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ABSTRACT

Studies indicate that teachers, and in particular science teachers in the senior
high school grades, do not integrate laptop computers into their instruction to the
extent anticipated by researchers. This technology has not spread easily to other
teachers even with improved access to hardware and software, increased
support, and a paradigm shift from teacher-centred to student-centred education.
Although a number of studies have focused on the issues and problems related
to the integration of laptops in classroom instruction, these studies, largely
quantitative in nature, have tended to bypass the role teachers play in integrating
laptop computers into their instruction.

This thesis documents and describes the role of Ontario high school science
teachers in the integration of laptop computers in the classroom. Ten teachers
who have successfully integrated laptop computers into their biology courses
participated in this descriptive study. Their perceptions of implementing laptops
into their biology courses, key factors about the implementation process, and
how the implementation was accomplished are examined. The study also
identifies the conditions which they feel would allow this innovation to be
implemented by other teachers.

Key findings of the study indicate that teachers must initiate, implement and
sustain an emergent and still evolving innovation; teacher perceptions change
and continue to change with increased experience using laptops in the science
classroom; changes in teaching approaches are significant as a resuilt of the

introduction of laptop technology; and, the teachers considered the acquisition
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and use of new teaching materials to be an important aspect of integrating laptop
computers into instruction. Ongoing challenges for appropriate professional
development, sharing of knowledge, skills and teaching materials are identified.
The study provides a body of practical knowledge for biology teachers who
are considering the integration of laptops into their instruction. The resuits are of
interest to science teachers, those whose decisions affect the meaningful
integration of technology in science education, those researching the teaching of
science in secondary schools and those who prepare science graduates to teach

at this level.

Key Words: innovation, laptop, computer, biology, science, secondary,

implementation, perceptions, instruction, professional development, qualitative,

descriptive.
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CHAPTER ONE: INTRODUCTION TO THE STUDY

Throughout my career in education, as a teacher and administrator, and
through my graduate studies, | have become increasingly aware of
disappointment and some frustration about the lack of change in science
education, especially in the senior grades of high school. Originally, resistance
to change was noted when new curriculum guidelines were issued or new
teaching practices introduced. During my career, and the careers of many of the
teachers who participated in this study, researchers such as Cuban (1995, 1983),
and Postman (1996, 1993) documented and discussed education’s “stubborn
continuity” (Cuban, 1983, p160). Despite calls for change, | have personally
witnessed the lack of long term impact on science education from innovations as
diverse as: the use of film projectors, television, film strips, and VCRs; small
group instruction and individual projects; provincial exams, no external exams,
and the reintroduction of external exams; restrictive and controlling curriculum,
laissez-faire curriculum, and the reintroduction of restrictive and controlling
curriculum; and, the introduction of overhead projectors and desktop computers
in elementary and secondary school settings.

Since then, and until the present time, research studies continue to
indicate a pervasive lack of change in how senior science courses are taught,
despite the contribution that desktop computers, and subsequently laptop
computers, were expected to make to instruction. These research studies

tended not to focus on the role of teachers during change, seeking instead to

measure gains in student achievement and improvement in student attitudes.



Therefore, for this study, | have focused on ten teachers who introduced laptop
computers into their biology classes. The study examines their role as teachers
as they strive to integrate laptop computers into their instruction.

This first chapter provides the background, a genealogy if you like, to the
lack of change in science education. It introduces the research problem, states
the purpose of the research and presents the research questions. The terms
used in the research questions are defined and a description is provided of how

my thesis has been organized.

Background of the Problem

Research studies have consistently indicated that teachers, especially
teachers in the senior high school grades and teachers of science, have not
integrated computers, even laptop computers, into their instruction to the extent
the researchers anticipated (Bain & Weston, 2009; Coffland & Strickland, 2004;
Dickson & Irving, 2002; Mara, 2006; Sclater et al., 2006). Existing studies on the
integration of laptops have tended not to focus on the role of the teachers,
focusing instead on student attitudes and measuring possible gains in student
achievement (Chang & Tsai, 2005; Klopfer et al., 2005; Mouza, 2008; Trimmel,
2004; Webb, 2005). In addition, researchers have noted that the use of
computers for instruction does not diffuse easily within groups of teachers,
although this research was not designed to ascertain why this is the case
(Chamblee & Slough, 2002; Coffland & Strickland, 2004; Newhouse & Rennie,

2001; Norton et al., 2000).



Laptop computers were first introduced into Australian schools in the late
1980s (Bain & Weston, 2009; Stolarchuk, 2001a), but integrating laptop
computers into instruction remains a more recent innovation in Canadian schools
and elsewhere around the world. While early research appears to support the
premise that the use of [aptops may improve instruction by decreasing teacher-
centred instruction and increasing student-centred learning (Dunleavy &
Heinecke, 2008; Higgins & Spitunik, 2008; Newhouse, 1999a; Windschitl & Sahl,
2001), the introduction of laptops does not automatically entail a change in
modes of instruction. Some teachers in France and the United States, for
example, were found to be using laptops as an add-on, with little change in their
teacher-centred instructional practices. (Amankwatia, 2009, Donovan et al.,
2007; Jaillet, 2004; Windschitl, 2002).

Despite a lack of studies focusing on the role of the teachers, a number of
researchers have concluded that whether desktop computers or laptop
computers are integrated into instruction, and how they are integrated, depends
on decisions made by individual classroom teachers (Becker, 2000; Chamblee &
Slough, 2002; Feldman, 2004; Higgins & Spitunik, 2008; Windschitl & Sahl,
2002). During the years 1990 to 2002, researchers cited the lack of hardware,
the lack of appropriate software, and the lack of technical and professional
assistance in schools as conditions that discourage teachers from effectively
integrating computers into their instruction (Chamblee & Slough, 2002). In
contradistinction to desktop computing, laptop computers have inherent

advantages that would enhance their introduction as a teaching tool. These



advantages include: high access to hardware; universal access to readily
available software; and on-site technical assistance. In spite of these inherent
advantages, researchers in Australia, the United Kingdom and the United States
still found few teachers who implemented substantial use of laptops in their
classroom teaching (Bain & Weston, 2009; Higgins & Spitunik, 2008).

It was anticipated by these researchers that laptop programs, providing
universal and ready access to hardware and software for both teachers and
students, might address these obstacles. However, researchers continued to
identify a similar pattern of under-use of laptops in the classroom and under-use
of laptops for instruction. (Donovan et al., 2007; Jaillet, 2004; Stager, 2002 ).
This study, investigating which factors influence teachers to introduce and
integrate laptop computers into the teaching of science in the senior grades of
high school is among the first of such studies that explore this issue from the

perspective of teachers.

Statement of Research Problem
Further study is needed to develop a body of knowledge about how
laptops have been implemented into teachers’ instructional practices (Dunleavy
& Heinecke, 2008; Mara, 2006; Newhouse, 2001a; Siegle & Foster, 2001). ltis
important to identify the most effective and useful means of implementation.
Researchers have found that the degree to which laptops and desktops
are integrated into classroom instruction is based largely on decisions made at

the classroom level by individual teachers (Hakverdi, 2005; Windschitl & Sahl,



2002). As Bain & Weston (2009) observe the problem was analyzed a decade
ago. The early research suggests that a relatively low number of teachers have
integrated this technology into their instruction (Parr, 1999: Tebbutt, 1999), and
the pedagogy and instructional practices of successful and early innovators are
not widely known (Dunleavy & Heinecke, 2008; Siegle and Foster, 2001). This
enhances the rationale for this study. All of the above facts and factors
underscore the pertinence, timeliness, and importance of the study reported
herein.

Not only is the number of successful innovators of computer technology
for instruction low, the population of teachers using such technology has not
grown to the extent that researchers had expected ( Bain & Weston, 2009;
Higgins & Spitulik, 2008; Parr, 1999; Tebbutt, 1999;). The factors retarding
diffusion of this innovation appear to be complex, involving fixed and largely
unexamined opinions about what constitutes effective teaching and a lack of
subject specific expertise in integrating computers into classroom instruction
(Higgins & Spitulik, 2008; Windschitl & Sahl, 2002). For these reasons, among
others, diffusion of laptops and computer technology in the senior high school
grades was identified as particularly slow.

To determine the obstacles to integration and ways of overcoming the
reluctance to integrate, there is a need to describe and interpret teachers’
perceptions about the process they undertook, the problems they faced, and how
they accomplished the integration. Perceptions are defined in this study as

teachers’ intuitive insights based on their experiences in classrooms, schools,



and their years of studying and teaching science. Such an examination of their
perceptions would allow us to develop a model for successful implementation
and diffusion and to better understand which factors aid and which retard the
effective integration of laptop computers in teaching and learning. This present
study, therefore, has two objectives. It proposes to examine perceptions of the
ten teachers included in the study sample concerning the implementation of
laptop technology in high school biology courses and how this innovation
affected their instructional practices, and offers an opportunity to learn from these
early implementers in order to identify what would make this technology more
attractive to teachers and advance how its integration in the classroom.
Admittedly, a number of related issues may influence whether laptop
computers are integrated into instruction in senior science classes. It remains an
open question, for example, if the integration of laptop and desktop computers
into classroom instruction is determined by individual teachers, by the curriculum
or by the availability of resources such as hardware and software. This
constraint is more pressing for the sciences given the lack of a body of
knowledge, pedagogy, and theory on integrating laptops in the context of science
instruction and in the setting of science classrooms especially in courses in the

senior grades of high school.

Research Purpose and Questions
The literature on implementing laptop programs indicates that teachers

must have access to information about how laptop instruction could be integrated



into their specific subject areas and to the support needed to effect this
integration (Galanouli et al., 2005; Sasseville, 2004; Siegle & Foster, 2001).
Studies by these researchers and by Clark (2006), recommend further research
into teacher perceptions about high access computing such as laptop programs
that provide universal and ready availability of computer resources, and further
research on the pedagogical needs of individual teachers, the range of laptop
applications to the curriculum, and the strategies for implementing laptop
programs in specific content areas.

Despite the general assumption that how laptops would be used in
curricular instruction is obvious (Donovan et al. (2007), teachers who undertake
this innovation generally have little assistance and can experience stressful
intellectual, pedagogical, and time demands. Dunleavy & Heinecke (2008 and
Tebbutt (1999) call for studies focusing on teacher insights into integrating laptop
computers in science education because such studies, despite their relevance to
practising teachers, have not been published in academic journals and are not in
the public domain.

The descriptive study reported herein is designed to obtain qualitative data
on teacher perceptions of instructional changes in high school biology programs
that integrate laptop computers. Based on their experiences in classrooms,
schools and their years of teaching, teacher perceptions provide intuitive insights
into what constitutes effective integration and diffusion of laptop computers into
science instruction and how to deliver laptop courses specifically in this subject

area. Although previous studies have had only limited contact with high school



biology teachers, this study examines the integration and diffusion process from
the perspective of these teachers.

In order to fulfil the objectives outlined on page seven, to examine the
perceptions of biology teachers who have successfully integrated laptop
technology into their instruction and learn from their experiences, this descriptive
study is based on the following research questions:

Question One: How do senior grade biology teachers perceive the integration of
laptop computers into high school biology programs?

Question Two: How do senior grade biology teachers perceive and introduce
new teaching approaches when integrating laptop computers into high school
biology programs?

Question Three: What new teaching materials do senior grade biology teachers
use when integrating laptop computers into high school biology programs?
Definition of Terms

Change results from the substitution of one thing for another (Webster, 1997).
Sasseville found teachers believe they can control change using their
accumulated knowledge and professional experience. “They perceive
professional knowledge as a way to steer technological change in a direction
they can understand and which they feel is beneficial for their students.”
(Sasseville, 2004, p 12)

Diffusion is the process by which an innovation is communicated through certain
channels over time among members of a social group (Kirschner et al., 2004), or
is defined as the spread of information and ideas that were previously unfamiliar

and that may result in the adoption of an innovation (Marsh & Willis, 1995, p

132). Rogers defines diffusion as the process by which an innovation is



communicated through certain channels over time among members of a social
system, but adds that it is a special type of communication, in that messages are
concerned with new ideas (Rogers, 1995, p 5).

Dissemination is defined as to scatter or spread widely: to promulgate

extensively (Webster, 1997), to disperse throughout (Merriam-Webster Online
Dictionary, 2009), or an intentional effort to inform individuals or groups about an
innovation and to gain their interest in it (Marsh & Willis, 1995, p 132). In this
study dissemination refers to the planned spread of an innovation to teachers,
often involving a change agent responsible for having the teachers initiate new
practices in their classrooms.

Implementation is the process of putting into effect according to a definite plan or

procedure (Webster, 1997), or to give practical effect to and ensure of actual
fulfilment by concrete measures (Merriam-Webster Online Dictionary, 2009).
Fullan & Park state that implementation is a multi-dimensional process and three
types of change are necessary: the use of new materials, the introduction of new
teaching approaches, and the incorporation of new perceptions about teaching
(Fullan & Park, 1981).

Innovation is a process or product that is new to a potential user (Hall et al,
1979), the introduction of something new, or a new idea, method, or device
(Merriam-Webster Online Dictionary, 2009).

Integration is the act of combining parts into a whole (Oxford Dictionary, 2003), or

the process of altering practices, and is considered to have been achieved in this



research study when “the course could no longer be taught without computers”
(Anderson, 1995, p3).

Laptop program is a program where teachers and learners have individual laptop

computers and share the same software and where the laptops have been
integrated into the instructional process (Stolarchuk & Fisher, 2001a).
Perception is the act or faculty of apprehending by means of the senses or the
mind. An immediate or intuitive recognition or appreciation: an insight (Webster,
1997), or a quick, acute, and intuitive cognition (Merriam-Webster Online
Dictionary, 2009). The perceptions voiced by the teachers in this study are an
important part of the data collected and included, but were not restricted to,
perceptions about and their experiences with types of change, as well as
supports and challenges to the change they undertook.

