and the homework scores in this study. Student objectives when using
Myimaths were predetermined and controlled using the tool. Myimaths was successful in
getting students to complete pre and post-tests WBH tasks. Students found the tool accessible
and easy to use. Student experiences with the GeoGebratool were positive, and arguably
discovery-learning could have been achieved in some cases. However, the time it took the
teacher and students to become familiar with the tool's operations made it difficult to use with
what could be considered as an overloaded curriculum. In both situations, students were
individually assessed, and if they had acquired a particular competence with the new or
existing mathematical knowledge that had been set by the teacher or tool, they were happy
about their performance. Thetool, in this case, was at the centre of learning by providing the
stimuli. The stimuli do not consider the social situation, cultural context, or the learners
needs, and this must be understood by the students' respective class teacher so that the tool

usage and time are manipulated to suit desired learning objectives.

Section 1.1 described the pedagogical approach to learning that the UAE desires
(constructivist). The UAE isrecruiting staff who are supposed to be able to devise activities
that challenge student assumptions; pose mathematical problems of relevance; build lessons
around big ideas and assess learning in the context of daily teaching. This self-regulatory and
reflective knowledge process in preparing the stimuli (WBH) islinked to the constructivist
approach to learning. However, to adopt only the constructivist learning principles would be
to deny or certainly undermine the social, cultural, religious, and political premise on which
the UAE was built. Myimaths presents a body of knowledge to be learned, and even though
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this knowledgeisin the form of considered facts, formulas, terminology, principles and
theories; the didactic style of teaching (instructor-led) associated with this objectivist
epistemol ogy is not redundant. The teacher should be equipped with the course and core
content to be learnt and most importantly, how that content information is disseminated. The
information can be given in avariety of ways to suit the individual needs of each learner, and
WBH tools can be used with the appropriate pedagogica approach to support this. Hence, it

is not necessary to adopt only constructivist pedagogic principles.

5.4 Contribution to Knowledge

This study of WBH versus PBH with its cultural and religious constraints offers the
research community robust information on students operating in a non-Western social setting.
Rarely in education do we study students who have been introduced to the mathematical
contributions of Muhammad Al-Khwarizmi for algebra, Muhammad Al-Kargji for
mathematical induction and proof of the binomial theorem, Omar Khayyam for extracting
higher-order roots, Nasir Al-Din Al-Tusi for hiswork on trigonometry and the Sine law,
Abul Wafa Buzjani and Abu Nasr Mansur for plane trigonometry and the law of sines, Abul
Hasan Al-Uqglidisi for using decimal numbers instead of fractions, Ibn Al-Haytham for
Alhazen's problem, Ibrahim ibn Sinan's work on area, volume and circle theorems, 1bn Al-
Banna Al-Marrakushi on computing square roots and continued fractions, Kamal Al-Din Al-
Farisi whose application of conic sections solved optical problems and finally, Miriam
Astrolabiyafor her invention of the astronomical computer that is used to predict the position
of the sun, moon, planet and stars (Abdeljaouad, 2006; Allen, 2007; Mastin, 2010). This
historical account of mathematics contribution, we are not taught in Europe. Whether it be as
aresult of Arab nationalism or Islamic pride, it still serves a unique purpose when addressing
theories of learning in the context of the UAE and beyond. Adopting only the constructivist
approach to learning goes against the culture and tradition of this historical account that is
taught and used to an extent by teachers and educational texts provided by the ADEC. The
history associated with these scholars seems to combine both the behaviourist and
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constructivist approaches to learning, even though they would have been taught with
pedagogica methods associated with the early Kuttub schools and Qur'anic teaching
(Abdeljaouad, 2006). However, they were still able to construct, innovate and use educational
thought for all to benefit from. It is encouraged by the ADEC that students are taught and
made aware of their history and that this knowledge is used in teaching content material to
support and motivate their learning in the fields of science, mathematics and engineering
(ADEC, 2012).

The use of the tools Myimaths and GeoGebra for WBH tasks was also a unique
feature in this study, as the two tools could be associated with different styles of teaching and
learning theories. This was done deliberately to try to address an aspect of the dilemma of
educational reform in the UAE. This dilemma addresses the adoption of constructivist
teaching principles over those considered to be traditional. This dilemmais not just limited to
the context of the UAE but extends to many other contexts worldwide. As areminder, the
GeoGebratool was used to encourage and promote both the teacher's competence and the
student's ability to learn by discovery. The Myimaths tool was used as it was considered to
transfer information to the learner via direct instruction. Both tools had their distinct
advantages and disadvantages (see section 3.6.2 — 3.6.4). This study draws attention to
GeoGebra being a powerful discovery, teaching and learning tool as in other studies (Preiner,
2008; Schumacher et al., 2008; Reis and Gulsecen, 2010; Saha, Ayub and Tarmizi, 2010;
Briscoe, 2012; Kul, 2012; Praveen and Leong, 2013; Gergelitsov”a, 2014; Holan, 2014). In
addition, this study highlights the possibility that constructivist thought that suggests the
knowledge one discovers for oneself istruly learned could be taken beyond just the tool
usage. Even though this study was not able to individually support the hypothesis that
GeoGebra WBH tasks improve mathematics homework performance scores, it was able to
draw on positive statement item comments from the student survey and interviews. Thereis
also the distinct possibility that it supported students in this study to perform better on
answering homework questions on shape than the other curriculum stranded areas.
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Thereislittle challenge to the notion that learning is a discovery. However, the
traditionalist argument that information given via direct instruction is necessary and
important has some value and cannot be ignored in this research process and context.
Constructivism can lead to students not knowing what they had found or supposed to have
discovered, which would raise problems when they had to apply what they had found in real-
world situations. Without help and support from their class teacher or peer, this may lead the
student to discover and taking ownership of the incorrect answer. Also, by working
collaboratively or in groups, asis encouraged in constructivist teaching principles, some
students were more able to make discoveries of which other students learnt, by subsequently
copying the work (Bandura, 1978; Garelick, 2011). Some of this discussion is related to what
was found in this study because there were students who mentioned communicating with
others to attain procedures that would lead to answers. There is only the assumption that
students are benefiting from the repetition of procedural methods and practice as a result of
an attempt, re-attempt cycle when answering mathematics homework questions. However, if
students were merely trying to get the correct answer by copying a procedure, they may not

be able to apply what they have learnt to different situations.

This research showed that students involved in the study process demonstrated
competent levels of self-efficacy for the most part when completing their assigned homework
tasks, as homework completion rates for WBH (pre-and post-test) tasks were high. Thislevel
of self-efficacy must be noted, given research evidence that suggested UAE students have
reportedly low levels of self-efficacy and rates of homework completion (Innabi, 2009;
Khanlarian, 2011; Al Khatib, 2012). According to Bembenutty (2011),"To be successful in
homework completion, learners need to be self-regulated by setting homework goals,
selecting appropriate learning strategies, maintaining motivation, monitoring progress, and
evaluating homework outcomes.” This he relates to the self-efficacy levels of the students as
well as"goal setting, time management, managing the environment, and maintaining
attention" (Bembenutty, 2011, p. 449).
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Beyond the context of this study, both tools that were used by the participants yielded
positive outcomes for mathematics education practitioners to consider. In this study, it was
clear that the teacher and students needed more time with GeoGebra to familiarise themselves
with how the tool could operate more effectively for them. Myimaths might be considered to
be aless powerful tool, asit is effectively an Online textbook. However, it was easily
accessible and more rigorously used to support and supplement the teaching and learning in
this study across a greater range of the curriculum content. Students were able to access the
information and use the tool to their desired effect in a shorter space of time than was the case
with the GeoGebratool.

Both Myimaths and the GeoGebra tools used in this study created conditions for
students to be given clear goals and receive near-immediate feedback about their progress.
This feedback was, in many cases, an affirmation as to how their mathematical process skills
were developed and used, irrespective of students being given the answer marked right or

wrong, which is considered limited feedback.

Students expressed thought processes and skills that they were using to complete set
homework tasks aligned and associated with self-regulatory techniques that have been found
to improve learning (Schneider and Artelt, 2010; Laistner, 2016). The ability to control
thoughts and behaviour before, during and after a set task is considered to be a key ingredient
in the development of metacognition. The students interviewed in this study demonstrated
that they were involved in mathematical metacognitive thought processes by identifying and
relating to whether the task that they were about to embark on was like any previous task that
they completed in class. This self-regulatory review processis said to help the student
identify what they want to achieve and what they need to do first in order to achieve their
desire to perform well on the set task. During the tasks, students would use the feedback from
the tool to decide whether they were on the right track and, if not, ask or find help through
various communicative methods. If they were wrong with their answers and they wanted to
re-attempt their WBH task, they could, and this encouraged more metacognitive thought
processes as to what they could do differently. This behaviour is consistent with the finding
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from Zerr (2007). Zerr found that students who were engaged in the attempt, re-attempt cycle
were able to build on previous knowledge as some homework tasks built on previous learning
so that the first task was a pre-requisite to the second (Zerr, 2007). The study found that
students were able to review and reflect upon their answers in terms of what worked well and
what they could have done better, and most importantly, how they could apply what they
have learnt to other situations. The situation of identifying reflection as a metacognitive
thought processiis, to my knowledge, relatively new when comparing WBH with PBH
studies. However, the attempt, re-attempt cycle that students were engaged in, that possibly
triggered reflection, is consistent with other studies (Tang and Titus, 2002; Jones, 2008;
Doorn, Janssen and O’ Brien, 2010; Schmitz and Perels, 2011; Suriyon, Inprasitha and
Sangaroon, 2013).

Many studies on WBH versus PBH have highlighted the importance, benefits and
power of immediate feedback (Bonham et al., 2003; Dufresne et a., 2002; Hauk et al., 2015;
Jones, 2008; Khanlarian, 2011; Mavrikis & Maciocia, 2003; Nguyen et al., 2006; Pascarella,
2004). However, few studies have focussed on addressing the metacognitive thought
processes involved when students can revise their thinking and resubmit their work multiple
times to increase their score for a higher award. It is known that metacognitive strategies are
more effective when students are able to work collaboratively together so that they can
support each other and make their thinking more explicit through open discussion (Laistner,
2016).

This study's important contribution to the broader body of knowledgeisto highlight
what students said after they were given immediate feedback. The revised thinking the
students mentioned is an area that should be devoted to further research and investigation.
The potential impact of this approach is high. It could be achieved in practice if students can
take greater responsibility for their learning and develop an understanding of what is required
to succeed (Sommerville, 2015).

This study also highlights that teachers have aresponsibility to promote the positive

use of technology in the classroom and at home. More significant technology usageis
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supported by the evidence of improved homework performance scores. How effectively this
can be done depends on the amount of professional development and training the teacher
receives in trying to use selected tools to support and supplement the teaching and learning of
mathematics. Training should be an on-going process, as changes in technology that support
mathematics teaching in secondary schools are also on-going. It can take teachers two years
to become familiar with the use of atool and how it can effectively support and supplement

mathematics teaching and learning (Pimm and Johnston-Wilder, 2004).

5.5 Limitations

The limitations of this study are the characteristics of the design and methodology that
could influence the interpretation of my research findings. They are the constraints that will
act on the study's generalisability. In this section, | will try to address the study design in
terms of itsreliability and the methods that | used to establish internal, external and construct
validity.

5.5.1 Internal Validity

Internal validity addresses whether there can be a connection or relationship between
variables (independent and dependent) and how well an experiment accounts for potentially
confounding variables (Hartas, 2010). These independent variable factors can occur at the
same time. Variables such as student maturation, testing style preferences, instrumentation,
regression towards the mean score, selection of subjects based on extreme scores,
experimental mortality and any interaction of these threats could have an overall effect on the
validity of the study. There are possible threats to the internal validity of this study. As stated
in Section 3.3, atwo-group control pre-test, post-test research design of a study is criticised
for its problems with internal validity. The design assumes group equivalence from the pre-
test, and no one is sure what measurable impact of taking the first test has on the second
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(Dimitrov and Rumrill, 2003; Cresswell, Ivankova and Stick, 2006). Even though students
were randomly assigned into test groups to try to make them equivalent from within their
selected schools, arandom selection of the schools did not take place. This limitsthe
generalisability of the resultsto alarger population. Generalisability rests on the notion that
transferability of the research findings can take place. For example, from this research
teachers could find e ements of this study that may support their practice. Also, how large
and varied the sample population can determine how important any form of inter-relationship
there is between generalisability and transformation. Therefore, any conclusions drawn about
causality have less chance of being definitive.

Some students in the PBH interviews said that they were initially disappointed when
they found out they were assigned to the PBH group. These students expressed a distinct lack
of interest in performing better on the post-test PBH task, especially when they felt that they
had done enough the first time. They had achieved the highest mark possible or at the very
least, amark that was considered to be acceptable. In the student interviews, they mentioned
that some in the PBH group completed WBH to check if they did the right thing on specific
guestions. This behaviour could have been further encouraged by the close resemblance of
some WBH and PBH tasks, especially with the GeoGebratool. Students would have been
able to communicate and see visua representations of their peers work and perhaps use their
informed understanding to complete their PBH. This behaviour could be associated with the
possibility of cross-contamination and was considered in the analysis of student results,
especially where high marks (ceiling effects) were achieved.

Maturation is not usually associated as athreat to the two-group control design
process (Cohen et a., 2007; Hartas, 2010). However, this lack of association is based on the
assumption that the participants in both groups matured in their understanding of the
experimental tools used for their WBH (Myimaths and GeoGebra), as well as the tasks used
for their PBH at asimilar rate in terms of how to do and complete their homework process. In
this research, this was not the case as students changed their behaviour towards homework
completion over the course of the study. This change of behaviour was noticed when students

in the PBH group were more inclined to drop out of the post-test due to lack of interest,
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fatigue, or the feeling they had done enough on the pre-test. This was certainly the case with
students who got full marks or nearly full marks on their assigned homework tasks, especially
in the PBH group. Besides, it was aso possible that the selection of some participantsin the
intervention WBH groups consisted of high-ability studentsin comparison to the control PBH
groups. This could account for the larger mean score differences between the two homework
groups in the pre-test that led to the result being statistically significant in favour of PBH. An
unintentional sampling bias could have happened during the selection process that
unknowingly assigned high ability students to the control group. | would have no way of
knowing unless | was to look at student names and their working at ability levels, but since
participating students were promised anonymity, it would not be ethically sound to do so.

With the instrumentation, the administering of the different homework tasks and the
marking of the GeoGebra WBH by the different class teachers could have impacted the
results. Thisimpact would have started from when the lessons for the respective homework
activities were taught and what information was given to the students by the class teacher
about the WBH and PBH tasks that were set. Besides, | have no way of knowing how much
help and support were given to students by their respective class teachers before and during
the time in which the pre-test and the post-test were given. This would undoubtedly be truein
the case of the GeoGebra WBH, where teachers were given arubric to use to mark student
work and to provide feedback (see Tables 15 & 16). This behaviour could have had a
confounding effect on the results attained, especially with regard to the ceiling effects that
were experienced with the GeoGebra WBH tasks.

The sample size used in this study could be considered large, and therefore there is an
increased chance of finding significant differences (Cohen et a., 2007; Lenth, 2007). A larger
sample more reliably reflects the population mean. The research design required a population
size of 316 pupils after conducting a power calculation. However, approximately 540
students were involved in the pre-and post-test WBH versus PBH study (see section 3.5).
Ethical considerationsin trying to involve as many students as possible within each school

could have had an impact on the results of this study.
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Considering, | had restricted access to femal e schools and was reliant upon the
integrity and good nature of the class teacher to provide me with accurate data that could be
taken in good faith must be considered as a limitation. However, this situation has happened
in other WBH versus PBH studies where the researcher is dependent on others to gather data
and to provide the researcher with accurate information (Dufresne et a., 2002; Hodge et dl.,
2009; Jones, 2008). In all cases, they reported that the data was gathered and collected in
good faith but was highlighted as alimitation as the teacher would be unlikely to present
themselves as being a poor representative for the institution in which they worked.

Concerning experimental mortality, the differential loss of participants across groups
was small. Some participants were not involved or chose not to be involved in the post-test
for various reasons. Absenteeism was noticed more with the control PBH group. In the
follow-up interviews, students were asked why re-doing specific PBH tasks marked incorrect
with the teachers feedback was unpopular. Their responses suggested that they were put of f
by the time it took to get the feedback and that the slow feedback made them lessinclined to
want to make corrections. Some students said that they were more than happy with their first
mark given and were not motivated to do the post-test task for a higher award. Again, they
perceived that the timeframe was too long for feedback in comparison to WBH set tasks. This
form of "resentful demoralisation” (Michael, 2004, p. 11), where students perceive that
treatment in one group is less desirable than the treatment in the other could impact on the
student's ability to perform at an appropriate level. Thisfinding did seem to be the casein this
study after follow-up student interviews suggested that some students opted out of doing their
PBH task because they perceived the benefits to be far less than the WBH group.

The fact that students chose to re-do their homework multiple timesin order to
improve their mark could be considered acritical feature of WBH use and a source of benefit
to learning. Design contamination was another possible threat to the validity of the study.
This contamination occurred when students in the control group felt that those in the
treatment group were better off and, as aresult, control-group students would not make a
concerted effort to participate in the PBH tasks. This perception could adversely affect the
attitude of the participantsin the control group, especially when doing the post-test, as it
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would be arepetition of something that they had aready done. This attitudina change could
have affected the mortality rate of the control group, as students may have felt inclined to

drop out.

Syntax errors were a common problem with Myimaths, as students may have attained
the correct answersin their calculations, but due to an input error, nevertheless have the
guestion marked incorrect. This problem was highlighted in the Wooten & Dillard-Eggars
(2016) study. Studentsin this study also expressed dissatisfaction with their effort to answer
guestions completely with the correct cal culations throughout a process, but when entering
the answer, a syntax error was made, and this gave them alower score. This ability of
syntactical errorsto interfere caused much frustration and possible anxiety as it encouraged
most students to repeat the whole process and correct their answers, even though the numbers
would have been dlightly different. Trying to prevent students from doing this throughout the
study proved futile, as they would simply click the "next" button and take the homework task
anonymously, to make sure they got procedures and input functions correct before

completing the actual WBH activity.

