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Abstract

The educational system in Kuwait is intended to provide primary and secondary
students with required skills in order to operate in the technical careers
commonly undertaken. However, mathematics education lags significantly
behind other countries in Kuwait. In the 1997 and 2008 TIMMS international
studies of primary and secondary mathematics achievement, Kuwait ranked near
the bottom on almost all scores. Thus, improving mathematics education in
Kuwait is an issue of serious concern. This research focuses on the question of
whether mathematics teaching and learning in Kuwaiti primary schools (grade 4)
can be improved through the use of computer-based tools for practice drills and
constructive mathematics play. An observational intervention was used in a
classroom of 24 children, where students took a pre-test for mathematics
achievement, then engaged in a series of exercises through the term and were
retested at the end of the term. This was accompanied by a series of in-services
and teacher interviews that were conducted within the school, in order to
discover attitudes about mathematics teaching and learning and to train teachers
in the suggested approaches and techniques. A combined qualitative and
quantitative approach included analysis of test scores and interviews with
teachers and students. The overall outcomes of the study did show a slight

increase in mathematics achievement scores. However, more importantly it



showed an improvement in children’s and teacher’s attitudes to mathematics
learning related to the introduction of constructive play activities (derived from the
Cambridge University N-RICH program and selected for students based on level
of achievement) Overall, the importance of this study is that it provides pragmatic
information for Kuwaiti teachers and curriculum designers on improving

mathematics teaching and learning.
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Chapter 1 Introduction

In the adult world, computers and mathematics share a conflicted, sometimes
negative perception. Whether they are fun diversions, useful tools, or incomprehensible
tools for specialists, computers and mathematics seem to go together in the minds of
people everywhere. Despite this, many people feel they do not truly understand either
mathematics or computers, relegating them to the area of technology that is for use rather
than for understanding. This is consistent with the learning approaches that were used in
mathematics teaching prior to the 1980s, as well as the introduction of the personal
computer (PC) in the 1980s and the lack of exposure in their early lives. Today, children
exhibit very different attitudes toward computers, often engaging in complex
computational tasks that adults continue to struggle with. This is the legacy of growing
up in a world where computers are taken for granted, rather than being novel (and
expensive) technologies. However, the perception of mathematics held by children does
not seem to have kept pace. In various conversations with children, it becomes clear that
many consider mathematics to be an uninteresting subject used school at best, or a
frustrating assault on their academic self-efficacy at worst. Clearly, there is little
connection between the acceptance of computers and evolution of mathematics teaching
and learning.

In the world of education the connection between computers and mathematics has
been developing over some time. The theoretical discussions regarding computers in the
mathematics classroom dates back to the late 1970s, when educators and computer

scientists began to consider the role of computers in the classroom and, at the same time,



began to reconsider the ways in which mathematics could be taught. However, this
introduction of computers was not immediate, as computers of the time were still slow
and expensive and were not generally conducive to positive classroom experiences. It is
with the constructivist movement of the 1980s to today that computers in the classroom
have emerged as a major tool for mathematics teaching and learning. The constructivist
movement views learning not as a formalised approach of rote learning, but as a dialogue
between the learner and teacher, where the learner actually constructs knowledge from
various sources and in various ways. This movement revolutionised the learning process
and changed the approach to mathematics learning. The research that is presented in this
paper studies the effects of the introduction of computer-based mathematical activities,
including both skill building and practice activities, and enrichment and manipulation
activities, to a fourth-grade classroom in Kuwait, in order to determine whether this
introduction has transformative potential in terms of student achievement and orientation
toward mathematics.
Background to the Problem

The constructivist teaching movement, which began in the 1970s, focuses on the
role of learning through experience and individual construction of knowledge, rather than
rote memorisation learning as a sequential, formalist logical process. This movement
rejected the formalist view of mathematics and began to substitute a view that integrated
learning and knowledge that allowed students to make sense in multiple ways of
information they are presented with. It led to an approach in the elementary school
environment where it was applied, which began to consider mathematics not as a series

of formal rules or logics to be taught, but instead as higher order knowledge that could be



gained through individual construction of understanding (Hickey, Moore and Pellegrino,
2001). This movement incorporated computers into mathematics learning as tools, or
teaching aids, extending the focus on mathematics into other areas of the classroom
(Vannatta and Fordham, 2004). The approach of integrating mathematics and computers
has been shown to be successful in secondary and tertiary classrooms; in particular, the
integration of mathematics and computer science has been highly effective in teacher
education as well as training of engineering and high school students (Halpin, 1999;
Windschitl and Andre, 1998). However, it is difficult to claim that computers in the
primary school classroom have experienced this level of success. First, as successful as
the constructivist movement may be, it has low penetration and is often not fully
integrated into the classroom. Student teachers are trained in methods of constructivist
mathematics teaching, which often includes the use of computers. However, it is often
too late for student teachers to fully integrate this new method of learning mathematics
into their own conceptions of mathematics. Multiple studies have found that, once in the
classroom, teachers often revert to the use of the computer for classroom management or
as a reward for students, rather than an integral mathematics teaching tool (Cuban,
Kirkpatrick and Pack, 2001; Norris, Sullivan and Poirot, 2003). Given this, students in
many classrooms such as those in the studies by Cuban et al. (2001) and Norris et al.
(2003) do not have the opportunity to use computers effectively for mathematics
learning. The goal of this research is in part to determine whether this is the case in

Kuwait, as there is little research available in this geographic area.



The Kuwaiti Educational System and Performance

The discussion above may be particularly true in the case of Kuwait. Kuwait, a
small nation in the Arabian Gulf region, has a strong public school system that provides
education to the children of its citizens, as well as a robust network of private schools for
non-citizens. (Some of these private schools are government subsidised, but Kuwait does
not guarantee free public education to its non-citizen residents.) Kuwait’s public schools
have a standardised curriculum and teacher training program, and as such, are consistent
in teaching methods, knowledge provided, and provision for learning throughout the
country. This is very different form many Western schools, where a form of ‘postcode
lottery’ determines which schools have adequate funding and which do not. (Of course,
this does not address the varying quality of the private schools, which generally use the
curricula of their home country and may have very different levels of education).

However, regardless of the standardisation levels, testing, or national curriculum,
Kuwait’s educational performance lags behind its capacity. Government funding for
education has grown steadily over time in Kuwait, and the government’s current focus is
on increasing skills and capacity in preparation for a transitional economy (Ministry of
National Education, 2004; UNESCO and International Board of Education, 2006). In
particular, the educational system in Kuwait is being shifted and modified in order to
cope with the expected economic changes that will occur as Kuwait nears exhaustion of
its petroleum reserves (Ministry of National Education, 2004; UNESCO and International
Board of Education, 2006).

This challenge is being approached by the Kuwaiti government as an oportunity

to change the educational system in order to provide training for technology and service



sector jobs. However, the Kuwait educational system continues to struggle in terms of
achievment. Kuwait’s performance on the Trends in International Mathematics and
Science Study (TIMSS), which is conducted approximately every four years in order to
determine the achievement levels of students in United States grades four and eight
(corresponding to ages nine and thirteen), can be used to compare the performance of
Kuwait to that of 36 other countries that take part in the TIMSS testing series. As of
1997, Kuwait ranked the second lowest of all countries in fourth-grade mathematics,
coming in only slightly higher in performance than Iran (Mullis, Martin and Gonzales,
1997). Only 3% of Kuwaiti students tested at in the top two quartiles of achievement,
with a mean scale score of 400 at the fourth grade level as compared to an international
average of 529 (Mullis, Martin and Gonzales, 1997). For comparison, one of the top
performers, Singapore, had a median score that was equivalent to the 95" percentile in
Kuwaiti students (Mullis, Martin and Gonzales, 1997).

Between 1997 and 2007, the most recent year for which there is evidence, the
mean scale score performance for Kuwaiti students actually dropped substantially, with a
reduction to 316 (Mullis, Martin and Foy, 2008). This performance was worse than all
participants in the 2007 TIMSS study, with girls averaging 333 and boys averaging 297
(Mullis, Martin and Foy, 2008). Only 26% of Kuwaiti students achieved benchmark
figures that were established for this test, in contrast to 90% averages overall (Mullis,
Martin and Foy, 2008). However, one peculiarity did emerge during this testing process.
Specifically, students were found to perform better in ‘application’ domains than they did
in ‘knowledge’ domains (Mullis, Martin and Foy, 2008). This is inconsistent with the

expectations of the study: how could students be better at applying something than



knowing what they were to apply? One answer may be in the idea of epistemologies of
mathematics, or the philosophy or understanding of how mathematics is formed and how
it works in the world around us (Shapiro, 2000). Being good at applying mathematics
without actually understanding the concepts, according to Shapiro (2000), is consistent
with a logicist epistemology, in which mathematics is considered to be a reliable tool in
which rules can be applied to real-world situations to achieve predictable results. This is
quite likely to be the approach taken by the Kuwaiti government in their movement to
redesign the Kuwaiti educational system in order to allow for more consistent
performance by students and in order to create a service and technology oriented
curriculum. In other words, by changing the curriculum to promote real-world usage and
applications of mathematical concepts, the Kuwaiti government may actually have made
mathematics teaching in the country less effective, at least in the short term. Thus, a
search must be made for ways that mathematics teaching could be improved.
The Introduction of Computers

The 2007 TIMMS study had one interesting finding that resulted from questions
that were introduced for this study, due to the growing popularity of computers in the
home (Mullis, Martin and Foy, 2008). Specifically, the study classified students
according to whether or not they had computers and Internet connections in their home,
and then reported average test scores by group depending on whether or not this was the
case (Mullis, Martin and Foy, 2008). The resulting average for all students in Kuwait
found that students that had computers in the home had a mean score of 331, while
students with Internet connections in the home had scores of 328; this was compared to

scores of 281 and 310 respectively for those that did not have computers and Internet



connections in the home (Mullis, Martin and Foy, 2008). This report, frustratingly, did
not provide standard deviations for these figures, precluding the ability to test whether the
difference in means was statistically significant. However, it was indicative of the
potential for a difference in mathematics learning and understanding based on computer
and Internet access.

There is currently little evidence for the use of mathematics in the classroom in
Kuwait. Although no formal studies have been performed, the overall consensus in
informal discussions with teachers and administrators is that computers are under-
provided in Kuwaiti schools and are not commonly used in the classroom; instead, they
are relegated to classroom management processes for teachers, or may be used for non-
tutorial purposes (such as arts, games, and word processing). Given the known role of the
use of computers in constructivist teaching of mathematics in higher level classrooms
(Connolly and Begg, 2007; Eckerdal, McCartney, Mostrom, Ratcliffe, Sanders, and
Zander, 2006; Windschitl and Andre, 1998), it is considered that this same approach may
provide a substantial improvement to the achievement of mathematics learning in the
primary school classroom in Kuwait.

The Context of Teaching in Kuwait

Equally important to the teaching issues and processes that was discussed are the
ideas and cultural impacts of the Kuwaiti teaching environment and educational system
on the whole. This is because the teaching culture, the expectations set for children, and
the overall achievement levels to which children are currently held will determine the
overall effectiveness of the introduction of computer tools in the classroom. This is

particularly true because Kuwait has a standardised national mathematics curriculum and



text, and thus the overall structure of the educational system as a whole, as well as
conditions within the individual schools (which was examined during the research
process) will affect the outcomes of this study. In order to assist in understanding the
current state of education within the Kuwaiti school district the current structure,
functionality, and mathematical achievement of the Kuwaiti educational system has been
examined. Of particular interest here is the current educational structure, the overall level
of mathematics achievement within the fourth grade level and the improvements of this
educational performance over time, as well as identification of any particular issues in
training or methodologies that have been identified.

This section also presents an overview of previous studies into the impact of
computer technology on teaching in Kuwait, of which I have identified a few. However,
there is a severe paucity of information available on the issue of mathematics teaching
practices and computer use in Kuwait generally; and this is therefore a gap I hope to fill
with the current research. It does present difficulties for understanding the background
and potential effects of the proposed research. In order to overcome this difficulty, and in
order to improve the overall effectiveness of the research, | have also provided an
overview of research available for neighbouring countries, although while these results
will not be directly applicable, they will have some comparative relevance to the work at
hand.

Structure of Kuwaiti’s educational system

State education in Kuwait is free to citizens and compulsory according to the state

constitution (Epstein and Limage, 2008). There are two articles of the constitution that

address the issue of education. According to Epstein and Limage, ‘Article 40 gives all



Kuwaitis the right to a free and compulsory education... Article 10 indicates that any
father who does not enrol his children in school risks incurring a fine or a prison
sentence’ (Epstein and Limage, 2008, p. 110). Education includes basic instructional
rights, and also transportation, books, stationery and supplies, food, and clothing through
to the fourth year of university (Epstein and Limage 2008). However, provision for non-
Kuwaiti students is less certain; while private schools are available for non-Kuwaiti
children and those for Arab expatriate children may be generously supported by the state,
those for children of other nationalities may be less certain (Epstein and Limage 2008).
Epstein and Limage noted that the schools intended for immigrant children follow the
curriculum of their own country, which could account for the difference in educational
performance between the two groups. However, this has not been explored in the current
research.

The country profile provided by UNESCO’s International Board of Education
(IBE) provides an excellent insight into the structure and design of Kuwait’s primary and
early childhood educational system. The compulsory educational period for Kuwaiti
children is 6-13 years (UNESCO, 2006). Although most children receive their schooling
through a school site, home schooling is also possible (UNESCO, 2006). Although not
compulsory, kindergarten and preschool programmes are available to students; according
to UNESCO figures (derived from Ministry of Education (2004) reports) as of 2006 a
total of 87.7% of children entered compulsory education with previous educational
experience from these programs. Funding is provided free to all Kuwaiti citizens, while
foreign Kuwaiti residents have access to private nursery schools from age 2 through

kindergarten entry age (UNESCO, 2006). Many of the better schools intended for



expatriate children are registered with the Ministry of Education’s private education
department, but this is not required by law and schools for expatriate children may
operate without these registrations (UNESCO, 2006). By age 7, 91.8% of children are
enrolled in primary education (UNESCO, 2006).