Teaching materials: Materials refer to the articles or apparatus needed to make

or do something (Webster, 1997), or something used for or made the object of
study such as teaching material for the next semester (Merriam-Webster Online
Dictionary, 2009). Teaching materials in this study refer to objects that are
created by the teachers and/or used for instruction in their classrooms.

Teaching approaches: Approach refers to the method used or steps taken in

setting about a task (Webster, 1997), or the taking of preliminary steps toward a
particular purpose, such as experimenting with new lines of approach in the
classroom (Merriam-Webster Online Dictionary, 2009). In this study, teaching
approaches include, but are not restricted to, lab activities or exercises, lectures,

discussions, teacher demonstrations, and use of audio-visual aids.
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Organization of the Thesis

The thesis is organized into seven chapters. This first chapter introduces
the background to the research, the research problem, and the research
questions. The terms used in the research questions are defined and a
description is provided of how the thesis has been organized. In the second
chapter | review the literature relevant to change in high school science
classrooms when laptops are integrated into instruction, change in science
classrooms when desktop computers were made available in schools, and
literature on the history of change, or its absence, in high school science
classrooms. The third chapter provides a review of the literature on change
theory and develops a conceptual framework for the study. In the fourth chapter,
| focus on the methodology that guided the study. This chapter includes a
discussion on the design of the study and ways of achieving reliability and validity
in qualitative research. It also provides information central to this study,
including: details of the site selection; a profile of the teacher participants; an
outline of the instruments used to obtain data; the modes of analysis; and, criteria
for interpreting the findings. For the purpose of clarity, the research questions
were used to organize the results and discussion in chapters five, six and seven.
In chapter five | provide my analyses of the steps taken by the teachers in order
to implement the integration of laptop computers in their instruction. In chapter
six | discuss how the research literature illuminates the teachers’ perceptions of
how their practices changed when implementing the integration of laptops into

their teaching practices. In chapter seven, | discuss the practical and theoretical
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contributions of the study to knowledge of instructional and instructor change, the
implications and limitations of the study, and offer suggestions for future research

in the area.

Chapter Summary

This chapter has outlined the background of the study, stated the research
problem, the need for the study, and the research questions. It explains the
organization of the study and provides the definitions used in the study. The
literature review in Chapter Two explores innovation and implementation of
laptop computers and desktop computers, and the lived experience of innovation

in science education at the high school level of the teachers in my sample.
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CHAPTER TWO: LITERATURE REVIEW

During the careers of the science teachers who participated in this study,
a number of technological and curricular innovations have been introduced in
science education with varying degrees of success. This literature review
examines how the nature of selected initiatives, combined with the context of
teaching science in schools has influenced the implementation of these
innovations in classrooms. Articles and studies on integrating laptop computers,
integrating desktop computers, and integrating curriculum innovations in science

instruction are reviewed in this chapter.

Implementing Innovations in Science Instruction

Innovation is defined as any process or product that is new to a potential
user (Hall et al., 1979). Integration is defined as the process of altering practices
so that the innovation can be accommodated. A laptop program is defined as
one in which teachers and learners have individual laptop computers and share
the same software, and where the laptops have been fully integrated into the
instructional process (Stolarchuk & Fisher, 2001a).

A number of teachers are currently implementing laptop technology in
their senior biology courses. In searching the literature for studies on integrating
laptop technology into high school courses, | found that the studies | located
dealt mainly with middle and elementary school grades, tertiary institutions such

as colleges and universities, and with subjects other than science. Therefore, in

13



order to broaden the base of the literature review, | sought studies on integrating
earlier forms of computer technology, that is, desktops, and research on how
science teachers, such as the teachers who participated in this study, have
integrated curriculum innovations into their classroom teaching. [ then examined
the research | selected for the perspective it could provide on the effective

integration of laptop computers into instruction in senior biology courses.

Implementing Laptops in Science Instruction

The literature review focuses first on research studies that provide
background information on the integration of laptop computers in classrooms,
then considers studies on the integration of laptop computers in science
instruction in senior high school grades, followed by an examination of studies
that focused on how the laptops were actually used by science teachers in their
classrooms.

Existing research on the use of laptops in classrooms concludes that there
is a general pattern of under-utilisation (Bain & Weston, 2009; Jaillet, 2004;
Mara, 2006; Sclater et al., 2006; Stager, 2002). Few teachers have implemented
substantial and substantive use of laptops (Bain & Weston, 2009; Newhouse,
2001a). In the research cited above, some have used laptops to augment their
teaching practices, but this has not resulted in effective or complete integration of
laptop computers into their classrooms (Higgins & Spitulik, 2008; Jaillet, 2004;
Siegle & Foster. 2001). Teachers have perceived that changing established

teaching practices is a risk to delivering the curriculum and a risk to maintaining
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the good opinion of their peers (Breslow, 2007). More recently, changing
practices to integrate laptop computers into instruction has been viewed more
favourably, as a collegial undertaking with the prospect of adding value to
teaching (Harvey & Kamvounias, 2008; Kane, 2003) and to the students’
learning (McMahon, 2007). Nevertheless, it has been argued, even with
academic and technical support, the proportion of teachers using laptops for
instruction in classrooms remains low and despite increased technical support in
the school, peer support in each curriculum area in the school, and a coordinator
to facilitate the work of peer coaches, teachers have remained reluctant to adopt
this technological tool (Bain & Weston, 2009; Varma et al. 2008).

Researchers, including Bell & Bell (2005) and Newhouse & Rennie (2001)
identified factors that influenced the use of laptops for instruction. Factors
advancing the integration of laptop computers included the expectations of
school administrators and parents that the laptops would be used for instruction.
The more recent research has also identified the following elements as
advancing the integration of computers in classroom instruction: a collaborative
management style at the school (Bell & Bell, 2005), especially when combined
with formal and informal opportunities for teacher learning; a culture of high
expectations; and, a sufficient financial investment by the school in the innovation
(Fullan, 2007; 2006; 2005). Factors that hinder this integration include: the
perception that others (colleagues, parents, students) might not support a
change in teaching approaches; a concentration on external standardized testing

that diverts resources from other projects; a lack of time to manage innovation;
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and, the lack of expert assistance. The allocation of support staff in schools is
often not considered for science teachers, or for students learning in science
laboratories, but rather is typically focused on special education (Levin & Fullan,
2008). Earlier researchers in the field, including Newhouse (2001a) found that
teachers who initially maintained a neutral response about integrating laptops
became increasingly negative, based on their perceptions of existing attitudes,
beliefs, preferred instructional practices, early obstacles they experienced
implementing laptops, and obstacles experienced by other teachers.

Laptops were first introduced into Australian schools in the late 1980s with
considerable care, expertise and enthusiasm (Klieger et al., 2010; Bain & Wilson,
2009; Stolarchuk & Fisher, 2001a). In a series of papers dealing with education
in elementary and secondary schools, Stager reports that in the fifth year of a
laptop program, Methodist Ladies College in Melbourne, Australia, had 2,000
students and teachers with personal laptop computers. By 1998, Stager reported
that 50,000 Australian students had their own laptops. Yet, he quotes Australian
government figures indicating that in 2002, less than half of these students spent
40 minutes a week using the laptop computers at school and two-thirds of the
students spent less than an hour doing so (Stager, 2002). This low level of use
was evident despite, as he had said, wide-spread awareness in the schools and
school systems of the importance of best practices to overcome obstacles to
laptop use and to facilitate the use of the laptops in and beyond the classroom.

Other studies report similar patterns and confirm a low utilization of laptop

computers in Australian schools at that time (Newhouse & Rennie, 2001). In
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France, Jaillet (2004) observed a similar pattern, but in his research he was able
to ascertain that where students were using laptops more frequently, the
students were accessing inappropriate (i.e. non-academic) sites and games.
Thus, the introduction and the use of laptops for genuinely educational purposes
remain as challenges to those who would integrate time in their classroom
teaching.

Researchers note that the presence of laptops alone did not necessarily
initiate change in instructional practices sufficient to ensure integration (Donovan
et al., 2007; Dunleavy & Heinecke, 2008; Jaillet, 2004; Newhouse,1998 a,b;
Ward & Parr, 2010; Windschitl, 2002). The researchers noted that teacher beliefs
about what constitutes good teaching was a powerful influence on whether
laptops were used effectively and that the amount of time students used their
laptops, and what they used them for, depended to a great degree on the
teachers’ perceptions. Allin all, few teachers implemented substantial computer
use, and many teachers who did perceived a very limited role for the laptops.
Factors that impeded the implementation of instruction with laptops included a
perceived lack of time and encouragement. In addition, changing established
teaching practices was perceived by teachers as a risk to both the curriculum
and the good opinion of their peers. It was noted that the research that was
available provided little direction for teachers about how to use laptops in their
teaching, and most importantly did not provide specific examples for usage in

their subject area. Researchers, in seeking to improve the integration of new
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technologies called for training, and time for teachers to reflect on their practices
and pedagogy.

Early researchers, including Siegle and Foster, 2001, noted evidence of a
general pattern of underuse of the laptop computers, especially in senior high
school grades and in science courses in those grades. Researchers still
conclude that teachers need more subject-specific knowledge and assistance on
how to teach science with laptop computers (Dunleavy & Heinecke, 2008;
Hlggins & Spitulik, 2008; Klopfer et al. 2005). As was stated earlier, have largely
avoided a focus on teacher concerns about integrating laptops into instruction,
what influenced them to try, or how they sought to accomplish this integration.
Invariably, there is little to no indication that the researchers asked the teachers
about their concerns about integrating laptops into their instruction. The research
on integrating laptops into instruction in science has continued to by-pass the
role of the teacher and has clustered around student achievement, attitudes and
class environment (Chang & Tsai, 2005; Klopfer et al., 2005; Mouza, 2008;
Owusu et al., 2010; Webb, 2005). As Loucks-Horsley (1998), one of the
developers of a model used to study educational change observed, our
understanding of integration is jeopardized because researchers tend to focus on
student learning before teachers are comfortable with new teaching approaches
and new teaching materials.

One case study however, did deal with the use of laptops in the teaching
of biology at the senior high school level (Siegle & Foster, 2001). The

researchers concluded that the laptop computers had been used as a
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supplementary add-on to the course and that the teacher had not made any
effort during the year of observation to integrate the laptops more fully into
instruction. They concluded that additional research was required into different
approaches to teaching with laptop computers. In other case studies that
attended to the views of teachers, it should have been possible to hear the
voices of science teachers in grades 11 and 12 involved in laptop programs
(Newhouse & Rennie, 2001). In fact however, it is quite difficult to differentiate
what the science teachers are saying from what the teachers of other subjects
report. What is clear in these studies is that a large percentage of senior
students reported that the laptops were never used in science class, even though
most of these students reported using laptops in the earlier grades of high
school. These students also reported that the laptops were often used in
English, mathematics, computing and art classes. In a more recent study,
Zucker and Hug (2008) report a quite different pattern of usage in high school
physics, where a majority of the students in their sample reported using the
laptops every day and many of the remaining students reported using the laptops
once a week. Much of the laptop usage data reported by Zucker and Hug is
attributed to frequent use of electronic textbooks, whole-class presentations
projected from the teachers’ laptops, word processing, student presentations and
the use of probes for lab experiments—materials and resources which would not
have been available to teachers in the earlier studies.

There are a number of studies that speak to the issue of teaching science

with laptop computers, but the specific grades in high school in these studies are
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not identified (Varma et al., 2008; Phillips et al., 1999; Tebbutt, 1999). Tebbutt
(1999) found little use of the laptop technology in science, even in schools which
had made substantial provisions for their use. Phillips designed a study to
measure the change in the use of laptop computers by teachers. This research
was not as useful as it might have been because the design did not differentiate
between teachers’ personal use and their instructional use of laptops. This being
said, it did differentiate between science teachers and teachers in other subject
areas. It was reported in this study that science teachers had increased their
personal and instructional use of laptops less than had teachers in music, art and
health education, or deputy heads of school, but were as active, or more active,
in their personal and instructional use of laptops than were most other teachers.
In the same study, the researchers tried to take into account the fact that some
teachers had greater expertise than did others at the beginning of the study by
establishing another indicator to reflect only new activities teachers had
undertaken with laptop computers. Again, science teachers introduced
significantly fewer new activities using the laptop computers than had teachers of
English, music, art, health education, or deputy heads of schools, but were more
active in the combined personal and instructional use of laptops than most of the
other teachers.

As Bain & Weston (2009) observe, the problem was analyzed a decade
ago. Early researchers, including Tebbutt (1999), Lowther (2003) and Owen and
Lambert (1998) concluded that poorly understood factors, such as the amount of

time, effort, and organization required of the teachers to use the laptops
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effectively were pivotal factors, and that by itself, the technical ability to use
laptop technology was not sufficient to insure that teachers would integrate the
laptops into instruction. Few differences in teaching methods between laptop
classrooms and control classrooms were reported and there was a lack of
empirical evidence to document the difference laptops make to instruction, but
the burden on teachers seeking to integrate laptop computers into their teaching
was noted. Researchers, including Higgins & Spitulik (2008) describe what they
call a double innovation which they say includes: first, learning about the
technology, peripherals, the software appropriate for their students, and the
management of computers in the classroom; and then, implementing an
appropriate curriculum for the technology, which means dealing with content,
teacher roles, assessment and student achievement. While acknowledging the
importance of the teachers in this double innovation process, none of the studies
dealt with the decisions teachers make about adopting and integrating laptop
computers into their curriculum or about how they accomplish or seek to
accomplish this integration (Dunleavy & Heinecke, 2008: Higgins & Spitulik,
2008). There remains a need, therefore, for studies focused on teachers as they
strive to integrate laptop computers, and on the diffusion of instructional practices
using laptops in biology courses at the senior high school level. If relevant
pedagogy and theory are to be developed in this area, there is a pressing need
for description on the decisions teachers make as they work to integrate laptop
computers into their instructional practices (Higgins & Spitulik, 2008; Mara, 2006;

Varma et al., 2008).
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Having reviewed the general picture of how teachers use laptops in
biology and senior science courses, it is worthwhile to focus on how teachers use
the laptops in their classrooms. Researchers, such as Hlggins & Spitulik (2008)
and Tebbut (1998), established that science teachers use the laptops differently
than teachers in other subjects. Data logging, word processing, Internet use,
databases for cataloguing samples, simulations and mind-mapping software
were used by individual science teachers; however, these practices remained
isolated to their classrooms; they did not diffuse readily to science teachers
working in other classrooms. Researchers note that there remains a perceived
lack of subject-specific professional development (Klieger et al.2010; Simmie,
2007) as teachers continue to require academic support in their specific subject
areas, as well as technical support with a similar specific-subject focus Higgins &
Spitulik, 2008; Klieger et al.2010; Varma et al., 2008). Other researchers note
that teachers prefer to receive the professional development sufficient to support
laptop integration from those who teach the courses they teach (Bell & Bell,

2005).