It takes time to get used to GeoGebra. The tool features need to be experimented with
and played with before students can begin to feel comfortable with using slide features and
animation. Papert (1996, pp. 2—7) uses the word "thingness' instead of the academic word
"reification”. He describes a method of pointing, clicking, dragging and pulling down menus
to help a created object become amost lifelike by moving. However, in creating the
snowman, the "object” was created using a variety of different methods, such as pointing,
clicking, dragging and pulling down menus. Students had to take a great deal of carein
getting their points placed correctly. Once students finished the snowman, some started to
explore the additional drop-down menu features, such as the slide and angle icons. Students
were given aworksheet with instructions to make the object, but they were not required to
bring the object to life by making it move around. For this reason, a GeoGebra applet was
created for them to use (see Figure 6 and 7). It would have been ideal to have scheduled more

time in the computer labs to help students to be more creative in thisway. The power of
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GeoGebraliesin its ability to make objects move but considering the time it takes to be able
to master the software, this was not possible in two 45-minute lessons. It can take a good
three years for ateacher to train to use technology well. One year to become personally
familiar with tool features, another year to work with the new device or softwarein a
classroom setting and a third-year to reflect on the successes and learn from failures (Pimm
and Johnston-Wilder, 2004).

The GeoGebra homework tasks were peer-and teacher-assessed using an adaptive
approach to the rubrics from the skills devel opment curriculum, taken from the ADSM and
given levels of emerging (E), developing (D) or mastery (M). This subjective approach to
evaluating student work could lead to controversy and alack of consistency as the curriculum
rubrics were applied across the four schools with different teachers. Problems arose with the
teacher's interpretations of the rubrics and how students interacted with the tool and their
final production of work. These problems appeared in the context of how students
experienced the tool and its features, as well as their own capabilities. Questions indeed arose
when considering the quality and equity of the teacher assessment on the GeoGebra WBH
(Morgan and Watson, 2002). In order to combat these hazards, teachers were given arubric
to support a somewhat standardised approach to the marking (Ravenscroft et al., 2012).
Given that the teacher's subjective evaluation of the criteria could undoubtedly lead to
ambiguity, the rubric would give some insight into how the evaluation came about (see

Tables 3 & 4). Later this process was moderated to see where specific disparities occurred.

5.5.2 External Validity

The four schools chosen in the emirate of Abu Dhabi may not necessarily be atrue
reflection of the Emirate population. There are arguably socio-economic, demographic and
cultural differences in each of the seven Emirates that cannot possibly be fairly represented
by the two girls and two boys' schools chosen. Given the cultura differences and attitudes
towards family life and religion in the UAE compared to elsewhere (in particular Western

countries), it isalso difficult to assess how this sample of students and their results could be

203



Web-based Homework versus Paper-Based Homework in United Arab
Emirates Secondary Mathematics

applied rigoroudly to other settings. The UAE context certainly hasits positives when
evauating the use of WBH tools to complete maths homework in a second language, from
both an Arabic and English foreign language perspective. Students did indicate from the
survey and in follow-up interviews that they did not experience language problems when
completing their mathematics WBH. It could also be that students involved in the study had
positive experiences with the homework tools that encouraged greater homework completion
and improved homework scores. These findings could be applied to many kinds of people,
even those not represented in the sample. This enhances the externa validity of the study as
generalising across populations can occur when particular research findings can apply to
many different kinds of people irrespective of their socia, cultural, demographic and political
backgrounds (Hartas, 2010).

There isthe threat of multiple treatment interference in this study, as students were
randomly selected to bein either the control or intervention groups. Some students would
have had the experience of both PBH (control) and WBH (intervention) groups. It is,
therefore, possible that the effect observed, is present only when people are exposed to this
intervention or treatment. In the real world, one would not observe the same effects of an
intervention if not exposed by other forms of intervention or treatment. Some studentsin this
study had the experience of being in the PBH and the two types of WBH groups (Myimaths
and GeoGebra). In adrug experiment, if the same animal were given three different drug
doses in some sequence, the effects of the second and third could not be separated or distinct
from the delayed effects of the previous doses (Michael, 2004). We cannot be sure how the
possible effects of the second, third or possibly fourth dose of WBH and PBH had on some
students over the study duration.

Also, we have no way of knowing whether the process of pre-testing could have
influenced the results because there is no baseline measurement against groups that remained
completely untreated. For example, students who are given a pre-test maybe inclined to try
harder with their homework activity, and both the WBH and PBH groups would outperform
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students who were not given a pre-test. This behaviour makes it difficult to generalise the
results to encompass al students.

Another problem isthat it isimpossible and unethical to isolate all the study
participants completely. If two groups of students attend the same schooal, it is reasonable to
assume that they mix outside of lessons and share ideas and thought processes as well as
skills. This behaviour could potentially contaminate the results. In order to try to combat this
effect, students were drawn from other schools in this study, but this gives rise to the notion

of selection bias as randomisation is not possible.

5.5.3 Construct Validity

Construct validity is concerned with the degree to which atest measures what it
claimsto be trying to measure (Hartas, 2010). It is conceivable that the constructs used in this
study are not exhaustive and do not accurately represent the variables, and perhaps more
importantly, the extraneous variables that could exist in real-world condition settings.
Therefore, only an interpretation is given as to the possible outcomes of this study, and the
generalisability of results faces further difficulty in this sense (Shadish, Cook, & Campbell,
2005).

This study used two WBH tools (Myimaths and GeoGebra), and | felt that Myimaths
was operationally easier to use and more appropriate than GeoGebra. Far more homework
tasks were completed using Myimaths than using GeoGebra. This was due to ease,
accessibility and time in relation to the curriculum content being covered. However, it could
be argued that the homework studies do not capture the full breadth of the construct being
measured concerning mathematics homework and whether WBH is a more suitable method
of delivery than PBH. It could be because the full breadth of WBH has not been explored.

Some students may not have participated passively in the research project, and as a

result, were involved unknowingly in hypothesis guessing. Thisis where they were thinking
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about what the project was about and basing their behaviour on what they had guessed. It was
clear to some students that the key dependent-variable, homework score, was being measured
by the independent variables of PBH and WBH.

Many students are anxious about being evaluated and interviewed. If their
apprehension makes them perform poorly, it is difficult to suggest that it is part of atreatment
effect. Some other forms of evaluation apprehension aso include the human tendency to want
to look and to perform well. If the student desires to ook good and to perform better by
achieving full marks, it could be wrong to label this as a treatment effect. It could be
considered that the apprehension has become confounded with the treatment, and we would
have to be careful as to how we interpret the results. Surveyed students indicated that due to
greater communication with their peers, parents and other sources with the WBH, they were
far more inclined to compete for maximum marks to impress interested parties. Introjected
regulation, as areminder from the review of the literature, has the effect of making the
student behave well in order for others to respect them, and this can assist student
performance and help to avoid considered forms of inappropriate behaviour and possible
shame (Sartawi et al., 2012). The behaviour could also indicate why it was possible that
participants were more motivated in the WBH post-test. Another reason for motivation could
be because of the researcher. The break from their regular class teacher may have refreshed
some attitudes towards learning, and this was evident in other WBH studies (Donovan,
Bransford, & Pellegrino, 2010; Dufresne et al., 2002; Nguyen & Kulm, 2005). Also, students
may have artificialy detected alack of neutrality in my belief about the outcome of PBH,
which could have affected their performance (Hartas, 2010).

5.5.4 Reliability

Reliability refersto the consistency or stability of something that is being measured,
and it is considered high if the measured result is repeatable (Hartas, 2010). The repeatable

measures can be achieved by offering some detail s on the measured constructs and the
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processes used to collect and analyse the datain this study. The consistency of the measured
constructs is examined in terms of its stability (consistency over time), equivalence and
internal consistency. Consistency over timeis the degree to which a measurement under the
same conditions is the same each time it is applied to the same participants. In this study, a
test and retest (pre-test, post-test) took place as a measure of reliability on the same
participants at two different pointsin time. The timeframe of aweek was used and is
considered to be an acceptable interval (Muijs, 2012). The reliability of equivalence refersto
how well the two administrative tests were carried out (WBH and PBH pre-test, post-test)

and whether we can agree with the measurements attained. Finally, internal consistency refers
to whether al itemsin an identified construct measure the same thing (Muijs, 2012).

From the pre-test, post-test WBH and PBH tasks, a missing value analysis was
conducted. Little's missing value analysis (MCR- missing completely at random) test did
indicate that the null hypothesis should be retained as the values were not missing completely
at random. The test did come up with a statistically significant result which could question
the reliability of equivalence between the pre-and post-test measures. However, since missing
values accounted for 15 out of a possible 541 cases (2.7%) in the control post-tests and 7 out
of apossible 536 (1.3%) cases in the intervention groups, a decision was made to ignore the
missing data, as it was less than 3% for the control and 2% for the intervention groups
(Muijs, 2012). Since sample sizes were large, this amount of missing datawould have little
impact on the overall results of the project. Some justification has already been provided with
the follow-up student interviews that suggested students were put off by having to complete
the same PBH task a second time when they felt that they had aready done enough. They
also said that the feedback came long after they had completed the task, and at times they had
forgotten the material content. The student responses to the interview question, "Why was the
post-test PBH unpopular to complete?' can confirm that the missing data was not missing by
random chance and that the students had compelling reasons to leave the research process.

The impact of multiple homework submissions is unknown, as only one homework
score is recorded. That homework score was the highest score achieved by the student. The

tools would indicate only the number of attempts the student had to compl ete the task.
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Cronbach's alpha and factor analysis were used to measure the internal consistency of
the survey items E1-E25. The a coefficient indicated that the survey design was a reliable
measure for the RQ of student perceptions about WBH in comparison to that of PBH. The
alpha coefficient results suggested that the internal consistency and reliability of the
constructs being measured in the student survey were suitable measures to help answer the
RQ. The tests suggested that the same underlying construct of student perceptions were being
measured. In theory, the closer a is to 1, the greater the reliability (Hartas, 2010). The factor
analysis did suggest that some survey statement items were perhaps better suited with others
to measure similar constructs as some complex variables |loaded on more than one component
factor;—however, thisis a subjective point. The results supported the notion that the
constructs were measuring what it was supposed to.

The cultural aspect of students not wanting to tarnish or say anything detrimental to
school leadership, and the efforts of their country must be considered. Interviews can be
intimidating, and we have no way of knowing what impact or relationship each participating
student had with their respective class teacher or their peers. If students perceived the
research study as being innovative and drew conclusions about the study that supported this,
it would have impacted their responses to the interview questions (May, 2012).

It is difficult to know whether mathematical learning is taking placeif | am not
associating PBH and WBH scores with final test scores, as in the case of the Bonham (2003)
and Hauk and Segella (2005) studies that took place over a much more extended period. This
study design did not answer the RQ about whether homework scores could improve viathe
use of the tools Myimaths and GeoGebra in comparison to that of traditional PBH given.
'Learning' is much harder to define and might be worth pursuing with a different study design

that could measure learning gains.

5.6 Recommendations for Social Change

The key advantage of WBH identified by this research is the immediate feedback
given for both correct and incorrect answers. The feedback helped students in this study and

othersto identify and correct thought processes before they could become habitual. In
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addition, WBH allowed and mostly facilitated the process for students to work on their
assigned homework task problems several times, due to the availability of multiple
submissions. The availability of multiple homework submissions encouraged additional
mathematical practice that could provide students with a better understanding of the
mathematical process skills involved and the solutions that they attained. Student perceptions
in this study suggested that they were intrinsically motivated to pursue high scores because
they were alowed to re-do and resubmit their homework tasks if they had made procedural,
syntactical or computational errors. It also allowed them to review the content material
through help features, Internet resources, lesson notes and various other forms of
communication that may have involved their peers, family members and friends. The benefits
derived from this Web of socia interaction could have positive and lasting effects on

devel oping mathematical content knowledge; therefore, WBH ought to be given and
encouraged. It is not recommended that WBH replace PBH because students need to be able
to write out and methodically structure their thinking and solutions. Students, when
interviewed, did identify the need to be able to work out their solutions to problems given to

them by the WBH tool on paper before they entered their answers.

Severa key advantages are evident for both teachers and students if WBH is given.
Thefirst isthat it would save considerable time in the marking of student homework and is
the reduction of time spent reviewing homework questionsin class, as aresult of the help
features, Web resources and other communicative means available to some students.
However, PBH or topic tests would still need to be given to make sure that students
mathematical skills, procedures and layout meet teachers expectations as to what is being
taught and learnt. Several studies have indicated that mathematics teaching staff were able to
focus more on how they structured their teaching and learning in class after the
implementation of mathematics WBH and that this is considered to be a definite form of
teacher reflection (Bonham et al., 2003; Dufresne et al., 2002; Potter & Johnston, 2006;
Wooten & Dillard-Eggers, 2016).
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The benefits to the students must somehow manifest in improved mathematical
performance, progress and attainment. At present, there is not enough conclusive evidence to
support that student progress and attainment has improved because of WBH practices. There
needs to be more time and research spent on investigating WBH and any causal effectsthat it

may have on improved mathematical performance and exam scores.

In order to try and reduce the Hawthorne effect, it is recommended that mathematics
WBH be an integral part of any continual assessment procedure that involves the submission
of set homework tasks. Even though the Hawthorn effect is a problem associated with
research design rather than for teaching and learning, the setting of the research process can
automatically trigger the effect (Hartas, 2010). How thisis negotiated is entirely up to how
schools and their mathematics departments view their policy on homework and mathematics
homework delivery methods and completion. Mathematics WBH used effectively with PBH
could help teachers identify student problems more quickly than with the reliance on PBH
and tests. Web-based homework could aso be used as a measure of student support that helps
to foster and build competency, confidence and greater mathematical social justice. Through
immediate feedback, WBH offers greater socia justice than with relying solely on the
teacher. Thetool isindiscriminate when giving feedback to students, and irrespective of the
type of feedback given, it isthe same that is given to all. Students cannot complain about or
compare feedback that has been given to other students with their feedback. They are dso
lessinclined to discuss issues of favouritism that could potentially reduce motivation in some
students and make them less inclined to be part of any homework process or culture (Bennett
and Kalish, 2006; Dillard-Eggers et al., 2008).

Finally, the mathematics teacher's ability to effectively use technology must be
improved, and on-going improvement must be part of their professional development.
Working with the teachersin this study indicated that there is a need to support teachers with
this process. Improved technology usage will enable teachersto better tailor the curriculum
content and pedagogical approaches to learning that could better suit the needs of all learners.
This professional development is crucial for the success of any tool used to support the

210



Web-based Homework versus Paper-Based Homework in United Arab
Emirates Secondary Mathematics

teaching and learning of mathematics (Strauss, 1993; Pimm and Johnston-Wilder, 2004,
Almekhlafi and Almeqgdadi, 2010). It isvital that the teacher can instil confidence in their
students when it comes to using technology to support measurable improvement in
mathematics, and this can take time. Instilling technological confidence would mean that
mathematics teachers need to use aWBH tool regularly to support classroom and lab (ICT)
instruction as well as to encourage the use of that resource outside the context of school on
mobile applications or at home. Also, it would help encourage students to become more
independent and responsible for mathematics |essons; an outcome that would be positively

welcomed.

5.7 Recommendations for Future Research

This study may provide aframework for further study. First, to replicate this study
would be beneficial, with alonger duration, so that the study was tied to student attainment
and exam performance. The cultural context of students who participated in this study was
different from that of most studies on WBH versus PBH, as there were reported low levels of
self-efficacy and rates of homework completion (Innabi, 2009; Al Khatib, 2012; Sartawi et
al., 2012). Further studiesin this areaand in other cultural settings are necessary so that we
can develop an idea of how WBH can or cannot impact on different contextual settings. As
noted, this study has suggested that student self-efficacy levels, rates of homework
completion and mathematical performance for the duration of the study improved.

Another suggestion would be to expand the research areato include gender
differences. Given the cultural context of this study of segregated schools, it arguably could
be both socially and politically correct to provide information that compares the performance
of boys and girls. The comparative study could highlight disparities between the genders that
could later be addressed socially and politically where it is practicably possible, given the

socia context of the research.
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Further research needs to be conducted in the other Emirates of the UAE, as
demographics and regional differences should be considered as factors that could affect levels
of motivation. The Emirate of Abu Dhabi is the wealthiest, with its vast amount of wealth in
oil and gas, and research needs to investigate what influences students' attitudes towards
completing mathematics WBH in comparison to attitudes el sewhere in the UAE. Moreover,
the students studied in this research reported having few problems with internet access which,

isunlikely to be the case in less affluent regions.

Finally, a qualitative study of student and instructor responses to questions related to
mathematics WBH versus PBH would be beneficial to the broader research community since
many studies conducted have been quantitative. Also, asin this study, the results on student
perceptions have been taken from surveys that used a Likert-scale ordering of preferenceto
analyse the responses quantitatively (Bonham et al., 2003; Demirci, 2010; Dufresne et al.,
2002; Hauk & Segalla, 2005; Nguyen & Kulm, 2005). Hauk and Segalla (2005) completed
one of thefirst qualitative studies on Online homework that assessed student and teacher
perceptions of the usefulness of what they referred to as Online mathematics homework and
its ability to engage students. The analysis was completed without the need for further
gualitative investigation. Like the Hauk and Segalla (2005) study, this study also identifies
issues that would be appropriate for more qualitative investigation. This type of investigation
could provide a complete picture of the types of impact WBH has on learning mathematics

that could be associated with mathematics learning gains.

Appendices
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Appendix 1. Control (PHB) and Intervention (WBH) Groups.