The founding and development of the Kuwaiti educational system

Although the historical aspects of the Kuwaiti educational system are not the
direct focus of this research, developing an understanding of how this issue has evolved
does shed a considerable amount of light on the issue of the current state of the
educational system. Thus, a short history of the development of the current system and its
motivations can help to understand not only the current state of affairs but also how this
has developed over time.

The first primary and early childhood education undertaken in Kuwait was
religious education, as in common with many Islamic societies (Nashif, 1985).
Development motivations of education prior to 1912 included a dual focus on the
religious education (including learning the Qur’an, mastering written Arabic, prayers,
almsgiving, and other aspects of Islamic practice and understanding) and the practical
education (including reading, writing, and calculation) (Nashif, 1985). Nashif noted that
even during this early stage of educational development, the ties between education and
business (which continue to be a focus of the modern education) were present. First the
primary system developed within the mosques, but by 1887 the development of the
kuttab, or the traditional school, had taken place (Nashif, 1985). The private school,
which focused on teaching of second languages and more advanced skills, was well

underway by 1910, when the development of a modern school system was proposed
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(Nashif, 1985). Nashif identified the opening of the Al-Mubarakiyah school for boys in
1912 as the first of what could be termed a public school, founded through a combination
of school fees (determined according to the means of the pupil rather than through a set
fee) and state funding derived taxes and other sources. The public educational system
began to grow slowly, and at the same time the private school system also developed.
1921 the Ahmadiyyah School was established in the same way as the Al-Mubarakiyah
School had been established nine years earlier (Casey, 2007). During this time education
for girls began to be established as well, with a private primary school for girls being
built in the 1930s (Casey, 2007). By the time the educational system was fully placed
under state control in 1945, there were a total of 17 schools integrated into the school
system (Casey, 2007). According to Casey (2007), in 1961, the total number of enrolled
students in the Kuwaiti state educational system was around 45,000 (18,000 girls and
27,000 boys).

Throughout the middle part of the 20" century the public school system in Kuwait
grew rapidly. Al-Dekhayal (2000) observed that expenditures on education in Kuwait
grew from 0.08KD million in 1946/1947 to 370.20KD million in 1985/86 (adjusted to
1985 dollars). This funding included the compulsory primary education system, the
secondary educational system and the university system established in 1966. This
increased expenditure had a definite impact on the level of education for Kuwaiti citizens
and non-citizens during this period (Sayigh and Sayigh, 1978). Table 1 demonstrates the
growth in level of education between the 1957 Census and the 1970 Census in terms of
primary, secondary and university level of education in Kuwait between these two

periods, which shows a considerable growth in levels of education during this period.

11



However, it should be noted that this table is not indicative of a large growth in adult

level illiteracy during the same period, which is not reflected within this chart (Sayigh

and Sayigh, 1978). This growth in illiteracy has been attributed to Sayigh and Sayigh to

an inflow of uneducated non-Kuwaiti citizens (tribespeople) who caused a temporary

spike in the level of illiteracy during this period.

Educational | 1957 Census 1970 Census
Level

Kuwaiti Citizens Non-citizens Kuwaiti Citizens Non-citizens

Total % Total % Total % Total %
Primary and 1,077 36.8 1,849 63.2 | 61,348 50.1 | 61,339 49.9
Intermediate
Secondary 197 5.1 3,700 94,9 7,094 199 | 28,585 80.1
University 51 3.8 1,309 96.2 1,347 3.3 | 13,023 96.7

Table 1 Growth in educational levels in Kuwait, 1957-1970 (Sayigh and Sayigh,1978)

Later development of the educational system included the development of a General

Objectives Document in 1976, which spelled out the objectives of the Kuwaiti

educational system (Al-Dekhayel, 2004). The overall objectives that were expressed

within this document were summarized by Al-Dekhayel (2004) as follows:

1.

©oo~No O

Promoting belief in the principles of the Islamic religion, where these
principles become a way of thinking and a style of life manifested in the
pupil’s behaviour and social relations;

Introducing the pupils to the Arabic and Islamic heritage, customs and
traditions;

Introducing the pupils to Kuwaiti history and to the evolution of Kuwaiti
society;

Creating in pupils a strong feeling of belonging to their country of Kuwait,
and to the Arab and Islamic worlds;

Strengthening cooperative and brotherly ties and the spirit of one family;
Preparing individuals for effective life in their society;

Developing the abilities of pupils to think scientifically;

Encouraging the study of modern sciences and their applications
Maintaining a balance between spiritual and materialistic values;

12




10. [And] encouraging technical and vocational education. (Al-Dekhayel,
2004, p. 65-66)

Many of these objectives can be traced directly to the beginning of Kuwait’s educational
system in the religious education of the late 1800s, but these educational objectives also
show a clear connection to the issue of trade and nation building. As Al-Dekhayel (2004)
noted, “Through providing education, the state has sought to achieve two general goals:
The material satisfaction and the political socialization of Kuwaiti citizens (Al-Dekhayel,
2004, p. 66).” The overall focus of the educational system on providing not only a means
of introduction to the Kuwaiti culture but as a means of reinforcement of Islamic and
Kuwaiti cultural values has also been observed within the university system, and has been
expanded to include many other forms of discussion and political focus (Tétreault, 2000).
According to Tetreault, the university system has become a vehicle for opposing
viewpoints; for example, the tension between feminist activists and traditional Islamist
proponents has found a place in the university system. Thus, the modern educational
system can be seen as a means of not only enforcing the current educational status quo
but also of driving social change.
There are a number of issues in Kuwaiti education. One of the issues that is long-standing
in Kuwaiti education is the difference in immigrant and native Kuwaiti educational
levels, as well as a heavy reliance on immigrant teachers in the school system (Al-Moosa,
Miisa and McLachlan, 1985). In 1960, immediately before Kuwait gained independence,
some estimates state that ninety percent of teachers in the Kuwaiti school system were
non-citizens (Casey, 2007). Al-Moosa et al. noted in 1985 that there was a relative lack

of native Kuwaiti involvement in the teaching system overall, including a lack of
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enrolment in teaching programmes as well as in university-level mathematics and science
programmes (Al-Moosa, Miisa and McLachlan, 1985). Because of this, much of the
school system is dependent on the use of immigrant teachers in order to teach
mathematics and science. There are few barriers to immigrant teachers joining the
mathematics and science teaching forces as compared to other Gulf countries, but this
does impact the overall achievement of native students, as noted by the 2007 TIMSS
study, in which immigrant children outperformed their native Kuwaiti counterparts
slightly (but statistically significantly) on the mathematics portion of the test. One
difference between the Kuwaiti educational system and those of many other Islamic
states is that the education of women is considered to be a priority and a requirement for
the modernization of the economy, and as such women have not been excluded from the
state educational system or restricted in terms of access to educational resources (Hatem,
1999).

State of Education in Kuwait, 2004-2008

According to the UNESCO’s World Data on Education (2001) all citizens in Kuwait are
guaranteed an education. The Kuwaiti government has proposed several long and short
term goals for the educational system including, the preparation of the children of Kuwait
to participate actively in the global economy of the 21* century, and developing a
curriculum that teaches the children of Kuwait to respect their heritage while at the same
time keeping up with scientific and social advances. Short-term goals for the system
also include the improvement of education in terms of equality for female students, and
increased use of modern technology in Kuwaiti classrooms. UNESCO (2001) goes on to

discuss current priorities for the Kuwaiti Education system as well as the structure and
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function of each section of the school system. The school system integrates several
schools for students with Special Needs including the visually and hearing impaired The
school system is structured in four tiers, pre-school, primary school, secondary school,
and the colleges and universities. UNESCO (2001) concludes by discussing statistical
data on graduation rates as well as the number of Kuwaiti graduates that continue on to
the college level.

According to the Kuwaiti Ministry of Education (2004, 2008) the current focus of
the Kuwait government is upon improving what the Department of Education terms as
“Pre-university Education”. This includes improving the academic performance of the
students and the quality of teaching at all levels of pre-university education. Another
major goal is to integrate successfully modern scientific and technological education, and
equality for all students, male and female as well as special needs students while still
retaining the cultural and religious traditions that make Kuwait unique.

The education in Kuwait includes both formal and non-formal educational
institutions. At the formal level the structure includes, preschools, primary schools,
secondary schools and colleges and universities. All other educational institutions in
Kuwait are considered to be various types of informal education. Informal types of
education include, vocational education, adult education, as well as the training
programmes offered by various business interests in the State of Kuwait (UNESCO,
2006). The education system in Kuwait must also meet the needs of students enrolled in
the country’s many religious and private schools at all levels.

The education system is set up so that students spend two years in preschool, five

years in primary school, four years in intermediate or middle school, and three years in
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secondary school. This is similar to the set up in many Western schools systems in that
students spend around the same amount of time at each level of education as they do in
Western nations. Schooling is mandatory for all Kuwaiti children up to the time of their
fourteenth birthday, which is significantly younger than in many other countries.

According to the Kuwaiti Ministry of Education (2008), the Kuwaiti education
system faces several challenges as it heads into the 21* century. The first major challenge
is that Kuwait is in a location that has suffered historically from political instability.
Kuwait in its pursuit of fair and democratic government is not following the typical path
of many Middle Eastern nations and in doing so the Ministry of Education is faced with
the challenge of teaching young Kuwaiti citizens the principles of democracy, while
maintaining a respect for Kuwaiti religious and cultural practices.

Another challenge that the Kuwaiti Ministry of Education (2008) faces in the 21°
century is that of the economy. The main challenge in this regard is preparing students at
the formal educational levels for an economy that will no longer be based on the oil trade
as the oil supply in Kuwait is swiftly being depleted. Therefore the schools must prepare
children for a society that relies more on the technology, and service sectors in terms of
the economy. This means that students will need to have access to modern technology
such as; the Internet as well as to advanced education in computers and the use of
technology (Ministry of National Education, 2004; UNESCO and International Board of
Education, 2006).

The final area in which the Ministry of Education (2008) is finding itself
challenged is in protecting the cultural and social aspects of Kuwaiti society. This means

teaching children to respect their Islamic and Middle Eastern heritage while at the same
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time promoting a democratic and modern society. These challenges are critical because
how the Kuwaiti Ministry of Education chooses to confront these challenges determines
how teachers at the Primary levels are educated as well as the regulations and curricula
that will guide their teaching strategy.
Teaching Structure at the Primary Level

Schools in Kuwait much as elsewhere are divided according to region or district
with a Supervisor or Superintendent over each regions schools at the preschool, primary
and secondary levels. Either a principal or headmaster/headmistress generally leads
schools at the primary level. The next tier of authority would be the schools
administrative staff and the teachers and Para-professionals with janitorial and cafeteria
staff being at the bottom level. Kuwait’s Ministry of Education is promoting an
environment of inclusive education, which means that students with learning disabilities
and attention deficit hyperactive disorder (ADHD) are integrated into the classroom. This
means that teachers must have the ability to successfully work with Special Education
teachers and other professionals to encourage a positive environment for learning.

The Kuwaiti government is in the process of reforming the education system. This
means that it is highly likely that the Teaching and Learning Structure at the primary
level was undergoing changes in coming years primarily in terms of integrated education
for male and female students, inclusive learning for learning disabled students and the
increased use of technology in the classroom. These potential changes will most likely
begin affecting teachers who are at the initial stage of teacher education in terms of

changes in the approach to how and what they are taught at the University of Kuwait, and
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how they are exposed to teaching in the early years of their careers. (Ministry of
Education)

The main focus of the Ministry of Education in terms of the teaching structure at
the primary level is on the inclusion of Special Needs students into the regular classroom,
as well as on curriculum development and staff development. Schools are also being
asked to focus on continuing education through in-services and various other education
opportunities for their teachers at the primary levels. This means encouraging teachers to
seek out new learning experiences that will help them to further develop their teaching
skills.

Changes in the teaching structure due to the educational goals of the Ministry of
Education for the first decade of the 21% century are expected to impact the educational
system in several ways. First, teachers are better prepared through their own educational
experiences to educate students for the future. They will have a better understanding of
computer and information technology and this will allow them to integrate these skills
with their curriculum so that students will learn about and be comfortable with
technology. Second, the changes in the system proposed by the Ministry of Education
would allow teachers more participation in the day-to-day decision making of the school
as well as more of a chance to participate in determining the course of education for all
Kuwaiti children. Finally, the proposed changes would push teachers at the primary level
to perform at a higher level and to expect the same out of their students.