Implementing Desktop Computers in Science Education

As indicated in the introduction to this chapter, the studies | located for
this literature review dealt mainly with middle and elementary grades, tertiary
institutions such as colleges and universities, and with subjects other than
science. For these reasons, | broadened the base of this literature review by

seeking studies on the integration of earlier forms of computer technology, that is
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to say. During this process of broadening my search to the integration of desktop
computers into instruction, | located only one study on the advantages and
disadvantages of laptops compared with other computer technologies such as
desktop computers (Smith et al., 1999). This study, carried out at the post-
secondary level in the United States focuses on such disadvantages of laptops
as expense, fragility, and security issues, and offsetting advantages of laptops,
such as portability and flexibility which allows them to be used in lecture rooms
and labs. In this study, mention is made of the computers being used as an add-
on to courses, their use for student presentations, and the increased
opportunities for the active learning that laptops can provide, but these aspects of
the integration of laptops into instruction are not developed in this research. In
an Australian study carried out at the same time, it was noted that few of the
benefits claimed for laptop programs are specific to laptop technology (Albion,
1999), and for these reasons, and in order to provide an additional perspective
on the integration of laptops, | will now review information from research studies
on teachers who seek to integrate desktop computers into classroom instruction.
The teachers in this study dealt with desktop computers, for personal use
if not for instruction in their respective classrooms, and then made the transition
to laptop computers sometime in the late 1990’s or early 2000’s. Since desktops
were introduced into schools before laptops and since they remain the dominant
form of computers in most schools, there is a thicker body of research available
on the use of desktops for instruction which gives context to the perceptions of

the teachers who participated in this study. This more extensive body of research
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was examined in order to explore instructional uses of computers and to glean
concepts that may aid us in better understanding the integration of laptop
computers in classroom teaching. This segment of the literature review
examines the following: the background of teachers using desktop computers;
the factors affecting the integration of desktop computers into biology and senior
grade science courses; and, how the desktops were used in these courses.
Becker (1994) examined teacher backgrounds in order to document which
science teachers were most successful at mastering the challenges of using
desktop computers effectively in the classroom. He found substantial personal
differences between exemplary computer-using science teachers and other
science teachers. The most important factors he identified Included: the
exemplary science teachers spent twice as many hours working on computers at
school; they had significantly more advanced degrees and credits; and, they
tended to be males, and spent over twice as much time on computers at home.
Minor factors that he identified included: the exemplary teaches had formal
instruction about computers and about teaching with computers; they had
undergraduate majors in science (not education); if they were secondary science
teachers, they had more years of experience teaching and teaching with
computers; and, they had learned about computers and about teaching with
computers on their own. Becker acknowledges the difficulty in isolating the
effects of years of experience in the classroom, years of experience with
computers, and the opportunity to collect more credits and degrees, since, as he

notes, additional degrees, credits, and opportunities using computers, tend to be

24



accumulated by teachers with more teaching experience. Both Becker (1994)
and later, Davis (2006) have observed that teachers with strong subject matter
knowledge and strong interest in the subject matter they teach tend to employ, or
at least consider, more effective or innovative teaching strategies and these
factors may differentiate those teachers who integrate computers effectively in
their classroom instruction from those who do not. Simmie (2007) in a more
general study on innovations in biology classrooms in Ireland, confirms the
creativity and commitment of biology teachers who undertake curricular
innovations.

A large quantitative study (n=516)) in the United States reported that very
few teachers were exemplary users of desktop computer technology (Becker,
1994). Exemplary users were defined as teachers who used a wide range of
software, including software for: writing, electronic communications and
accessing the World Wide Web (WWW); and, spreadsheets and software for
graphing, analyzing data, accessing databases, problem solving and simulations.
When the results were adjusted to account for the teachers who were not using
computer technology at all, the percentage of teachers whose use of computers
was exemplary fell to only 3 percent! Five years later, in another large
quantitative study, Becker and his colleagues reported that only one third of
teachers assigned work which required the use of computers on a regular basis
(Becker et al., 1999). In this same study the researchers found that, except for

word processing and information gathering functions, relatively few senior high
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school teachers in academic subjects experimented with computer simulations
software, graphics software, presentation software, spreadsheets or databases.

The reasons behind this data prove important in giving context to the data
elicited in the present study. In the studies reviewed, teachers expressed
concerns that integrating computers would increase an already heavy workload,
not only in the short term, but for years to come (Becker, 1994; Bybee, 19963a;
Gershner & Snider, 1999). In a qualitative study conducted in Canada, Reid
(2002a) found that teachers required time—time to learn to use the technology
and time to customize their teaching materials or to create new teaching
materials if they were to integrate desktop computer use in a meaningful manner
or take advantage of the instructional capabilities of computers. Researchers
estimate that it would take teachers at least five years of additional work to
integrate computer technology fully and effectively into their teaching (Becker,
1994; Snyder et al., 1992).

Becker hypothesized that the integration and diffusion of computer
technology among teachers might depend on three primary factors. First,
integration and diffusion might be dependent on the degree of use by other
teachers and ready access to software and hardware. Second, integration and
diffusion might be dependent on the technical, professional and individual
support teachers received. Third, researchers might find that diffusion was
dependent on changes in teacher beliefs and on the instructional practices they
selected. In this last case, Becker predicted that the diffusion of the classroom

integration of computing technology would be slow and difficult. The diffusion of
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the integration of desktop computers into instruction has, in fact, been slow and
the teaching practices that might encourage teachers to persevere with
integrating computers have not been ascertained, nor has the argument that the
integration of computers into classroom teaching requires the adoption of new
teaching practices (Dexter et al., 1998; McRobbie & Thomas, 1998).

An examination of research on desktop use by biology and senior science
teachers reveals, as was noted in the research on laptop computers, that many
studies researching the integration of desktop computers into biology courses
tended to focus on student achievement and/or attitudes (Alonso, 1998;
Carmack, 2000; Kim, 1997: Lu, 1993; Parker, 1998; Parker 1995; and Zeitz,
1992). Four other studies were located that investigated the use of desktop
computers in science courses. One of these four studies focused on media
literacy in high school students (Bajkiewicz, 2002), while another focused on
student and teacher attitudes in high schools (Paul, 2005). The third study
researched changes in pedagogical beliefs and teacher attitudes as science
teachers integrated desktop computers into their classroom instruction (Hendren,
2000). In the fourth study, Hakverdi ( 2005) researched desktop computer use
by high school and middle school science teachers. A brief review of these
studies proves enlightening and pertinent to my research.

Hendren (2000) found that teachers who provided student-centred active
learning opportunities were more likely to use desktop computers and he
identified a gap between most teachers’ actual and ideal use of desktops, which

he attributed to lack of time, lack of technical support, and lack of readily
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available computer hardware and software. Hakverdi (2005), in a large
quantitative study, determined that it was the teachers who were pivotal in
determining if computers would be used in science classes. He found that
individual teachers needed help in learning how to integrate the desktop
computers into their teaching and that such help was generally not available.
Further, he found that teachers were left to develop the necessary teaching
materials and lesson plans requiring desktop computer use independently. He
also noted that the challenges of integrating computers into laboratory instruction
posed unique difficulties for science teaching compared to teaching in other
subject areas. As well as information on appropriate pedagogical approaches,
teachers needed practical assistance, including: a database of exemplary
desktop-integrated activities; and, access to scientific websites for teaching
science concepts. Hakverdi recommended that future research include follow-up
interviews with science teachers in order to get a deeper understanding of their
beliefs and practices as well as in-depth information on the factors influencing
their ability to integrate desktop computers and their interest in accomplishing
this integration.

The research on the use of desktops also provides general information on
how the desktops were and are being used in gcience classrooms. Compared to
a general population of teachers, less than half as many science teachers
reported assigning work that required desktop computers on a regular basis. Not

only were science teachers less likely to assign tasks requiring the desktop
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computers, they were also less likely to assign independent student work
requiring the use of a computer (Becker et al., 1999).

A number of quantitative studies such as Becker (1994) and Hakverdi
(2005), and a few qualitative studies such as Windschitl & Sahl (2002) indicate
that science teachers may be slower to integrate desktop computers into their
courses than are teachers in other subject areas. These studies identify
concerns that may be influencing the decisions teachers make when they
consider adopting and implementing this innovation. Some, but not all of these
concerns are specific to science teachers and include: available peer support; a
perceived lack of time to implement innovations; the teaching approaches
science teachers selected for lessons; equality of student access to desktop
computers and computer resources; and a perceived lack of resources if
desktops are to be used for science instruction.

Becker (1994) found that peer support is particularly important to science
teachers, yet teachers integrating desktop computers into their instruction face
unique and personal challenges for which little support is available. For example,
teachers who are ahead of them in the implementation process, or who are
behind them, may be dealing with very different concerns about the integration
process thus limiting pedagogical sharing. Further, other science teachers have
limited time to provide technical or professional assistance to their peers.

Bybee (1996a) anticipates that it would take science teachers three years
to deal with their initial concerns about integrating desktop computers into their

programs and noted that even after that time the teachers would continue to
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become aware of problems with the technology that they had not anticipated.
Dealing with the unexpected, in the daily context of managing different classes
and courses while meeting the needs of large numbers of students through the
implementation of such a complex technological innovation, adds substantially to
teacher workloads and so may influence if and how desktops are integrated into
classroom instruction.

Studies indicate that science teachers begin to integrate desktop
computers only when they are satisfied that all students have equal access to
hardware and software. The equal access must be during class, in the school,
and outside the school (Becker, 1994). Operationally, science teachers begin
integrating desktop computers when there is a ratio of four students to each
computer, and, unlike teachers of other subjects in the school, science teachers
begin integrating desktops only when they have software sufficient in capacity
and availability to plan whole-class activities (Becker & Ravitz, 1999).

Some of the concerns outlined above allow us to understand that science
teachers, perhaps more than teachers of other subjects in the school, report
having to deal with situations where there was a limited range of software
available for instruction. In addition, science teachers reported that software they
intended to use had often gone missing, that software was unexpectedly not
available, or that software was more difficult to use than expected (Becker, 1994;
Becker & Ravitz, 1999). They noted that they must use the hardware and
software provided at the school and must cope with the consequences of any

consequent unreliability (Reid, 2002a). This unreliability makes classroom
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teaching very time-consuming and adds a stress factor that can impede
integration.

In summary, more than other teachers, science teachers reported having
to deal with a limited range of software and with software that was not available
or was difficult to use (Becker, 1994; Becker & Ravitz, 1999). They expressed a
need for sufficient hardware, one computer for every four students, and software
sufficient to support whole-class activities (Becker & Ravitz, 1999), as well as
equality of access to hardware and software for all students, both in class and
outside of the classroom (Becker, 1994). Given these concerns, science
teachers said the conditions in which they had to use desktops in schools,
typically fell below the critical level of knowledge, support, and availability that
would encourage them to integrate computers in their courses.

The science teachers’ expressed interest in teaching in a whole-class
context may reflect the adaptation requirements they face in changing from
teacher-centred to student-centred teaching practices (Becker, 2000: McRobbie
& Thomas, 2000). As was stated earlier, computers can be used to sustain a
teacher-centred perspective in the classroom with little change in instructional
practices (Ruthven et al., 2004; Rutherford, 2005). On the other hand, some
researchers (Becker & Ravitz, 1999; Dexter et al., 1999; McRobbie & Thomas,
1998) have noted that integrating desktop computers into instruction may
correlate with a transition to student-centred instructional practices.

Perhaps oddly, the conditions which inhibit the use of desktops for

instruction do not appear to affect science teachers’ personal use of desktops to
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facilitate their own work. Notwithstanding a low level of experience in integrating
desktop computer technology into instruction, science teachers report their
personal use of desktop computers facilitates other aspects of their work.
Science teachers use desktop computers quite differently depending upon the
frequency of their computer use. Science teachers who use desktops personally
on a weekly basis or more often, reported using them most frequently as a
medium for preparing handouts, for recording student grades, for composing
lesson plans or notes, and, least frequently, for getting information from the
Internet (Becker et al., 1999). Science teachers who personally use desktops
only occasionally reported using them for: corresponding with parents;
exchanging files with other teachers; in conjunction with the use of camcorders,
digital cameras or scanners; and, least frequently, for posting materials on the
Web. In their personal use of computers, a different pattern of lower-level and
higher-level use by different populations of science teachers is evident.

Overall, the research provides what will, for some, be a disheartening
picture of low use of desktop computer technology by science teachers for
instruction, who assign few tasks to students that require the use of desktop
computers. The research reveals that senior high school teachers use desktops
mainly for word processing and information gathering functions, rather than for
higher level computer functions, such as the use of simulations, spreadsheets,
graphing and data logging software. Even so, it is worthwhile to examine in more
detail how desktops were used by biology and senior science teachers. Becker

et al. (1999) observed that science teachers in their sample who did assign tasks
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involving desktop computers at least ten times a year, reported that their
objectives included student use of desktops for: word processing; accessing the
WWW; CD-ROMS; spreadsheets; databases; graphics, simulations and
exploratory environments; email; skill/practice games; and multimedia. These
science teachers, teachers assigned work requiring desktops to students,
differed most from other science teachers in their use of a wide range of:
spreadsheets; presentation software; Netscape, and CD-ROM reference
software (Becker et al., 1999).