Pre-test

Pre-test

Post-test

Post-test

Year School Task n Date cen e Date R e
7 zzzz g‘ Shape: Area of Circle iz 25.11.14 1; 1; s0.11.14 1; 1;
2:::2 ’; Shape: Area of Circle ;5 25.11.14 ii iz s0.11.14 i; ig
Boys A Shape:Pythagoras’ 21|oa.03.14 10 11]|11.03.14a 7 10
Theorem
Boys B 23 12 11 12 11
= Boys A Shape2:Similarity 19|27.04.14 B 10 jo1.05.14 B 10
Boys B 20 10 10 10 10
Boys A Number: Fractions 20|10.09.14 10 10 |15.09.14 10 10
Boys B 17 ) s ) s
Girls A Shape: Pythagoras’ 22|oa.03.14 11 11]|11.03.14a 11 11
Theorem
Girls B 20 10 10 13 FiE
Girls A Shape2:Similarity 24al|27.04.14a 12 12 jo1.05.14 10 11
Girls B 26 13 13 12 12
Girls A Number: Fractions 23|10.09.14 12 11|15.09.14 12 11
Girls B 24a 10 12 11 12
Boys A Shape: Missing Sides 26|11.03.14 13 13|18.03.14a 11 12
Trigonometry
Boys B 23 11 12 10 10
° Boys A Number:Scienti 2s8|24.09.14 14 14|30.09.14a 14 14
Nnotation
Boys B 25 13 12 FE 12
Girls A Shape:Missing Sides 27|11.03.14 1a 14a|18.03.14a 13 14
Trigonometry
Girls B 29 14 14 s 14
Girls A Number:Scienti 25|24.09.14 12 12|30.09.14a 1s 12
Nnotation
Girls B 27 FEY FEY 14 FE
Data:Independent
Boys A probability — tree 22|19.03.14 11 11|26.03.14 11 11
diagrams
Boys B 20 10 10 10 10
Boys A Number: Indices & 24|30.09.14 12 12]|o7.10.14a 10 12
Surds
Boys B 25 12 13 7 13
Boys A Algebra:Quadratic 27|28.10.14 1a 13|o3.11.14 10 12
10 equations
Boys B 25 13 12 13 12
Boys A Algebra*:Y=mx +c 17|19.01.15 s o|26.01.15 |a= 7
Boys B 14 7 7 2% s
Boys A Shape: Sin & Cos rule 22|09.03.15 11 11|16.03.15 10 11
Boys B 20 10 10 s 10
Boys A Shape™:Investigating 10|29.04.15 s slos.0s5.15 s s
Trig functions
Boys B 7 a 3 a 3
Data: Independent
Girls A probability — tree 29|19.03.14 1s 14|26.03.14 as 14
diagrams
Girls B 23 11 12 11 12
Girls A Number: Indices & 27|30.09.14 13 14|o07.10.14 13 13
Surds
Girls B 27 13 14 FE 14
10 Girls A Algebra:Quadratic 30|28.10.214 1s 1s5|oz.11.14 11 14
equations
Girls B 27 14 13 11 12
Girls A Shape: Sin & Cos rule 24|o0s.03.15 12 12|16.03.15 10 12
Girls B 24 12 12 5 12
A Shape*:Investigating
Girls A A ! 14|26.04.15 7 7|os.0s5.15 7 7
Trig functions
Girls B 10 s s s s
Boys A ’:;gsebra: Rules of 17|19.03.14 8 ol|z6.03.14a 6 o
Boys B 1s s 7 s 7
Data:Factorial
Boys A F 20|16.11.14 10 10|23.11.14 s =)
Notation
Boys B 17 s ° s )
Algebra:
Boys A Differentiating 1s|10.02.15 ° o(17.02.15 ) )
11 Polynomials
Boys B is ) ) ) )
Boys A Datra®:investigating 14|25.02.15 7 7|oa.03.25 |3=* &+
standard deviation
Boys B 12 5 5 1= a=
Boys A shape™: Hyperbola ol17.05.15 s alza.05.15 [a= ES
investigation
Boys B 12 5 5 s ~ b
Girls A Algebra:Rules of logs 22[19.03.14 11 11|26.03.14 E) 11
Girls B 27 13 14 13 14
. Data::Factorial
Girls A 20|16.11.14 10 10|23.11.14 s °
Notation
Girls B 23 11 12 10 12
Algebra:
Girls A Differentiating 2s5|10.02.15 12 13|17.02.15 12 13
Polynomials
11 Girls B
e 20 10 10 10 10
Girls B Data™:Investigating 16|25.02.15 s sloa.03.15 [2* &+
standard deviation
Girls A 14 7 7 3> 7>
Girls B Shape™: Hyperbola 10|17.05.15 s s|za.05.125 |3= s
investigation
12 5 5 a 5
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Appendix 2 —-Web-based Homework and Paper-based Homewok Tasks

Pretest & Posttest tasks

Grade 7 date: 25.11.14 30.11.14

Perimeter, Area & Volume

PBH — Area of a circle, student workbook, page 53, questions 1-6

WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=areas/areaofcircleOH&taskID
=1083

Grade 8

(Number) Fractions date: 10.09.14 15.09.14

PBH

Addition & subtraction of Fractions page 1 student workbook, questions 1-8.

WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=fractions/addingFractionsOH
&tasklD=1017

(Shape) Pythagoras' Theorem date: 04.03.14 11.03.14

PBH

Using Pythagoras' Theorem to calculate one of the short sides P68 student workbook
questions 1-4.

WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=pythagoras/INTpythagorasTh
eoremOH&taskiD=1112

(Shape) Similarity

PBH — Similarity Worksheet

WBH date: 27.04.14 01.05.14

http://www.myimaths.com/tasks/library/loadTask.asp?title=similarity/similarityOH&taskl
D=1119

Grade 9

(Number) Scientific notation date: 24.09.14 30.09.14

PBH - Scientific (or Standard) Notation student workbook page 2, questions 3-11.

WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=standardform/standardForm
CalculationsOH&taskiD=1050

(Shape) Missing Sides Trigonometry date: 11.03.14 18.03.14

PBH - Finding an unknown side part 1, student workbook page 70, questions 1-8
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WBH-
http://www.myimaths.com/tasks/library/loadTask.asp?title=trigonometry/trigsidesOH&t
askiD=1133

Grade 10

(Number) Indices & Surds date: 30.09.14 07.10.14

PBH — Binomial Products & Rationalising the Denominator, student workbook, page 5.

WBH

http://www.myimaths.com/tasks/library/alevel/lib/loadTask.asp?title=alevel/corel/indic
es/indices5Surds20H&tasklD=2037

(Algebra) Quadratic equations date: 28.10.14 03.11.14

PBH — Quadratic Equations Using Factors, student workbook, page 33 & 34 questions 1-4.

WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=factorising/solveQuadsByFac
toringOH&taskiD=1181

(Data) Independent probability — tree diagrams date: 19.03.14 26.03.14
PBH — Independent probability tree diagrams worksheet.
WBH

http://www.myimaths.com/tasks/library/loadTask.asp?title=probindependent/problndep
endentOH&tasklD=1208

Grade 11 Academic

(Algebra) Rules of logs date: 16.11.14 23.11.14

PBH — Student activity book + student workbook

http://www.myimaths.com/tasks/library/alevel/lib/loadTask.asp?title=alevel/core2/logs/|
ogs2logsOH&tasklD=2062

http://www.myimaths.com/tasks/library/alevel/lib/loadTask.asp?title=alevel/core2/logs/|
ogs3EquationsOH&tasklD=2063

Grade 11 Applied date: 27.03.14 02.04.14

Data (Counting Principles) Factorial Notation

PBH — Factorial Notation & nPr (permutations), student workbook pages 1-4

WBH
http://www.myimaths.com/tasks/library/alevel/lib/loadTask.asp?title=alevel/statsl/per
mscombs/permcomb1PermsOH&taskiD=2108
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Year | School | GeoGebra N | date Pre- | Pre- | date Post- | Post-
Task test | test test test
PBH | WBH PBH WBH
10 Boys A | Y=mx +c 17 | 19.01.15 | 8 9 26.01.15 | 4* 7
Boys B 14 7 7 2* 5
Boys A | Investigating | 14 | 26.04.15 | 7 7 06.05.15 | 7 7
Trig
functions
Boys B 10 | 29.04.15 |5 5 06.05.15 |5 5
Girls A 14 | 26.04.15 |7 7 06.05.15 | 7 7
Girls B
7 4 3 4 3
11 Girls A | Hyperbola 16 | 25.02.15 | 8 8 04.03.15 | 2* 6*
Investigation
Girls B 14 7 7 3* 7
Boys A | Investigating | 17 7 7 3* 6*
Trig
functions
Boys B 12 6 6 1* 4*
Girls A | Investigating | 10 | 17.05.15 |5 5 24.05.15 | 3* 5
standard
deviation
Girls B 12 6 6 4* 6
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Appendix 3 - Per centage of Homework given to Studentsin TIMMS
Participating Countries

Table 1: Fraction of students who get homework in mathematics and science.

Country Every or almnost  About half  Some lessons Homework not
every lesson the lessons given

AlaTasnaTicos

Australia 16.35 1863 3177 13.24
Austria Ri.04 153,95 211 0.00
Crech Rep 2075 37.02 2134 0.00
Denmark 64.50 HLT6 4.65 .00
Gertaary 9237 6.50 1.13 0.60
Hungary 93.03 3.47 1.94 1.3
Ttaly 53741 it 23.42 2,13
Japan 60.56 2205 15.78 1.62
Netherlands .49 2.47 33.43 63.62
New Zeaanland 14.45 09.62 3761 1831
Neorway 3981 3981 20.22 0.5
Slewvak Republic 64.50 2305 11,70 0.74
Swelen 404 12,56 &0.08 2.12
United States ToAT 904 1053 406
England 1.97 1301 5001 3.21
Scotland 8.29 2838 62.10 1.23
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Appendix 4 — Equation of a Snowman Wor ksheet

The Eguocation of a Snowmen

Frosty the snowman, was a jolly happy soul. He was made of points and circles though

and he'll come to life with math...

Steps: (Check off each box as you go.)

O
O
O

Click View and choose 6rid.
Click Options then go to Labelling and click on No new objects.
On the bottom of the screen next to Input type x"2 +y~2 = 9 and hit Enter.
This creates a circle centred at the origin with a radius of 3.
To plot, type the equation of a circle centred at (0,-7) with a radius of 4.
o Equation:
Type the equation of a circle centred at (0,-16) with a radius of 5.
o Equation:
Type the equation of a circle centred at (-1, 1) with a radius of 0.8.
o Equation:
Type the equation of a circle centred at (1, 1) with a radius of 0.8.
o Equation:
Type the equation of a circle centred at (0, O) with a radius of 0.5.
o Equation:
Type the equation of a circle centred at (-1.5,-1.5) with a radius of 0.4.
o Equation:
Type the equation of a circle centred at (1.5,-1.5) with a radius of 0.4.
Type the equation of a circle centred at (-.75,-2) with a radius of 0.4.
Type the equation of a circle centred at (.75,-2) with a radius of 0.4.
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O Type the equation of a circle centred at (0,-2) with a radius of 0.4.

O Type the equation of a circle centred at (0,-5) with a radius of 0.6.

O Type the equation of a circle centred at (0,-7) with a radius of 0.6.

O Type the equation of a circle centred at (0,-9) with a radius of 0.6.

O To plot the points for the arms type (4,-7)

O Type (-4,-7)

O Type (10,0)

O Type (-10,-14)

O Type (-11,-14)

O Type (-11,-15)

O Type (-9,-16)

O Type (10,1)

O Type (11.5,1.5)

O Type (11.5,0)

O To create line segments for the arms type (so that it is written as)
segment [(-4,-7), (-10,-14)].

O Type segment [(-10,-14), (-11,-15)].

O Type segment[(-10,-14),(-9,-16)].

O Type segment[(-10,-14), (-11,-14)].

O Type segment [(4,-7), (10, O)].

O Type segment [(10, 0), (10, 1)].

O Type segment [(10, 0), (11.5, 1.5)].

O Type segment [(10, 0), (11.5, 0)].

Now be creative and unique. Give Frosty a little something special and really make this

your creation. Feel free to use any of the functions in GeoGebral

O Click View and choose Grid.
O Click View and choose Axis.

And then we have our friend Frosty!

Frosty Wrap Up:

The general equation of a circle is:

Assume that we have the unit circle centered at the origin [ x2 + y? = 1], then
1.) if it is shifted 4 units to the right the equation becomes:
2.) if it is shifted 3 units down the equation becomes:
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3.) if it's radius is increased by 6 the equation becomes:

4.) if it is shifted 2 units up, 7 units left, and its radius is increased by 3 the
equation becomes:

Appendix 5 - Q-Q Plots Pre-Test, Post-test

Normal Q-Q Plot of Pretest
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Appendix 6 - Histogram of Pre-test & Post-test PBH and WBH Groups
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Appendix 7 - Year 9 Paper-based Homework on Factorising Quadratic
Equations (Question 3)
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Appendix 8 - Comparing Means WBH versus PBH Pre-test, Post

Group Statistics
Std. Std. Error
Year N Mean C s
Deviation Mean
intervention 11 67.64 19.382 5.844
Pre-test
control 12 65.42 21.39 6.175
Boys A shape - -
intervention 11 91 9.56 2.883
Post-test
control 12 75.25 17.321 5
intervention 9 70.44 18.035 6.012
Pre-test
control 9 69.56 21.143 7.048
Boys B shape - -
intervention 9 89.44 11.588 3.863
Post-test
7 control 9 79.78 19.98 6.66
ear
Y intervention 13 78.38 17.961 4.981
Pre-test
. control 12 70.42 23.547 6.797
Girls A shape - -
intervention 13 93.23 6.572 1.823
Post-test
control 12 84.25 12.707 3.668
intervention 14 72.79 14.921 3.988
Pre-test
) control 13 74.85 18.814 5.218
Girls B shape - -
intervention 14 94.07 7.216 1.929
post test
control 12 84.67 13.296 3.838
intervention 10 77.8 15.179 4.8
Pre-test
control 10 71 18.074 5.715
number - -
intervention 10 96.4 3.406 1.077
Post-test
control 10 80 13.944 4.41
Boys A - -
intervention 20 77.05 18.777 4.199
Pre-test
h control 20 80.25 16.332 3.652
shape N "
intervention 19 96.21 5.731 1.315
Post-test
control 17 87.06 10.697 2.594
intervention 8 85.75 13.771 4.869
Pre-test
control 9 72.78 16.604 5.535
number - -
intervention 8 96.63 4.069 1.438
Post-test
control 9 80 13.463 4.488
Boys B - -
intervention 20 72.1 24.787 5.543
Pre-test
h control 21 81.81 18.422 4.02
shape
P intervention 20 96.35 4.955 1.108
Post-test
3 control 21 86.24 15.073 3.289
year - -
intervention 11 78.27 19.142 5.772
Pre-test
control 12 85 11.282 3.257
number - -
intervention 11 97.91 5.088 1.534
Post-test
Girls A control 12 90.42 11.766 3.397
irls
intervention 23 77.91 18.27 3.81
Pre-test
h control 23 82.3 12.356 2.576
shape N -
intervention 22 95.64 5.908 1.26
Post-test
control 21 88.71 8.816 1.924
intervention 12 81.5 20.699 5.975
Pre-test
. control 12 87.92 11.572 3.34
Tuimoer N N
intervention 12 99.5 1.168 0.337
Post-test
Girls B control 11 91.82 9.816 2.96
irls - -
intervention 22 77.86 17.575 3.747
Pre-test
h control 23 84.48 11.735 2.447
shape
P intervention 21 94.48 7.068 1.542
Post-test
control 22 90 11.67 2.488
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Pre-test intervention 14 71.93 20.33 5.433
number control 14 76.43 16.458 4.399
Post-test intervention 14 93.21 9.448 2.525
Boys A control 14 87.5 12.208 3.263
Pre-test intervention 13 78.77 16.115 4.469
shape control 13 82.38 10.413 2.888
Post-test intervention 12 95.75 7.689 2.219
control 11 88.64 9.352 2.82
Pre-test intervention 12 77.83 19.357 5.588
number control 13 86.92 12.835 3.56
Post-test intervention 12 93.67 9.355 2.701
Boys B control 13 92.69 5.991 1.662
Pre-test intervention 12 73.58 16.172 4.668
control 11 81 10.412 3.139
year 9 shape - -
Post-test intervention 10 91.5 8.96 2.833
control 10 88.1 8.724 2.759
Pre-test intervention 12 78.92 15.312 4.42
number control 13 88.85 11.575 3.21
Post-test intervention 12 95.25 8.593 2.481
Girls A control 13 95.38 8.771 2.433
Pre-test intervention 14 76.71 20.488 5.476
shape control 13 87.38 10.634 2.949
Post-test intervention 14 93.93 8.453 2.259
control 13 93.69 6.524 1.809
Pre-test intervention 13 86.08 16.894 4.686
Girls B number control 13 83.08 14.221 3.944
Post-test intervention 13 95.62 8.332 2.311
control 13 89.62 11.08 3.073
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Pre-test intervention 14 71.93 20.33 5.433
number control 14 76.43 16.458 4.399
Post-test intervention 14 93.21 9.448 2.525
Boys A control 14 87.5 12.208 3.263
Pre-test intervention 13 78.77 16.115 4.469
shape control 13 82.38 10.413 2.888
Post-test intervention 12 95.75 7.689 2.219
control 11 88.64 9.352 2.82
Pre-test intervention 12 77.83 19.357 5.588
number control 13 86.92 12.835 3.56
Post-test intervention 12 93.67 9.355 2.701
Boys B control 13 92.69 5.991 1.662
Pre-test intervention 12 73.58 16.172 4.668
control 11 81 10.412 3.139
year 9 shape - -
Post-test intervention 10 91.5 8.96 2.833
control 10 88.1 8.724 2.759
Pre-test intervention 12 78.92 15.312 4.42
number control 13 88.85 11.575 3.21
Post-test intervention 12 95.25 8.593 2.481
Girls A control 13 95.38 8.771 2.433
Pre-test intervention 14 76.71 20.488 5.476
shape control 13 87.38 10.634 2.949
Post-test intervention 14 93.93 8.453 2.259
control 13 93.69 6.524 1.809
Pre-test intervention 13 86.08 16.894 4.686
Girls B number control 13 83.08 14.221 3.944
Post-test intervention 13 95.62 8.332 2.311
control 13 89.62 11.08 3.073
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Appendix 9 - Comparing means highlighted anomalies