Teachers
The teaching profession in Kuwait is exclusively female at the primary

educational level, with all 5,145 teachers being female as of 2006 (UNESCO, 2006). Of
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these teachers, 76.1% are trained teachers. Training at this level is provided by the
Faculty of Basic Education and the Faculty of Education (University of Kuwait)
(UNESCO, 2006). Both of the programmes result in the attainment of a standard
bachelor’s degree, but the training focus of the two programmes are somewhat different.
The Faculty of Basic Education focuses on kindergarten and primary teachers, training
them in cultural, academic, and vocational subject areas (UNESCO, 2006). The Faculty
of Education (University of Kuwait) offers programmes for kindergarten, primary,
intermediate and secondary teachers (both male and female at the intermediate and
secondary level), as well as a diploma of pedagogical training and diploma of
pedagogical guidance (UNESCO). This training structure makes it approximately evenly
likely that the teachers that was studied in this research was derived from either the
Faculty of Basic Education or the Faculty of Education (University of Kuwait), which
demonstrates why it was important to examine the curricula of both programmes in order
to determine how teachers are trained regarding the use of technology.
The educational history of Kuwait in relation to the Middle East

Although Kuwait’s educational system is not directly related to any other in the
Middle East, it does share certain characteristics. Some of these characteristics include
the establishment of compulsory education at an early stage, combined with restriction of
this compulsory education (a remnant of the region’s colonial past); the introduction of
Islamic religious curriculum and private schools and the division of schools between
religious schools and modern development schools (not only a push toward religious
independence but a move toward defiance of the hegemonic colonialist structure of the

compulsory educational program); and a modern movement toward education as a means
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of developing human capital (Akkari, 2004). As Akkari (2004) noted, “Free, publicly
provided education has been a central tenant of the social contract in every country in the
Middle East and north America since independence (Akkari, 2004, p. 146).” As the
author noted, the completion rate and compulsory educational rate, as well as the literacy
rate, is very high in most countries in the Middle East and North Africa as compared to
other regions (Akkari, 2004). However, mean years of schooling tend to be very low
especially in the Gulf countries (including Kuwait). Unfortunately, Kuwait has one of the
biggest gaps between per capita income and educational performance index (EPI), an
educational quality indicator that combines net enrolment rate, gender equity and school
completion rates (Akkari, 2004). As Akkari (2004) noted, this indicated a certain
unwillingness to convert financial resources to educational capital, which could
negatively impact the Educational funding in Kuwait, is relatively low compared to other
countries as well. According to the UNESCO survey, funding for public schools per pupil
at the primary level was equal to 22.76% of the GNP per capita in 2004 (UNESCO,
2006). This is similar in ranking to Saudi Arabia, Oman and Qatar within the region
(Akkari, 2004). However, unlike many other countries within the region Kuwait does not
have a serious problem with gender inequity; in fact, girls outperform boys in many
aspects of education, including mathematics achievement according to the 2007 TIMSS
study (Akkari, 2004; Mullis, Martin and Foy, 2008).
Kuwait’s Educational Performance (With a focus on Mathematics)

Although Kuwait does not yet rank in the top level of performing countries in
primary mathematics teaching, its performance has been improving in some areas over

the past decade. The Trends in International Mathematics and Science Study (TIMSS),
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conducted by the International Association for the Evaluation of Educational
Achievement (IEA), compares the academic performance of 36 studies in primary
mathematics and science at grade levels corresponding to United States grade 4 and grade
8 (reflecting students primarily aged nine and thirteen respectively). These studies, which
occur every four years approximately, provide the capability to directly compare
mathematics performance in the given years against that of other countries. Studies from
1997 as well as 2007 have been used to form comparisons of Kuwait’s performance in
comparison to other countries as well as identify areas of improvement of reduction in
performance.
1997 TIMSS Study — Performance and attitudes

In 1997, Kuwait’s primary results were focused on Year 5 students, the Kuwaiti
equivalent of the grades 3-4 tested internationally (according to the US equivalent
system). Kuwait was higher than many other countries in the number of years of formal
education required, which the 1997 report stated the probable use of student retention
practices in lower grades (Mullis, Martin and Gonzales, 1997). At this time, median
performance in Singapore (considered a high performing country) was approximately
equal to the 95" percentile performance in Kuwait (Mullis, Martin and Gonzales, 1997).
Kuwait’s average performance was higher than only Iran’s, and was significantly lower
than all other countries in the study. The study found that only 3% of Kuwaiti students
tested reached the top 50% level in international achievement markers. The mean scale
score for the mathematics performance was 400 at the grade 4 level (compared to a mean
performance of 529), and 392 at the grade 8 level (compared to a mean of 520) (Mullis,

Martin and Gonzales, 1997). However, students did show improvement in the middle of
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the scale between estimated grade 4 and grade 8 performances, with an increase of 125
points over this time period. Estimates of percent correct on standardised tests were
similarly poor, with only 32% correct overall at the grade 4 level (Mullis, Martin and
Gonzales, 1997). The best percent correct rankings were for whole numbers and
geometry (36%), while the worst scores were for fractions and proportionality (25%) and
data representation, analysis, and probability (26%) (Mullis, Martin and Gonzales, 1997).
In comparison, the international average for basic data representation, analysis, and
probability tasks at the grade 4 level was 60%. In contrast to other patterns, expatriate
students (those with neither parent born in the country) outperformed their citizen peers
with an average score of 416 on the test (Mullis, Martin and Gonzales, 1997).
Attitudes of students

A number of attitudes regarding mathematics were examined as well as pure
achievement levels on a single standardised test by this study. Kuwaiti students in this
grade did feel it was important to do well in mathematics (96%), indicating that the
underachievement of Kuwaiti students is unlikely to be a function of a cultural disregard
for mathematics in general. Students also reported spending about two hours per day on
mathematics homework (Mullis, Martin and Gonzales, 1997). However, the excessive
use of homework was not necessarily considered to be a positive feature, as the
curvilinear relationship of the question in most countries demonstrated that students that
did well in mathematics spent about an hour per day on homework, and that that did not
do well spent either more or less time (Mullis, Martin and Gonzales, 1997). However,
more Kuwaiti students than students in other countries agreed that natural talent or ability

and good luck were necessary to do well in mathematics (92% and 76% respectively),

22



while relatively fewer believed that memorizing the textbook and studying hard were
necessary (Mullis, Martin and Gonzales, 1997). (However, the number of students that
believed that hard work was required was still relatively high at 87%, and memorization
scored at 89%). 76% of Kuwaiti students reported liking mathematics a lot, while only
3% of students reported disliking it a lot. The overall attitude toward mathematics
reported by students was either positive (40%) or strongly positive (53%) (Mullis, Martin
and Gonzales, 1997).

Teachers and classrooms

Kuwaiti teacher attitudes towards mathematics tend to be traditional. For example, 80%
of Kuwaiti teachers consider the ability to memorize formulas and procedures to be
important; approximately 95% of teachers believe mathematics is a formalized
representation of the world, while approximately 98% believe that some pupils have
natural mathematical talent and some don’t (Mullis, Martin and Gonzales, 1997). In
contrast, only about 47% of Kuwaiti teachers believe that creative thinking skills are
important, and only 62% think understanding real-world mathematics is important
(Mullis, Martin and Gonzales, 1997). The average number of hours spent teaching
mathematics in the classroom was 2.9. However, teachers devoted considerable resources
to teaching mathematics, with daily or weekly planning meetings reported by most.
Unfortunately, inadequate physical facilities and lack of resources negatively impacted
mathematics teaching at this time as well (Mullis, Martin and Gonzales, 1997). A high
student-teacher ratio was also considered to negatively impact this teaching performance.

The average number of students reported was 32. The overall picture this report presented
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of Kuwait’s students and teachers was of a group of individuals that wanted to learn and
facilitate learning, but were hampered by lack of resources and time available to do so.
2007 TIMMS Study

Unfortunately, the average scale score for Kuwait grade 4 equivalent participants
dropped between 1997 and 2007, falling to 316 (lower than all participants other than
Qatar and Yemen) (Mullis, Martin and Foy, 2008). The scores of girls were considerably
higher than boys in this case, with the average score for girls being 333 and boys 297
(Mullis, Martin and Foy, 2008). Rather than using quartiles, the 2008 study used
benchmark figures; the total percentage of students that made the benchmark figures was
only 26%, in comparison to an international percentage of 90% (Mullis, Martin and Foy,
2008). Performance in mathematics content domains (including number, geometric
shapes and measures and data display) were almost at the median score, but students
achieved better results in applying (326) and worse in knowing (305); results for the
reasoning cognitive domain couldn’t be determined (Mullis, Martin and Foy, 2008). As
in 1997, neither parent being born in the country was correlated to a higher test score.

Most interesting, the 2007 TIMSS study examined the effects of a computer in the
home on average test scores. It found that students with computers in the home and
Internet connections had higher test scores than those that did not have computers or
internet connections (331 and 328 as compared to 281 and 310 respectively) (Mullis,
Martin and Foy, 2008). This lends some support to the notion that computers in the home
improve student performance dramatically.

The 2007 figures did not dictate a dramatic change in student attitudes or

practices during this time period either. Students still spent around 2 hours per night
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doing homework, demonstrated a highly positive attitude toward mathematics, and
indicated a strong belief that mathematics was an important subject of study (Mullis,
Martin and Foy, 2008). However, improvements in teaching practice and attitudes were
apparent. Rather than near the bottom, Kuwait ranked in the middle when considering
topics intended to be taught and the percentage of students taught TIMSS topics. Kuwait
was also higher in the number of elementary mathematics teachers with undergraduate
degrees as compared to many other countries (Mullis, Martin and Foy, 2008). 32% of
Kuwaiti mathematics teachers either specialized in or received advanced preparation and
training for mathematics training, as compared to an international average of 25%.
However, Kuwaiti teachers did not receive as much in-service and professional
development support in mathematics subject areas, only at 27% as compared to 42%
(Mullis, Martin and Foy, 2008). Overall, however, pre-service teachers were very
confident regarding their ability to teach TIMMS mathematics topics, with 79% reporting
readiness to teach all topics as compared to a 72% national average (Mullis, Martin and
Foy, 2008). Average class size also dropped from 32 to 25 (Mullis, Martin and Foy,
2008). Classroom participation by students was also very high. It is clear that the
resources available and teaching capabilities of the Kuwaiti primary educational system
have matured over the past decade, but what is not clear is why actual achievement in
mathematics has not followed suit.
Previous Studies in Technology and Teaching in Kuwait

There have been relatively few studies that focused specifically on the use of
technology in the Kuwaiti classroom. However, one study did examine teacher

expectations of technology use in learning in Kuwait (Aldhafeeri and Almulla, 2006).
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This study was prompted by the potential of modification of the Kuwaiti educational
system in order to encourage the development of an e-learning curriculum component. It
distributed a 36-question survey to 519 teachers that focused on the potential impact of e-
learning on the school system as a whole (Aldhafeeri and Almulla, 2006). The study
identified six ways that teachers believed that e-learning curriculum could impact the
overall educational effectiveness of the Kuwaiti educational system. These included basic
computer operations and concepts, awareness of human and ethics issues, development of
productivity and research tool skills, problem solving and decision making skills, and
communications (Aldhafeeri and Almulla, 2006). The authors discuss the use of e-
learning as a means of significantly improving the outcomes of the Kuwaiti educational
system in its entirety, not just in mathematics teaching. However, it can be seen that there
are some components of improving, including productivity and research tools and
problem solving and decision making skills, that would directly affect the educational
outcomes in terms of mathematics teaching within Kuwait (Aldhafeeri and Almulla,
2006). However, the potential improvements to all areas of the curriculum should also be
considered.
Potential teacher training improvements

There have been a few areas of improvement of teacher training identified within
the research that apply to overall teacher training as well as specific considerations for
these improvements. One area where Kuwaiti teacher training may require improvement
is in the requirement for practice prior to service (Mullis, Martin and Gonzales, 1997).
The Kuwaiti teacher training system is one of the few systems that were in place in 1997

where teachers did not require any practicum teaching experience in order to become
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certified or to gain their teaching degree; instead, the first teaching experience teachers
gain is that in the workplace, which could potentially reduce the effectiveness of the
training programme (Mullis, Martin and Gonzales, 1997). Currently, Kuwait also has a
relatively young teaching force; as of 1997, 80% of more of mathematics students were
taught by teachers in their 30s or younger, while half of students have teachers with less
than 10 years of experience (Mullis, Martin and Gonzales, 1997). While this would
clearly be a situation that had been rectified at this point with many of the teachers having
gained increased experience in the intervening 12 years, it is uncertain how much gain
would have been realized. This is due to teacher experience not being a consideration in
the 2007 TIMSS study, and thus there being no information available in that regard, and
due to teacher turnover and experience rates not being available from other sources.
Thus, | believe it is not possible to state with certainty the degree of experience of the
current Kuwaiti mathematics teaching population.