Becker found that the small percentage of science teachers in his sample
using desktop computers as teaching and learning tools were more likely than
teachers of other subjects in the schools to assigh only word processing tasks.
Senior high school teachers were less likely to use computer simulations,
graphics, spreadsheets, databases, or presentation software than teachers in the
earlier years of high school. Eventually, other researchers began to observe the
occasional use in classrooms of new teaching materials, including: Internet
browsers; laboratory sensors; data logging; graphing software; mathematical
models for predicting and testing theories; software for publishing, record
keeping, and authoring web pages; and PowerPoint presentations. These uses
of desktop technology, however, were neither widespread (Reid, 2002a; Rogers
& Finlayson, 2003), nor fully integrated in classroom teaching.

Other researchers report that teachers need expert assistance in their
subject area and that the teachers’ personal computer expertise is not a good

predictor of whether the computers are used for instructional purposes (Phillips et
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al., 1999). Integrating desktop computers to the degree that courses cannot be
taught without them requires skills in dealing with multiple and complex changes
in the classroom (Anderson, 1995). Germann and Sasse (1997) confirmed that
integrating desktop computers into science instruction involves successfully

implementing mulitiple innovations over many years.

Teachers’ Experience of Innovation in Science Education

The first two sections of this literature review have highlighted what
research reported was happening in schools while the science teachers who
participated in this sample were using desktop computers, and later laptop
computers. This research on desktop computers conducted largely in the 1990s,
and the research on laptop computers, conducted largely in the 1990’s and
2000’s, gives context to the lived experiences of the science teachers who
contributed their perceptions for this study.

Currently, there is substantial evidence (Marbach-Ad and McGinnis. 2007)
that teachers’ perceptions of the teaching and learning they have experienced
influence the decisions they make in the classroom. To paraphrase Marbach-Ad
and McGinnis, teachers’ past events create personal images that act as a filter
for new information and may be resilient enough to become the standard to
which new information is compared. Other researchers, such as Cuban (1983)
have established that how science teachers were taught science in high school
and in science faculties at universities is instrumental in influencing how they

teach science in their classrooms. In proposing this research | thought it likely
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there would be teachers in the sample who had studied science in high school
and university during the 1970’s and started teaching high school science in the
eighties. In fact, four of the participating teachers are close to that description.

| thought it important that readers, who would be reading the teachers’
perceptions of implementing an innovation, have a background on the lived
experiences of senior grade science teachers who might participate in the study.
We have explored the context in which it was expected that desktop computers
and laptop computers would be implemented in classrooms, but during their
years of studying and teaching science, a range of science curriculum
documents were produced by education officials and were distributed for
implementation with varying degrees of success. The nature of these curriculum
innovations required different orientations, if they were to be implemented in
schools by teachers. The chronologically sequential orientations range from
fidelity, to adaptation, to enactment orientations and will be explored in this

section of the Literature Review.

Table 2.1: Curriculum Documents: Orientation Continuum

Prior to 1970 After 1970 After the late 1980s
Orientation Fidelity Adaptation Enactment
Curriculum-making | Experts top-down Experts make design: | Guidelines: teachers
design teachers adapt make curriculum
middle-up bottom-up
Modes of teaching | Teacher-centred/ Teacher-centred Student-centred
traditional

Adapted from: Leithwood et al., 1999; White & Tischer, 1986

Prior to 1970, teams dominated by scientists developed curricula that
were consistent with one end of the curriculum continuum, presented in Table

2.1, the fidelity orientation (White & Tischer, 1986). Teachers were expected to
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faithfully implement innovations presented by curriculum developers (Leithwood
et al., 1999). Senior high school science was divided into separate disciplines.
Course structure and content were emphasised, as was the preparation of
students for more advanced study in the discipline (Miller, 1983). At the time, it
was thought that top-down, control-oriented strategies directed by ministry and
board officials would ensure that teachers implemented curricula effectively
(Rowan, 1990), but little research was carried out to ascertain how teachers used
curricula in their classrooms (White & Tischer, 1986) or whether they were
effectively transmitting the curricula to learners (Welch, 1979).

Science curricula after 1970 moved towards the middle of the curriculum
continuum, to the adaptation orientation. These curricula were developed by
teams dominated by educational psychologists and experts in curriculum theory
(White & Tischer, 1986). The emphasis shifted from the structure and content of
science courses to the process of learning science. Teachers were expected to
have, and were actually allowed to have, personal input into adapting the
curriculum for their classrooms. It was at this time that the extent and complexity
of teachers’ decisions concerning the learning experiences of their students
became more evident to researchers (White & Tischer, 1986). Researchers,
such as Leithwood and Montgomery (1980), observed that the provision of
subject content or materials did not insure the successful implementations of
curricular changes and that it was classroom teachers who determined the
innovations that would be integrated in classrooms (Ivany et al., 1987; Klopfer et

al., 2005; White & Tischer, 1986). Yet, despite the shift to the adaptation
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orientation, researchers consistently observed little change in content or
instruction in science class'rooms (Cuban, 1983; Kumar & Crippen, 2005;
Rutherford, 2005).

Having moved from a fidelity orientation to an adaptation orientation, the
nature of curriculum continued to evolve toward the enactment orientation (See
Table 2.1). In most subject areas and grade levels, the majority of teachers were
finding that the implementation of curriculum became more complex during the
late 1980s and early 1990s. They were increasingly finding themselves at the
enactment end of the curriculum continuum, where multiple simultaneously
implemented innovations were requiring strong teacher commitment to insure the
successful implementation of new curricula (Leithwood et al., 1999). Teachers
were expected to develop the necessary instructional practices and materials
needed to insure a successful implementation of the curriculum which required
an enhanced level of process and knowledge skills, very similar to those skills
and capacities required for integrating laptop or desktop computers into
instruction.

For these reasons, it is worthwhile to examine the orientations of the
curricula that biology teachers and senior grade science teachers have
implemented over the decades and the impact these curricula have had on their
teaching approaches starting with the fidelity orientation, and moving through the
adaptation orientation to the enactment orientation. The Biological Sciences
Curriculum Study Project (BSCS), arguably the most successful of the national

curriculum projects undertaken in the United States in the 1960s and 1970s
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‘ (Bybee, 1996b; Ellis, 1993, Marsh & Willis, 1995), is an example of a curriculum
which required fidelity of implementation by the teachers and was considered to
be “teacher-proof” by educational authorities, that is to say, given the curriculum,
appropriate resources and the required materials, the characteristics and values
of individual teachers would and should not affect implementation. Fidelity of
implementation and a teacher-proof curriculum seem appropriate to courses
where the content is unusually complex and difficult to master; courses where the
knowledge the students are learning requires definite sequencing, and/or,
courses where student understanding depends on a sequential matching of
curricular strands from previous courses. However, in order to implement BSCS
courses, teachers needed the appropriate resources and training if they were to
present the courses as envisioned by the developers. In reality, faithful
implementation was quickly abandoned or modified to fit specific classroom
realities such as the resources and facilities available to the teachers, factors
which the experts had been unable to foresee (Marsh & Willis, 1995). As a result,
a fidelity orientation to curriculum implementation quickly transitioned in{b an
adaptation orientation. However, other factors also encouraged an adaptation

orientation in some educational jurisdictions.

FIGURE 2.1 CHANGES IN CURRICULAR ORIENTATIONS IN ACTION

FIDELITY

_—
ADAPTATION : ENACTMENT
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Following the reorganization of Ontario school boards into larger
administrative units in the late 1960s, school boards had more resources and
more staff, including: their own area superintendents, and the opportunity to have
an area superintendent in charge of curriculum; and, science consultants and/or
science coordinators. There followed a period of time when the Ministry was
inactive in the revision of science curricula, and a policy of shared responsibility
for curriculum emerged. It was estimated 80 percent of Ontario school boards
intervened between the Ministry document and teacher planning at this time to fill
the resulting curricular gaps. Larger and wealthier school boards developed
complete curriculum packages that could be shared, or sold, to those who did not
have the resources or staff to develop comparable materials in every subject.
Many teachers used these documents prepared by the larger school boards, or
the Science Teachers’ Association of Ontario, as guidelines for planning their
courses (Connelly et al., 1985).

Boards used the curriculum documents that were available from the
Ministry to provide context as local course outlines were developed. Some
boards held implementation workshops for principals and teachers to familiarize
them with curriculum documents available from the Ministry. The principals and
teachers then developed their own courses of study and lesson plans. Other
boards used what documents were available from the Ministry to produce a
general course outline of the program to be followed by the schools, and the

schools produced specific courses of study which the teachers translated into
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lesson plans. In a related pattern of curriculum development during this phase,
the boards produced detailed guidelines and specific course outlines and
provided implementation workshops for board personnel. It was expected these
documents would be used by schools and teachers (Connelly et al., 1985).

In addition to the policy of shared responsibility for curriculum, the Ministry
issued a number of new science guidelines consistent with an enactment
orientation and requiring teachers to make multiple simultaneous changes in
classrooms to implement the curriculum (e.g. Ontario’s Environmental Science
Guidelines, 1973). Perhaps ironically, practicing teachers at that time, concerned
with what they considered to be the abstract or philosophical nature of the
guidelines, by which they meant the lack of specific content, lobbied to have
these guidelines replaced with documents which resembled earlier science
curricula (Connelly et al., 1985), were consistent with the fidelity end of the
curriculum continuum, and required a fidelity orientation to implementation (see
Figure 2.1).

The current pedagogical context for teachers in Ontario is that science
curricula are mandated by the Ministry for implementation in schools
(Bencze et al., 2003; Hodson, 2001). Researchers, such as Perkins
(1999) and Russell (2006) describes such curricula as content heavy and
among the most conceptually challenging that students encounter in the
senior grades of high school. These content-heavy and conceptually
challenging curricula are taught under such conditions as are normally

found in high schools including rotary timetables and students taking six to
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eight different subjects. Since the knowledge required by the curriculum is
abstract and the immediate applicability of the knowledge being learned is
low, the curriculum may or may not be appropriate for the students. In my
experience, this remains the pedagogical context of school science at this
time and it is variously described in the literature with words such as
traditional, positivist, and didactic, and as transmission-oriented utilizing
direct teaching methods. The most discretion left to these science
teachers is to choose the teaching approaches they select (Hodson,
2001).

When teaching approaches are examined, it is found that students
continue to learn science in teacher-controlled environments. The
teachers determine what is learned, how it is learned, when it is learned,
and they control the safety and the physical environment of the laboratory
(Hodson, 1999). For these students, most of the knowledge they acquire
is still from the teacher or the textbook (Cuban, 1983) via direct or teacher-
centred transmission.

Miller (1983) identified characteristics of science teaching in Ontario
as including: behavioural goals and objectives for students; stress on
content; content sequenced throughout a course and in consecutive
courses; teachers who organize and transmit learning to the students; and
a passive role for the students who are expected to adapt to the content
and pace of the courses. Other researchers confirm the domination of this

teaching approach, that it remains the dominant teaching approach, and
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that it has persistently reasserted itself after other teaching approaches
have passed through the schools (Cuban, 1983; Gardiner & Farragher,
1999; Ponder, 1997; Welch, 1979). Reasons for the persistence of this
teaching approach are identified as stemming from a number of teacher
concerns, including: the heavy content demands of the courses they
teach; the norms they experienced in the science courses they studied at
high school and university; the personal view of science they have
developed; and their beliefs about how science should be taught (Hewson
et al., 1999; Lorsbach, 1991). Although dependent on the expertise of the
teachers to be successful, this dominant teaching approach is deemed an
efficient way for large numbers of students to learn and a good match for
teachers who are subject specialists, who repeat every lesson to different
classes and who have limited preparation time (Cuban, 1995). The
majority of the teachers in senior science courses do teach large numbers
of students, they do repeat lessons to multiple classes and they do have
little time, or assistance, to prepare for laboratory courses and so the
dominant teaching pattern persists or reasserts itself.

The teaching approaches science teachers have selected have
invariably been teacher-centred, directed to developing content, and
focused on whole-group instruction characterized by lectures, note taking,
and a question and answer dialogue with students (Cuban, 1995; Hiller,
1995; Weiss, 1997). The teachers have little time to develop their

instruction beyond structured and pre-scripted problem solving and
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laboratory experiences (Gardiner & Farragher, 1999; Hodson, 1999).
Criticism continues in the educational community that even minor
innovations, characteristic of recent science curricula, have resulted in
less change in instruction than might have been anticipated by
researchers. Whether the preferred implementation pattern for science
teachers in senior grades is of a fidelity, adaptation or enactment
orientation, a body of scholarly research on the pattern of implementation
that can be readily or routinely used by practitioners is simply not
available.

This research will be among the first studies in this area, collecting and
analyzing data on how teachers in the sample group implemented laptops into
biology curriculum. The review of the research literature available on
implementing laptops, desktops and science curricula over the time the teachers
in this sample were learning science and teaching science, provides a
perspective from which to view what these teachers attempted to do in their

classrooms and how they accomplished their objectives.

Chapter Summary

Researchers have observed that teachers with strong subject
matter knowledge tend to employ, or at least consider, more effective or
innovative teaching strategies (Becker, 1994; Davis, 2006) and confirmed
that biology teachers bring creativity and commitment to the

implementation of innovations in their classrooms (Simmie, 2007). In the
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enactment orientation requiring multiple simultaneous change for an
innovation to be successfully implemented, it is the individual teachers
who determine what innovations will be implemented and how they will be
implemented in the classroom.

Given the nature of science curricula, science teachers may have
more experience implementing curricula with fidelity and adaptation
orientations than implementing curricula with an enactment orientation.
Science teachers in the senior high school grades may have even less
experience with curricula requiring multiple simultaneous change in the
classroom and may have had less opportunity to develop the necessary
skills which insure a successful implementation in the enactment
orientation.