Group Statistics

Year School Task Control or Mean sD Std. Error
Intervention Mean
Intervention i1 67.64 19.382 5.844
Pre-test
Boys Control 12 65.42 21.39 6.175
School A Shape
Intervention 11 91 9.56 2.883
Post-test
Control 12 75.25 17.321 5
Intervention 70.44 18.035 6.012
Pre-test
Boys Control (=] 69.56 21.143 7.048
School B Shape
Intervention 89.44 11.588 3.863
Post-test
Control 9 79.78 19.98 6.66
Grade 7
Intervention 13 78.38 17.961 4.981
Pre-test
Girls Control 12 70.42 23.547 6.797
School A Shape
Intervention i3 93.23 6.572 1.823
Post-test
Control 12 84.25 12.707 3.668
Intervention 14 72.79 14.921 3.988
Pre-test
Girls Control 13 74.85 18.814 5.218
School B Shape
Intervention 14 94.07 7.216 1.929
Post-test
Control 12 84.67 13.296 3.838
Intervention 10 77.8 15.179 4.8
Pre-test
Control 10 71 18.074 5.715
Number
Intervention 10 96.4 3.406 1.077
Post-test
Boys Control 10 80 13.944 4.41
School A Intervention 20 77.05 18.777 4.199
Pre-test
Control 20 80.25 16.332 3.652
Shape
Intervention 19 96.21 5.731 1.315
Post-test
Control 17 87.06 10.697 2.594
Intervention 85.75 13.771 4.869
Pre-test
Control =] 72.78 16.604 5.535
Number
Intervention 96.63 4.069 1.438
Post-test
Boys Control o 80 13.463 4.488
School B Intervention 20 72.1 24.787 5.543
Pre-test
Control 21 81.81 18.422 4.02
Shape
Intervention 20 96.35 4.955 1.108
Post-test
Control 21 86.24 15.073 3.289
Grade 8
Intervention 11 78.27 19.142 5772
Pre-test
Control 12 85 11.282 3.257
Number
Intervention i1 97.91 5.088 1.534
Post-test
Girls Control 12 90.42 11.766 3.397
School A Intervention 23 77.91 18.27 3.81
Pre-test
Control 23 82.3 12.356 2.576
Shape
Intervention 22 95.64 5.908 1.26
Post-test
Control 21 88.71 8.816 1.924
Intervention iz 81.5 20.699 5.975
Pre-test
Control 12 87.92 11.572 3.34
Number
Intervention 12 99.5 1.168 0.337
Post-test
Girls Control 11 91.82 9.816 2.96
School B Intervention 22 77.86 17.575 3.747
Pre-test
Control 23 84.48 11.735 2.447
Shape
Intervention 21 94.48 7.068 1.542
Post-test
Control 22 Q0 11.67 2.488
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Grade 9

Intervention 14 71.93 20.33 5.433
Pre-test
Control 14 76.43 16.458 4.399
Number
Intervention 14 93.21 9.448 2.525
Post-test
Boys Control 14 87.5 12.208 3.263
School A Intervention 13 7877  16.115 4.469
Pre-test
Control 13 82.38 10.413 2.888
Shape
Intervention 12 95.75 7.689 2.219
Post-test
Control 11 88.64 9.352 2.82
Intervention 12 77.83 19.357 5.588
Pre-test
Control 13 86.92 12.835 3.56
Number
Intervention 12 93.67 9.355 2.701
Post-test
Boys Control 13 92.69 5.991 1.662
School B Intervention 12 7358  16.172 4.668
Pre-test
Control 11 81 10.412 3.139
Shape
Intervention 10 91.5 8.96 2.833
Post-test
Control 10 88.1 8.724 2.759
Intervention 12 78.92 15.312 4.42
Pre-test
Control 13 88.85 11.575 3.21
Number
Intervention 12 95.25 8.593 2.481
Post-test
Girls Control 13 95.38 8.771 2.433
School A Intervention 14 76.71|  20.488 5.476
Pre-test
Control 13 87.38 10.634 2.949
Shape
Intervention 14 93.93 8.453 2.259
Post-test
Control 13 93.69 6.524 1.809
Intervention 13 86.08 16.894 4.686
Pre-test
Girls Control 13 83.08 14.221 3.944
School B Number
Intervention 13 95.62 8.332 2.311
Post-test
Control 13 89.62 11.08 3.073
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Grade 10

Intervention 12 82.17 14.615 4.219
Pre-test
Control 12 83.83 12.496 3.607
Number
Intervention 12 96.33 5.416 1.563
Post-test
Control 12 89.5 10.309 2.976
Intervention 13 80.92 11.679 3.239
Pre-test
Control 14 82.29 14.28 3.816
Algebra
Intervention 12 96 5.908 1.706
Post-test
Boys Control 10 87.2 11.535 3.648
School A Intervention 11 75.18 20.517 6.186
Pre-test
Control 11 78.18 15.039 4.534
Shape
Intervention 11 96.18 6.539 1.972
Post-test
Control 11 84.91 14.734 4.442
Intervention 11 77.55 22.629 6.823
Pre-test
Measurement & Control 11 80.91 11.362 3.426
data Intervention 11 95 7.197 2.17
Post-test
Control 11 87.27 10.09 3.042
Intervention 13 80 12.543 3.479
Pre-test
Control 12 85.67 11.727 3.385
Number
Intervention 13 94.15 8.735 2.423
Post-test
Control 12 92.58 7.549 2.179
Intervention 12 82.67 14.202 4.1
Pre-test
Control 13 83.38 13.672 3.792
Algebra
Intervention 12 95.67 6.485 1.872
Post-test
Boys Control 13 89.38 10.603 2.941
School B Intervention 10 69.8 24.036 7.601
Pre-test
Control 10 85.8 12.127 3.835
Shape
Intervention 10 95.8 6.763 2.139
Post-test
Control 10 175.2 250.5 79.215
Intervention 10 84 15.67 4.955
Pre-test
Measurement & Control 10 75.5 15.537 4.913
data Intervention 10 97 4.243 1.342
Post-test
Control 10 83 14.568 4.607
Intervention 14 80 17.776 4.751
Pre-test
Control 13 86.23 12.377 3.433
Number
Intervention 14 96.86 5.157 1.378
Post-test
Control 13 88.85 11.074 3.071
Intervention 15 77.6 13.757 3.552
Pre-test
Control 16 82.13 10.966 2.741
Algebra
Intervention 15 94.93 6.497 1.677
Post-test
Girls Control 16 87.13 10.658 2.664
School A Intervention 12 74.83 19.6 5.658
Pre-test
Control 12 85 18.645 5.382
Shape
Intervention 12 92.92 9.643 2.784
Post-test
Control 12 91.75 11.355 3.278
Intervention 26 80.73 16.715 3.278
Pre-test
Measurement & Control 26 82.5 12.349 2.422
data Intervention 26 97.42 a.981 0.977
Post-test
Control 26 88.27 10.094 1.98
Intervention 14 80.86 15.206 4.064
Pre-test
Control 14 85.29 13.898 3.714
Number
Intervention 14 96.07 5.47 1.462
Post-test
Control 14 88.93 13.041 3.485
Intervention 13 80.92 13.871 3.847
Pre-test
Girls Control 14 84.36 10.959 2.929
School B Algebra
Intervention 13 97.23 5.262 1.46
Post-test
Control 14 87.36 9.605 2.567
Intervention 12 79.67 19.933 5.754
Pre-test
Control 12 83.17 18.809 5.43
Shape
Intervention 12 97.67 5.449 1.573
Post-test
Control 12 89.17 15.105 4.36
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Grade 11

Intervention 9 82.67 17.029 5.676
Pre-test
Control 8 91.25 10.264 3.629
Number
Intervention 9 93.89 6.936 2.312
Post-test
Boys Control 8 95 6.547 2.315
School A Intervention 9 78.78|  16.687 5.562
Pre-test
Control 9 84.56 8.904 2.968
Algebra
Intervention 9 94.33 8.5 2.833
Post-test
Control 9 92.56 7.108 2.369
Intervention 7 87.57 12.501 4.725
Pre-test
Control 8 94.38 8.634 3.053
Number
Intervention 7 99.14 2.268 0.857
Post-test
Boys Control 8 96.88 5.939 2.1
School B Intervention 9 83.22|  13.872 4.624
Pre-test
Control 9 86.11 8.054 2.685
Algebra
Intervention 9 97.22 5.954 1.985
Post-test
Control 9 92.89 9.427 3.142
Intervention 11 80.91 17.061 5.144
Pre-test
Control 11 88 11.446 3.451
Number
Intervention 11 96.09 5.804 1.75
Post-test
Girls Control 11 95 5.916 1.784
School A Intervention 13 85.92|  14.215 3.943
Pre-test
Control 12 88.75 11.104 3.205
Algebra
Intervention 13 98.15 3.508 0.973
Post-test
Control 12 94.67 5.263 1.519
Intervention 14 82.71 13.731 3.67
Pre-test
Control 13 89.62 11.808 3.275
Number
Intervention 14 97.43 4.536 1.212
Post-test
Girls Control 13 93.08 9.473 2.627
School B Intervention 10 86.2 9.601 3.036
Pre-test
Control 10 84.7 11.823 3.739
Algebra
Intervention 10 95.9 5.896 1.865
Post-test
Control 10 90.9 9.374 2.964
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Appendix 10- Comparing Meansfor the GeoGebra WBH and PBH

Group Statistics

231

Control or Std. Error
Year School Task Intervention Mean SD Mean
Grade Boys Algebra Pre- Control 90.00 7.071 2.357
10 School A test
Intervention 74.11 21.456 7.152
Post-  Control 97.86 2.673 1.010
test
Intervention 98.57 3.780 1.429
Shape Pre- Control 80.00 20.917 9.354
test
Intervention 74.20 19.741 8.828
Post-  Control 100.00 .000 .000
test
Intervention 99.40 .548 .245
Boys Algebra Pre- Control 94.29 9.759 3.689
School B test
Intervention 72.86 24.361 9.208
Post-  Control 100.00 .000 .000
test
Intervention 92.40 7.635 3.415
Shape Pre- Control 91.25 8.539 4.270
test
Intervention 84.67 11.547 6.667
Post-  Control 98.75 2.500 1.250
test
Intervention 98.00 .000 .000
Control 78.57 20.148 7.615
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Grade Boys Measurement &  Pre- Intervention
96.50 3.391 1.384
11 School A data test
Post-  Control 93.33 11.547 6.667
test
Intervention 100.00 .000 .000
Boys Measurement &  Pre- Control 70.83 21.545 8.796
School B data test
Intervention 94.83 4.021 1.641
Post-  Control 100.00
test
Intervention 100.00 .000 .000
Girls Measurement &  Pre- Control 87.50 14.880 5.261
School A data test
Intervention 90.13 9.978 3.528
Post-  Control 100.00 .0002 .000
test
Intervention 100.00 .0002 .000
Girls Measurement &  Pre- Control 85.71 15.119 5.714
School B data test
Intervention 94.71 4,192 1.584
Post-  Control 100.00 .0002 .000
test
Intervention 100.00 .0002 .000

a. t cannot be computed because the standard deviations of both groups are 0.
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Appendix 11- Independent Samples T-test

t -test for Equality of Means
95% Confidence
Y t df Sig. (2- '\D/Iifferenc a‘:f;;’:: Interval of the
tailed) Difference
e e
Lower
Pretest |Equal variances 0.261 20.999 0.797 2.22 8.502|-15.461
not assumed
Boys
School A sh
Post-test |Equal variances 2.720| 17.411 0.014 15.75 5.772 3.595
not assumed
Pretest |Equal variances 0.096 15.612 0.925 0.889 ©.263|-18.789
not assumed
Boys
School B sh
Post-test |Equal variances 1.256 12.835 0.232 ©.667 7.699|-6.988
not assumed
Grade 7
Pretest |Equal variances 0.945 20.554 0.355 7.968 8.427|-9.581
not assumed
Girls
School A sh
Post-test |Equal variances 2.192| 16.197 0.043| 8.981 4.096 0.306
not assumed
Pretest |Eaual variances | 5, , 22.9 0.757|—2.060 6.567|-15.650
not assumed
Girls
School B sh
Post-test |Equal variances 2.189| 16.372 0.043| 9.405 4.296 0.315
not assumed
Pretest |Equal variances 0.911 17.478 0.375 6.8 7.464|-8.914
not assumed
Number
Post-test |Equal variances 3.613 10.07 0.005| 16.4 4.539 6.296
not assumed
Boys
School A
Pretest |EQual variances | 5 37.283 0.569|—3.200 5.565|-14.472
not assumed
Shape
Post-test |Equal variances 3.146| 23.873 0.004 9.152 2.909| 3.147
not assumed
Pretest |EQual variances 1.76 14.944 0.099 12.972 7.371|-2.74s
not assumed
Number
Post-test |Equal variances 3.528 9.612 o0.006| 16.625 4.713 6.067
not assumed
Boys
School B
Pretest |EQual variances |, g 35.037 0.165|-9.710 6.847|-23.609
not assumed
Shape
Post-test |Equal variances 2.913| 24.465 o.008| 10.112 3.471 2.956
not assumed
Grade 8
Pretest |EQual variances |, ;5 15.915 0.325|-6.727 6.627|-20.782
not assumed
Number
Post-test |Equal variances 2.01 15.248 0.062 7.492 3.727|—.440
not assumed
Girls
School A
Pretest |EQual variances | 55 38.643 0.346|—4.391 4.599|-13.697
not assumed
Shape
Post-test |Equal variances 3.01| 34a.7a5 0.005| 6.922 2.299) 2.253
not assumed
Pretest |EQual variances | 5. 17.264 0.362|-6.417 6.846|-20.843
not assumed
Number
Post-test |Equal variances 2.579 10.26 0.027 7.682 2.979) 1.067
not assumed
Girls
School B
Pretest |EQual variances |, g 36.41 0.148|-6.615 4.475|-15.687
not assumed
Shape
Post-test |Equal variances 1.529 34.84 0.135 4.476 2.927|-1.468
not assumed
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Grade 9

Equal variances

Pre-test —.644 2492  0.526|-4.500 6.991|-18.900
not assumed
Number
Post-test | AUl variances 1385 24461 0179 5714  4.126|-2.792
not assumed
Boys
School A
Protest |Oud vaiances | oo, 20.533|  0.504|-3.615 5.321|-14.697
not assumed
Shape
Post-test |01 variances 1.982| 19.445| 0062 7.114|  3.588|-.385
not assumed
Pretest |TOud vaiances | | ./, 18.889]  0.186/-9.090 6.626|-22.963
not assumed
Number
Post-test |94l variances 0307| 18479 0762 0974 3.171|-5.675
not assumed
Boys
School B
Pretest |Cdual vaiances |, 5o 18.937]  0.203|-7.417 5.626|-19.194
not assumed
Shape
Post-test |01 variances 0.86| 17.987]  0.401 34| 3.954|-4.908
not assumed
Protest |TOud vaiances | | o 20.45|  0.084|-9.929 5.463|-21.309
not assumed
Number
Post-test | 0UA vaiances | ., 22.909|  0.969|—.135 3.474|-7.323
not assumed
Girls
School A
Pretest |TOUd vaiances | | o, o 19.83]  0.102|-10.670 6.219|-23.651
not assumed
Shape
Post-test | =AU variances 0.082| 24228 0936 0236 2.895|-5.735
not assumed
Equal variances
Pre-test 049 23322 0.629 3| 6.125]-9.660
not assumed
Girls
School B |INUMPer
Post-test | A4 variances 1.561| 22284  0.133 6|  3.845-1.968

not assumed
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Grade 10

Equal variances

— . . —1. s.551|-13.195
Pre-test [ ~% 300 21.481 0.767|-1.667 ss1|-13.19
Number
Post-test |Equal variances 2.033 16.643 0.058 6.833 3.362| 271
not assumed
Pretest |EQual variances | ., 24.63 0.788|-1.363 5.006|—11.680
not assumed
Algebra
Post-test |Equal variances 2.185 12.862 0.04a8 8.8 4.027 0.091
not assumed
Boys
School A
Pretest |EQual variances | ., 18.338 0.7|-3.000 7.67|-19.003
not assumed
Shape
Post-test |Equal variances 2.319 13.793| 0.036 11.273 .86 0.834
not assumed
Pretest |EQual variances |, 14.741 0.666|-3.364 7.635|-19.661
not assumed
Measure
ment &
data Equal -
Post-test |ZAWa vanances 2.068 18.083 0.053 7.727 3.737|—121
not assumed
Pretest |EQual variances |, 22.904 0.255|-5.667 4.854|-15.708
not assumed
Number
Post-test |Equal variances 0.482 220912 0.634 1.571 3.250|-5.172
not assumed
Pretest |EQual variances | 5, 22.665 0.890|—.718 s.585|-12.280
not assumed
Algebra
Post-test |Equal variances 1.802 20.097 0.087 6.282 3.486| o888
not assumed
Boys
School B
Pretest |EQual variances | | g6 13.303 0.082|—-16.000 8.514|-34.350
not assumed
Shape
Post-test |Equal variances |, 5 ©.013 0.342|-79.400 79.244|-258.623
not assumed
Pretest |Equal variances 1.218 17.999 0.239 8.5 6.978|-6.161
not assumed
Measure
ment &
data Equal -
Post-test |ZAWa vanances 2.918 10.516| 0.015 14 a.798 3.38
not assumed
Pretest |EQual variances | | 43 23.252 0.299|-6.231 5.861|-18.3490
not assumed
Number
Post-test |Equal variances 2.38 16.694] 0.03 8.011 3.367 o0.898
not assumed
Pretest |EQual variances | | 4g 26.778 0.322|-4a.525 4.a87|-13.735
not assumed
Algebra
Post-test |Equal variances 2.a8 25.034] 0.02 7.808| 3.148 1.324
not assumed
Girls
School A
Pretest |EQual variances | | 5., 21.945 0.206|-10.167 7.809|-26.364
not assumed
Shape
Post-test |Equal variances 0.271 21.438 0.789 1.167 a.3|-7.76s
not assumed
Pretest |EQual variances | ., 46.026 0.666|—1.769 4.076|-9.973
not assumed
Measure
ment &
data Equal -
Post-test |ZAWa vanances a.1a7 36.496| o 9.154 2.207 4.679
not assumed
Pretest |EQual variances | g4 25.792 0.420|-4a.420 5.506|-15.750
not assumed
Number
Post-test |Equal variances 1.89 17.436 0.076 7.143 3.78|—.816
not assumed
Pretest |EQual variances | 22.854 0.485|-3.434 4.835|-13.440
not assumed
Girls A~
School B |Algsbra 239
Post-test |Equal variances 3.344 20.449 0.003 9.874 2.953 3.723
not assumed
Pretest |EQual variances | ., 21.926 0.663|-3.500 7.912|-19.911
not assumed
Shape
Post-test |Equal variances 1.834 13.816 0.088 8.5 4.635|-1.4s54

not assumed
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Grade 11

Equal variances

Pre-test ~1.274 13.331]  0.224|-8.583 6.737|-23.102
not assumed
Number
Post-test |Z0UA variances | 14.931]  0.739|-1.111 3.272|-8.087
not assumed
Boys
School A
Pretest |T0Ud variances | o 12214 0377]-5.778 6.305|-19.488
not assumed
Algebra
Post-test |EUA VAIACES | el s sial 0637]  1778|  3.694|-6.072
not assumed
Pretest |T0Ud variances |, o, 10.488|  0.253|-6.804 5.625|-19.259
not assumed
Number
Post-test | E0Ua variances 1| 9220 0343|2268 2268|2843
not assumed
Boys
School B
Pretest |TOud variaces | o, 12.843]  0.598|-2.889 5.347|-14.455
not assumed
Algebra
Posttest |TOUA Vaiaces | o soel 0064l 4333 3.716|-3.665
not assumed
Pretest |TOUa variances |, 17.485|  0.268|-7.091 6.195]-20.133
not assumed
Number
Posttest |TOUA VAIACES | ol 0003 0667]  1.091]  2.499|-4.122
not assumed
Girls
School A
Pretest |COua variances | oo 242 0.583|-2.827 5.081|-13.353
not assumed
Algebra
Post-test |TOUA VAIACES | ol e osol 0068|3487 1.804|-290
not assumed
Pretest |C0Ua variances | . 24.866|  0.173]-6.901 4.918]-17.034
not assumed
Number
Posttest |TOUA VAIACES | ool cou|  oast|  43s2]  2.804|-1.755
not assumed
Girls
School B
Pretest |TOUdVaIaCes | ool 09l 0759 15| 4.816/-8.649
not assumed
Algebra 236
Post-test |T0UA VAIACES | ool s ysg| 0174 5| 3.502|-2.458

not assumed
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Appendix 12 - Missing Valuesin GeoGebra WBH versus PBH