Spending and other issues

In one article, Nadeem Burney and Othman Mohammed (2002) look at the Kuwaiti
education system in terms of its efficiency. The authors focus primarily on budget
expenditures and whether or not this has any influence on the education and productivity
of the Kuwaiti people. They argue that what the Ministry of Education spends per year on
the school system in Kuwait is not out of line percentage wise in comparison to what
other schools are spending on average on worldwide basis. Burney and Mohammed
(2002) also explore the efficiency of the school system in terms of the high school
dropout rate, and the student teacher ration. They argue that some of the causal factors

for this are low graduation rates in the teacher training programmes offered from the
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University of Kuwait as well as lack of access to computer aided instruction and adequate
textbooks in some areas of the country. The condition of education in Kuwait is very
similar to that of education in other Asian and Middle Eastern countries. Chapman and
Adams (1998) looked at the quality of education in Asia. They found that, much like in
Kuwait, the quality of education in many Asian countries varied widely. In some
countries such as Japan and Hong Kong education was efficient, graduation rates were
high and students were motivated to learn. In other areas of Asia students often had
difficulty due to lack of instructional technology, textbooks and well trained teachers.
Problem Statement

The introduction outlined above spells out the problem that has been identified
within this research. Kuwait is currently facing an urgent need to modify its educational
system, in order to provide the country with more diverse and capable workers for the
coming transition from an oil-based economy to an economy based on services and
technologies following the peak in oil production. However, this educational reform has
focused on the use of mathematics as a real-world problem-solving tool. While this is not
necessarily a negative orientation toward mathematics, and is one that is in fact of great
use in engineering and other practical disciplines, it has had the net result of reducing
student achievement scores on the 2007 TIMSS study, which addresses the achievement
levels of students across 36 different countries. This is marked by a peculiar symptom
that is almost unique to Kuwaiti students among the studied population — Kuwaiti
students scored low overall, but they scored higher in application domains than they
scored in knowledge domains. This indicates that something has gone seriously wrong

with the Kuwaiti mathematics teaching curriculum, in that it is not teaching students to
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understand mathematics at the same rate it is teaching them to apply it. A potential
solution may be found in the application of computer-based adaptive mathematics
activities to the classroom educational and curriculum system. However, the relative
paucity of information regarding education in Kuwait, which has not been well studied in
the formal academic sense, is a stumbling block to determining whether or not this is the
case. Given this lack of information in the literature, a broad-ranging approach to
examination is suggested, in which actual classroom experience is sought in order to
provide insight into this area of study.
Purpose of the Research

The purpose of this research is to use a qualitative and quantitative mixed
methods quasi-experimental approach to examine the effects of the introduction of
computers to the mathematics curriculum in a Kuwaiti fourth-grade classroom.
Specifically, classroom norms regarding mathematics, mathematical achievement, and
the approach to mathematics by students in the classroom was examined. In this
approach, | have chosen to work with the educators and administrators in the school as
well as the students in the classroom, in order to provide a smooth transition and to
attempt to provide students with the level of mathematics enrichment activities that they
require. The analysis of these results was performed both qualitatively, using a
descriptive and narrative approach that explored the introduction of computers into the
classroom mathematics curriculum, and quantitatively, by comparing paired results of
testing for students in order to determine whether the training made a significant
difference in the knowledge domain while retaining the relatively higher application

domain.
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Research Questions

The research method that was chosen was a mixed methods quasi-experimental
study, in which statistical evidence of children’s performance was tested using an
experimental approach that integrated teacher and classroom participation with
researchers as well as involvement of the school administration, curriculum planners, and
others in the school environment. The classroom participants were active participants in
the research and helped to establish the direction of the research. Given this structure, a
number of research questions were posed for consideration during this research process.
The research structure was a nested approach, in which some questions were chosen for
examination under a qualitative methodology, some under a quantitative methodology,
and some under both methodologies.

1. What are the student achievement effects of the introduction of computer-based
mathematics teaching methods in a classroom in Kuwait?

2. Are there differences in student achievement effects based on student
demographic and socioeconomic variables?

3. What challenges are encountered during this introduction, and how can they be
overcome?

4. What structural and institutional barriers may be found in the Kuwaiti educational
system in the introduction of teaching methods based on computer classroom
interaction?

5. Are the gains in mathematics teaching found in these environments compatible
with teacher understandings of the role of mathematics in the classroom and the

environment?
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6. How do the changes in the classroom affect student mathematic perceptions and
viewpoints? Is this a positive or negative change?

These research questions are discussed both individually and in the context of
connections to each other. This approach was chosen because | feel these issues
cannot truly be discussed individually. Instead, they must be examined in conjunction
in order to provide a holistic view of the classroom experience and to clearly indicate
the depth and scope of the experience that was sought.

Hypotheses

The main research questions posed for this study that can be examined
quantitatively include question 1 (What are the student achievement effects of
introduction of computer-based mathematics teaching methods in a classroom in
Kuwait?) and question 2 (Are there differences in student achievement effects based on
student demographic and socioeconomic variables?) The hypotheses that were posed for
these research questions are as follows.

The first hypothesis is based on simple achievement levels and their direction of
change following the introduction of computers into the classroom. This hypothesis is
based on the outcomes of the 2007 TIMSS study, which found that the scores of students
that had computers and internet connections available in the home were higher than those
students that did not have these facilities available.

Hypothesis 1: The introduction of computer-based mathematics teaching to a classroom
in Kuwait will be associated with positive improvements in student mathematics

achievement.

31



Hypothesis 1o; There will be no effect on student achievement in mathematics that can be
associated with the introduction of computer-based mathematics teaching to a classroom
in Kuwait.

The second hypothesis is based on findings in literature that support an increased level of
mathematics achievement for students that have higher socioeconomic status than others
(Becker, 2000). This so-called Digital Divide is based on access to technology and
mathematics learning, as well as potential differences that include issues like different
emphasis on learning, career expectations, individual differences, and other issues that
may affect how the students learn and what role their family lives play in the learning
process (Becker, 2000). Thus, despite the standardisation of in-school learning
opportunities, children of lower socioeconomic status will have less success in the school
learning environment due to fewer outside opportunities for learning. This hypothesis
states,

Hypothesis 2: A higher level of socioeconomic status will be associated with a higher
baseline level of student mathematics achievement and improved outcomes following
tests.

Hypothesis 2o; There will be no difference in baseline or post-experimental outcomes

based on socioeconomic status.

Research Question Data Collection Analysis Method
Method

1.What are the Student testing Descriptive statistical
student achievement | instrument. testing and difference in
effects of means (independent t-
introduction of test, ANOVA).
computer-based
mathematics
teaching methods in
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a classroom in
Kuwait?

2. Are there
differences in
student achievement
effects based on
student
demographic and
socioeconomic
variables?

Student testing
instrument.

Difference in means
testing (independent t-
test, ANOVA)

3. What challenges
are encountered
during this
introduction, and
how can they be
overcome?

Field notes and
interviews.

Qualitative analysis
(thematic and narrative)

4. What structural
and institutional
barriers may be
found in the Kuwaiti
educational system
in the introduction
of teaching methods
based on computer
classroom
interaction?

Primary policy data,
regulations, and
government reports

Qualitative analysis
(thematic and narrative)

5. Are the gains in
mathematics
teaching found in
these environments
compatible with
teacher
understandings of
the role of
mathematics in the
classroom and the
environment?

Interviews and focus
groups.

Qualitative analysis
(thematic and narrative)

6. How do the
changes in the
classroom affect
student mathematic

Student interviews.

Quialitative analysis
(thematic and narrative)

33




perceptions and
viewpoints? Is this a
positive or negative
change?

Table 2 Research question matrix

There are some advantages and disadvantages to mixed methods research that
should be considered. Mixed methods research can help provide both breadth and depth
to a study, and can also provide information regarding both the causal relationships in a
given research situation and why these causal relationships may exist (Creswell, 2003). It
can also provide information needed to analyse a complex situation, and provide a great
deal of contextual information (Creswell, 2003). This allows for a detailed analysis of
complex conditions, particularly where there is a lot of context involved. The mixed
methods approach is useful for examining educational situations, because it can analyse
both the outcomes and the methods by which changes are made.

However, there are some disadvantages to mixed methods research s well. Mixed
methods designs can be difficult to construct, and can involve complex challenges in
integrating the research findings (Creswell, 2003). This can lead to a degree of vagueness
regarding the qualitative research (Creswell, 2003). It can also result in difficulty
introducing the amount of data produced in order to allow for an effective analysis
(Creswell, 2003).

Importance of the Research

Kuwait has undertaken educational reform on the assumption that in the near term
its reserves of oil and natural gas, which currently drives an economy that is highly
focused on oil and gas production, will diminish (CIA, 2010). According to one estimate,

the petroleum market accounts for almost all of Kuwait’s GDP (Gross Domestic
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Product), 95% of government income, and 5% of export revenues (CIA, 2010). The
petroleum economy has awarded Kuwaiti citizens one of the highest standards of living
in the world, with an average per-capita GDP of USD $54,000 in 2009 (CIA, 2010).
Kuwait has also agreed to increase oil production by as much as 4 million barrels per day
through 2020 (CIA, 2010). However, this is only likely to accelerate the depletion of
Kuwait’s known oil and gas reserves. The official estimates of proven reserves include
101.5 billion barrels, with an additional 1.794 trillion cubic meters of natural gas reserves
(CIA, 2010). Kuwait cannot sustain its current level of petroleum production over the
long term without depleting its reserves substantially. In fact, this situation may be more
vital than is currently presumed, due to the potential overstatement of reserves from
Kuwait Oil Company in its official documentation (Energy Intelligence Group, 2006).
Given this, the Kuwaiti government has a compelling reason to begin training Kuwaiti
students to take jobs for which their parents were not prepared, particularly in the service
and technology industries. Without this transition, there is no way that the Kuwaiti
economy can survive the depletion of its petroleum reserves. However, although the
Kuwaiti government has implemented reforms intended to promote just this transitional
stage, these have so far proved unsuccessful. In fact, the students entering the school
system following the 2004 reforms (who were those tested during the 2007 round of
TIMSS studies) performed worse than their elder siblings a decade ago; given that
Kuwaiti performance was already near the bottom in terms of mathematics performance,
this was a significant blow to the reform effort. This research will provide a clearer
understanding for policy makers and curriculum designers in the Kuwaiti school structure

regarding the use of computers in the classroom, which could provide evidence for
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redesign or repositioning of the curriculum development effort. It will also provide
further information regarding the role of ideas about mathematics and how these can be
refined in order to improve the understanding of the process.
The Study Environment

The study environment in which this study took place was a fourth-grade boys’
classroom in a small school in Kuwait. The classroom was one of four in the school that
was in the age group of interest (fourth grade). The school was a government school and
all children were of Kuwaiti origin. This is necessitated because the Kuwaiti government
schools are restricted to the use of Kuwaiti citizens; citizens of other nations attend
private schools (some of which are subsidized by the state). This school was selected
from three candidate schools based on the school headmaster’s willingness to participate
in the research and the interest of the teachers in participating. The school administrator,
Mr. B, and the head teacher for the classroom, Mr. M, were both highly involved in the
research and were invested in ensuring that it went well. Overall, this school was largely
typical in demographic distribution and in structure and management styles to other
Kuwaiti primary schools, although it was not entirely consistent in terms of the
management and teaching staff. In particular, the management and teaching staff were
more experienced and more willing to experiment with research designs than the teachers
at the other schools that were considered for the study.
Ethics of the Research

Given that primary school students are a major focus of the research, there is a
clear ethical responsibility to ensure that no harm is done to the subjects and, if possible,

that their learning should be enhanced. There is also an even greater requirement for
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informed consent and provision of information to parents, as children cannot consent
(either legally or ethically) to research on their own. These conditions required careful
design of the research and record keeping, which was much higher than might have been
used in an adult-centred study. The issue of study ethics is addressed in more detail in
chapter three (methodology). However, | am aware of this issue and did take an approach
that would allow for protection of the interests of the children in the classroom as well as,
as much as possible, for the improvement of their educational outcomes.
Bias, Validity and Reliability

The issues of validity and reliability for this research are not entirely consistent
with quantitative expectations, as the research is primarily qualitative, but mixed, in
research design. Additionally, the research was a quasi-experimental project that was
fundamentally subjective, although I attempted to infuse the research with as many
different perspectives as possible. Given this, the issues of bias, validity, and reliability,
cannot be determined as easily as for some other research designs. However, attempts to
ensure validity and reliability and reduce potential bias in the research were a central goal
of the research process. Validity and reliability were approached primarily as an exercise
in qualitative validity and reliability, which involved the clear description of all activities
and provision of substantial information for understanding the conclusions drawn
(Creswell, 2003). I believe that this was overall effective, although there is always the
possibility that there is remaining bias. The research process and outcomes have been
described thoroughly, in order to allow readers and others a view into how conclusions
were arrived at and what these conclusions were based on. This will not easily allow for

direct replication of results, as would be the case in a quantitative survey or experiment.
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However, it will allow for oversight of the research and detection of possible biases, as
well as critical application of some portions of the research to the live classroom
environment or to other experiments.

Researcher and Participant Bias

There is the potential for researcher and participant bias within this research,
which could affect the outcomes. | did not have any prior experience in the school or with
the students, but instead was introduced to the administrators by a professional contact.
Thus, there is not likely to be significant bias from pre-existing personal relationships.
The most likely source of such bias is the varying epistemologies held by the researcher,
teachers, and students. Epistemology, or beliefs and philosophies about learning and
knowledge formation, are a fundamental part of the learning process and affect how the
individual will learn, what they will learn, and how they will regard learning (Hofer,
2004). In many cases, these epistemologies do not reflect a conscious bias toward or
away from a specific type of learning; instead, they reflect an underlying or unconscious
attitude toward learning (in general, or toward a given subject) that will affect the
outcomes of the learning process (Hofer, 2004).

In this case, the most relevant epistemologies will be mathematical beliefs.
Mathematical beliefs are the underlying characteristics of how an individual thinks about
mathematics and the mathematics learning process (Shapiro, 2000). These three
classifications of mathematical learning are based on the mathematical constructions
developed by early mathematicians, including Russell and others (Quine, 2008). Many
individuals consider mathematics through a lens of formalism — that is, they believe that

mathematics is a formal system of rules that has no application to the real world, but
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where rules can be applied consistently and with consistent results (Shapiro, 2000).
Formalism is grounded in the philosophical work of Hilbert (Quine, 2008). Others view
mathematics as a form of logic that routinely leads to the same answer if applied
correctly, or logicism; in this view, there is the potential for real-world application, but no
consideration of creativity or modification of mathematical technique (Shapiro, 2000).
Logicism is espoused within the early writings of Russell as well as other mathematical
philosophers (Quine, 2008). The intuitionist approach to mathematics learning, on the
other hand, views mathematics as a way of thinking, which can be modified to meet a
specific situation (Shapiro, 2000). This model of mathematics was developed by early
mathematical philosophers Poincare and Kronecker, as well as later philosophers
Brouwer, Heyting, and Weyl (Quine, 2008). The intuitionism approach to mathematics is
not supported by all philosophers, as there are objections regarding its mathematical rigor
(Raven, Tijssen, and De Wolf, 1992). However, it is considered to be one of the potential
modes for mathematical learning.