Certainly, researchers have identified senior science teachers as less
likely to integrate laptop computers and less likely to change their instructional
practices. Knowing why they are less likely to integrate innovations and less
likely to change their instructional strategies is the challenge, since in most
studies the voices of senior science teachers cannot be differentiated from their
colleagues in the junior and intermediate panels and from teachers in other
subject areas (Newhouse, 2001a; Newhouse & Rennie, 2001). It appears the
science teachers have many concerns which discourage them from integrating
computers into classroom instruction. Integrating computers into instruction

requires skills in dealing with multiple, complex changes and senior high school
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teachers are less likely than teachers in other subjects and other grades levels to
have had curricula that required them to develop these skills (Becker, 2000).

Gregoire Gill (2006) has raised the difficulties inherent in ascertaining how
teachers make decisions about teaching and learning despite the importance of
these curriculum and pedagogical decisions on their classrooms. This is an
important consideration since existing research indicates classroom teachers
largely determine if and how laptops will be integrated into instruction.
Researchers anticipated that laptop programs would have addressed many of
the concerns science teachers cite as discouraging them from integrating
previous forms of computer technology. They consistently anticipated that the
introduction of computers and then, laptops, would encourage teachers to alter
their teaching practices, leading to less teacher-centred instruction and more
student-centred instruction (Amankwatia, 2008; Inan et al., 2010; Mayer-Smith et
al., 1998). Nevertheless, under-utilisation of laptop technology and little change
in science instruction characterize teaching and learning in the senior grades of
high school.

This literature review has argued that science teachers are a special
population in the schools and that senior science teachers are a special
population among science teachers. Specifically, they have different patterns of
implementing laptop, and desktop computers into instruction and different
experience, and different skills from implementing science curricula than
teachers in other subject areas in the school. We might conclude that this lack of

experience with implementing curricula with an enactment orientation may
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account for the lower implementation of laptop computers since both require the
ability to manage multiple complex changes in the classroom. If so, there is
something we can examine during the interpretation of the results.

In reviewing the literature, quantitative research (Dunleavy, 2008; Inan &
Lowther, 2010b; Hakverdi, 2005) has identified the need for a body of
knowledge, pedagogy and theory on integrating computers in the context of
science instruction and science classrooms. Qualitative research (Erixon, 2010;
Varma et al., 2008; Windshitl & Sahi, 2002) has clearly identified that these
needs and the need to understand how science teachers make decisions about
integrating innovations have not been met and are ongoing. If this study is to
collect information, describe and interpret the perceptions and knowledge of
biology teachers with respect to the implementation process, it is not evident
from the research literature reviewed thus far how the study should be organized
to accomplish those goals. More detailed information on how the implementation
of innovations in classrooms has been carried out is required to provide a
framework for this study. Chapter Three outlines the development of the

Conceptual Framework for the study.
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CHAPTER THREE: CONCEPTUAL FRAMEWORK

The perceived lack of change in science education in the senior grades,
even with the introduction of laptop computers, raises the question as to how this
proposed study should proceed. The objectives of this study were to examine
the teachers’ perceptions of integrating laptop computers into high school biology
courses and to learn from the lived experiences of these early implementers. |
sought to build a conceptual structure, sufficiently robust and vigorous to
organize a study of teachers’ perceptions based on their lived experience while
integrating laptop computers in the complex setting of the senior science
classroom (Dottin, 2001; 1999), by examining a number of frameworks for
understanding the implementation of innovations.

Fullan & Park state that implementation is a multi-dimensional process.
Different types of change are necessary in order to ensure the integration of
innovation, including: the use of materials; and, the introduction of new teaching
approaches. They predicted that teachers who changed in only one or two
dimensions would achieve only minor changes in their classrooms (Fullan &
Park, 1981; Fullan, 1982). Connelly and Clandinin (1990) further reinforced the
importance of the teachers’ role, arguing that teachers were central figures in
change, and that changes in teacher perceptions must take place if change was

to occur. Researchers (Hakverdi, 2005; Mara, 2006; Newhouse, 2001a; Siegle &
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Foster, 2001) have thus realised the need for studies that wouid focus on
teachers’ understandings or perceptions of integrating innovations.

In searching for a conceptual framework for this study, a number of
models for educational change were examined in order to ascertain if they
focused on the parameters identified Chapter Two. | sought models that would
address or be capable of addressing the following: change initiated and
implemented by individual classroom teachers in their subject area with little or
no external assistance; the importance of the role of the individual teacher in the
integration of innovation during change; how teachers actually use innovations in
their classrooms; and, how the teachers would implement a poorly structured
innovation requiring multiple, simultaneous changes.

The following section examines the theoretical discourse that surrounds
change, implementation, the diffusion of innovations and a comprehensive list of
models that | considered as candidates for a conceptual framework for this study.
As well as establishing a background on the literature dealing with educational
change, increasingly | will focus on one model, the Concerns-Based Adoption
Model (CBAM) including: how it becomes pertinent to a study of teacher
perceptions; and how, in an amended form, it contributes to the development of

the conceptual framework of this study.

Change, Implementation and the Diffusion of Change: Theory and Models

It has been estimated that researchers developed at least 50 models for

studying change (Nitti, 2000), yet no pattern of systematic development of
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knowledge about change, and the implementation and diffusion of innovation
emerged from the 1950s to the 1990s. There was a recurring pattern of new
models developed for different policy initiatives and the use of these models for
research in schools and school systems, but these models resulted in little actual
change in classrooms (Anderson, 1997). From these 50 models, ten models
were selected because they have been identified in the literature as significant
models in the research on change (see Anderson, 1997; Cho, 1998; Marsh &
Willis, 1995; Miller & Seller,1990; and, Pinar et al., 1995). The ten models
selected for consideration as a conceptual framework for this study were:

The Research, Development and Diffusion Model (RD&D); the Center-Periphery
Model (CP); the Organizational Development Model (OD); the Concerns-Based
Adoption Model (CBAM); the Problem Solving Model; the Linkage Model; the
Rand Change Agent Model; the Innovation Profile Model (IP); the Denver

Curriculum Revision Model; and, the Eight-Year Study Model.

Change Models

Since | was interested in models that dealt with change, implementation
and the diffusion of an innovation, | began by examining a number of models
developed between 1958 and 1980 that have been identified in the literature as
models for studying these aspects of educational change. From the models
listed as externally motivated, top-down models, | selected four models which
might be used as a conceptual framework of the study: the Research

Development & Diffusion Model (Clark & Guba (1972); the Center-Periphery
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Model (Schon, 1971); the Organization Development Model (Schmuck & Runkel,
1972); and, the Concerns-Based Adoption Model (Hall & Loucks, 1978). As
explained above, in these models it is assumed that the motivation for change is
external to the teacher. | also chose to retain an interactive, middle-up model,
the Problem Solving Model (Marsh & Willis, 1995). The assumption of an
interactive middle-up model is that there will be some input by teacher

practitioners after the innovation is developed by experts.

Implementation Models
After selecting five change models for further study, | then examined a
number of models identified in the literature as implementation models.
According to Cho (1998), perspectives on the implementation of innovations can
be arranged on a continuum depending on amount of teacher input and the

complexity of the decisions teachers are required to make.

Table 3.1: Perspectives: Implementation Models

Fidelity Mutual Adaptation Enactment
Research Development & | Rand Change Agent Denver Curriculum Revision
Diffusion
Linkage Innovation Profile Eight Year Study
Concerns-Based Adoption | Organizational Development

>> >> Increasing teacher input >> >>

Adapted from Cho, 1998
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Implementation Models: Fidelity Perspective

First, | examined models with a fidelity perspective, characterized by
externally motivated and externally imposed, top-down implementations (Cho,
1998) and involving little or no teacher input. Prior to 1970, teams dominated
by scientists developed science curricula for the schools and it was assumed
that teachers would implement the curriculum provided to them in their
classrooms (White & Tischer, 1986). Teachers would use a simple pattern of
decision-making focused only on effective implementation of the innovations
provided by educational authorities, usually the Ministry and the school board
(Pinar et al., 1995). Three implementation models developed between 1965
and 1975 typify this perspective: the Research Development & Diffusion
Model, the Linkage Model, and the Concerns-Based Adoption Model (Cho,

1998).

Implementation Models: Mutual Adaptation Perspective

| then examined models with a mutual adaptation perspective,

characterized by an externally imposed middle-up dynamic (Cho, 1998). This

perspective requires that the external authorities allow modifications to the

innovation that has been designed by external experts for the classroom and also

requires more complex decision-making by teachers as they reshape or adapt

the innovation for their respective classrooms (Pinar et al., 1995). Science

curricula developed after 1970 were produced by teams which included science

educators, but were dominated by educational psychologists and experts in
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curriculum theory (White & Tischer, 1986). It waé expected that officials at the
systems level, such as subject co-ordinators, would have additional input to
adapt the prescribed curricula for the schools and that teachers would have
personal input in the adaption of new curricula for their classrooms. This
perspective recognized the complexity of the classroom settings for which the
curriculum was intended. Three middle-up models developed between 1972 and
1980, typify this type of implementation and were used to ascertain the extent to
which teachers had implemented a new curriculum: the Rand Change Agent
Model (Berman & McLaughlin, 1975), the Innovations Profile Model (IP)
(Leithwood & Montgomery, 1980), and the Organizational Development Model

(OD) (Cho, 1998), for a total of eight models.

Implementation Models: Enactment Perspective

| then examined models in the third implementation perspective, the
enactment perspective. This perspective is driven by an internally imposed,
bottom-up dynamic (Cho, 1998). Teacher decision-making is regarded as being
complex, focused on what will or will not be implemented, and how innovation will
be implemented in their classrooms. Implementation of innovations in most
subject areas and grade levels became more complex in the enactment
perspective. Unlike many models which focused on school systems or schools,
models in the enactment perspective focused on involving teachers in
implementing innovations in their classrooms (Pinar et al., 1995). The literature

(Cho, 1998; Snyder et al., 1992), and curriculum textbooks (Marsh & Willis, 1995;
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Miller & Seller, 1990; Pinar et al., 1995) point to the relatively old Denver Plan
(1920s) and the Eight-Year Study (1930s) for models to illustrate bottom-up
implementation by teachers in their classrooms. This brought the list of models |
considered to ten. However, there is some question as to whether contemporary
science curricula introduced into high schools would have required an enactment
style of implementation of the teachers and whether contemporary science
teachers in the senior grades have implemented innovations characteristic of this
perspective.

In summary, my selection of the ten models re-introduced the concepts of
externally driven top-down dynamics, mutual adaptation middle-up dynamics,
and bottom-up enactment dynamics, concepts originally introduced in Chapter
Two, the literature review. My examination of models introduced the concepts of
models used to study educational change and models used to study
implementation of innovations. It should be noted that these concepts are not
mutually exclusive and models do appear in more than one classification. For
example, CBAM appears as both a model for studying change and a model for
studying implementation. In fact, the body of research in North America, Europe
and Australia based on this model indicates that it performs beyond the original

parameters of its developers (Anderson, 1997).

Diffusion Models

| then turned to an examination of the models researchers have used to

study the diffusion of innovations, innovations such as the integration of laptop
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computers in senior science courses which is the focus of this study. No new
models were introduced. All the models for studying diffusion were among the
ten models selected for studying change and/or implementation of innovations.
Here the models have been sorted according to how they have been used to
study sources of the motivation for diffusion, external or internal to the teacher,
and whether the target for the diffusion studied is a school system, a school, or

an individual teacher. These relationships are spelled out in the following table.

Table 3.2: Models for Studying Diffusion

Externally Motivated Models Internal Motivation
Within School Systems Within schools Within teachers
RD&D Model OD Model CBAM

CP Model Problem Solving Mode!

CBAM is the only model that has been used to study change where the
motivation to change is internal to the teacher and the focus during change is the
individual teacher.

In summary, after a review of the literature on models used to study
educational change, implementation and diffusion, ten models frequently cited in
the literature were of interest: the Research, Development and Diffusion Model
(RD&D); the Center-Periphery Model (CP); the Organizational Development
Model (OD); the Concerns- Based Adoption Model (CBAM); the Problem Solving

Model; the Linkage Model; the Rand Change Agent Model; the Innovation Profile
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Model (IP); the Denver Curriculum Revision Model; and, the Eight-Year Study
Model.

Since | was looking for a robust model capable of studying change,
Implementation and the diffusion of an innovation, the models were examined
using that criterion. The Linkage Model, the Rand Agent Model, the Innovations
Profile Model, the Denver Curriculum Revision Model and the Eight-Year Study
Model were described only as implementation models (Cho, 1998) so they were
not of interest as a conceptual framework for this study, leaving five models. The
Center-Periphery Model (CP) and the Problem Solving Model were described as
models used for studying change and diffusion (Cho, 1998; Marsh & Willis, 1995)
but not implementation, so they were not of interest as a conceptual framework
for this study, leaving three models: the Research, Development and Diffusion

Model (RD&D), the Organizational Development Model (OD) and CBAM.

Table 3.3: Summary

Models Change Implementation Diffusion

RD&D v

cpP

oD

ANAN

CBAM

ANANANANEN
ANRNANANEN

Problem Solving

Linkage

Rand

P

Denver

ANBRNRNANAN

Eight-Year

Models Focus, Large-Scale Studies Individual Teachers

RD&D v

oD v

CBAM v
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Since | was searching for a model capable of studying teacher-initiated
change, implemented and sustained by classroom teachers, the remaining three
models were examined against these criteria. First | examined the RD&D Model
which, while widely used for educational research on change, is not credited with
producing change at the classroom level. It is identified as a change model
(Marsh & Willis, 1995), an implementation model in the fidelity perspective (Cho,
1998) and, it is also identified as a model for studying the diffusion within school
systems of an externally motivated innovation (Schumacher, 1972). The model,
in fact, describes an active and widely spread dispersal of an innovation that is
better defined as dissemination (Kelly, 1982). Since diffusion implies the natural
movement of an innovation from areas where it has become highly used to areas
where it is not being used, this model might be more accurately described as the
Research, Development and Dissemination Model and, as such, is not a useful
model for studying the diffusion of an innovation. As the RD&D model assumes
an externally imposed innovation, designed by expert researchers and an active,
pre-planned dissemination process in school systems, the Research,
Development and Diffusion Model is not a helpful conceptual framework for
studying individual teachers as they initiate and implement a poorly structured
innovation in their classrooms which is the focus of the present study.