Group Statistics

Control or Intervention Mean SD Std. Error Mean
Pre-test Control 53 85.09 15.977 2.195
Intervention 51 84.98 17.284 2.420
Post-test  Control 27 98.52 4.117 792
Intervention 41 98.61 3.734 .583

Appendix 13 - Replacing Missing Valuesin GeoGebra WBH versus PBH

Result Variables

Case Number of Non-Missing

Values
N of Replaced Creating
Result Variable | Missing Values First Last N of Valid Cases Function
1 SMEAN(Pre-
Pre-test_1 0 1 104 104
test)
2 SMEAN(Post-
Post-test_1 36 1 104 104
test)
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Appendix 14 - Adjusted Means for Control and Intervention Groups (Missing values)

Group Statistics

Control or Intervention N Mean SD Std. Error Mean
Pre-test Intervention 53 85.09 15.977 2.195
Control 51 84.98 17.284 2.420
SMEAN(Post-test) Intervention 53 98.603 29115 .3999
Control 51 98.586 3.3400 4677
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Appendix 15 - GeoGebra Group Statistics

Group Statistics

Control or Std. Error
Year School Task Intervention Mean SD Mean
Grade Boys Algebra Pre- Control 90.00 7.071 2.357
10 School A test
Intervention 74.11 21.456 7.152
Post-  Control 97.86 2.673 1.010
test
Intervention 98.57 3.780 1.429
Shape Pre- Control 80.00 20.917 9.354
test
Intervention 74.20 19.741 8.828
Post-  Control 100.00 .000 .000
test
Intervention 99.40 .548 .245
Boys Algebra Pre- Control 94.29 9.759 3.689
School B test
Intervention 72.86 24.361 9.208
Post-  Control 100.00 .000 .000
test
Intervention 92.40 7.635 3.415
Shape Pre- Control 91.25 8.539 4.270
test
Intervention 84.67 11.547 6.667
Post-  Control 98.75 2.500 1.250
test
Intervention 98.00 .000 .000
Grade Boys Measurement &  Pre- Control 78.57 20.148 7.615
11 School A data test
Intervention 96.50 3.391 1.384
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Post-  Control 93.33 11.547 6.667
test
Intervention 100.00 .000 .000
Boys Measurement &  Pre- Control 70.83 21.545 8.796
School B data test
Intervention 94.83 4,021 1.641
Post-  Control 100.00
test
Intervention 100.00 .000 .000
Girls Measurement &  Pre- Control 87.50 14.880 5.261
School A data test
Intervention 90.13 9.978 3.528
Post-  Control 100.00 .0002 .000
test
Intervention 100.00 .0002 .000
Girls Measurement &  Pre- Control 85.71 15.119 5.714
School B data test
Intervention 94.71 4.192 1.584
Post-  Control 100.00 .0002 .000
test
Intervention 100.00 .0002 .000

a. t cannot be computed because the standard deviations of both groups are 0.
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Appendix 16 — Student Survey (English and Arabic Versions)

As part of my PhD in Maths Education at the Institute of Education, University of London, | am carrying
out a research project. | want to compare Web Based Homework with Paper Based Homework to see

what effect it has on learning mathematics.

Confidentiality: The names of the school, the teachers and the pupils involved will not be used in
reporting the outcomes of this research. Any information you provide will not be shared with any
other member of the school without your permission. If you have any questions or concerns about
how the information | collect will be used, or you would just like to know some more about the

research, please ask me or email me:
Please respond to the following statements by circling or ticking the appropriate box:

C1 | have access to a computer at home: a) b) if no go to C2
I:ICZ | can gain access to a computer to do my homework a) b)

C3 lam: a) b)
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Survey

# Question/Rate

Strongly

Agree

Agree

Neutral

Disagree

Strongly

Disagree

Don't

know

E1l | like to do maths homework on the

computer.

E2 Online maths homework motivates me

to practice maths.

E3 Ilike to receive immediate scores on my

maths homework.

E4 Immediate scores help me to be aware

of my performance.

E5 |like the help and suggestions facility on

my Online maths homework.

E6 | refer to the Online lesson activities to

help me complete my homework.

E7 Online homework feedback helps me

to recognise my mistakes.

E8 Online maths homework gives me more

chances to practice mathematical topics.
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E9 I enjoy doing maths homework activities

Online more than on paper.

E10 The Online lesson review helps me to

review mathematics concepts.

E11 | have less anxiety in taking Online

homework than paper-based homework.

E12 Online maths homework helps me
evaluate my own understanding and

performance.

E13 | like Online maths homework more

than paper-based maths homework.

E14 |feel | can be better at maths as a

result of Online maths homework.

E15 |am more motivated to do my math

homework on the computer than on

paper.

E16 |am easily distracted when doing

Online maths homework.

E17 | discuss my Online maths homework

with my classmates and others.
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E18 My parents are keener to monitor my
progress in maths because of Online

homework

E19 | get help from my family, friends and
others in completing my Online maths

homework

E20 Paper based homework is just as

effective as Online maths homework.

E21 Online maths homework is better than

Paper based maths homework

E22 The use of English language for my

Online maths homework is not a problem.

E23 My teacher encourages the use of

Online maths homework.

E24 My maths has improved as a result of

Online homework.

E25 | spend more time on my maths
homework because | can interact with the

maths
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Appendix 17 - Student Survey Descriptives

95% Confidence
Interval for Mean . .
N Mean SD Std.Error [ —— [, | Minimum | Maximum
Lower Upper
Bound Bound
Male 124 1.31 0.48 0.043 1.22 1.39 1 3
| like to do mathematics
h k th ter.
omework on the computer Female 80 1.3 0.513 0.057 1.19 1.41 1 3
Total 204 1.3 0.492 0.034 1.24 1.37 1 3
Online mathematics homework ~ Male 124 1.52 0.967 0.087 1.35 1.7 1 6
motivates me to practice
mathematics.
Female 80 1.54 1.006 0.112 1.31 1.76 1 6
Total 204 1.53 0.98 0.069 1.39 1.66 1 6
Male 124 1.42 0.722 0.065 1.29 1.55 1 6
I like to receive immediate scores
on my mathematics homework.
Female 80 1.4 0.789 0.088 1.22 1.58 1 6
Total 204 1.41 0.747 0.052 1.31 1.51 1 6
Male 124 1.75 1.273 0.114 1.52 1.98 1 6
Immediate scores help me to be
aware of my performance.
Female 80 1.65 1.092 0.122 1.41 1.89 1 6
Total 204 1.71 1.203 0.084 1.54 1.88 1 6
| like the help and suggestions ~ Male 124 1.59 1.075 0.096 1.4 1.78 1 6
facility on my Online mathematics
homework.
Female 80 1.88 1.236 0.138 1.6 2.15 1 6
Total 204 1.7 1.146 0.08 1.54 1.86 1 6
| refer to the Online lesson Male 124 1.74 1.161 0.104 1.54 1.95 1 6
activities to help me complete my
homework.
Female 80 1.68 0.868 0.097 1.48 1.87 1 5
Total 204 1.72 1.054 0.074 1.57 1.86 1 6
Male 124 1.35 0.746 0.067 1.22 1.49 1 6
Online homework feedback helps
me to recognise my mistakes.
Female 80 1.6 0.739 0.083 1.44 1.76 1 5
Total 204 1.45 0.751 0.053 1.35 1.55 1 6
Online mathematics homework  Male 124 1.47 0.915 0.082 1.31 1.63 1 6
gives me more chances to
practice mathematical topics.
Female 80 1.55 0.673 0.075 1.4 1.7 1 3
Total 204 15 0.827 0.058 1.39 1.61 1 6
| enjoy doing mathematics Male 124 1.58 1.134 0.102 1.38 1.78 1 6
homework activities Online more
than on paper.
Female 80 1.73 1.102 0.123 1.48 1.97 1 6
Total 204 1.64 1.121 0.078 1.48 1.79 1 6
The Online lesson review helps ~ Male 124 1.49 0.95 0.085 1.32 1.66 1 5
me to review mathematics
concepts.
Female 80 1.55 0.71 0.079 1.39 1.71 1 5
Total 204 1.51 0.862 0.06 1.4 1.63 1 5
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I have less anxiety in taking Male 124 1.72 1.116 0.1 1.52 1.92 1 6
Online homework than paper-
based homework.
Female 80 1.8 1.184 0.132 1.54 2.06 1 6
Total 204 1.75 1.141 0.08 1.59 1.91 1 6
Online mathematics homework  Male 124 1.44 0.747 0.067 1.31 1.58 1 5
helps me evaluate my own
understanding and performance.
Female 80 1.63 0.832 0.093 1.44 1.81 1 5
Total 204 1.51 0.785 0.055 1.41 1.62 1 5
| like Online mathematics Male 124 1.39 0.695 0.062 1.26 1.51 1 5
homework more than paper-
based mathematics homework.
Female 80 1.6 0.989 0.111 1.38 1.82 1 6
Total 204 1.47 0.827 0.058 1.36 1.58 1 6
| feel | can be better at Male 124 1.52 0.941 0.085 1.35 1.68 1 6
mathematics as a result of Online
mathematics homework.
Female 80 1.71 1.203 0.135 1.44 1.98 1 6
Total 204 1.59 1.053 0.074 1.45 1.74 1 6
| am more motivated to do my Male 123 1.46 0.771 0.07 1.33 1.6 1 5
mathematics homework on the
computer than on paper.
Female 80 1.63 1.048 0.117 1.39 1.86 1 6
Total 203 1.53 0.892 0.063 1.4 1.65 1 6
) X X Male 124 3.4 1.937 0.174 3.05 3.74 1 6
| am easily distracted when doing
Online mathematics homework.
Female 80 3.34 1.683 0.188 2.96 3.71 1 6
Total 204 3.37 1.838 0.129 3.12 3.63 1 6
I discuss my Online mathematics Male 124 18 1.269 0.114 157 2.02 1 6
homework with my classmates
and others.
Female 80 1.66 0.967 0.108 1.45 1.88 1 5
Total 204 1.75 1.159 0.081 1.59 1.91 1 6
My parents are more keen to Male 124 1.68 1.335 0.12 1.44 1.91 1 6
monitor my progress in
mathematics because of Online
homework.
Female 80 1.75 0.974 0.109 1.53 1.97 1 5
Total 204 1.71 1.204 0.084 1.54 1.87 1 6
| get help from my family, friends ~Male 124 1.56 0.948 0.085 1.39 1.73 1 5
and others in completing my
Online mathematics homework.
Female 80 1.85 1.115 0.125 1.6 2.1 1 5
Total 204 1.67 1.024 0.072 1.53 1.81 1 5
Paper-based homework is just as Male 124 1.65 1.211 0.109 1.43 1.86 1 6
effective as Online mathematics
homework.
Female 80 1.93 1.167 0.13 1.67 2.18 1 6
Total 204 1.75 1.199 0.084 1.59 1.92 1 6
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Online mathematics homework is Male 124 1.62 1.145 0.103 1.42 1.82 6
better than Paper based
mathematics homework.
Female 80 1.74 1.052 0.118 15 1.97 6
Total 204 1.67 1.108 0.078 151 1.82 6
The use of English language for Male 124 1.7 1.262 0.113 1.48 1.93 6
my Online mathematics
homework is not a problem.
Female 80 2.08 1.394 0.156 1.76 2.39 5
Total 204 1.85 1.325 0.093 1.67 2.03 6
Male 124 15 1.936 0.174 1.16 1.84 21
My teacher encourages the use
of Online mathematics homework.
Female 80 1.64 0.958 0.107 1.42 1.85 5
Total 204 1.55 1.623 0.114 1.33 1.78 21
Male 124 141 0.744 0.067 1.28 1.54 5
My mathematics has improved as
a result of Online homework.
Female 80 1.55 0.81 0.091 1.37 1.73 6
Total 204 1.47 0.771 0.054 1.36 157 6
I spend more time on my Male 124 1.52 0.879 0.079 1.36 1.67 5
mathematics homework because |
can interact with the mathematics.
Female 80 1.74 1.122 0.125 1.49 1.99 6
Total 204 1.6 0.985 0.069 1.47 1.74 6
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Appendix 18 - Test for the Assumption of Nor mality

Control or intervention Kolmogorov-Smirnova
Statistic df Sig.
Pre-test Intervention 0.106 536 0
Control 0.113 531 0
Post-test Intervention 0.392 536 0
Control 0.394 531 0
Tests of Normality
Control or intervention Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic  df
Pre-test Control 0.231 27 0.001 0.878
Intervention 0.259 41 0 0.825
Post-test Control 0.455 27 0 0.409
Intervention 0.355 41 0 0.426
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Appendix 19 - Inter-Item Correlation Matrix for Student Survey
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Appendix 20 - Item Total Statisticsfor Student Survey
Item-Total Statistics

Scale Mean Scale Corrected Squared Cronbach's
if Item Variance if Item-Total Multiple Alpha if Item
Deleted Item Deleted Correlation Correlation Deleted
| like to do maths 40.44 216.861 0.656 0.770 0.904
homework on the
computer

Online maths 40.21 207.217 0.653 0.709 0.901
homework motivates
me to practice maths.

| like to receive 40.33 214.034 0.549 0.566 0.904
immediate scores on
my maths homework.

Immediate scores help 40.03 207.405 0.512 0.437 0.904
me to be aware of my
performance.

| like the help and 40.04 206.236 0.578 0.575 0.902
suggestions facility on

my Online maths

homework.

| refer to the Online 40.03 206.960 0.610 0.595 0.902
lesson activities to help

me complete my

homework.

Online homework 40.29 213.138 0.588 0.604 0.903
feedback helps me to
recognise my mistakes

Online maths 40.25 211.444 0.601 0.644 0.903
homework gives me

more chances to

practice mathematical

topics.

| enjoy doing maths 40.10 209.400 0.491 0.520 0.904
homework activities

Online more than on

paper.

The Online lesson 40.23 209.704 0.647 0.620 0.902
review helps me to

review mathematics

concepts.

| have less anxiety in 39.99 209.762 0.470 0.349 0.905
taking Online homework

than paper-based

homework.

Online maths 40.23 210.849 0.664 0.675 0.902
homework helps me

evaluate my own

understanding and

performance.
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| like Online maths 40.27 209.981 0.665 0.668 0.902
homework more than

paper-based maths

homework.

| feel | can be better at 40.15 208.344 0.564 0.532 0.903
maths as a result of

Online maths

homework.

| am more motivated to 40.22 209.775 0.622 0.499 0.902
do my maths homework

on the computer than

on paper.

| am easily distracted 38.36 228.885 -0.101 0.128 0.926
when doing Online
maths homework.

| discuss my Online 40.00 206.431 0.565 0.604 0.903
maths homework with

my classmates and

others.

My parents are keener 4.05 207.210 0.528 0.545 0.903
to monitor my progress

in maths because of

Online homework.

I get help from my 40.07 207.362 0.617 0.673 0.902
family, friends and

others in completing my

Online maths

homework

Paper based homework 39.99 204.064 0.616 0.660 0.902
is just as effective as

Online maths

homework.

Online maths 40.07 208.851 0.516 0.540 0.904
homework is better than

Paper based maths

homework

The use of English 39.91 204.121 0.556 0.510 0.903
language for my Online

maths homework is not

a problem.