An individual that holds a formalist approach to mathematics may view
mathematics as irrelevant or frustrating, while one that views mathematics through a
logicist lens may see it as boring or irrelevant, or as simply a tool. Through an intuitivist
lens, mathematics may be viewed as a tool, language, way of thinking, or even as fun.
However, it is clear that these different views about mathematics would lead to different
biases in researchers and respondents.

| determined, following critical reflection, that my own approach to mathematics
is primarily intuitivist, although there is an element of logicism in my mathematical

thinking. In particular, I believe that mathematics can become a language or a fluency
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from which individual thought patterns can be derived, and also that mathematics can be
a highly useful tool for application to real world problems. Given that mathematical
views begin to develop during the first part of schooling, and are dependent not only on
individual inclination but also on the influence of teachers and the home environment,
most of the students that the research involved already had a well developed
epistemology regarding mathematics.
Personal Motivations

The reason these approaches were chosen was because | do not believe that the
quality of the learning experience can simply be expressed based on the outcome of tests.
Instead, the outcomes of the tests should be indicative of learning, but the learning
process and the revision of ideas about mathematics is also important. In order to help
revise conceptualizations about mathematics and to provide support for learning not only
during the short period of time that | would be in the classroom, but throughout the
learning lives of the students (and possibly those that would teach mathematics to in
future), the goal of the research was a revision of attitudes toward mathematics. In brief, |
wanted to determine if introducing the use of specific computer tools into the classroom
could make mathematics a challenging, rewarding, and fun naturalistic activity for
children, rather than a frustrating academic or logical exercise. If possible, I also wanted
to promote this change in the views of mathematics in the teachers with whom |
interacted.

It was also important to me that the research should integrate the views of
classroom teachers and other actors in the school as well. | felt that this type of

integration was important because the classroom experience is a group experience, rather
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than a solitary experience, and there is considerable variation in the classroom
environment based on individual factors. Teachers and administrators understood the
classroom dynamic and environment that was in place in this classroom better than |
could. The children in the classroom, who had mostly been in the same class since
beginning school, had established relationships, hierarchal structures, and norms, rituals,
and expectations that had developed over a period of several years. In order to be most
effective, it was necessary to fit the additional mathematics instruction into this existing
framework as carefully as possible, and this was not possible without the cooperation of
the teacher. Additionally, although | assisted in the classroom several times a week and
was highly involved in the management of the programme, this experiment ultimately
meant more work for classroom teachers and aides, as it was an additional 45 minutes per
week of intensive instruction and management per child. This was a significant burden on
the teacher and classroom manager, and without their cooperation it would not have been
possible to effectively manage the experiment or to engage with the classroom as well as
| did.

I would like to take the opportunity to thank the classroom teacher Mr. M, the
classroom aide Mr. Y, and the school administrator Mr. B for their extensive assistance
with this research. This was truly a co-researching experience, and without the assistance
of these individuals it would not have had any chance to be successful.

Overview of the Thesis

The thesis is arranged in six chapters. The first chapter (the current chapter)

provides an overview of the intended research, including an in-depth discussion of the

study context and the research that is to be conducted. The second chapter provides a

41



literature review that focuses on the theoretical frameworks that was used in this study
and examines the empirical literature that has so far emerged from the field. This chapter
provides insight into what work has already been done in Kuwait (which is limited), as
well as providing information from other study contexts that may be applicable to the
case of Kuwait. Chapter three presents the quasi-experimental methodology that was used
in the study, including the theoretical grounding and philosophical approach that drove
the selection of this methodology as well as specific methods of data collection that were
used within the study. Chapter four presents the results of the study, while chapter five
provides an analysis of the study in the context of the existing literature, highlighting not
only the findings of the study but also how these findings either concurred or did not
concur with the findings of the study. Finally, chapter six presents the conclusions to the
study, including a series of recommendations for educators that would seek out the use of
the methods that were highlighted in this study in terms of how they can be best applied
within the classroom.
Summary

The introductory chapter has presented the background and problem statement
and discussed the ways in which the study was researched. The goal of this research is to
provide insight into the specific nature of introducing computer-based mathematics
learning into the primary classroom in Kuwait. As such, it has used a quasi-experimental
methodology that integrated student experience and attitudes, teacher experience and
attitudes, and researcher experience and attitudes into a single research focus that
broadened the range of the inquiry from a single viewpoint to several viewpoints. The

next chapter, the literature review, addresses issues of theoretical framework and
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empirical information that can be derived from the current study environment in order to

frame and focus the current research.
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Chapter 2 Literature and Context Review

The impact of computer use in the classroom has been studied from many
different viewpoints and in different classrooms. This means that there is a good depth of
information available on the use of computers in the classroom that can provide insight
into the effectiveness of their use. Issues that have been studied include varied aspects
such as integration with the curriculum of the school, teacher training and willingness to
use computers and comparisons of effectiveness of their use in the classroom. This
literature review addresses the theoretical and empirical bases for the formation of this
study, specifically examining the issues of computer use that have been identified as well
as other relevant areas of the subject matter. It was used to support the empirical work as
discussed later in Chapters 5 and 6 well as to form the framework under which the study
has been constructed. However, this literature and context review should be considered
carefully, as most of the research in this area has not been done within the Kuwaiti
context. Instead, most available research on classroom use of computers and computing
technologies has taken place in the United States and the United Kingdom, which have
very different cultural factors than Kuwaiti schools and very different school systems.
Thus, each study included in this literature review must be considered carefully and
critically examined in order to determine what applicability, if any, the research will have
to the current study context.

Part 1 Teaching Theory and Technology Integration Factors
The first issue in the construction of this discussion of computer-based

mathematics teaching is the use of teaching theory and technology integration features,
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which will be addressed within this study. This section examines the theoretical
constructs and other issues involved in the use of computer technology in the classroom.
A Theoretical Overview of Computer Use in the Classroom

Computer technology was recognised as an important tool in the classroom as
early as 1969, when Suppes (1969) discussed the future of computers in education and
identified them as vitally important for the education of children. This view of the
classroom positioned computers in a direct teaching rather than a facilitative role. That is,
acting as the teacher rather than helping the teacher. However, its conception of the
benefits of the computer for mathematics teaching in particular demonstrate that the
conception of the computer as a mathematics teaching tool, including audiovisual
components and interactivity, has not developed dramatically since this time (Suppes
1969). Individualised curriculum design and implementation was seen as one of the
major benefits of the computer in the classroom. However, the development of a
theoretical basis for the use of computers within the classroom was relatively slow to
develop.
Constructivism and Constructionism

The use of computer programmes and models has come to be an integral part of
constructivist teaching practices (Nickson, 2004). Constructivist teaching, which
emphasises higher-order cognition and construction of knowledge and problem solving
skills rather than rote memorisation, has had a growing presence in the classroom since
the 1980s (Hickey, Moore and Pellegrino, 2001). It has become enshrined in the common
literature of mathematics teaching (Bahr, Bahr, and Degarcia, 2008; Nickson, 2004). This

focus also makes it a strong complement to the use of computers as teaching aids. One of
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the characteristics of the constructivist teaching method is the use of all available
technologies to supplement and extend teaching practices within all areas of the
classroom (Vannatta and Fordham, 2004). This use of technology has been shown to
have dramatic effects on student epistemologies, with informal understandings of
concepts being translated to formal understanding of knowledge and ideas at a much
greater rate using a constructivist model and use of technology than a traditional, non-
constructivist method of teaching (Windschitl and Andre, 1998). Widschitl and Andre’s
study, which focused on the transformation of informal anatomical knowledge of college
students to formal knowledge, underscored this construction process to formal knowledge
in a way that makes it clear that construction of knowledge and use of computer
technology are integral. These findings have also been replicated in other knowledge
domains, particularly mathematics and science domains (Hsu, Wu, and Hwang, 2008; Su,
2008). Studies on individual training materials have also upheld the effectiveness of the
constructivist methodology; however, there have been no emergent models of specific
learning practices that are claimed to increase the knowledge or learning practices of the
classroom as a whole.

There has been other research on this issue as well. Another examination of
constructivist learning was a case study of a computer literacy programme that was
integrated into the primary mathematics and science teacher educational programme at a
United States university (Halpin, 1999). Halpin’s (1999) study assessed the effectiveness
of this training programme using a questionnaire that addressed current levels of
computer literacy at the beginning and end of the programme, in between which a

constructivist methodology was used to build an understanding of computers into the
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cognitive map of the novice teachers enrolled in the educational programme (Halpin,
1999). This programme used three objectives for computer literacy that the authors
remarked could be adapted to fit any level of computer literacy and learning, including at
the primary level; these three objectives include: “fit the computer to the curriculum
rather than the curriculum to the computer... Use the computer as a personal and
professional tool... Use the computer in the learning of subject matter (Halpin, 1999, p.
129).” These three objectives were intended not only to enhance the novice teacher’s
integration of the subject material itself, but also to improve their understanding of the
effective use of computers within the classroom, moving from a view of isolated
computer lessons to a view in which the computer is viewed as an integral tool. The
constructivist method of teaching computer literacy proved to be effective in improving
the view of computers as an integral tool in this classroom. The researchers concluded
that this method of teacher training, which fits into the constructivist teaching method,
would also be useful if adapted to other levels of learning. This provides early evidence
that the constructivist teaching theory can be applied not only at the primary level, but
also at the meta-learning level of teaching the teachers of these classrooms. This research
has been supported by multiple other research studies since this time (Alimisis, Frangou,
and Papanikolau, 2009; Gibjels, Coertjens, Vanthournout, Struyl, and VVan Petegem,
2009; Liljedahl, et al., 2009; Schaal, 2000). These examples of constructivist teaching in
the classroom should not be considered to be the only situations in which this evidence
exists; rather, these are representative examples of conditions that can occur.

Because mathematics teaching and science teaching are tied closely together, they

are often considered in the same research models. An issue that has emerged in the case
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of science teaching, which can be extended to mathematics teaching, is the effective
development of programmes for the integration of science teaching within the curriculum
(Thomas, 2001). Thomas’s study identified four concerns that were present in creating an
effective environment for the teaching of sciences using computers. These concerns
included the theoretical orientation of the computer work within the curriculum; the focus
on models and examples in the use of computers; development of cognition and
metacognition in student activities and thinking processes; and recognition of teacher and
student epistemologies regarding the impact and use of computers and, where necessary,
adaptation to these epistemologies (Thomas, 2001). These concerns can be extended
through to the development of mathematics teaching methods that integrate computers
and technology with mathematical learning models.
Constructionism
A useful subset of the constructivist view is the constructionist view, which was
developed directly within the context of development of computer mathematics. The
constructionist teaching model was developed by MIT computer scientist Seymour Papert
(1991), who developed a number of direct methods of teaching technologies to school
children, including the Logo programming language (Weiss, Nolan and Hunsinger,
2006). This model was focused on the teaching model of computer as tutee, with the
development of a means to encourage children to develop an understanding of objective
programming concepts through the use of computers. According to Papert,
Constructionism — the N word as opposed to the V word — shares
constructivism’s connotation of learning as “building knowledge
structures” irrespective of the circumstances of the learning. It then adds
the idea that this happens especially felicitously in a context where the

learner is consciously engaged in constructing a public entity, whether it’s
a sand castle on the beach or a theory of the universe. (Papert, 1991, p. 1)
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Thus, constructionism adds to the concept of constructivism that it is not only activity-
based learning that ties the development of activities to the formation of knowledge, but
of self-creation of knowledge and theory. The addition of constructionism to the research
framework improves the overall outcomes by adding the impetus of creative theories to
the understanding of mathematics. The use of constructionism may be particularly useful
within the model of the computer as tutee, or the use of computers as a passive or
listening teaching device, acting in the role of the student rather than the teacher within
the classroom, as it allows for students to determine new ways to teach the computer or
other students different concepts. This is one of the key differences in approach within
this research that will improve the outcomes of the research.
Structural Factors

Important factors can be divided into structural factors (those involved in the
structure of the classroom or resources available) and non-structural factors (those
involving the teachers, students, school culture and climate and other issues), These
issues will be examined separately, but it should be recalled that the structural and non-
structural factors in this case are not truly separate; for example, structural factors such as
time resources available for mathematics teaching may be impacted by non-structural
factors like the importance placed on mathematics in school culture, and vice versa. Thus,
while these topics are divided for discussion purposes they should not be considered to be
distinct characteristics of a school system.

There have been a number of structural characteristics identified within the

literature that affect the use of computers in the classroom. These structural

49



characteristics are directly related to the concerns addressed by Thomas (2001). The
simplest structural issue is that teachers, curriculum designers, school leaders and
educators must be aware of how to use computers as well as be able to assess and
effectively implement computer training programmes in the classroom (McNamara,
1994). This speaks to Thomas’s (2001) concerns regarding the epistemologies of teachers
in the classroom. One study identified planning, leadership, curriculum alignment with
technology, and professional development geared to technology use as simply requiring
the use of computers in the classroom as structural factors in the use of technology in the
classroom (Baylor and Ritchie, 2002). One of the basic characteristics of the structural
requirements for integration of computer based teaching is provision of computers for
this use. However, research has demonstrated that simple provision of technology
equipment is insufficient to encourage effective use of technology within the classroom
(Angrist and Lavy, 2002; . One study in Israeli classrooms following the introduction of
computers in primary and middle school classrooms in the 1990s underscored this point
(Angrist and Lavy, 2002). Angrist and Lavy (2002) did find that the introduction of
computers resulted in an increased use of computer aided instruction within the
classroom, as well as increased use of the computers for administrative purposes such as
grade keeping and tracking of student progress. This finding was supported by research
that found that there is still a wide range of computer use in the classroom, largely
supported by teacher epistemologies regarding computer use and goals for computer use
(Tondeur, Van Braak, and Valcke, 2007a; Tondeur, Van Braak, and Valcke, 2007b;

Tondeur, Hermans, Braak, and Valcke, 2008; Wozney, Venkatesh, and Abrami, 2006).
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Although it should not be the case that standardised testing drives all learning in
the classroom, a pragmatic acknowledgment of the structural realities of many schools
(including requirements for time use and regulatory requirements for achievement levels,
as described by Cuban, Kirkpatrick and Peck (2001) does require an acknowledgment
that use of computer aided instruction must be designed to positively impact the school’s
requirements for student achievement rather than have no or negative impact. There may
also be spatial structural considerations of Internet access in the classroom, which is
generally fairly low; for example Becker found that up to the early 2000s use of the
Internet by teachers was very limited due to restricted access; even following an increase
in access, the main use of the Internet in most classrooms remains the construction of
lesson plans and use by the students for research, with communication, collaboration,
publishing, and Web-based enrichment or pedagogical activities being far rarer activities
(Becker, 2000). However, Web-based activities have become far more common in the
educational environment since this time, particularly the use of Web Quests and similar
educational approaches that use the Web as a teaching tool (Glazer, 2005; Orme and
Monroe, 2005; Salsovic, 2009); thus, this part of the findings must be considered to be
outdated. Unlike in many cases, age and gender of the teachers is not a factor in this use
of the Internet, indicating that this may be a true structural limitation on the use of
computers within the classroom rather than an artefact of computer training practices.