The second model | investigated was the Organizational Development
Model (OD) (Schmuck & Runkel, 1972), identified by Marsh & Willis (1995) as an

externally motivated, top-down change model. The OD Model is also identified
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as an implementation model with a mutual adaptation orientation (Cho, 1998).
Diffusion models where the motivation for innovation originates from internal
influences within schools, include models that focus on schools and models that
focus on individual teachers. The Organizational Development Model is
identified as a model for studying the diffusion of an innovation in schools and is
used for large-scale studies. It was not developed to focus on the perspective of
individual teachers (Anderson, 1997) and, therefore is not a suitable model for
this study.

Having eliminated two of the three remaining models, the model that
remained was CBAM, and | will now focus in more detail on this model which has

particular applicability to the data captured and addressed by the present study.

The Concerns-Based Adoption Model (CBAM)

The last model, the Concerns-Based Adoption Model (CBAM), is identified
as a model to study externally motivated, top-down change (Marsh & Willis,
1995) facilitated by an agent who understands the innovation being implemented
from the point of view of the teachers (Surry, 1997). CBAM was developed by
Hall & Loucks (1978) and is associated with the University of Texas at Austin.
The model originally had three diagnostic tools and | will deal with them in order:
Stages of Concern (SoC); Levels of Use (LoU) and Innovation Configuration (IC).

This model identifies various levels of teacher concerns about an
innovation (Stages of Concern), examines how the teacher is using the

innovation in the classroom, and describes teacher behaviour during the
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implementation process (lL.evels of Use). A third component of CBAM, Innovation
Configuration, recognizes how different an innovation may appear to researchers
when implemented by individual teachers in their own classroom. Organized as
a rubric with ideal, acceptable, and unacceptable categories, an Innovation
Configuration might include a number of factors such as: the necessary
resources and conditions to implement the innovation, six to eight characteristics
of the innovation; and, descriptions of how the characteristics have been
implemented (Horsley & Loucks-Horsley, 1998). CBAM is considered primarily a
descriptive and predictive model (Anderson, 1997) which can help teachers, and
those who assist teachers, in implementing innovations by helping teachers
develop effective strategies for their classrooms.

Horsley and Loucks-Horsley (1998) state that CBAM is based on a
number of assumptions: 1) change is a process, rather than an event, that occurs
when teachers are given an innovation to implement; 2) the process is a personal
experience, and teachers experience the change in their own unique way; 3) the
result of a successful implementation of an innovation requires a change in the
classroom practices of individual teachers; 4) individual teachers must change
before schools or school systems can change; 5) teacher change is a
developmental process that occurs in stages and which involves not only growth
in knowledge and use of skills, but also the development of a set of personal
feelings towards the innovation (Horsley & Loucks-Horsley, 1998). For the
successful integration and diffusion of an innovation to take place, initial activities

should thus be directed toward meeting the concerns of the individual teachers.
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The originators of this model have noted that it is difficult for researchers to
ascertain teachers’ perceptions about the integration and diffusion of an
innovation and designed CBAM to assist in identifying the nature of teachers’

concerns.

Hall et al. (1997) maintained that the individual teachers
make decisions about degrees of acceptance or rejections of
a specific innovation, and they do so, not because of the public
reasons usually given, but because of the specific concerns
that they develop as they become involved with the innovation.
(Marsh & Willis, 1995 p154)
The CBAM model conceptualizes teachers’ concerns as having seven
major focuses, which constitute a developmental sequence (Bagby, 2007) that

can be metaphorically represented as climbing a set of stairs while exploring the

teachers perceptions of their experiences:

Table 3.4: CBAM: Seven Stages of Concern

7 Refocusing: Is there anything

else that’s better?

6 Collaboration: It's working fine, but
how do others do it?

5 Consequence: Is this working? s it worth it?

4 Management: How can | master the skills and fit it in?

3 Personal: How does this impact me? What's my plan to do it?

2 Information: How does it work?
1 Awareness: What is it?
0 Unrelated concerns
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Adapted from Sweeney, 2003

Information for the Stages of Concern portion of CBAM is collected by
having teachers complete a 35-item questionnaire. If researchers decide to use
the Stages of Concern Questionnaire to collect data, for copyright reasons, they
must obtain permission to adapt the questionnaire for their study. First, there are
Unrelated Concerns, where teachers may be aware of the innovation but are not
concerned about how the innovation would affect their own classrooms. This
stage is followed by Personal Concerns (Awareness, Information, Personal),
where the teachers are aware of the impact of the innovation on their personal
situation and are concerned about how the innovation compares to their present
practices. These concerns are followed by Task-related Concerns
(Management, Consequence), where the introduction and application of the
innovation in the classroom is the basis of their concerns. Finally, there are
Impact-Related Concerns (Collaboration, Refocusing) where teachers’ concerns
regarding the innovation extend beyond their personal concerns or their
classroom, to how other teachers are implementing the innovation. Teachers’
concerns at this final level might include the following questions: What are the
consequences for the students? How are other teachers implementing the
program? What is the future impact of this innovation? (Hall & Hord, 2001; Hord
et al., 1987).

The Concerns-Based Adoption Model (CBAM) (Hall et al., 1975) is also

identified as an implementation model with a fidelity orientation (Cho, 1998). As
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an implementation model, the Levels of Use of the innovation (LoU) portion of

CBAM can be used to study the performance of the teachers while using the

innovation. To study the fidelity of the implementation, Levels of Use also collects

information from teachers on how they are using the innovation in their specific

classrooms and the descriptions they provide of their behaviour during the

implementation. This information is collected through a questionnaire which is

administered to individual teachers by the researcher. For copyright reasons, if a

researcher wishes to use the Levels of Use Questionnaire to collect data,

permission must be sought to adapt the questionnaire to the research study.

Levels of Use describe the teachers’ developmental progression in

acquiring new skills as they attempt to use the innovation. The model

acknowledges the possibility of non-utilization and identifies six observably

different types of behaviour and patterns of use.

Table 3.5: CBAM: Six Levels of Use

6

Renewal: where the teachers are re-evaluating the quality of their use
of the innovation. They are examining modifications of the present
innovation, new developments in the field, and exploring new goals for
themselves and the system.

Integration: where the teachers are combining their personal efforts to
use the innovation with the related activities of their colleagues to
achieve a collective impact on students within their sphere of influence.

Routine and Refinement:

4A Routine: the teachers’ use of the innovation has stabilized. Few
changes are being made on an ongoing basis, but little preparation or
thought is being given to improving the use of the innovation or the
consequences of using the innovation.
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4B Refinement: the teachers are varying the use of the innovation to
increase the impact on the students in the classroom. Variations are
based on the teachers’ knowledge of short and long-term
consequences for the students’ learning.

3 Mechanical use: The teachers are focusing most of their efforts on the
short term, day-to-day use of the innovation and have little time for
reflection. Changes are made more to meet the needs of the teachers
than for the benefit of the students. Teachers are attempting to master
the tasks required as they teach, often resulting in disjointed and
superficial use of the innovation.

2 Preparation: where the teachers are preparing for the first use of the
innovation.

1 Orientation: where teachers are acquiring knowledge of the innovation

and are exploring its values and its demands upon them and their
classrooms.

0 Non-use: where the teachers have little or no knowledge of the
innovation, no involvement with the innovation and are doing nothing
toward becoming involved in it.

Adapted from: Hall, et al., 1975; Hall & Hord, 1987

CBAM is also identified as a model for studying diffusion where the
motivation for the innovation originates from internal influences within teachers,
and where the focus is on the individual teachers (Hall et al., 1975). Awareness
of the diffusion of the innovation is evident in the Stages of Concern (SoC), the
Levels of Use (LoU), and the Innovation Configuration (IC) concerns about how
the innovation looks in other teachers’ classrooms. Of the seven Stages of
Concern, the highest stages, Collaboration and Consolidation, deal with the
effect of the innovation on others. These are impact-related concerns in which
teachers’ perceptions of the innovation extend beyond their personal or

management concerns to how other teachers are managing the innovation.
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Teachers’ concerns at this level might be expected to include questions such as
the following: How are other teachers implementing the innovation? What is the
future impact of this innovation? (Hall & Hord, 2001; Hord et al., 1987).

Of the six Levels of Use, researchers can use to observe different types of
behaviour and patterns of use, the highest two levels, Five and Six, deal with the
innovation and other teachers. At the Integration Level, Level Five, the model
anticipates teachers are combining their personal efforts to use the innovation
with the related activities of their colleagues to achieve a collective impact on the
students. At the Renewal Level, Level Six, the model anticipates that teachers
are re-evaluating the quality of their use of the innovation. At this final level the
teachers are examining possible modifications of the present innovation, new
developments in the field and exploring new goals for themselves, the school and

the system.
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FIGURE 3.2 THE CONCERNS BASED ADOPTION MODEL
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As | view it, CBAM focuses on the perceptions and lived experiences of
individual teachers as they encounter innovation and operates as a change
model (SoC), an implementation model (LoU), and at its highest levels (SoC and
LoU) provides information about the diffusion of an innovation to other teachers.
As well, CBAM can be used to describe how the innovation looks to researchers
when implemented by individual teachers in their classrooms. For all these
reasons, | consider CBAM a helpful conceptual framework for this study, a model

that | amend in the following pages.

From the original count of 50 models used to study educational change

referenced at the beginning of this chapter, we have focused on CBAM,
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recognizing that this is model that has been used extensively to study
educational change and which has performed beyond the parameters of its
original developers. As we go forward with this dissertation CBAM will be used,
not as originally envisioned as a quantitative predictive model, but as a
descriptive model (Anderson, 1997): a descriptive model robust enough to
explore individual teacher perceptions, their lived experiences, and form the
basis of rubrics to guide the qualitative analysis of change as teachers integrate

an innovation, in this case laptop computers, into their biology classrooms.

CBAM Amended

Although CBAM was originally designed to measure, describe and explain
externally motivated, top-down change, with facilitators to assist the teachers
during the change process, as well as a fidelity approach to implementation of
the innovation, the body of research in North America, Europe and Australia
based on this model indicates that it performs beyond the original parameters of
its developers (Anderson, 1997). Even so, | am not recommending that CBAM
be used as originally designed by its developers, but that it be amended for the
following reasons.

Despite the volume of research based on this model, a number of
criticisms of CBAM's functioning have not been resolved. Researchers have
found integrating data provided by the first three diagnostic tools, Stages of
Concern, Levels of Use, and Innovation Configuration, has proven difficult

(Anderson, 1997). In addition to this concern, Anderson describes the general

65



pattern of use of this model as follows: most CBAM research uses only the first
diagnostic tool, Stages of Concern about a change; a few research studies use
the second diagnostic tool, Levels of Use; even fewer research studies use both
the first and second diagnostic tools: and, almost none of the research uses the
third diagnostic tool, Innovation Configuration. Slough and Chamblee (2007)
also note very few research studies actually use the entire CBAM model to study
the integration of technology.

Slough and Chamblee (2007) also make two other relevant critiques of
CBAM research: almost all studies are short in duration; and the research studies
document successful modification of lower-level concerns using CBAM, but do
not document successful modification of higher-level concerns. Bermel (2008)
also notes the lack of empirical studies on the higher levels of use in CBAM.
These higher levels, particularly refining and refocusing, were an important part
of her study, and | anticipate will be a concern for this study as well.

Academics have criticized a number of other aspects of CBAM, including:
the predictive qualities of the model; the reliability of the results obtained; and,
the type of change CBAM can be used to study. CBAM assumes facilitators can
assist teachers through the implementation process, yet the Levels of Use
represent a possible, not a definitive progression in teachers’ use and
behaviours. As a result, the predictive aspect of the model is weak since it does
not predict what interventions a facilitator should make to successfully maintain
the teachers’ progress toward the fidelity of use required for a successful

implementation of an innovation (Anderson, 1997). Anderson also addresses
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concerns that CBAM might best be used for investigating well-structured
innovations rather than poorly structured innovations. Technology, as an
example, is not a well-structured innovation but a poorly structured innovation, a
constantly changing innovation that presents teachers with a continuous series of
problems concerning implementation and diffusion (Slough & Chamblee, 2007).
In addition, academics have criticized the reliability and validity of quantitative
results obtained using CBAM when, as the quantitative data collected often
indicates that large numbers of teachers decide not to integrate the innovation.

In response to such criticism, in the 1980s Hall & Loucks (1978) added a fourth,
and last dimension, qualitative interviews, to the original CBAM model to

augment the quantitative data the model provided (Anderson, 1997).

In summary, in most CBAM research only part of the model is used, or
CBAM is used and an amended model is presented at the end of the study
(Bermel, 2008; Newhouse, 1997), or CBAM is modified prior to the study
(Christou, et al., 2004; Davis & Roblyer, 2005; King, 2003; Shotsberger &
Crawford. 1996; Slough, 1997), or CBAM is augmented by another model
(Osborne, 1993; Slough & Chamblee, 2007; Surry, 1997) in order to study
different types of educational change. Although CBAM functions beyond the
original perspective of its developers (Anderson, 1997) and has particular
applicability to the data captured and addressed by the present study, CBAM as
it was originally designed was not chosen as the conceptual framework of this
study. Instead, | chose the fourth dimension added to CBAM, interviews with

teachers, but | also used aspects of the original CBAM as a useful guide: to
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maintain the focus on the perceptions of individual teachers undertaking change;
and, to emphasize the importance of listening to, and hearing what the teachers
are saying about their experiences (Donovan, 2007). So, although CBAM was
not used for its original quantitative or diagnostic purposes, | developed rubrics
for a qualitative analysis of teacher perceptions (SoC), their experiences with the
complex changes they undertook (LoU), and what the integration of laptops
looked like when new teaching materials were implemented in their individual
classrooms (IC).