My teacher encourages 40.19 206.163 0.382 0.387 0.909
the use of Online maths
homework

My maths has improved 40.28 211.488 0.647 0.646 0.902
as a result of Online
homework.

| spend more time on 40.14 205.941 0.696 0.729 0.900
my maths homework

because | can interact

with the maths
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Appendix 21 - Student Survey Construct 1 —Item-Total Statistic

ltem-Total Statistics

Squared Cronbach's
Scale Mean if Scale Variance = Corrected Item- Multiple Alpha if Item
Item Deleted if tem Deleted Total Correlation Correlation Deleted
| like to do maths homework 11.34 23.949 714 .710 .784
on the computer
Online maths homework 11.11 20.790 .658 .603 .766
motivates me to practice
maths.
| like to receive immediate 11.23 22.947 576 481 .784
scores on my maths
homework.
Immediate scores help me to 10.93 21.256 444 .249 .802
be aware of my performance.
| like the help and 10.94 21.001 .506 341 .790
suggestions facility on my
Online maths homework.
| enjoy doing maths 11.00 21.897 427 .276 .802
homework activities Online
more than on paper.
| discuss my Online maths 10.90 20.812 .518 .366 .788
homework with my
classmates and others.
| spend more time on my 11.04 21.220 .600 415 775

maths homework because |

can interact with the maths
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Appendix 22 - Student Survey construct 2 — Item-Total Statistics

[tem-Total Statistics

Corrected Squared Cronbach's
Scale Mean if = Scale Variance Item-Total Multiple Alpha if Item
Item Deleted  if ltem Deleted Correlation Correlation Deleted
| refer to the Online lesson 9.59 15.878 .549 .397 .762
activities to help me
complete my homework.
Online homework 9.86 17.610 .544 .306 .768
feedback helps me to
recognise my mistakes
Online maths homework 9.81 16.983 577 .507 .761
gives me more chances to
practice mathematical
topics.
The Online lesson review 9.79 16.499 .622 514 752
helps me to review
mathematics concepts.
| have less anxiety in 9.56 16.632 .394 .183 .796
taking Online homework
than paper-based
homework.
My parents are keener to 9.60 15.255 521 .348 771
monitor my progress in
maths because of Online
homework.
| get help from my family, 9.64 16.065 547 .324 .763

friends and others in
completing my Online

maths homework
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Appendix 23 - Student Survey Construct 3 —Item-Total Statistics

[tem-Total Statistics

Squared Cronbach's
Scale Mean if Scale Variance = Corrected Item- Multiple Alpha if Item
Iltem Deleted if tem Deleted Total Correlation Correlation Deleted
| enjoy doing maths 9.25 15.466 497 341 .809
homework activities Online
more than on paper.
Online maths homework 9.37 17.235 .500 462 .804
helps me evaluate my own
understanding and
performance.
| like Online maths 9.42 16.175 .639 .569 .783
homework more than paper-
based maths homework.
| feel | can be better at maths 9.30 15.081 .601 407 .787
as a result of Online maths
homework.
| am more motivated to do 9.36 16.084 .592 .367 .789
my maths homework on the
computer than on paper.
Online maths homework is 9.22 15.332 .524 .328 .803
better than Paper based
maths homework
My maths has improved as a 9.42 16.513 .638 446 .785

result of Online homework.
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Appendix 24 - Rotated Component Matrix for Student Survey

Rotated Component Matrix®

Component
-
3

I feel | can be better at maths
as a result of Online Mmaths
homework.

My maths has improved as a
result of Online homework.

The Online lesson review
helps me to review
mathematics concepts.

I am more motivated to do my
maths homework on the
computer thanm on paper.

I spend more time on my
maths homework because |
can interact with the maths

Online maths homework helps
me evaluate my own
understanding and
performance.

I like to receive immediate
sScores on my maths
homework.

Online homework feedback
helps me to recognise my
mistakes

I like Online maths homework
more than paper based maths
homework.

I like to do maths homework
on the computer

I discuss my Online maths
homework with my classmates
and others.

I get help from my family,
friends and others in
completing my Online maths
homework

I enjoy doing maths homework
activities Online Mmore than on
paper.

T he use of English language
for my Online maths
homework is not a problem.

My parents are more keen to
monitor My progress in maths
because of Online homework.

Online maths homework
motivates me to practice
maths.

My teacher encourages the
use of Online Mmaths
homework

Immediate scores help me to
be aware of my performance.

I have less anxiety in taking
Online homework than paper
based homework.

Paper based homework is just
as effective as Online maths
homework.

I refer to the Online lesson
activities to help me complete
my homework.

Online maths homework gives
me more chances to practice
mathematical topics.

I like the help and suggestions
facility on my Online maths
homework.

o.715

o.653

o.e38

o.5a7

o.521

o.551

o.581

oO.694a

o.659

o.64a1

oO.593

o.579

o.526

o.755

o.679

o.617

o.528

o.522

o.a97

o0.575

O.503

o.770

o.e11

o.531

o.ao3

o.7as

o.s8s8

o.527
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Appendix 25 - Student interview questions

Interviews were semi-structured — not all questions were asked, or strict wording adhered to.

1. Please describe what you have open on the computer and what you have around you when
studying with Myimaths out of |essons.

2. If you can remember, what influenced the changes as to how you learnt with Myimaths
since you started using it (you can discuss with peers)? — metacognition

a) | think more

b) | revise my thinking

c) | study by myself

d) [ usethelesson notes on the website as well as from class (students indicated that this

process wouldn't happen otherwise)
€) | am moreinspired to get a better mark as the marks are displayed to all
f) my parents can see my mark

4. What are the main differences in the way you learn maths at home using Myimaths
compared to PBH? —

a) immediacy of feedback (main highlighted difference)

b) using the lesson notes to revise thinking (metacognition)

c) communication - phoning peers, siblings, friends and parent involvement

d) ableto review more mathematical material

€) better at maths

5. Using Myimaths or GeoGebra, how do you identify maths topics for improvement? —
a) poor scores
b) revisiting the material content
C) incorrect construction
d) other

6. From the survey, what were the important statements you agreed with and why?
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7. The survey indicated that most students re-do or revisit their Online Homework Could you
explain why? —

a) wanted maximum score, on one homework task a student indicated that they
completed the homework using the next key 12 times before actually login in to
record their homework score

b) syntax errors

c) the competitiveness of the group

d) markswere often publicly displayed (insensitive nature of the teacher)

€) revised thinking

8. Re-doing specific PBH questions marked incorrect with the teacher's help was not popular.
Could you explain why? — response- students felt that they had:
1. forgotten about the work
2. redlised their mistake
3. reproaching the teacher was unpopular — could be perceived by their peers as
favouritism

PBH

1. Did you benefit from the teacher feedback?
a) feedback was slow
b) you often forget the work that you did
c) Yougotodeepintheclass
d) Boring
e) only with the questions you had no idea about
2. Were you motivated in any way to do better in the post-test?
a) not if wegot full marks
b) waste of time
c) only if the mark improved my CA mark
d) other reasons - explore
3. IsPBH better than WBH? (for students who had the experience of both PBH and
WBH)
a) It checksto seeif you have the correct processes (multiple responses)
b) It awards marksfor the part of the answer that is correct
c) Itiscumulative
d) It doesn't just give aright or wrong answer
€) It'smore personal —you interact with the teacher
f) Teacher feedback if given in atimely manner can help
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g) It'slessimpersona — (With WBH marks are often displayed publicly to the
whole class and the performance of every individual in the classis known.
Also, homework scores are printed out and put up in the class—it can be
embarrassing if you did well or if you did poorly)

(Adapted from Nicholls, 2010)
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Appendix 26 - Examples of Coding Using NVivo

Coding

T heme

Student response
Once | am on the
INnternet always)

interacting with my
friends whil st I’'m
doing my homework

WwWe would phone each
other to check on the)
processes used in
order to get the)
correct answver.

The instant feedback
makes you check
your work if there are|
mistakes and you can
resubmit to get al
better mark.

T he instart feedback
surely helped. | used
my lesson notes a lot
more with the VWwWBH
than with the PBH.
The online lesson
Nnotes help as well and
was a good way to
revise.

Using the lesson
Nnotes to revise our
thinking if we are|
wrong

Allows us to change
our thinking by
looking at problems
again

The instant feedback
makes you check
your work if there are|
mistakes and you can

resubmit to get al
better mark.
INstant feedback

helps you to go back
and check your work,
especially when there
are mistakes.

Students BAS

Students BA3 and
BA4

Student GAS

Student GA 1

Student BA 1l and
student GB2

Student GA 1

Student BAS

Students GA3

Communication
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Appendix 27 - Student Interview Transcript

Interviewees: [Schools A, B,C & D] [A-D]
I nterviewer: [Sean Jenkins, Teacher A-D]
Date and Time: [mm/dd/yyyy][00:00]
Location: [UAE School A, B, C & D]

Audio fileinformation: [Name][Duration]
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27.1 Student group A (BoysA)

Question 1

Can you describe what you have opened on the computer and what you have around you when
using Myimaths at home?

Students BA1
Lots of things are going on my brother is watching the TV my youngest
isthat he's playing, and I'm usually eaten something.
Student BA2
| try to find a quiet place in the house so that I'm not disturbed. Thisis not always my room.
Students BA3

I'm in my room with some snacks and a drink, a pen and paper for notes and the Internet is

open.
Student BA4

| go straight to my room and | try to get on with my homework as quickly as possible so that |

can be free to spend time with my family and friends.
Students BA5

Once | am on the Internet I'm aways interacting with my friends whilst I'm doing my

homework.
Student BA6

| have Facebook open when I'm doing my homework.
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Question 2

If you can remember, what influenced the changes as to how you learnt with Myimaths since

you started using it (you can discuss with peers)?

Student BA4

| look at my class notes alot more in addition | used to help facilities on the web site.
Student BA2

| spend more time on mathematics because | want to get full marks.

Students BA3 and BA4

| want to get full marks also so yes; we spend more time on mathematics.

Student BA1

Because the feedback is so quick if you haven't got full marks you look at your mistakes.
Student BA5

The instant feedback makes you check your work if there are mistakes and you can resubmit

to get a better mark.

Student BA2

The instant feedback makes you check your work to see where you have gone wrong.
Students BA3 & BA4

Our parents can see our homework scores, and this makes me want to do better.
Student BA5

Thehomework marks are displayed in classfor al to seeand it isembarrassing if you get lower

than all of your classmates.
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Question 3

What are the main differences in the way you learn mathematics at home using Myimaths
compared to PBH? —

Students BA3

The biggest differenceis the availability of feedback straight away. Thistellsusif we are right
or wrong. If we are wrong, we can check the work and correct it. We can straight away go to

our notes, or we can use the help feature.
Student BA1

Using the lesson notes to revise our thinking if we are wrong. With the PBH, you have to wait
until the teacher marksit and this can take sometime. Even with the corrections made you can

have forgotten the work that you did.
Students BA3 and BA4

There was more interaction with our classmates when doing the homework task. We would
phone each other to check on the processes used in order to get the correct answer. Thisis
because the answer was given to us when we checked mark it. This helps us to change our

thinking.
Student BA4

| often checked the next button to find out the answers to problems | have difficulty with. |

would do thisfast and then try to solve.
Student BA4

My parents were more enthusiastic about me doing my homework on the computer as they
could see my results straight away. Thisis not the case for PBH.
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Student BA2

| was able to review and the practice more Mathematics content on the website Myimaths
because of immediate feedback. In each homework task, | wanted to get the highest mark

0f100%. When my parents saw this, | was always given agift. Thismotivated meto do more.
Student BA4 on behalf of all students who were in agreement:

Weall haveimproved in Mathematics asaresult of using the WBH Myimaths. Thisis because
the use of language is easy to understand and feedback to answers you give is immediate.
Sometimes you do the PBH and you never get it back.

Student BA2

WBH ismore user friendly than PBH because you can access the help feature and thiswill take
you to the Mathematics lessons where you can review alot of material. It aso allows you to

practice by answering questions that gets harder and harder. This can build the confidence.
Student BA4

The most important thing for meisthat | get to see the step by step process involved in order
to answer the question. Even though the teacher may give this process in the lesson, it is not
always clear to find. Maybe | wastalking or sleeping at the time. This is because the teacher
isawaystalking.

Question 4
Student BAS

| wanted maximum score on all homework tasks. | would keep trying until | got the best score

possible.

Student BA4
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Sometimes you couldn't get a maximum score because of a minor error so you have to do the
whole homework task again. Thiswas annoying at times asit took alot of time.

Student BA1

| felt pressured from class membersto do well because the homework marks were displayed in

class.
Students BA3

My parents knew about the homework task and they can check my progress. They have even
help me as much as a could to make sure | got full marks.

Interviewer -did you get full marks?
Students BA3

Not aways. | think | got full marks on two occasions. Both were in the WBH group and once
in the PBH

Question 5

Re-doing specific PBH questions marked incorrect with the teachers' feedback was not popular.

Could you explain why?
Student BA2

At first the teacher mocks the work after three days. This wasn't bad because you can till
remember some of the work. Later, the work was given to us after a week and we have

forgotten the work we did.
Student BA4
Theteacher gave the solution to the questions that were incorrect and the numbersin the second

homework were not changed. If | didn't understand how would this help me?
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Student BA1

| often did not understand the teacher's solution. For the PBH second task | would often use

Myimaths to check the procedure.

Student BA3

My teacher only gave aright or wrong answer. The big difference was that he gave marks on

the PBH tasks for partly correct answers. Myimaths didn't do that.

Student BA5

Go to the teacher to check your work was not popular because of the people could see this as

favouritism and this would make you unpopular in the class.
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Question 6

Did you benefit from the PBH teacher feedback?

Student BA4

The feedback was too slow. By the time you had received it you have forgotten everything.
Student BA2

After aweek the feedback is boring, and it would put you to sleep.

Student BA1

| was only interested in the questions | didn't understand. | tried hard to stay awake for these
guestions.

Question 7

Were you motivated in any way to do better in the post-test?

Student BA4

| was more motivate with the WBH than the PBH especidly if | didn't get full marks.

Student BA2

The post-test was a waste of time if you got full marks.

Student BAS

| was interested if the mark would improve my continuous assessment mark.

Student BA1

It did help usto see if we could remember what we did the week before. | think this helps us

to improve. | think thiswas true for both types of homework paper based, and web based.
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Question 8
What is the better homework method PBH or WBH?
Student BA1

WBH checks to see if you have the correct responses to questions. |If you do not, you are
allowed to resubmit your homework many times. This helps you to practice a lot more than

doing the homework on paper.
Student BA4
| like the help and the lesson feature. This helps me to know Mathematics alot more.

Student BA3

Myimaths allows you to practice a lot more mathematics. This does help you to remember
processes, but you only get to tick or cross for your answer. It does not give marks for the
correct processes like PBH tasks.

Student BAS
PBH is more personal.
Interviewer - what you mean?

| mean you can approach the teacher to find out if you are using the correct procedure and he

can tell you straight away.
Student BA2

Immediate feedback is the best thing with WBH. It encourages you to work independently by

solving problems on your own.

Student BA1
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Yes, | agree. Immediate feedback is a big difference between WBH and PBH. With the PBH,
the feedback is given after along time.

Student BA3

PBH islessimpersonal. The marks are not displayed in the class and if you have issues you

can see the teacher.

27.2 Student group B (Boys B)

Question 1

Can you describe what you have opened on the computer and what you have around you when

using Myimaths at home?

Students BB1

I'm often on the phone to my friend in the class who can help meif | need it. We share answers
and we learn together.

Student BB2

My older brother likes the website and practices his math on it, so | get alot of help from him
as he's good at math. Computer games are always being played on the computer and we play

together.
Students BB3
| have Facebook and computer games open on my computer

Student BB4

Only my homework is on the computer and once I've finished, | may browse other sites

Students BB5
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I'm on the Internet and | always interact with my friends whilst I'm doing my homework. Play

games mostly.

Student BB6

| have Facebook open when I'm doing my homework.
Question 2

If you can remember, what influenced the changes as to how you learnt with Myimaths since

you started using it (you can discuss with peers).
Student BB4

| am more motivated to go to the site and ook at notes and to use help features. | practice and
interact with alot more math materia than before. It has some good games too.

Student BB2

| spend more time on mathematics because | want to get full marks as | compete with my

friends. We communicate more about homework, so | think it gives us more interest.
Student BB3

| want to get full markstoo, so | spend more time on the math.

Student BB1

The feedback isinstant so if you haven't got full marks you look at your mistakes. This makes

you practice more and understand the math.
Student BB5

The instant feedback helps you to check your work if there are mistakes and you can resubmit
to get a better mark. Many students involved in the study didn't like being limited to two

submissions. There was an easy way around it.
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Interviewer — What was that?
Student BB5

Just click the next button without entering your login information. This way, you can do the

task as many times as you like to make sure you understand what is required.
Student BB2

The instant feedback makes you check your work to see where you have gone wrong. This

made you spend more time on math homework. Not good.

Students BB1 & BB4

Our parents could access our homework scores, and this made us have to perform better.
Student BB5

The homework marks are displayed in classfor all to seeand it isembarrassing if you get lower
than al of your classmates.

Question 3

What are the main differences in the way you learn mathematics at home using Myimaths
compared to PBH? —

Students BB3
The availability of instant feedback. Even though it just gives aright or wrong answer.
Student BB1

You can't just work on the computer; you have to work out the solutions on paper first before
you enter any stepsor givetheanswer. With 27 studentsin the class, the PBH takes the teacher
along time to mark. When the feedback come, we have forgotten the math. This happened to
me when | did the post-test.
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Students BB3 and BB4

There was more interaction with our classmates when doing the homework task. We would
phone each other to check on the processes used in order to get the correct answer. Thisis
because the answer was given to us when we checked mark it. This helps us to change our

thinking.
Student BB5

| could easily find out the answers to problems by using the "Mark it" button. | would do this
first and then try to work out the problems from the answers.

Interviewer: so, you used atrial and error type approach to solve the homework problems?
Students BB2

Yes. | clicked the Next button so that you wouldn't know my login details and how many times
| attempted the homework task. This helped me to get very good scores not just in the
homework, but in my end of year examstoo. | practiced alot.

Student BB5

My parentswere very happy about me doing homework on the computer. They were just happy
to see me doing math homework as they didn't see me doing much math homework before. |
got alot of gifts from them as aresult of this. This encouraged me to do more and | got good

math scores.
Student BB2

Instant feedback helped me to practice more math and to get better marks. Not just in the
homework tasks but in the tests also. | competed with my peers to get the best mark possible
and even though that wasn't always the case, | did well.
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Interviewer: Was language a problem on some homework tasks?
Student BB1

The language was more of a problem with the PBH. With the WBH you could always check
your problems again. This allows you to constantly check your thinking and your methods
used.

Student BB2

WBH is better than PBH because you can use the help feature to take you to the Mathematics
lessons where you can review a lot of material. It also allows you to practice by answering
guestions that gets harder and harder. This can build the confidence.

Student BB4

The most important thing for meisthat | get to see the step by step process involved in order
to answer the question. Even though the teacher may give this process in the lesson, it is not
always clear to find. Maybe | wastalking or Sleeping at the time. This is because the teacher
isawaystalking.

Question 4

The survey indicated that most students re-do or revisit their Online Homework Could you

explain why? —
Student BB1

Maximum score on all homework tasks. We would keep trying until we got the best score

possible.

Interviewer: Are you speaking for yourself or for everyone here?
Student BB1

I'm speaking for all. Do you agree?
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All students
Replied with yes or shook heads
Student BB5

Sometimes it's not aways possible to get a maximum score because of a mistake with the
system. This was annoying at times as it took a lot of time to get the question right and the

mistake was minor. It could be a misplaced decimal or arounding error.
Student BB1

| felt pressured from class membersto do well because the homework marks were displayed in

class.
Student BB3

My parents knew about the homework task and they always checked my progress. | will not

complain because they were helpful.
Interviewer - did you get full marks?