A further examination of the structural issues involved in adoption of computer
technology in the school focused on the cultural issues and subject-cultural issues
surrounding this adoption (Goodson and Mangan, 1995). The authors determined that

while computers were likely to be regarded as a positive innovation by teachers in all
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areas, they were more likely to be integrated in some subjects (such as mathematics,
science and technology, and language and writing) than in other subjects. This was due to
the integration of the subjects and computer technology, available support from the
curriculum development community, and other factors that influenced the ability of
specific areas to integrate with this technology. As this study took place in a
differentiated high school environment it may not be as applicable within the
undifferentiated classrooms of the primary school environment. However, the cultural
aspect of the difficulty in technology instruction may still be found among the different
structural cultures of the primary classroom (Baek, Jung, and Kim, 2008; Teo, 2009;
Wozney, Venkatesh, and Abrami, 2006). This is one of the potential factors that may
influence the outcomes of the current research and as such should be considered during
the construction of the research process.

Another structural factor that has been identified in the use of the computer within
the classroom is overall integration into the curriculum program. It is not enough to
simply use the computer in the classroom for specific tasks; instead research has
indicated that it is essential that it should be integrated across the curriculum (Roschelle,
Pea and Hoadley, 2000). This curricular integration involves not only the integration of
computer use into several areas of the curriculum, but full-school structural involvement
including teacher training and curriculum design, organisational change management,
and involvement at all levels of the school in order to be effective in this integration.
Integration of computers into the classroom mathematics curriculum has been found to
vary widely depending on teacher characteristics including comfort with computers,

teaching experience, belief in use of computers as a good instructional tool, and overall
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teaching efficacy of the teacher (Mueller, Wood, Willoughby, Ross, and Specht, 2008).
The integration of computers into the mathematics curriculum has been considered to be
a matter of primary importance within this literature review, and as such has been
discussed in a separate section below.

Non-structural Factors

Non-structural factors that are discussed within this literature review include
teacher factors and student factors; however, many of these factors are in fact similar or
essentially identical factors — the mathematical self-efficacy, conception, and other
factors involved in the discussion are often similar through the student period and into
pre-service and in-service teachers, and thus the teacher and student factors should be
considered to be a continuum of response and belief, rather than a distinct difference
between the populations of students and teachers.

Computer Practice Framework (CPF)

The computer practice framework (CPF) is one theoretical framework that
addresses the use of computers in the classroom. It has been identified as one of the
simplest to use theoretical frameworks for the description of computer-facilitated
teaching The CPF was also specifically designed for use in primary schools, which
provides an advantage for this research over other available frameworks for computer use
(Twining, 2002). This empirically derived framework provides a means of
conceptualising the return on investment in computer technology in the classroom
(Twining, 2002). This model was developed in response to existing models, which
according to Twining was “value laden in terms of both its chosen focus and the

underlying model of ‘good practice’ that the researchers have adopted” (Twining, 2002,
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97). In other words, these models were constructed from an ideological viewpoint
regarding the utility of computer-based teaching rather than being objective. Other
problems with existing models included imprecise definitions of computer use and lack
of clarity involved in the construction of the framework (Twining, 2002. The goal of the
CPF was to overcome these challenges by providing a framework that addresses specific
contexts in limited dimensions, compares practice across contexts, is simple to use, is not
ideologically biased, is not based in a specific technology platform, and “provides a rich
picture of computer use” (Twining, 2002, 100). The CPF consists of three dimensions,
including Quantity (quantity of computer use as a percentage of available learning time),
Focus (“objectives supported by the computer use”), and Mode (“the impact of computer
use on the curriculum”) (Twining, 2002, p. 11). The Quality dimension refers specifically
to learning time (not including lunch or other break times) spent in using a computer
either individually or in groups (Twining, 2002). The Focus dimension includes the focus
of the learning on information technology skills; as a learning tool, which can include use
of technology to support curriculum, mathematic or learning strategies, and affective
learning or confidence and self-esteem; and other uses of computers (Twining, 2002).
The third dimension is the Mode dimension, which includes the effect of the content and
processes used; specific ways in which the Mode can be expressed include Support,
Extend, and Transform (Twining, 2002). The figure below represents the connections and
interrelationships between the three dimensions of the CPF. This model is a useful
framework for identifying the appropriate amount of time to be used within the
classroom; however, it can be difficult to measure, making it difficult to enact in practice

(Twining, 2002).
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% of available learning time
0% 25% 50% 75% 100%

Quantity Computers in use Computers not in use

Focus only applies when computers are in use

Focus IT Learning Tool Other

Mode only applies when computer is being used as a Learning Tool

Mode Support Extend Transform

Figure 1 Computer Practice Framework (CPF) (Twining, 2002)

In this model, there are three possible focuses. The focus on computers as IT focuses on
the role of the computer for networking, classroom management, or productivity tools,
while the focus of computer as learning tool is based on the perception of the computer as
a means of teaching (Twining, 2002). The Other category refers to the use of the
computer for games or for other amusements or rewards (Twining, 2002).
The Use and Non-use of Computers in the Classroom

One paradox within the educational environment is the relative slowness with
which computers have become integrated into the classroom. Historically, even though in
many cases there were computers available in every classroom (and often even more than
1 computer per classroom) as well as other computer facilities, the frequency of use with
these computers was often very low (Rosen and Weil, 1995). Rosen and Weil studied the
issue of frequency of use and found that technophobia or fear of the computers on the

part of the teachers was a determining factor in the relative frequency of computer use;
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this was marked by concern over operation of the hardware aspect of the computer rather
than concern over the effective use of the computer in the classroom (Rosen and Weil,
1995). Although Rosen and Weil examined this issue in 1995, it has not been reflected as
a change in intervening years, indicating that this is still an issue in the classroom
(Cuban, Kirkpatrick and Peck). One study noted that between 1986 and 2001, there was
not much movement in the use of computers within the classroom despite a growing
support of this use from policy makers and administrators (Cuban, Kirkpatrick and Peck,
2001). In 1986, 1 in 4 teachers were occasional users of the computers in their classroom
and 1 in 10 were serious users, while in the 2000 study, 4 in 10 continued to be
occasional users and 2 in 10 were serious users. While there was some progress
especially in primary schools, they continued to be relatively underused in the classroom.
However, the Cuban, Kirkpatrick and Peck (2001) study occurred in the American high
school context, which means that this study may not be directly applicable to the Kuwaiti
educational context. More recent research indicates that elementary use of computers is
still relatively rare, although students use computers in the classroom more frequently as
they progress through the school system (Franklin, 2007). This was found to be highly
dependent on teacher characteristics as well as curriculum (Tondeur, Hermans, Braak,
and Valcke, 2008).

Cuban, Kirkpatrick and Peck (2001) examined the same issue of low use of
computers despite their consistent presence in 2001 in two schools in the United States.
They found that despite high provision of technology within these schools, student and
teacher use of the technology was still low, with use of technology mainly supporting

existing methods of teaching rather than allowing for innovation in this use (Borko and
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Livingston, 1989). The most common uses of technology in schools included word
processing, grade keeping, email and Internet searching (Cuban, Kirkpatrick and Peck,
2001). The study also found that where computers were used they were most often used
to supplement existing teaching practices rather than innovate; for example, a teacher
may use a Power Point presentation rather than an overhead projector or slide projector,
but with no additional improvement of the teaching method or practice (Cuban,
Kirkpatrick and Peck, 2001). The authors offered a number of reasons for this seeming
paradox of high availability of technology coupled with low levels of actual use. One
strand of explanation centred on the idea of the “slow revolution”, in which a gradual
increase in the number of teachers using technology effectively will shift the use of
technology gradually to he forefront (Cuban, Kirkpatrick and Peck, 2001). The other
strand of explanation offered by the authors was the structural view, in which the
physical space and context of the school and the structure of time usage and curricular
demands reduces the use of technology despite its provision; in effect, the schools have
not yet evolved to effectively integrate the use of technology despite its presence. The
authors also highlighted the challenges of using the technologies, including difficulty of
use, frequent requirements for support, and inappropriate configuration for the needs of
teachers as one of the limiting factors in the use of technology (Cuban, Kirkpatrick and
Peck, 2001). For example, some of the computers were found to have inappropriate
software or to not allow students and teachers to log into them, making them difficult to
use in the classroom.

Despite Cuban et al.’s (2001) optimism regarding the integration of computers

into the classroom, a United States study in 2003 demonstrated that computers in the
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classroom were still having little to no impact on the effectiveness of curriculum (Norris,
Sullivan and Poirot, 2003). This study found that 14% of teachers within the study did
not use the computers provided to them at all, and 45% used computers with students for
under 15 minutes per week (Norris, Sullivan and Poirot, 2003). The authors found that
despite large amounts of funding spent on technology in the classroom in the United
States, one in six classrooms did not contain any computers, while two-thirds had only
one computer to be shared among all students; most teachers relied instead on computer
lab access, which the authors felt tended to marginalise computer use and prevent its
integration into the curriculum (Norris, Sullivan and Poirot, 2003). In other words, the
assumptions of access that are inherent in the two studies above have been demonstrated
by this study to be false; despite the large amount of money spent on integration of
technology into schools, many schools simply have insufficient access to these
technologies to allow for the full integration of computers into the curriculum. There is
still recent evidence that there are too few computers in the classroom to support the
number of students (Hew and Brush, 2007).
Effective use of computers in the classroom

There has been considerable research regarding the effective use of computers in
education, driven by both empirical research and theory building practices. This research
has focused on issues including the development of computer tools and the direction that
this development has taken. This section examines the research regarding the effective
use of classroom computer tools in order to understand how these tools can best be used.

There are a number of issues regarding research in the effective use of

computers — simply, it is not as simple as it might otherwise be, and the development of
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classroom computer tools is often incomplete and difficult to fully describe. One issue is
differentiation — in particular, children may be highly effective in mathematics with a
lower effectiveness in computer use, or vice versa (Williams and Easingwood, 2004).
According to Williams and Easingwood, prior research has shown that a given primary
class can have as much to seven years difference in these two areas. That is, children may
range in a given classroom, nominally at the same level of mathematics achievement,
from three to four years below grade level to three to four years below grade level.
Another issue is that of assessment of its effectiveness; researchers and teachers must be
careful to assess mathematics learning issues, rather than computer use, when considering
the issues of learning and practice (Williams and Easingwood, 2004). That is, in some
cases assessments may not be measuring mathematics skill, but computer skill — strong
mathematics students with weak computer skills may be hampered by the test, while
students with weak mathematical skills and strong computational skills may be
advantaged. However, while the development of computer skills in the classroom is not
the primary goal of the development of computer integration of mathematics and
computer technology, there must be consideration given to the development of computer
skills in order to allow students to become comfortable with the computer and develop
effectiveness in this regard (Leask and Meadows, 2000). However, this may be becoming
less of a problem as computers are increasingly integrated into everyday life
(Zevenbergen, Dole and Wright, 2004). As children increasingly become familiar with
computer technology at an early age it will become less challenging to ensure that the
computer curriculum will begin with developing familiarity with computers. However,

attention must still be paid to the issue of the digital divide, or the gap between rich and
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poor in terms of computer access and facility with computers (Settlage and Southerland,
2007). Simply put, children with greater familial economic resources will have a better
level of access to computers and information technologies that will increase their level of
computer capabilities. These statistics are not available for Kuwait, making it difficult to
compare the precise impact of this issue.

The ways in which computers are used differ with the type of tools, the focus
of the tools, and the goal of use within the classroom. There are a number of models that
can be determined that describe this phenomenon. These roles include computer as tool,
computer as teaching aid, and computer as tutee (Gates, 2002). Gates (2002) described
the computer as tool model as the use of computers by teachers for classroom
management practices, such as word processing, tracking grades, and other assistive
technologies. In this model, mastery of the use of the computer is viewed as the goal of
the exercise of involvement rather than experiential learning (Gates, 2002). Computer as
teaching aid is the perspective that most computer-based mathematics teaching aids are
created under, with computers used to develop skills outside of basic computer skills.
However, the computer as tutee model is radically different from the other two, with a
focus on providing active feedback to learners that can dramatically improve the
outcomes of the learning process; however, the computer as tutee role can be
exceptionally uncomfortable for the teacher and the student, and as such is not used as
often as the other two models (Gates, 2002). This is due to the perception that the
computer is co-opting the teacher’s role within the classroom, and simultaneously
humans, rather than assistive technologies more appropriately engage in that teaching.