The importance of teachers’ perceptions about what is encountered during
the implementation of an innovation and the interpretations the teachers ascribe
to what they experienced has been recognized for some time (Snyder et al.,
1992), and leads to my first research question:

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

Quantitiative researchers, including Hakverdi (2005) and Dunleavy &
Heinecke (2008), and qualitative researchers, including Siegle & Foster (2001),
Tebbutt (1999) and Windshitl & Sahl (2002) have recommended that teachers’
perceptions about changing instructional practices, their role during changes, and
how they actually use the innovation in their classrooms should be documented.
The remaining research questions address these recommendations as this
research has yet to be carried out for science teachers in the senior grades of

high school.

68



Question Two: how do senior grade biology teachers perceive and
introduce new teaching approaches integrating laptop computers into high

school biology programs?

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology

programs?

CBAM Amended: The Conceptual Framework for the Study
The conceptual framework for the study, developed from the research

questions and using aspects of CBAM is presented in Figure 3.3.
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Chapter Summary

From the second chapter, the Literature Review, | determined that this
study examines a bottom-up, teacher—initiated change requiring a complex
pattern of decision making on the part of the teachers if they are to integrate
laptop computers successfully into instruction. The implementation of laptop
computers into instruction is not a well-structured change but one that continues
to evolve with the introduction of new hardware, software, curricula, and teaching
assignments. Diffusion of this innovation between teachers appears to be slow,
and while it has been hypothesized that teachers might need time, opportunity,
and/or a change in pedagogy, the factors that influence diffusion of the
integration of laptop computers between teachers is not well understood.

In this chapter, the Conceptual Framework, | examined the literature on
change for a model that would be sufficiently robust and vigorous to organize a
study of teachers’ perceptions and experience of integrating laptop computers
into the complex setting of the senior science classroom. After examining ten
models identified as significant models in the literature and the research on
change, | eliminated seven models which did not deal with change,
implementation and diffusion of an innovation. After a detailed examination of
the three remaining models, which did deal with change, implementation and
diffusion of an innovation, two were eliminated because they dealt with well-
structured innovations, designed for the teachers by experts. Innovations which
were then dispersed through a pre-planned dissemination process to school

systems and schools. These were not suitable models for a study of a poorly
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structured teacher-initiated change, requiring a multiple, simultaneous pattern of
decision making by individual teachers to integrate laptop computers into
instruction in their classrooms. The fourth model, CBAM, described as the most
robust, empirically grounded model developed by researchers in the area of
educational change (Anderson, 1997), was the only model which met most of
these criteria (Hali et al., 1975).

CBAM does focus on individual teachers’ perceptions about change,
whether the innovation was being used in the classroom, and provides
information on the diffusion of an innovation among teachers. CBAM has three
diagnostic dimensions to its structure: Stages of Concern; Levels of Use; and,
Innovation Configuration. Criticisms about the functioning of CBAM resulted in
the later addition of a fourth tool, qualitative interviews, to augment the
quantitative data the model provided (Anderson, 1997). | decided the original
CBAM as designed by its developers was not a suitable conceptual framework
for this study. Since qualitative data acknowledges that teachers construct much
of what they learn and understand as a result of their professional experience
(Hewson et al., 1999), | decided to amend the original CBAM by adding research
questions to the model, and to conduct a qualitative descriptive study based on
the research questions.

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?
Question Two: How do senior grade biology teachers perceive and

introduce new teaching approaches when integrating laptop computers
into high school biology programs?
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Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?

Further information on the rationale for this decision and an explanation on

how the study was organized and put into practice are developed in the next

chapter, Chapter Four, Methodology.
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CHAPTER FOUR: METHODOLOGY

In Chapter Two, the Literature Review, the objectives of the study were
identified as examining the perceptions of teachers concerning the
implementation of laptop technology in high school biology courses and providing
an opportunity to learn from their experiences. Three research questions were
developed to meet these objectives.

Question One: How do senior grade biology teachers perceive the integration of
laptop computers into senior biology programs?

Question Two: How do senior grade biology teachers perceive and introduce
new teaching approaches when integrating laptop computers into high school
biology programs?

Question Three: What new teaching materials do senior grade biology teachers
use when integrating laptop computers into high school biology programs?

In Chapter Three, the Conceptual Framework, these research questions were
incorporated into a model, the Concerns-Based Adoption Model (CBAM), a
model capable of focusing the research on the perceptions of the teachers and
their lived experiences (Donovan, 2007). A qualitative descriptive research

design was chosen for the reasons outlined in the next section.

Design of the Study
Qualitative Research

Qualitative research can be used to collect data on “how” and “what”
questions as listed above and where the researcher has no control over the
actual event being studied (Yin, 1994). As Stake observes, qualitative research

can be used to study phenomena that take a long time to happen and which
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evolve along the way. He also notes that it often takes a long time to understand
what it going on. (Stake, 1995, p. 45, 46). Within qualitative research there are
many strategies for inquiry, from case studies to grounded theory. For this

research | chose a descriptive study.

Descriptive Study

A descriptive study was appropriate for research designed to describe
teachers’ perceptions concerning the implementation of laptop technology in high
school biology courses and provided the opportunity for participants to learn from
their experiences. Descriptive studies have greatly increased knowledge of what
goes on in schools (Gall et al., 1996), since they explore actions, events, frames
of reference, and processes in natural settings such as classrooms. This
descriptive study stresses the importance of the context in which biology
teachers teach, their perceptions, and seeks to hear their voices and understand
their lived experiences as they integrate laptop computers into their high school
biology programs (Marshall & Rossman, 2006).

Although | have identified strengths and limitations to the design of the
study later in this chapter, a qualitative descriptive study was chosen despite the
limitations, since it allowed for a study focused on teachers’ perceptions and
experiences of integrating laptop computers into their biology courses. The
descriptive approach ensured that the research was conducted in a manner that
captured the perceptions and experiences of the teachers. Multiple sources of

information were sought at each site: three semi-structured interviews, informal
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interviews; follow-up questions; and, the collection of new teaching materials the
teachers had prepared. An intense analysis of the data followed the data

collection (Seidamn, 2006)

Data Collection

Having chosen to conduct a descriptive study, appropriate strategies for
collecting data were selected. Three semi-structured one hour interviews were
conducted with each teacher (see Appendix C). The first interview was used to
review teacher background, to gather teachers’ perceptions and information on
changes in teaching approaches and the use of new instructional materials. The
second interview was used to gather the teachers’ perceptions about integrating
laptops into instruction and new teaching material prepared by the teachers was
requested. The third interview was used to explore the teachers’ perceptions of
their future plans to integrate laptops into their teaching, and their opinion of the
possibility that other biology teachers would integrate laptops into instruction.
Follow-up questions and additional informal interviews were used to investigate
any remaining issues. The data were collected at the sites over a period of

seven months during 2007.

Interviews were scheduled to accommodate the teachers’ individual
schedules and responsibilities. In most cases a teacher’s interviews were about
a week apart which required three trips to the school. The teachers chose the

location for their interviews. In most cases they chose science labs or science
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offices attached to labs. In other cases they chose another office, or a
conference room, or some other location. An electronic recorder, a tape
recorder, and voice recognition software were used to prepare transcripts of the

data collected.

Gregoire Gill (2006) acknowledges the importance of perceptions on
curricular and pedagogical decisions affecting classrooms, but discusses the
difficulty researchers face in ascertaining the effect of these perceptions and
experiences on instruction and learning. According to Gregoire Gill, interviews, a
common method of collecting such information can be viewed as problematical.
However, Marshall and Rossman (2006) state that in-depth interviews can be
used as a method of collecting information about perceptions and experiences,
and as the sole source of collecting data, if the subjective view of events is what
is important, and if the purpose of the study is to uncover and describe the
teachers’ perspectives. Seidman (2006) supports this view, stating that
interviewing not only provides the context of teachers’ behaviour, but also
provides the researcher with a means of understanding that behaviour.

Every research method has its limits and strengths. In-depth

interviewing's strength is that through it we can come to

understand the details of people’s experience from their point

of view. We can see how their individual experience interacts

with powerful social and organizational forces that pervade the

context in which they live and work, and we can discover the

interconnections among people who live and work in a shared
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context (Seidman, 2006, p.130).

Pertinent to this study, Marshall & Ross (2006) list the strengths of
interviews, such as: fostering face-to-face interactions with participants; useful for
uncovering participants’ perspectives; facilitating immediate follow-up for
clarification; useful for describing complex interactions; facilitating discovery of
nuances in culture; facilitating analysis, validity checks and triangulation; and for
obtaining a large amount of data quickly.

This study relies on previous research, largely quantitative in nature,
which identified science teachers as a special population within schools, slow to
integrate laptop computers into instruction especially in the senior grades, and
which recommended further qualitative research to explore teacher’s
perspectives of what was happening in their classroom (Becker, 1994; Hakverdi,
2005. As Bain and Weston (2009) observe, the problem was analyzed a decade
ago. This study relies on previous research, largely qualitative in nature, which
identified that teachers need information about integrating laptops into instruction
and a better understanding of the processes if they are to succeed, and that a
decade later, these needs are not being met ( Dunleavy & Heinecke, 2007;
Tebbutt, 1999).

Building on this previous research, | chose a qualitative, descriptive design
for this study and a purposeful sample of ten senior grade biology teachers,
instead of identifying the nature of the research problem and the nature of the a

sample by quantitative means. Mindful of Anderson’s 1997 critique of CBAM,
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that it identifies many teachers who are not implementing the innovation being
studied, that the existence of these teacher further erodes the quantitative and
predictive functions of the model, and, that CBAM is probably best suited for well-
structured innovations, | did not consider using the original three quantitative,
diagnostic, dimensions of the model. Scott (2008) discusses in considerable
detail the difficulties of using the quantitative, diagnostics aspects of CBAM in a
study of an unstructured innovation which continues to evolve as it is
implemented, where how the innovation should be used and what it will look like
when implemented has not been established for the teachers. The study might
have been stronger if it had included a quantitative aspect instead of relying on
previous research to establish a problem, the context, and the sample that
should be studied.

| chose instead to use the fourth dimension added to CBAM, interviews,
and to focus on the needs of the teachers previous researchers had identified
and were indicating had not yet been met. | developed a qualitative, descriptive
design for the study, and used in-depth interviews to collect data from the
teachers, in order to explore the perceptions and meaning the teachers ascribe

to their experience (Marshall & Ross. 2006; Seidman, 2006).

Site Selection

A purposeful sample (Merriam, 1988) was sought of ten Ontario teachers
who were teaching biology in the final two years of high school, in laptop

environments where teachers and students have access to personal laptops and
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the same software. Sites were sought where laptops were being used with a
range of software including probes and data-bases, with a view to enhancing the
learning of science, rather than simply being used as word processing and
presentation tools (Stolarchuk, 2001a). A group of biology teachers was sought
because this is the subject in which | have the most academic (B. Sc.),
professional (Honours Specialist Certificate), and teaching experience (grade 13
biology, OAC/12 biology, grade 11 biology, 1B higher level biology, IB subsidiary
biology). Since we shared similar academic and professional backgrounds, the
teachers could discuss their perception of change in a context where we might
share a similar level of understanding.

Five school boards were considered for this study, with a total of nine
schools believed to have laptop programs. Further investigation revealed that for
three of the boards, biology, as a subject in grade 11 and 12, had not been
included in their laptop programs. Correspondence and a total of six visits to the
other two school board offices did not result in permission to approach any of
their teachers within the seven months that data were being collected, even
though one of the boards allowed me to visit two high schools with laptop
programs and meet with administrators.

First, letters of permission were issued to directors of education with
copies of sample letters of consent for principals, and teachers (Appendix D).
Where permission was granted by the director of education, principals of high
schools with laptop programs were issued with letters of permission and sample

letters of consent for teachers (Appendix D). As stated, this process did not
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result in any teachers for the sample during the seven months that data were
being collected.

In addition to the school boards, independent schools, believed to have
laptop programs were approached with an invitation to have their biology
teachers participate in the study. Letters of permission were issued to the heads
of the independent schools with sample letters of consent for teachers (Appendix
D). Three of these schools determined that their laptop program did not meet the
definition to be used in this study and two schools did not reply within the seven
months that data were being collected. The independent schools which did
participate were in Ontario.

Consent was obtained from all persons who contributed to this research.
Written permission to approach teachers was issued by the heads of the seven
schools that agreed to participate. In some cases, the heads identified the
biology teachers who had agreed to participate. In most cases | was directed to
a department head or another administrator at the secondary school level and |
met and worked through that person. Whatever the system the school used to
disseminate the information | provided about the study, ten teachers volunteered
participate. Sometimes the sample letter of consent for teachers (Appendix D)
had been passed on to the teacher, but in all cases the letter was discussed with
the teacher, and signed by the teacher and the researcher, prior to the first
interview.

This chapter recounts how the teachers who participated in the research

described themselves. These descriptions allow readers to determine the
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usefulness of the teachers’ perceptions and experiences as they changed their
instruction as they integrated laptop computers in their classrooms. The
teachers are presented in random order and have been given pseudonyms to
protect their identity: Adele, Keith, Xandra, Darby, Audrey, Zoe, Ross, Samantha,
Richard and Kenneth.

The teachers represented by these pseudonyms, Adele, Keith, Xandra
and the others, in a sense do not exist. Describing the teachers’ perceptions and
actions, no matter how carefully executed, must reflect the ongoing decisions
required of the researcher while analyzing and presenting the data. Darby,
Audrey, Zoe, and the others, are necessarily a blend of the teachers interviewed

and the role of the researcher in a descriptive case study.