Student BB3

Often. | got full marks regularly. | got full marks on both the PBH and the WBH. Having
knowledge of WBH did help me with the PBH.

Question 5

Re-doing specific PBH questions marked incorrect with the teachers' feedback was not popular.
Could you explain why?

Student BB2

The teacher took too long to mark the work. When the couple were back you couldn't

remember it. Automatically, you switch off when hereviewsit in class.
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Student BB5

Theteacher gave the solution to the questions that were incorrect and the numbersin the second
homework were not changed. If | didn't understand how would this help me?

Student BB1

| couldn't understand the teachers writing. | must ask him and then sometimes | still don't
understand. With the PBH second task | would often use Myimaths to check the procedure.

Interviewer — Why did you use Myimaths to solve your PBH?
Student BB1

To get the best mark possible. | know it may cause problems with the research, but we must
get good marks. | did it more with the GeoGebra homework because | could see what the graph
looked like very easily without having to plot points myself. This was good and necessary to

savetime.
Student BB2

My teacher marked the paper thoroughly. He gave marks for the steps used and not just the
final answer. Thisis the big difference between PBH and the WBH. With the WBH if | get
part of the answer correct, I'm not given any marks.

Student BB4

After | get the mark for my PBH task my teacher is unapproachable, and the feedback given to
meisfina. That isthe end of the matter.

Question 6
Did you benefit from the PBH teacher feedback?

Student BB4
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The feedback is slow in comparison to WBH. By the time you had received it you have
forgotten everything.

Student BB2
In some cases, it's helpful but the majority of the timeis boring, and it would put you to sleep.
Student BB1

To get feedback on work that you didn't understand is helpful. To get feedback on work that

you understand after aweek is awaste of time.

Question 7

Were you motivated in any way to do better in the post-test?

Student BB3

| was more motivate with the WBH than the PBH especidly if | didn't get full marks.
Student BB1

The post-test was a waste of timeif you got full marks.

Student BB4

| was only thinking of my continuous assessment mark and to make a good impression with

the teacher.
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Student BB2

The post-test helps us to see if we could remember what we did before. This was good with
the WBH as the numbers were different. With the PBH, it wasn't that much of a challenge

because it was the same homework task.

Question 8

What is the better homework method PBH or WBH?
Student BB1

WBH is better because it encourages you to think more and to work independently. The
problem is it doesn't award marks for correct steps when you have the wrong answer. When
the teacher marks PBH he gives these marks.

Student BB4
| like the lesson feature. | learnt alot of mathematics from this.

Student BB5

WBH helps you to practice more Math because it is interactive, and the feedback is instant.

Because the feedback is instant the time spent on math homework is of better quality.
Student BB3

With the PBH your mark is not displayed in the class and there is less embarrassment as the
feedback is personal. If you want to follow up with the teacher after you can.

Student BB2

Immediate feedback is the best thing with WBH. It encourages you to work independently by

solving problems on your own.
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Student BB1

Yes, | agree. Immediate feedback isabig difference between WBH and PBH. With the PBH,
the feedback is given after along time and we don't really pay any attention to it. | never correct

my mistakes or give it much though. | just look at the score to seeif it is ok or not.
Student BB5

| agree with student C; PBH is lessimpersonal. The marks are not displayed in the class and
if you have any problems you can see the teacher.

27.3 Student group C (GirlsA)

Question 1

Can describe what you have opened on the computer and what you have around you when
using Myimaths at home?

Students GA1

My older sister is always using social media, so these apps are often opened on the computer.
We share the same room and computer. She's good because she always alows me to do my

homework and she even helps me sometimes. She also practices for Math on the computer.
Student GA2

| am disturbed alot at home, and | have to find a quiet place to my homework. | like to take
snacks and a drink to my room and | also might have the TV on. | am constantly in contact

with my friends on the phone.
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Students GA3

| like to have snacksin my room aswell. | have my own room and my own computer, and I'm

not distracted but | do have my phone with me aways.
Student GA4

When I'm doing my math homework, my phone is connected to my computer because it needs

charge. I'm always using what's App and Messenger and yes, it is distracting sometimes.
Students GA5

Once | am on the Internet I'm aways interacting with my friends whilst I'm doing my
homework.

Student GA6
| have Facebook open when I'm doing my homework and my TV ison.
Question 2

If you can remember, what influenced the changes as to how you learnt with Myimaths since

you started using it (you can discuss with peers)?
Student GA4

| communicate a lot more with my classmates. We talk about the homework and we share

strategies. This never happened before, and it makes learning more fun.
Student GA2

| think that that getting full marksisagoal for al of us and we try to work together to achieve
this. Thisisnot abad thing it isagood thing; | think.
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Student GA3

Instant feedback helps you to revise your thinking and you can share this with others. | think
the sharing part this hel ps make math more understandabl e.

Students GA3 and GA4
We want to get full marks also so yes; we spend alot more time doing math homework.
Student GA1

The instant feedback helps you to go back and check your work, especially when there are

mistakes. Because you want to get full marks it makes you want to repeat the homework task

again.
Student GA5

The instant feedback makes you check your work if there are mistakes and you can resubmit

to get a better mark.

Student GA6

The instant feedback makes you check your work to see where you have gone wrong.
Students GA4

My parents like the idea of what based homework as they can monitor my progress in math.

They also fed that I'm doing more math homework.
Student GA5

The homework marks are displayed in classfor all to seeand it isembarrassing if you get lower

than all of your classmates. | think this helped us decide to work together alot more.
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Question 3

What are the main differences in the way you learn mathematics at home using Myimaths
compared to PBH? —

Students GA3

The availability of instant feedback and the way in which | communicate with my classmates.

We looking to do well.
Student GA1

The instant feedback surely helped. | used my lesson notes alot more with the WBH than with
the PBH. The Online lesson notes help as well and was a good way to revise.

Students GA3 and GA6

There was more interaction with our classmates when doing the homework task. We would
phone each other to check the processes used in order to get the answer correct. The
communication helped with thinking. For example, after completing aquestion, my friend told
me how to check it without having to start the wholelogin process again. Thisway, you couldn't
see how many times | completed the task. | think it's a good thing to be allowed multiple

submissions.
Student GA4

| often checked the next button too, to find out the answers to problems | have difficulty with.

| would do thisfirst before login in and then try to solve.
Student GA5

Instant feedback and the mark score was the key. My parents were very impressed with this
and that encouraged me to do more math homework. The GeoGebra homework was fun and
enjoyable too. | understand graphs and their functions and transformations a lot more from
GeoGebra. Thisis not the case for PBH.
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Student GA4

The GeoGebra homework was engaging and fun to do. | understood circle calculations and
their transformations a lot more using GeoGebra. This was not the case when given PBH.

Using GeoGebra made the circle equations alot clearer and easier to understand.
Student GA2

| could revise and practice more Math content on the website Myimaths because of immediate
feedback. Ineach homework task, | wanted to get the highest mark of 100%. When my parents
saw this, they were always impressed. This helped to motivate me to do more mathematics

tasks on the computer.
Student GA6 on behalf of all students who were in agreement:

| found the language easier on the computer than on the paper. It took time to get used to both
once you understand how the website worked it was a good benefit. It helps me to improve
my math more than the work given to me on paper. You still have to use paper to solve
problems before entering the answer.

Student B

WBH ismore user friendly than PBH because you can access the help feature and thiswill take
you to the Mathematics lessons where you can review alot of material. It aso allows you to

practice by answering questionsthat gets harder and harder. Thiscan build the self-confidence.
Student GA4

Being able to look at the lesson review to see how problems are worked out step by step is of
great value. It is as if you have a teacher that is helping you to work by yourself, sorry

independently. PBH does not encourage this process easily. | mean, it is more difficult to do.
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Question 4

The survey indicated that most students re-do or revisit their Online Homework Could you

explain why? —

Student GA5

Isn't it obvious? It isto get the best score possible.
Student GA4

Sometimes it was an easy to get 100% because of a computer error or should | say an error
with the programme that was often minor. It was a pain because you ended up spending a lot
of time trying to correct something that was impossible to correct.

Student GA1

It was important that everybody in the class got high marks otherwise you would feel
embarrassed. Nobody wanted the lowest mark. Thisisfor sure.

Students GA6

My parents always wanted me to get full marks and they can check my results. They have
access to my username and password and my login details. They saw me doing more Online
math homework than the homework given on paper.

Interviewer -did you get full marks?
Students GA3

Not al the time but my homework marks were high especialy in the WBH post-test. The
teacher did set homework tasks outside of the experiment and | did get 100% in those.
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Question 5

Re-doing specific PBH questions marked incorrect with the teachers' feedback was not popular.

Could you explain why?
Student GA2

The teacher often takes too long to give the feedback. When she gives the feedback, we have

forgotten the work or it's too boring to go through.

Student GA4

It's not too boring you going to learn something about the questions you have difficulty with.
Especidly if it isaquestion that will be in the examination or thetests. Thiswould help focus
your attention.

Student GA1

If the teacher didn't explain the solutionsto the problems, you had difficulty with, and we don't
follow up by asking the teacher then the feedback is of no benefit. Thisis our mistake because
we should've asked the teacher, but we don't.

Student GA3

| like the PBH feedback because the teacher gives marks for the parts to the question and even
if you answer iswrong because the marks for the process. Thisis better than the

Question 6
Did you benefit from the PBH teacher feedback?
Student GA4

The feedback was too slow. By the time you had received it you have forgotten everything.
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Student GA5

The teacher took far too long to mark the work by which time the feedback given is of no
benefit.

Student GA1
| was only interested in the questions | didn't understand.
Student GA3

| was interested in the feedback given if some of the questions or processes were going to be
in the test.

Question 7

Were you motivated in any way to do better in the post-test?

Student GA4

| was more motivated with the WBH than the PBH especidly if | didn't get full marks.
Student GA2

| didn't understand the point of the post-test if you got full marks the first time around,
especialy with the PBH. At least with the WBH the numbers were different.

Student GA5

| was only interested if the mark would improve my continuous assessment mark. | was one of
the students who didn't bother with the post-test towards the end.
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Student GA1

We had the chance to reflect on what work we did in class recently. This helped us to improve
at math and remember what we did. | think for sure the WBH made us practice and prepare for

our tests alot more. It also encouraged independent learning.
Question 8

What is the better homework method PBH or WBH?
Student GA1

WBH gives you immediate feedback and allows us to change our thinking by looking at
problems again. This helps us to practice more math which isagood thing. PBH is still good
but it doesn't encourage you to look at math in the way that WBH does.

Student GA6

| like the help and the lesson feature. This helps me to practice math alot more. It also helps
me to work independently without support. My report said that | needed less support from the
teacher in math.

Student GA3

WBH allows you to practice alot more math. | communicate a lot more with my friends and
classmates in order to finish the homework. | now do more homework in math because of the
WBH. Therefore, | must enjoy it more than the PBH.

Student GA5
PBH is marked more thoroughly than WBH.

Interviewer - what you mean?
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Student GA5

| mean you get marks for all the question and not just the answer. Some questions have more
than 2 or 3 steps and with the WBH you don't enter or see the marks for that.

Student GA2

Immediate feedback tells me to check my work or to change my thinking if | have the wrong
answer. If | have the wrong answer with the PBH I'm sure | wouldn't check it when given the

paper back. | would just look at my mark.
Student GA4

She's right. I'm sure that most of us would just ook at the score and not bother to look at the
teacher's comments or the marking to see where or how we had made the mistakes. Thisisthe
big difference between WBH and PBH.

Student GA1

The PBH marks are not put up to be displayed to al but the WBH marks are and thisis a
problem. Nobody like to be embarrassed.
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2.7.4 Student group D (GirlsB)

Question 1

Can describe what you have opened on the computer and what you have around you when
using Myimaths at home?

Students GB1

| am always using social media. | have my own room, so | can communicate with who | like.

| often talk to my friends and colleagues.
Student GB2

| like to take snacks and a drink to my room and | also might havethe TV on. | am constantly

in contact with my friends on the phone.
Students GB3

| have my own room and my own computer, and I'm not distracted but | do have my phone

with me aways. The TV ison and sometimes | listen to music.
Student GB4

When I'm doing my math homework my I'm always using What's App and Messenger and yes,
it isdistracting.

Students GB5

Once | am on the Internet I'm always interacting with my friends even when I'm doing my
homework.

Student GB6

Facebook is open when I'm doing my homework and my TV ison.
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Question 2

If you can remember, what influenced the changes as to how you learnt with Myimaths since
you started using it (you can discuss with peers)?

Student GB4

Instant feedback made me spend a lot more time on my homework. | started to work

independently on mathematics and even developed critical thinking.
Interviewer: How did you develop critical thing?
Student GB4

| started thinking about the mistakes and correct them. And this wouldn't have happened was
PBH.

Student GB2

The amount of time and now spend it doing math is much more than before. The strange thing
isthat | actually enjoy doing it. | communicate alot more with my classmates and this didn't

happen before.
Students GB3 and GB5

| resubmitted one homework task maybe 12 times just to try to get full marks. Even when we
as when we were asked to limit this to two submissions | continued to benefit from multiple

submission. | didn't care.
Student GB6
Because the feedback is so quick if you haven't got full marks you look at your mistakes.

Student GB5
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The instant feedback makes you check your work if there are mistakes and you can resubmit
to get a better mark. | resubmitted a lot even though we were told to limit our submissions to
two. | ignored this for both the Myimaths and the GeoGebra homework.

Student GB1

Because the feedback is so quick you able to revise your work and resubmit many times. This
will help you to get the best mark possible. Aslong asyou can do thisin the time that you are
given thereis no problem. Y ou also benefit greatly from the additional practice.
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Students GB4 & GB5

My parents were really impressed with me doing homework on a regular basis. When they
could see what | was doing in math and the marks | was getting this impressed them further.

Question 3

What are the main differencesin the way you learn mathematics at home using WBH compared
to PBH? —

Students GB5

The biggest differenceisthe availability of feedback straight away. Thistellsusif we areright
or wrong. If we are wrong, we can check the work and correct it. We can straight away go to
our notes, or we can use the help feature.

Student GB2

Using the lesson notes to revise our thinking if we are wrong. With the PBH, you have to wait
until the teacher marksit and this can take sometime. Even with the corrections made you can

have forgotten the work that you did.
Students GB1 and GB4

There was more interaction with our classmates when doing the homework task. We would
phone each other to check on the processes used in order to get the correct answer. Thisis
because the answer was given to us when we checked mark it. This helps us to change our

thinking.
Student GB3

| often checked the next button to find out the answers to problems | have difficulty with. |
would do thisfast and then try to solve.
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Student GB5

My parents were more enthusiastic about me doing my homework on the computer as they
could see my results straight away. Thisis not the case for PBH.

Student GB2

| was able to review and the practice more Mathematics content on the website Myimaths
because of immediate feedback. In each homework task, | wanted to get the highest mark

0f100%. When my parents saw this, | was always given agift. This motivated meto do more.
Student GB4

Weadl have improved in Mathematics as aresult of using the WBH Myimaths. Thisisbecause
the use of language is easy to understand and feedback to answers you give is immediate.
Sometimes you do the PBH and you never get it back.

Student GB6

With the WBH you have the tool feature as a strong support. The lesson button can take you
back over the work that you did in class. It is extremely helpful in building confidence and
making you practice math with understanding because the questions get harder as you get a
better.

Student GB1

The language of the WBH is easy to understand and because you can constantly review it, you
can get better. The step by step process helps you to build confidence. Also, because the
information is always there you can review it at any time. With your PBH, the information is

not always clear to find.
Question 4

The survey indicated that most students re-do or revisit their Online Homework Could you

explain why? —
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Student GB3

| wanted maximum score on all homework tasks. | would keep trying until | got the best score
possible.

Student GB5

It wasn't always possible to get 100% because of a minor mistake and a horrible thing was that

you have to do the homework again. Thistook alot of time
Student GB1

| wanted to be the best in the class and get full if marksfor all homework tasks WBH or PBH,
| didn't care.

Students GB3

| think all of us set out to get full marks as the homework on the computer was impressive.
When we weretold that it would support our continuous assessment mark, we all tried our best,

of course.

Interviewer -did you get full marks?

Students GB5

Not aways. Sometimes, but my continuous assessment mark was very good. | was happy.
Question 5

Re-doing specific PBH questions marked incorrect with the teachers' feedback was not popular.

Could you explain why?
Student GB3

If the teacher took along time to mark the work the information was lost.
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Student GB4

In the post-test | resubmitted the samework | did in the pre-test because | found it very difficult
to do exactly the same test again after aweek. Especialy, when | received a good mark.

Student GB2

Yes, | agree with the student GB4. | did the same in resubmit the same PBH in the post-test
because | couldn't understand the corrections my teacher made. | did try to correct it but ended

up making another mistake. | did get a better mark.

Student GB3

My teacher gave aright or wrong answer. The big difference was that she gave marks on the
PBH tasks for partly correct answers. Myimaths didn't do that.

Student GB5

If some students are honest, they would admit to using the WBH tool to answer the PBH
guestions.

Question 6
Did you benefit from the PBH teacher feedback?
Student GB4

The feedback was too slow if you are comparing it with the WBH. The WBH isfor sure better
group with giving the feedback because it isimmediate.

Student GB6
By thetimeyou get the PBH all the information learnt in the class has gone. How to remember?
Student GB1

| was only interested in the questions | didn't understand
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Question 7
Were you motivated in any way to do better in the post-test?
Student GB2

The post-test was didn't make a lot of sense if you got full marks. At least with the WBH the

numbers were different.
Student GB4
| think we were all better motivated with the WBH than with the PBH.

Student GB5

| was always interested and motivated because | wanted to improve my continuous assessment

mark.
Student GB1

The post-test process was good because it helps usremember what we did in the class the week
before. With the WBH we were encouraged to repeat the processes used again and again to

build confidence.