These models should be considered in examination of processes involved in development
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of computer integration in the classroom. However, this variation in roles is the main
characteristic that distinguishes the computer from previous technological classroom
tools such as the video player, as was determined very early in formal research into
technology in the classroom (Cornelius, 1982). Cornelius predicted in 1982 that the use
of computers in the classroom was more likely to be effective as a teaching aid rather
than a tool, which is in line with Gates’ (2002) models of class-room based technology.
However, there is considerable concern remaining within this model regarding the depth
to which the use of technology is being implemented within the classroom; the
development of classroom tools has in many cases been superficial and has not focused
on true development of effective teaching aids, but rather has remained at the teaching
tool level, reducing the efficacy of classroom involvement of computers (Tinsley and
Johnson, 1998). It should be noted that this model was developed within the American
teaching context, and thus may not be applicable across all areas because of cultural
differences and differences in the educational system. Additionally, this research is
relatively old and so may have moved on from this period.
Teacher Factors

One of the driving factors that has been identified in the use of computers in the
classroom is individual teacher characteristics, which will influence how often the teacher
chooses to use available technology when this use is potentially optional or when other
teaching methods are available. The identified teacher characteristics are discussed
below. However, it should be remembered that these teacher factors themselves are
subject to cultural influences as well; as Brown and McNamara (2005) noted, issues such

as “conceptions of professionalism, broader conceptions of teaching and mathematics, the
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affective response to the subject, the need to comply with accreditation demands, the way
it is conducted between teachers and children and the way it is assessed as having been
achieved or not” (Brown and McNamara, 2005, p. 105), are all culturally influenced
issues that play a role in the construction of teacher identity and effectiveness, and as
such the cultural issue should be considered carefully. These individual characteristics are
not distinct from those experienced by students, but are instead continuations of issues
that teachers experienced themselves as students, such as self-efficacy, comfort with
technology, and conception of mathematics (Brown and McNamara, 2005). These three
issues have been seen in multiple research studies (Teo, 2009; Tondeur, Van Braak, and
Valcke, 2007b; Wozney, Venkatesh, and Abrami, 2006). In many cases, explicit research
links the perception of mathematics as a student to the perception of mathematics of the
teacher, as discussed in the literature below.
Self-efficacy

As with students, computer self-efficacy has been shown to be an important factor
in the effectiveness of teacher’s use of computers within the classroom (Vannatta and
Fordham, 2003). Vannatta and Fordham established computer self-efficacy as one of the
primary driving factors in the integration of computers and teaching, and many other
studies have continued to enforce the idea that this is important for their use. This issue
may also be tied to computer knowledge and comfort with computers, as discussed
above, but it is in some respects independent from the issue of knowledge of computers
and is instead dependent on the conception of skill rather than the actual skills involved
in the process of learning; a highly skilled individual that does not show self-efficacy in

use of computers in the classroom, while a person with a mediocre skill level and higher
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self-efficacy will be more effective in integrating computer skills into the classroom
(Vannatta and Fordham, 2003). Self-efficacy is discussed below, and this information is
also largely applicable to the self-efficacy of teachers as well. There are a number of
instruments to study the issue of self-efficacy. One that has been designed specifically to
examine issues of teacher self-efficacy is the Mathematics Teaching Efficacy Beliefs
Instrument (MTEBI), which consists of two subscales, a 13-item Personal Mathematics
Teaching Efficacy (PMTE) subscale and an 8-item Mathematics Teaching Outcome
Expectancy (MTOE) subscale (Enochs, Smith and Huinker, 2000). This instrument has
been tested extensively in order to examine issues of construct validity, and has been
shown that the two scales are independent, indicating a high level of construct validity
(Enochs Smith and Huinker, 2000). However, this scale is intended for use at the pre-
service teaching level rather than for teachers that are already engaged in teaching,
indicating that there is some potential for improvement in this area. However, this
instrument may prove to be an effective means of assessing in-service teacher’s
effectiveness as well, which should be determined through examination of the instrument
and further research.
Conflict Between Beliefs and Methods

One issue that has frequently been observed in the literature is some degree of
conflict between beliefs regarding mathematics and the methods that teachers use to teach
mathematics (Tondeur, Van Braak, and Valcke, 2007b; Wozney, Venkatesh, and Abrami,
2006). Mathematics teaching beliefs tend to range from very traditional beliefs to very
non-traditional beliefs, of which there are a number of ways of categorising (Tondeur,

Van Braak, and Valcke, 2007b). Shapiro (2000) characterised these beliefs as logicism
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(the belief that mathematics is a system of logic or a highly structured set of rules that
will routinely lead to the correct answer), formalism (the belief that mathematics is a
series of rules or algorithms that can be applied consistently but do not require attention
to real-world situations) and intuitionism (which holds that mathematics is a flexible and
intuitive means of understanding the world) (Shapiro, 2000). This grouping is not
accepted by all understandings of mathematics but can be applied to many other systems
in order to promote understanding as well; for example, this schematic approach can be
readily mapped to Raymond’s (1997) continuum of traditional and non-traditional
mathematics (Shapiro, 2000). These mathematics beliefs are also shared by parents, many
of whom may hold the same formalised beliefs that are held by teachers, which further
enforces the paradigm of formalised mathematics beliefs and does not allow children the
outlet of different learning styles in the home (Smith and Pourchot, 1998). However, as
Smith and Pourchot noted, there has not been a significant amount of research performed
on the structure of parental beliefs on children’s mathematics learning, and as such this
will not be a major focus of the literature review. The conflict between logicism and
intuitionism is an important issue within the teaching and study of mathematics, as my
own biases in this regard are almost certain to influence the outcomes of the study as well
as the focus of the research. Thus, this is an important debate and one that should be
considered carefully when constructing materials and study approaches.

Although the issue of conflict between belief and practice in mathematics
teaching has not been explored in large-scale studies, it has been explored in small-scale
qualitative studies. One study used a case study of a single observational subject in order

to explore this conflict. The beginning mathematics teacher demonstrated some
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inconsistency in her stated beliefs regarding mathematics teaching and the practices that
she actually used for teaching (Raymond, 1997). (The single case was part of a larger
observational study, and was used as a representative case rather than the full study). The
author drew a distinction between a teacher’s beliefs regarding the nature of mathematics
itself and beliefs regarding the teaching and learning of mathematics, drawing
distinctions between traditional and non-traditional beliefs in each of these areas
(Raymond 1997). The author also categorised the observed teaching practice of the
subject in the same manner. She found that, in common with most of the participants in
the study, the subject’s beliefs on mathematics teaching were less traditional than her
actual teaching practice (Raymond, 1997). However, the author observed that the subject
also had considerably more traditional beliefs regarding the nature of mathematics itself
than she had about the teaching of mathematics, which was unique within the subject
pool (Raymond, 1997). In this case, categorisation regarding the nature of mathematics
ranged from highly traditional (including a perception of mathematics as “an unrelated
collection of facts, rules and skills” and a nature that is “fixed, predictable, absolute,
certain, and applicable (Raymond, 1997, p. 556),” to entirely non-traditional, which
included a perception of mathematics as “dynamic, problem driven and continually
expanding. .. surprising, relative, doubtful and aesthetic (Raymond, 1997, p. 557).” In
this case, Raymond traced the conflict between the subject’s beliefs regarding
mathematics and the nature of mathematics to her own experience in mathematics, which
had emphasised and reinforced the traditional view described above (Raymond 1997).
This example demonstrates that it is possible, even in cases where there is no

enforcement of traditional norms of teaching mathematics or the nature of mathematics,
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that the teacher trainees and teachers will carry these previous experiences with them in
developing mathematical ideas. This conflict is important because as Raymond (1997)
noted, the approach toward computer-based teaching is highly influenced by the teacher’s
approach to mathematics teaching; thus, this is an important alignment of the study.
Technology in teacher preparation

One of the more past difficult issues involved in development of classroom
technologies was the relatively low rate of appropriate use of technology use in the
teacher training programme (Garafalo, Drier and Harper, 2001). One study in the United
States pointed out that the issue was not only training of the trainee teachers in
technology, but also training in those responsible for this training (Garafalo, Drier and
Harper, 2001). It is not enough to simply assume that teachers will develop teaching
technology skills through use of technology either in their previous use or through the
training program; thus, it is important to “train the trainers” as well as the teacher trainees
themselves in order to improve the use of technology in the classroom (Garafalo, Drier
and Harper, 2001). Only through this second-order teacher training and development
programme can trainee teachers receive the appropriate support needed to implement
teacher training in the classroom. Guidelines offered by the researchers for appropriate
development of teacher trainee technology capabilities include teaching them to
“introduce technology in context... address worthwhile mathematics with appropriate
pedagogy... take advantage of technology... connect mathematics topics... [and]
incorporate multiple representations (Garafalo, Drier and Harper, 2001, 67).” These
skills-based guidelines can be used for the development of not only teacher trainees, but

also for their teachers. However, once again this study has been restricted to the United
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States and thus the study must be considered in terms of its cultural impact and changes
that may occur within the Kuwaiti cultural context. However, this has largely been
addressed in other areas, and the role of computer technology in the teacher training
classroom has been well established in more recent teacher training, and by the mid-
2000s there was growing concern that the use of technology in the classroom had become
too commonplace (Adams, 2006; Vallance and Towndrow, 2007).
Comfort or Discomfort with Technology

It is reasonable to hypothesise that teachers that are less knowledgeable about
technology will be less likely to use it, and the existing research supports this. One study
examined teacher attitudes toward technology using an instrument called the Teaching
with Technology Instrument (TTI) in order to examine the use of technology in the
(Adams, 2006) classroom and what factors the teachers related this to (Atkins and Vasu,
2002). Atkins and Vasu (2002) found that characteristics that were associated with use of
technology in the classroom included computer confidence, access to computers and
technology in the home and school, and hours of technology training. These findings
demonstrate that simple knowledge and comfort with the use of computers in other
aspects is likely to influence the use of computers within the classroom environment.
Knowledge of technology and technology training has also been identified as an
important personal characteristic by other studies, which included both personal training
and knowledge and training undertaken as part of teacher training processes (Vannatta
and Fordham, 2004). Atkins and Vasu (2002) suggested using the TTI instrument to
specifically assess the technological capability of a given school’s overall technological

capability and identifying training requirements. Teacher competency and technological
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capability were also identified by Baylor and Ritchie (2002) as determining factors in
successful technological integration. However, it should be considered that the ongoing
education and increasing comfort with computer and technology skills would reduce this
influence on the effectiveness of classroom computer instruction. However, this study
begs the question of how this comfort level may be accomplished, as well as what level
of comfort is required in order to support the effective use of computers in the classroom.
Flexibility and Improvisation

Improvisational techniques are often required for the successful integration of
technology into the classroom and the conflict with these required improvisational
techniques with the strict format of many student curricula (Borko and Livingston, 1989).
One early study examined the differences in mathematics instruction by expert and
novice teachers in order to explore the different techniques used by these groups (Borko
and Livingston, 1989). This study directly connected the mathematics teaching methods
in use by the novice teachers to their cognitive schemata of the teaching process. The
authors noted that the planning process for novice teachers was more complete and less
efficient, and allowed less room for improvisation in their teaching processes (Borko and
Livingston, 1989). This lack of efficient planning allowed for less time within the lesson
to explore emergent issues and change tactics if the methods in use proved to be
ineffective within the teaching process. The study observed that teachers displayed
considerable uncertainty when forced to deviate from their lesson plans by student
incomprehension or other unanticipated difficulties, and also displayed less ability to
predict or perceive when students were having difficulty with their lessons (Borko and

Livingston, 1989). This indicates that the novice teachers, who in other studies have been
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shown to be more knowledgeable and comfortable with the use of computer integration
in the classroom, may actually be at a disadvantage for effective use of computer
technologies as compared to more advanced teachers, who have a better understanding of
the teaching process as a whole. This is another paradox that remains unresolved in
determining the relative effectiveness of teachers within the classroom. This study also
does not provide room for examination of the teachers in terms of other aspects of their
teaching ability, and does not contextualise the importance of the use of computers in the
classroom in comparison to other aspects of good teaching.

The problem of encouraging student teachers and beginning teachers, as well as
more experienced teachers, to use computers in the classroom, has been addressed by a
number of organisations and authors. There are approaches that have been used to
improve teacher effectiveness in the classroom in regard to computer usage. Teachernet
was pioneered in the UK in 1994 in order to encourage student teachers to use Internet
based resources and develop curricula based on these resources (Casey, 1994). This
project was taken up in other English-speaking countries as well. For example, 0z-
Teachernet was focused on the Australian educational environment, and this community
is still ongoing (Nykvist & Masters, 2007). These communities serve not only as sources
of curriculum material, but also as a means of creating a community of practice around
the Internet-based platforms that host them (Nykvist & Masters, 2007). The groups have
also integrated new technologies such as Web 2.0 collaborative learning tools, which can
be used to create deeper and more intensive interactions within the community (Nykvist
& Masters, 2007). A similar group is the NAACE, the National Association of Advisors

for Computers in Education, which provides support for curriculum development
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particularly at the primary level (Kakabadse & Kakabadse, 2010). The NAACE is active
in research into the area of computers in the classroom, as well as encouragement of
student teachers and others to use them (Kakabadse & Kakabadse, 2010). There are also a
growing number of guidebooks for using computers in the elementary classroom. Elston
(2007) has provided a clear guideline for teachers, describing the effective use of
computers in the classroom as well as providing specific guides for information and
activities that can be used. An older work by Richard Ager (2003) focuses not only on
computers themselves, but also on other computer technologies such as digital still and
video cameras as a means of promoting creativity and integration of constructive
approaches in the classroom. Haylock and Thangata (2007) specifically address the issue
of computer use in the mathematics classroom in their guide to primary mathematics
learning and teaching. Mooney et al. (2009) also address the use of computers in the
teaching of primary mathematics in the classroom in their trainee teacher course book for
teaching mathematics (Mooney, Briggs, Fletcher, Mccullough, & Hansen, 2009). Thus,
there are multiple resources available and many of these resources can be, and are
designed to be, integrated into the student teaching curriculum in order to improve
comfort with the use of computers.
Perception of Benefits of Computer Use

Another factor identified in the use of technology within the classroom is the
teacher’s perception of the benefits of this technology. For example, one study that
specifically explored the issue of computer-mediated communication (such as through
email, message boards or other methods) found that the use of this communication

method was strongly influenced by the teacher’s willingness to use technological
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innovation, but also by the perception of the benefits this communication method would
have (van Braak, 2001). Thus, teachers in communications specialty areas (such as
language, writing, and literature) were more likely to use computer-mediated
communications than teachers in other disciplines. This research has been supported by
later research in the area of teacher computer use in the classroom (Tondeur, Van Braak,
and Valcke, 2007). This observation demonstrates that the perception of the benefits of
the use of this tool was a factor in deciding to use it. This is important because without an
understanding of the benefits of the use of the tool it would be difficult to convince
teachers to use it in the classroom. It does seem clear that teachers that do not see the
value of the introduction of computers into the classroom will not fully integrate
computers into the classroom. However, in some cases teachers do not have significant
influence over how they work, and can only control their action by using technology
poorly. Thus, this outcome should be considered carefully in this discussion.
Engagement

While some issues are clearly structural or non-structural, some issues could be
said to be semi-structural, or falling between the structural and non-structural aspects of
the school system. One semi-structural characteristic that has been identified in use of
technology within the school is teacher engagement, defined as “a teacher taking effort to
affect the teaching that occurs in classrooms other than his or her own (Becker and Riel,
2000, p. 1).” This could be described as a between-teachers effect that influences the
whole school from the individual teacher level, and as such is a point of interaction
between the structural and individual teacher level. Another characteristic of engagement

that has been identified is teacher willingness to spend time outside the classroom on
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specific tasks and activities related to technology, such as training, planning, and self-
learning (Vannatta and Fordham 2004).

Becker and Reil (2001) found that teachers that were more engaged tended to
support a more constructivist method of teaching and more intensive use of computers in
classroom instruction than teachers that considered teaching to be either a primarily
private activity or one that is imposed by specific standards bodies. This concept was
viewed in practice in a case study in which an attempt to improve technology integration
within a subject school was undertaken (Windschitl and Sahl, 2002). In this case study,
teachers were given laptop computers for use in the classroom, both for direct teaching
purposes and for administrative purposes, and were given leeway regarding their use of
the computers. The use of the computers was tracked and causal factors for changes in
their use were identified. The researchers found that the integration of this new
technology and constructivist teaching methods were not driven only by the introduction
of the technology; instead, the teachers studied displayed different motivations, some of
which spoke to teacher engagement (Windschitl and Sahl, 2002). The teacher that
displayed the highest level of engagement and the most dissatisfaction with current
teaching methods in the school achieved the highest level of integration and constructivist
teachings, while teachers that displayed lower levels of dissatisfaction achieved lower
(although non-zero) levels of technology integration; the teachers that did not display this
level of engagement did not achieve constructivist teaching practices (Windschitl and
Sahl, 2002). This indicates that the issue of teacher engagement could be a specific issue
in the highly constructed atmosphere of the Saudi Arabian primary school, as teaching

may be considered to be primarily driven by outside regulators rather than subject to
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influence from the teachers. This is an important area for consideration in the current
research.
Training and Development

In order to use computers effectively within the classroom it is necessary for
teachers to have prior knowledge and experience in this use of computers or to gain this
knowledge through formal training and development. Whether an individual teacher
learns this information through training or through personal use is likely to depend on the
individual’s personal and demographic characteristics, such as computer self-efficacy or
personal involvement in the use of computers. However, it is vital for teachers to be
involved in this development for it to be effective. As one study astutely noted, “the
potential benefits of [technology investment in the classrooms] cannot be realised unless
teachers are prepared to use computers for instructional purposes” (Russell, Bebell and
O'Dwyer, 2003, p. 307). . The teacher pre-service training period is an obvious place in
which new teachers can gain the specific knowledge and experience in the use of
computers that is required for effective use of technology in the classroom (Russell,
Bebell and O'Dwyer, 2003). The study found that new teachers had considerably higher
levels of comfort and knowledge regarding computers than did teachers that had been
teaching for longer periods, but that beliefs regarding the usefulness of computers in
learning did not vary depending on the time in service of teachers; this could indicate that
while new teacher’s computer skills have come from prior experience rather than direct
training, their views on computers in the classroom are influenced by their training. And

as can be deducted, the provision of training during the pre-service period for new
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teachers does not address the need to train existing teachers, which is potentially much
greater due to lower levels of comfort with technology.

Knowledge assessment and training needs development is also important for
understanding how teachers’ use of technology can be improved. One means of
assessment that has been identified is the use of the TTI instrument (Atkins and Vasu,
2002). More complex methods involving regression analysis of survey responses and
follow-up interviews have been used by other researchers (Dusick and Yildirim, 2000). A
number of training methods have been identified for use in training teachers to use
computers in the classroom. Workshops, conferences, simple availability and informal
learning through facilitator or mentor relationships with more experienced computer
users were identified by Dusick and Yildirim (2000) as effective methods of training for
teachers that were already within the classroom. However, it is not simply a matter of
placing teachers in workshops — one study of pre-service teachers indicated that there was
a significant gap between the training provided in this environment and the expectations
of teachers once they entered the teaching environment (Pope, Hare and Howard, 2002).
This gap indicates that it is essential, both in pre-service teacher training and in the
construction of training for teachers that are already in service, to consider the needs of
the teacher and the needs of the environment as well as current achievements in order to
appropriately match the training to the environmental needs. The issue of training gaps
between needs and training provided has been examined in other studies in the United
States as well; Schrum (1999) examined the issue of technology integration, concluding
that while technical training in computers that would overcome Ertmer’s (1999) first-

order challenges to technology integration was improving at the time, second-order issues
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such as perception of technology had remained unaddressed at this time. However, the
increasingly common use of computers in everyday life may have reduced these training
gaps, due to teachers having pre-existing skills on entry into teacher training; research has
shown that existing computer skills are an important determinant in later teaching
efficacy (Fleming, Motamedi, and May, 2007). This has not been established in the
Kuwaiti context, but given global technology trends it is likely to be consistent.
Student Factors

Many of the same characteristics that have been observed in the development of
student efficacy in the use of computer tools in the classroom as in the case of teacher
efficacy; however, there are also some issues that have been identified within the
literature of child effectiveness that are unique in this case. Childhood use of computers
has been shown to be important in the development of emotional and cognitive
development (Subrahmanyam, Greenfield and Kraut, 2001). Development of increased
visual attention, spatial cognitive skills, and iconic recognition has been identified as
major positive benefits of computer skills, as well as improvement of academic
performance (Subrahmanyam, Greenfield and Kraut, 2001). In the United States, early
computer use has been found to improve the school readiness of children in the Head
Start programme (intended to provide pre-primary educational support for students of
lower socioeconomic status) (Xiaoming, Atkins, and Stanton, 2006). Childhood computer
use has also been shown to be important in early formation of three-dimensional
visualisation skills (Sorby, 1999). There is even an argument that children of this
generation can be considered digital natives, or those that have grown up with computer

technology and Internet, and are more comfortable than adults in a digital world (Bennett,

75



Maton, and Kervin, 2008). (Given that this concept has been developed in a Western
context, it is not certain that this could also be said of Kuwaiti children, who may have
different levels of access to the Internet and computers.)

However, there are significant differences in these developmental factors in
relation to a wide range of student-specific characteristics and factors. It is reasonable to
assume that student characteristics, as well as teacher characteristics, will impact the
effectiveness of computers in the classroom, and the existing bulk of the literature bears
out this assumption. A number of student characteristics and attitudes that impact
computer use in the classroom have been identified within the literature that may prove to
be relevant to the current research process. These are described below.

Socioeconomic status

The socioeconomic status of students cannot help but impact the development of
effective computer skills either within or outside the classroom. One aspect of learning
using computers that has been examined extensively is that of the Digital Divide, or the
difference in learning between children that have access to home computers and those
that do not (Becker, 2000). The Digital Divide has been studied and factors that are found
to be indicative include per capita income, urbanisation rates, illiteracy, educational
levels, infrastructure and regulatory quality (Chinn and Fairlie, 2006).

Becker’s study of children in the United States revealed that while 91% of the
students whose family incomes was over $75,000 had access to a home computer, only
22% of those whose family incomes were under $20,000 did. This issue is not simply one
of degree of access; as Becker noted, most of the children in the study that did not have

access to a computer at home did have school access to computers and teachers in lower
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income schools reported higher weekly use of these computers than did those in higher
income schools (Becker, 2000). This research has been reconfirmed by further research in
the UK, demonstrating that children have different levels of access to the Internet and
computers based on their socioeconomic status (Livingston and Helsper, 2007).

The problem of the Digital Divide is not only one of quality of use, but also quantity of
use (Goldfarb and Prince, 2008). While students at home have the opportunity for using
computers in a freeform and creative way that sustains their interest, as discussed below,
students that only use computers in school most often only use these computers for
repetitive or routine tasks that do not develop skills beyond basic mechanical operation
(Becker, 2000). For example, the student with a computer at home may develop an
understanding of computers through game play and other interactive tasks, the student
using a computer only at school may view the computer only as a way of performing
tasks such as word processing, which are the main focus of school-based computer use.
This results in a lack of interest in computers on the whole as well as a lack of the higher-
order benefits of computer use such as development of spatial cognition skills. There are
significant differences in quality and quantity of computer use observed even in cases
where the nominal access to computers is identical (Goldfarb and Prince, 2008). Thus,
whether or not a student has access to a home computer represents a significant factor in
the effectiveness of computer-based learning for a specific student. However, the stakes
of the Digital Divide are larger than simple educational issues, and continue to grow — as
political participation and knowledge, job skills, and basic knowledge access are
increasingly Web-based and computer-based rather than the other bases, the early

acquisition of computer skills and comfort with computers is increasingly important for
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effective participation in adult social life (Shields and Behrman, 2000). This means that
for children that do not have access to computers at home, the effective use of computers
in the classroom, as well as access to Internet based resources and learning research
skills, will become increasingly important for today’s students to gain not only academic
skills, but also basic skills that will be required for their adult lives. Unfortunately, these
statistics are not available for the Kuwaiti context, making it difficult to determine what
type of effect will be seen in the classrooms under study. Thus, an identification of
computer use in the home will be established for the children within the proposed study
rather than relying on external statistics.

One of the factors in whether students will be willing to use computers in the
classroom is their experience and enjoyment of computers outside the classroom
atmosphere. One study that examined third and fifth year primary students found that
there were significant gaps between student usage of computers at home and at school,
with computer usage at home being perceived as fun and computer usage at school being
seen as boring (Mumtaz, 2001). Specific findings included that more students used
computers every day at home than at school and that while home use included Internet
use and game playing, school use was primarily transcription of notes and word
processing, which was described as boring and frustrating (Mumtaz, 2001). Another
study echoed these findings, indicating that children’s use of computers at home
primarily revolved around game usage and, in comparison to the use of computers in the
school was largely unstructured and unsupervised (Kerawalla and Crook, 2002).
Although parents that participated in the study believed that the primary use of computers

within the home should be educational and encouraged this by educational purchases of
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software, most children actually used the computers to play games or explore other
enjoyable activities (Kerewalla and Crook, 2002). Of course, these games are not without
cognitive development advantages, as has been determined by other studies — video
games offer significant benefits in developing spatial cognition, iconic recognition, hand-
eye coordination and increased visual attention (Subrahmanyam, Greenfield and Kraut,
2001). However, it cannot be denied that the structured primarily academic focus of the
school environment’s use of computers may make the use of computers in school as
appealing to children as the unstructured and interest-led use of computers in the home.
More recent research has once again shown that beliefs regarding computer use,
particularly in regard to the fun involved in the process (which may be higher in the home
environment) is a factor in willing use in school (Vekiri and Chronaki, 2008).
Gender

One of the most significant findings in the literature on the attitudes of students
toward computer use is the impact of gender on these attitudes. Gender is not a
significant issue within the development of the Kuwaiti school system, as there is gender
equality in school enrolment and provision of education, but it continues to be a problem
as in most school educational systems across the world. (Of course, there may still be
issues with non-systematic gender-based bias in the schools). A number of studies have
examined gender and computer use within the classroom. However, there is some
evidence that gender attitudes towards computers are likely to shift over time. One study
conducted in the 1990s in the United States found that there were no significant gender
differences in the actual degree of computer use between boys and girls in a high school

classroom (Sacks, Bellisimo and Mergendoller, 1993). However this study did
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demonstrate that while the attitudes of boys toward the use of computers did not tend to
shift over the course of the study, the attitudes of girls shifted as they became more
familiar with the computers and knowledgeable about them (Sacks, Bellisimo and
Mergendoller, 1993). As the authors noted, the subject matter may make more of a
difference in the construction of student attitudes toward computers, with programming,
mathematics and science posing a more difficult challenge than non-scientific and
mathematical tasks like games or word processing (256 256-7). Another study found that
home use of computers was also differentiated by gender, with girls preferring social
activities such as interacting with their friends through email or social networking while
boys preferred game playing (Mumtaz. 2001). This study also found that there were
significant differences between boys and girls in confidence in computer use (Mumtaz.
2001). Li’s (2002) study found that there were specific differences between boys and
girls in the use of computers for mathematics and science learning as well. This small-
scale study 