Question 8

What is the better homework method PBH or WBH?
Student GB6

WBH checks to see if you have the correct responses to questions. If you do not, you are
allowed to resubmit your homework many times. This helps you to practice a lot more than
doing the homework on paper.
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Student GB4

| like the help and the lesson feature. This helps me to know Mathematics alot more. | found
that when | was stuck, absent or not focussed in lessons, | could review the same material that
was taught in the class at home. This helped me agreat deal as | could learn and think at my

own pace.
Student GB3

WBH encouraged you to communicate alot more with your peers and this support helped you
to understand math more.

Interviewer: What do you mean by understanding math more?
Students GB3 and GB1

We were able to review and revise the math again and again to make sure that we had or were
using the correct processes. Once we had got it, we shared information. We practiced doing
math alot more with the WBH than with the PBH.

Student GB5

PBH is more personal. The teacher can see your thought processes and give you marks for it
even if your answer is wrong. With the WBH that isn't the case. You can spend a long time

answering the question likein the differentiation and you don't get any marksfor your working.
Interviewer — was the feedback given in atimely manner?
Student GB5

If you care about the work the feedback is till fresh after a few days. If it islonger than that
and other things like homework activities or changes outside of school have happened, it isfar
less important and then you don't care. It depends on your mind at the time.
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Student GB2

Immediate feedback is the best thing with WBH. It encourages you to work independently by
solving problems on your own. It makes you think alot more about the math than PBH.

Student GB1

| agree. Immediate feedback isthe big difference between WBH and PBH. With the PBH, the
feedback is given after along time and as student E said earlier, maybe too many things have

passed in the time that you completed the homework and the time that you've received it.
Student GB3

PBH is less impersonal. The marks are not displayed in the class and if you have issues you
can see the teacher.
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Appendix 28 - Letter of Informed Consent
Principal Investigator:

Sean Jenkins

Abu Dhabi Education Council
School Operations

Td: +971567723254
sean.jenkins@adec.ac.ae

Background

You are being invited to take part in a research study. Before you decide to participate in this
study, it is important that you understand why the research is being done and what it will
involve. Please take the time to read the following information carefully. Please ask the
researcher anything that you feel is not clear or if you need more information.

The purpose of thisstudy is: to compare Web-based homework with Paper-based homework
Study Procedure

Student participants will need to complete a survey in their classes. The expected duration of
the survey is 20 minutes.

Student participants will need to complete homework tasks associated with their school
learning. Some participants will complete their homework on the computer whilst others will
be given their homework on paper/worksheet.

Risks

The risks in this study are minimal. Some participants may be upset at not being involved in
the Web-based homework experimental group. Participants are reminded that they may decline
to answer any questions on the survey or homework tasks. They may aso choose to terminate
thelr participation in the research at any time.

Benefits
Y our participation will bring about considerable research knowledge and understanding about
the methods of homework given in this study. It is hoped that the research findings will benefit

the knowledge base associated with Web-based homework and Paper-based homework and
inspire further research.
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Confidentiality

Please do not write any identifying information on your survey. Your responses will be
anonymous. | will bethe only person that will have access to the information provided and this
information will not be shared with anyone. Where references are made to the school or
students, pseudonyms will be used.

Every effort will be made by the researcher to preserve your confidentiality including the
following:

Assigning code names/numbers for participants that will be used on all researcher notes and
documents.

e Notes, interview transcriptions, and transcribed notes and any other identifying participant
information will be kept in alocked file cabinet in the persona possession of the researcher.
When no longer necessary for research, al materials will be destroyed.

 The researcher and the members of the researcher's committee will review the researcher's
collected data. Information from this research will be used solely for the purpose of this study
and any publications that may result from this study. Any final publication will contain the
names of the public figures that have consented to participate in this study (unless a public
figure participant has requested anonymity): al other participants involved in this study will
not be identified and their anonymity will be maintained

 Each participant can obtain atranscribed copy of their interview if they so wish.
The participants should tell the researcher if a copy of theinterview is desired.

Participant data will be kept confidential except in cases where the researcher is legally
obligated to report specific incidents. These incidents include, but may not be limited to,
incidents of abuse and suicide risk.

Voluntary Participation

It is important to understand that your participation in this study is voluntary. It is entirely up
to you to decide whether or not to take part in this study. If you do decide to take part in this
study, you will be asked to sign a consent form. If you decide to take part in this study, you are
still free to withdraw at any time and without giving a reason. Y ou are free to not answer any
guestion or questions if you choose. This will not affect the relationship you have with the
researcher.

Costs

There are no costs to you for your participation in this study
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Compensation
There is no monetary compensation to you for your participation in this study.
Contact

Should you have any questions about the research or any related matters, please contact the
researcher at:

sean.jenkins@adec.ac.ae
Td: 4971567723254

Consent

By signing this consent form, | confirm that | have read and understood the information and
have had the opportunity to ask questions. | understand that my participation is voluntary and
that | am free to withdraw at any time, without giving a reason and without cost. | understand
that | will be given a copy of this consent form. | voluntarily agree to take part in this study.

Signature Date
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Appendix 29 - Pattern Matrix using Promax Rotation

Pattern Matrix?®
Component
r 1 r 2 r 3

I like to do maths homework on 0.794
the computer

Online maths homework 0.615
motivates me to practice
maths.

I like to receive immediate 0.784
scores on my maths
homework.

Immediate scores help me to
be aware of my performance.

I like the help and suggestions 0.680
facility on my Online maths
homework.

I refer to the Online lesson
activities to help me complete
my homework.

Online homework feedback 0.442
helps me to recognise my
mistakes

Online maths homework gives 0.905
me more chances to practice
mathematical topics.

I enjoy doing maths homework 0.845
activities Online more than on
paper.

The Online lesson review 0.684
helps me to review
mathematics concepts.

I have less anxiety in taking
Online homework than paper
based homework.

Online maths homework helps 0.537 0.503
me evaluate my own
understanding and
performance.

I like Online maths homework 0.625
more than paper based maths
homework.

I feel | can be better at maths 0.608
as a result of Online maths
homework.

I am more motivated to do my 0.438 0.402
maths homework on the
computer than on paper.

I discuss my Online maths 0.591
homework with my classmates
and others.

My parents are more keen to 0.474
monitor my progress in maths
because of Online homework.

I get help from my family, 0.757
friends and others in
completing my Online maths
homework

Paper based homework is just
as effective as Online maths
homework.

My teacher encourages the
use of Online maths homework

My maths has improved as a 0.424
result of Online homework.

I spend more time on my maths 0.478
homework because | can
interact with the maths

0.601

0.526

0.449

0.884

0.477

Extraction Method: Principal Component Analysis.
a. Rotation converged in 9 iterations.

305



Web-based Homework versus Paper-Based Homework in United Arab
Emirates Secondary Mathematics

Appendix 30 — Feedback Characteristicsand L earning Theories

M. Thurlings et ol / Fducational Research Review 9 (2013) 1-15 5

Table 1
Overview of feedback characteristics.

Characteristic Behaviourism Cognitivism Social cultural theory Meta cognitivism Social constructivism

Corrective; GAS; PAS x
KCR feedback

Elaborative feedback before KCR

Direct or indirect corrective feedback
Interactional feedback

Identifying and correcting errors 4
Explaining misunderstandings x
Specific x
Clear

Concrete X

Consistent X

Descriptive X
Directive x x

Explicit or implicit x

Polite or direct x

Positive or negative x

Positive x x x
Unbiased, objective x
Neutral x
Non judgmental, non hurtful

Non evaluative

Balanced between positive and negative

Balanced with grade

Based on actual data

Summative and formative

Formative

Accurate, irrefutable

Relevant, meaningful

Justifying marks

Justification b
Instructional (Parallel, expansive, novel) x
Performance feedback x
Form and content

Product and process

Leaving control to learner x
Sufficient

Constructive

Challenging

Consequence of performance

X R oM oW X
]
t]

Ed
Ed
£

L]
L T

R
»

"

LI
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Appendix 31 — Student Survey Inter Item Correlation Matrix

Spearman's Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item Item
rho 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
ltem Corr. 1.000 .872" 693" 408 639" 624" 352" 464" 341" 533" .354" 596" 456" 418" 584 -.159" 583" 524" 585" 544 .376™ 464" 523" 418" 476"
! Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .023 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 .644" 508" 5747 612" 400" 5317 379" 549 426" 584" 468" 475 519" -175 547" 556" .664™ 557" 402" 516" 541" 506" 570"
2 Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .013 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 443" 560" 539" 332" 449" 3357 422" 432 583" 568" 484" 465" -126 544" 4417 5427 5067 3137 439" 511" 4557 484"
3 Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .073 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 410" 463" 402" 522" 269" 436" 496" 489" 556" 554" 476" -100 527 384 432" 386" 429" 3827 484" BTTT 471
4 Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 157 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 580" 463" 565" 361" 490" 423" 587" 576" 494" 513" -106 439" 474" 534" 5247 339" 4207 4757 3557 416”7
> Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 132 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 361" 577" .446° 545 416" 565" 529" 545" 534" -075 495" 433" 520" 552" 371" 528" 398" 394" 524™
6 Sig. .000 .000 .000 .000 .000 .000 .000 .000 .000 .285 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 484" 443" 508" 492" 442" 518" 443" 408" -099 424" 452" 4527 318" 3607 4417 4027 4707 456™
! Sig. .000 .000 .000 .000 .000 .000 .000 .000 .161 .000 .000 .000 .000 .000 .000 .000 .000 .000
ltem Corr. 1.000 .437" .700” 523" 619” 619" 662" 486" 026 424" 492" 482" 457" 342" 519” 411" 499" 625"
8 Sig. .000 .000 .000 .000 .000 .000 .000 714 .000 .000 .000 .000 .000 .000 .000 .000 .000
Corr. 1.000 412" 440 267" 446" 433" 352" -105  .3477 325" 458" 400" 489" 432 .265™ 371" 570"
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Item

A Sig. 000 000 .000 000 .000 000 137 000 .000 .000 .000 .000  .000 000 000  .000
" Corr. 1000 389" 6177 607" 588" 553"  -095 437" 4767 574 4417 303" 4897 453" 588" 622"
em
10
Sig. 000 .00 000 .000 000 177 000 .000  .000  .000  .000  .000 000 .000 .00
" Corr. 1000 423" 565" 482"  .4137  -041 4097 448" 4897 4517 2777 448" 3257 4527 483
em
11
Sig. 000 000 .000 000 561 000  .000  .000  .000  .000  .000 000 .000 .00
" Corr. 1000 692" 578" 483"  -046 472" 5057 484 498" 3507 5247 5077 436" 507"
em
12
Sig. 000 000 000 509 000 .000 000  .000  .000  .000 000 .000 .00
SO 1000 717" 507" -055 458" 3737 475" 5017 388" 4577 5307 5417 500
13
Sig. 000 000 435 000 .000 .00  .000  .000  .000 000 .000 .00
" Corr. 1000 455  -071 475° 3617 431° 5407 402° 478" 493" 464" 616"
em
14
Sig. 000 314 000 .000 000 .000 000  .000 000 .000 .00
" Corr. 1000 031 509" 509 611" 541" 495" 5567 439" 580" 517
em
15 !
Sig. 661 000 000 .00  .000  .000  .000 000 .000 .00
" Corr. 1000 -178 -168°  -119 -124 -118 -056 -195° -107  -.078
em
16. !
Sig. 011 016 .00 .078 094 .42 005 128 266
" Corr. 1000 489 664" 623" 428" 5467 606"  .484" 507"
em
17 !
Sig. 000 000  .000  .000  .000 000 .000 .00
" Corr. 1000 666 .491" 5327 6097 442" 555" 455"
em
18 ]
Sig. 000 .000 000  .000 000 000 .000
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Corr. 1.000 696" 552"  .694" 592" 611" 705"
Item
19 !
Sig. .000 .000 .000 .000 .000 .000
Corr. 1.000 521" 537" 558" 473" 658"
Item
20 !
Sig. .000 .000 .000 .000 .000
Corr. 1.000 567" 4047 4257 491
Item
21 !
Sig. .000 .000 .000 .000
Corr. 1.000 464" 514" 561"
Item
22 )
Sig. .000 .000 .000
Corr. 1.000 653" 533"
Item
23 )
Sig. .000 .000
Corr. 1.000 .676"
Item
24 )
Sig. .000
Corr. 1.000
Item
25 )
Sig.

Note: *** p<.001, ** p<.01, * p<.05
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Appendix 32 - Survey Item Frequencies (N= 204)

El
E2
E3
E4
ES
E6
E7
E8
E9
E10
Ell
El12
E13
El4
E15
E16
El7
E18
E19
E20
E21
E22
E23
E24
E25

Survey Items

| like to do maths homework on the computer.

online maths homework motivates me to practice maths.

| like to receive immediate scores on my maths homework.

Immediate scores help me to be aware of my performance.

| like the help and suggestions facility on my online maths homework.

| refer to the online lesson activities to help me complete my homework.
Online homework feedback helps me to recognise my mistakes.

Online maths homework gives me more chances to practice mathematical topics.
| enjoy doing maths homework activities online more than on paper.

The online lesson review helps me to review mathematics concepts.

I have less anxiety in taking online homework than paper-based homework.

Online maths homework helps me evaluate my own understanding and performance.

| like online maths homework more than paper-based maths homework.

| feel | can be better at maths as a result of online maths homework.

| am more motivated to do my maths homework on the computer than on paper.
| am easly distracted when doing online maths homework.

I discuss my online maths homework with my classmates and others.

My parents are more keen to monitor my progress in maths because of online homework.

| get help from my family, friends and othersin completing my online maths homework.

Paper based homework isjust as effective as online maths homework.

Online maths homework is better than Paper based maths homework.

The use of English language for my online maths homework is not a problem.

My teacher encourages the use of online maths homework.

My maths hasimproved as a result of online homework.

| spend more time on my maths homework because | can interact with the maths.
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Srongly Agree  Agree

%

71.1
65.7
68

59.3
61.3
57.4
64.2
63.7
65.7
64.7
56.4
61.8
64.2
61.8
63.7
26

60.8
59.8
58.3
62.3
61.8
56.4
69.6
64.7
61.8

N
156
134
139
121
125
117
131
130
134
132
115
126
131
126
130

53
124
122
119
127

126
115
142
132
126

%
275
25.0
26
27
221
24.5
304
27
19.6
25
27.9
284
30.4
28.9
255
13.7
20.6
28.4
27
17.6
23
284
21.1
275
25

N %
56 1.5
51 541
53 44
55 7.4
458.8
5011.8
623.4
557.4

459
516.9
5774
587.8
622.9
594.9
5274
2810.8
4264
583.4
558.8

36 7.8
47838
58 2

43 4.4
56 6.4
51 838

N
3
11
9
15
18
24
7
15
12
14
15
16
6
1
15
22
13
7
18
16
18
4
9
13
18

%

0.5
0.5
0.5
29
29
0.5
0.5
3.9
1

2

0.5

7.4
8.8
0.5
8.3

15
25

1

N %

=
(&)

29
25

05
3.9
25
54
15
15
15
25
1530.9
1825
154
24.9
1725
239
310.8
515

P ANORREROORRE
[E

225

N

g oo, N W

(&)

%

2.9
0.5

11.3

2.5

15
15

0.5

N

NN R RNDODNNy

N

23

(G211 \V]

NEFENDNW®W

Neutral Disagree Srongly Disagree Don't Know Mean

131
153
141
171

17
171
145

15
1.64
151
175
152
147

16
153
3.38
175
1.69
1.67
1.76
1.67
1.83
1.56
147
161



Appendix 33— Survey Item Correlationsfor Constructs 1, 2and 3

Item Correlations for Construct 1

Spearman'srho El E2 E3 E4 E5 E9 E1l7 E25
£1 Correlation Coefficient 1.000 .872" .693" 408" .639" .341" 583" 476"
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000
Eo Correlation Coefficient 1.000 .644™ 508" 574" 379" 547" 5707
Sig. (2-tailed) .000 .000 .000 .000 .000 .000
E3 Correlation Coefficient 1.000 .443" 560" .335" 544" 484"
Sig. (2-tailed) 000 .000 .000 .000 .000
Ex Correlation Coefficient 1.000 410" 269" 527" 471"
Sig. (2-tailed) 000 .000 .000 .000
- Correlation Coefficient 1.000 .361" 439" 416"
Sig. (2-tailed) 000 .000 .000
E9 Correlation Coefficient 1.000 .347" 570"
Sig. (2-tailed) 000 .000
E17 Correlation Coefficient 1.000 .507"
Sig. (2-tailed) .000
o5 Correlation Coefficient 1.000
Sig. (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed).
Item Correlations for Construct 2
Spearman’s rho E6 E7 E8 E10 E11 E18 E19
Correlation Coefficient 1.000 .361"" 577 545" 416" 433" 520"
E0 Sig. (2-tailed) .000 .000 .000 .000 .000 .000
Correlation Coefficient 1.000 484 .508™ 492" 452" 452"
= Sig. (2-tailed) .000 .000 .000 .000 .000
Correlation Coefficient 1.000 .700™ 523" 492" 482"
=8 Sig. (2-tailed) .000 .000 .000 .000
Correlation Coefficient 1.000 .389" 476" 574"
=10 Sig. (2-tailed) .000 .000 .000
Correlation Coefficient 1.000 448" 489"
= Sig. (2-tailed) .000 .000
Correlation Coefficient 1.000 .666""
=18 Sig. (2-tailed) .000
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Correlation Coefficient 1.000
Sig. (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed).
Correations
Spearman'srho E9 E12 E13 E14 E15 E21 E24
E9 Correlation Coefficient 1.000 .267" 446" 4337 352" 4897 3717
Sig. (2-tailed) .000 .000 .000 .000 .000 .000
E1o Correlation Coefficient 1.000 .692" 578" 483" 350" 436"
Sig. (2-tailed) 000 000 .000 .000  .000
E13 Correlation Coefficient 1.000 717" 507" .388" 541"
Sig. (2-tailed) 000 .000 .000 .000
Correlation Coefficient 1.000 455" 402" 464"
=14 Sig. (2-tailed) 000 .000  .000
E15 Correlation Coefficient 1.000 .495" 580"
Sig. (2-tailed) 000  .000
Correlation Coefficient 1.000 .425"
£l Sig. (2-tailed) .000
- Correlation Coefficient 1.000
Sig. (2-tailed)

** Correlation is significant at the 0.01 level (2-tailed).

Table 26 shows the item correlations for Construct 3 and this table also indicate that

there is statistically significant correlation between the items with p < .01. This analysis also
indicate that Construct 3 also shows high construct validity.
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