Background of the Participating Teachers

| sought a purposeful sample of ten Ontario teachers who were teaching
biology in the final two years of high school in laptop environments where
teachers and students both had access to laptops and the same software. |
sought teachers who were using laptops with a wide range of software with the
objective of enhancing science instruction, not just using laptops for word
processing and presentation tools. The teachers in this purposeful sample were
successful early innovators (Clark, 2006; Feldman, 2004). It is important to note
in the following descriptions that none of the teachers taught the same course in

the same school as one another.
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Adele: Background

Adele is in her fourteenth year of teaching at her school and has taught
five science courses at the intermediate and senior levels, including Biology 11
and Biology 12. The laptop program started with the grade 9 classes, eight years
ago. Although she did not teach grade 9 Science that year, her first contact with
the laptop program was to help redesign biology units for the grade 9 Science
course. In the third year of the laptop program the laptops had been introduced
in grade 11 and she was teaching Biology 11 that year. In the fourth year of the
program, the laptops were introduced into grade 12 and she was teaching
Biology 11 and Biology 12 that year. She has participated in the laptop program
every year since, and this year, as well as teaching Biology 12 she, with another
colleague, has students who are preparing to write Advanced Placement (AP)
papers in Biology.

She had not had a lot of experience with computer technology prior to
teaching and was not actively involved with using the desktop computers or the
computer science labs which predated the laptop computer program at the
school. She described her background as:

Very basic, and it was fourteen years ago so there wasn’t, didn't

seem to be, a lot out there at the time. Just word processing,

pretty much (Adele, 1-43).

After the initial experience helping to redesign grade 9 Science units for use with
the laptops, she was able to observe other teachers implementing the laptop

program in grades 9 and 10 before she began implementing the laptops in
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Biology 11. By that time the students in grade 11 had completed two years in the
laptop program.

Adele has an undergraduate degree in science from an Ontario University
and has completed additional undergraduate courses in physics, radiation
biology, physiology and neural anatomy. She completed her teacher education
at a Canadian university and did her practice teaching in Ontario and the United
States. Since graduation she has completed an additional qualifications course
in teaching English as a Second Language and an Honours Specialist Certificate
in Science.

She has had the opportunity to attend workshops to assist her with the
integration of laptops. One workshop in the United States, while not specifically
on laptop computers, was deemed useful as it dealt with technology associated
with the use of laptops.

I went (to the USA) to a science and math conference ...

Fabulous conference, a week long ... Didn’t actually get a lot

from it for the laptop program but for technology in other ways.

We got a lot of information about that, not necessarily laptops.

At that time we had just been developing units of study using

laptops as a tool (Adele, | - 71).

Keith: Background

Keith is in his twenty-sixth year of teaching at the school and has taught

five science courses at the intermediate and senior levels, including Biology 11
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and Biology 12, as well as courses in computer science. He has taught in the
laptop program since its inception eight years ago. At the time of this study he
was teaching Biology 12, a grade 11 computer science course, and one of the
units in grade 10 Science. He has Grade 12 students who are preparing to write
AP Biology.

Prior to teaching at this school he had experience with computer
technology while writing his master’s thesis and had taught a first year computer
science course at a local community college. He was actively involved with the
planning and wiring of the school which sustained the computer technology, the
desktop computers and the computer science labs, which predated the laptop
computer program.

Keith has an undergraduate degree in zoology and a master's degree in
biology from an Ontario university. He has completed five additional courses in
computer science at the undergraduate level as well as a professional
development course at another Ontario university in the late 1980s which
included: an examination of how schools might become laptop communities; the
role of laptops in schools; and, the costs associated with laptop programs. He
was also selected to attend a biotechnology course at a third Ontario University.

There was a call for educators to take this special biotechnology

course which had been created by the university, fully funded.

They brought in educators from across Canada, | think 18 were

chosen. Essentially what we did was listen to cutting edge

university professors in the morning and then did labs in the
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afternoon. We visited research facilities in Ottawa and Montreal,

looked at their facilities and got to talk to their people.

Essentially it got us up to speed with the science at the time.

(Keith, Il — 387).

In the late 1990s, Keith enjoyed an opportunity to help plan and teach a
series of summer professional development courses for Ontario teachers in
laptop programs. At that time, the focus was on teaching computer skills rather

than how to teach science with laptop computers.

Xandra: Background

Xandra has been teaching for fourteen yéars. In addition to her ten years
of experience in Ontario schools, she has taught at international schools in
Europe and Asia. She has taught seven different Ontario high school science
courses and has prepared students for Standard and Higher Level biology
papers in the International Baccalaureate (IB) program. She is currently teaching
Biology 11 and 12 and one section of grade 10 Science. She has been teaching
in this school’s laptop program since her arrival back in Canada five years ago.

She learned to type and signed up for a course in WordPerfect at
university which helped her as she started working with desktop computers. She
had some experience teaching science with desktop computers at her previous
school in Ontario and at both international schools. In her last year at the
international school in Asia, a subsidy program was introduced which

encouraged her to purchase a personal laptop computer.
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Xandra has an undergraduate degree in science from an Ontario
University. She completed her teacher education at an Ontario university and did
her practice teaching in the province of Ontario. Since graduation she has
completed additional qualifications courses, including: English as a Second
Language; Mathematics; and, an Honours Specialist Certificate in Science. She
has also completed Additional Basic Qualifications for the Junior and
Intermediate panels. She has had the opportunity to attend a course in
biotechnology sponsored by the labs of an Ontario hospital, and three or four
International Baccalaureate (IB) Biology workshops. Presently, Xandra has
students preparing to write IB Biology papers at both Standard and Higher Levels
and she is an IB Biology marker which means examination papers are sent to her
from other IB schools around the world for her to mark. She is currently

completing a leadership diploma at an educational institute in Ontario.

Darby: Background

Darby is in her sixth year of teaching, all at her present school. Her
undergraduate degree, from a Faculty of Engineering at an Ontario university, is
in biotechnology. After some initial co-op placements in engineering, she
decided on a career in teaching and completed a degree in the Faculty of
Education at the same university. She has taught fourteen different courses from
grade 8 to grade 12/OAC over her six years at the school: six of these courses
were science courses. She has taught in the laptop program since coming to the

school and is currently teaching Biology 11 and 12. She has students who are
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preparing to write IB Biology at the higher and standard levels. Like Xandra, she
is an IB marker in Biology and marks examination papers from IB schools around
the world.

As an undergraduate she completed a course in computer programming
and felt she had gained a general understanding of computers by that time.
Between her undergraduate degree and attending the Faculty of Education, she
was employed temporarily in a government department dealing with health. She
used computers for word processing, producing PowerPoint presentations, and
accessing data-bases. She does not recall any professional development being
provided, but notes that she has always been comfortable dealing with
computers.

I am from one of the first generations where it is intuitive. | can

figure it out (Darby, | - 65).

There was no laptop program when she was completing her teaching
degree, although some students owned laptops and desktop computers were
available. Darby completed her practice teaching in Ontario, and at one of the
schools there was technology available which could have been used with

computers, but the associate teacher did not use it.

Audrey: Background

Audrey is in her eighth year of teaching at the high school level. She also

has experience in an early childhood education environment and experience as a
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teaching assistant for science undergraduates and medical students in university
environments. She has taught science courses from grades 9-12 over the years,
including Biology 11 and Biology 12. When she joined the school in 2000-2001
the grade 11s had already used laptops in grades 9 and 10, and Biology 11,
which she was teaching that year, was included in the laptop program. In
retrospect, she feels the laptops were used mainly for attendance and posting
homework sheets. She did not perceive an expectation that they would be used
for instruction and commented that it took her two years to realize what
involvement in a laptop program meant for student learning. It was at that point
she began to initiate changes. She has participated in the laptop program since
2000-2001 and was teaching Biology 11 at the time of the study.

She had no experience with computers during her own high school years,
but used them for mapping as part of her studies in geography as an
undergraduate. As a graduate student at the master’'s and doctoral levels,
computers were used for data management, computer modeling, and word
processing. Few students were using laptops at the university level at that time.
None of the teaching assistants used laptops, and desktop computers were not
made available for the teaching assistants to use except at work stations in the
labs. By then she was using a desktop computer at home to prepare lessons
and handouts.

Audrey has had the opportunity to attend workshops to assist her with the

integration of the laptops. One workshop in the United States, while not
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specifically with laptop computers, was deemed useful as it dealt with technology

used with laptops.

Zoe: Background

Zoe has been teaching for seven years, all at her present school. She has
taught six different science courses at the intermediate and senior levels
including Biology 11 and Biology 12. This year she is teaching Biology 12 and
grade 9 Science. The school had a laptop program for a number of years before

she was hired and she has taught in the laptop program since joining the school.

Prior to teaching, Zoe worked for five years in scientific and medical
research in university and hospital settings, as well as in the educational
department of a software company where she received training in database
software tracking tools. As an undergraduate she completed an introductory
course in computers and the university issued e-mail accounts to undergraduates
at that time. As a graduate student she had the opportunity to complete
advanced courses in the use of a number of computer functions including: the
Internet: and, a word processing program.

Zoe has an undergraduate and a master’'s degree in science from an
Ontario University. She completed her pre-service teacher education at another
Ontario University and since graduating has completed Additional Basic
Qualifications courses at the Junior and Primary levels, and Additional

Qualifications in Guidance.
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The fact that | had the science background and the technology

background, | was a perfect fit for the school (Zoe, 187).

She remembers one assignment during her pre-service program where
she prepared a town hall presentation on the use of computers in the classroom.
She was to discuss the positives associated with computers in the classroom,
which she did, relying on her general knowledge of computers, her research and
business experience, plus a reading of the educational theory.

| actually researched it and basically based it purely on theory.

| ended up proving the point to be pro-technology, and talked about

being a facilitator. At the time | had no practical knowledge of

what that meant. The irony is, my personal experience now is

totally what my stance was then (Zoe, Il — 51).

All her professional development on laptop computers has been provided
by the IT department at the school where she teaches. She has focused on
incorporating the strategies outlined by the IT staff about the programs used by

all the teachers at the school.

Ross: Background
Ross is in his twenty-second year of teaching. He began his career with a
year of supply teaching with boards in a large urban area in Ontario. He then

spent three years at an international school in Europe teaching middle school
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general science. Since that time he has taught at his present school. In
Ontario, he has taught five different science courses, including Biology 11.

Ross has taught in the laptop program since its inception at the school
seven years ago. Prior to that, they were teaching in what he described as a
robust network system and he had three desktop computers at his disposal: one
at home; one in the science office; and, a third desktop computer, with a
projector, in his classroom. The school had computer labs with twenty-five
networked computers for students. Teachers could sign up and take students to
the computer lab for a science lesson. This was rarely done. Despite the
robustness of their desktop system, and despite some early technical difficulties
with the laptops, he was quickly impressed with the possibilities of introducing a
laptop computer program at the school. These possibilities became a reality
three years into the laptop program with a fully functioning wireless system and
World Wide Web (www) capability.

Ross has an undergraduate degree in science from an Ontario university.
He worked for a year as a teaching assistant at the university level before
deciding to enter a faculty of education rather than graduate school. He
completed his pre-service teaching degree at another Ontario university, and
since graduation has completed two Honour Specialist Certificates, in
Environmental Science and Biology.

Before the introduction of the laptop program, the school encouraged the
teachers over a twelve year period to gradually acquire computer skills. Although

he considers himself self taught, he recognizes the benefit of the professional
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development opportunities provided by the school over the years. Most of the
opportunities were provided by the IT department, by collegial sharing of
experiences with other teachers in the science department, or with teachers in
other subject areas in the school. In the late 1990s he also had the opportunity
to attend a summer institute for teachers in laptop programs in Ontario. He
began using a website for his teaching at that time, but recalls that not all
teachers were enthusiastic about this teaching approach, not even the computer

science teachers.

Samantha: Background

Samantha was within days of completing her second year of teaching at
the time of the interviews and had taught three science courses at the high
school level, including Biology 11. She was hired to teach at a school with an
established laptop program, although she had not taught using laptops prior to
accepting her present teaching position.

Samantha has an undergraduate degree from an Ontario university with a
double major in biology and cognitive science. She completed her pre-service
teaching degree at a university overseas, and did her practice teaching in that
country and in a large urban centre in Ontario. Since graduation she has
completed an additional course in psychology.

Neither of the overseas high schools where she completed her practice
teaching had laptop programs. In the urban high school in Ontario, the teachers

had desktop computers in their offices, but there were no desktop computers in
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the biology labs. The overseas campus where she did her pre-service teaching
degree was laptop friendly and many of the students from that country used their
laptops. International students such as her did not use laptops, because of
compatibility problems. Students who did not use laptops used computers at
home or in the campus’ computer labs to prepare presentations for their courses.
She was generally impressed by the computer skills of the other pre-service
teachers. Certainly some had attended private high schools with laptop
programs, but others had come from public high schools in that country where
they had little exposure to computers. During her pre-service education, how to
use laptops in schools was demonstrated in a science course. The university
she attended in Ontario as an undergraduate was not a laptop university, but she
was required to complete a half credit course in computer programming, and she
went to the computer labs to prepare her lab reports. During her high school
years in Ontario she had very little contact with computers. Students went to a
computer lab to do word processing or information gathering, but this was rare.
As a newly hired teacher in a laptop school, Samantha received
orientation at the school by the IT staff on programs used by all the teachers.
The head of the science department provided orientation on the resources
available to teach science and was able to advise her on what other staff
members had been able to do with laptops in the past. One of the school
administrators was also available to her as a resource person. In addition, she

was provided with course binders for grade 10 Science and Biology 11 which she
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found to be an enormous help. Although the binders didn’t reflect courses taught
entirely with laptops, she could see how the laptops had been used in every unit.
If | flipped through the course of study, | could see the laptops
were being integrated in every unit in some way (Samantha 1-2).
It would show you're going to be using virtual fly lab simulations,

or you're going to be using the Internet (Samantha, 1-2).

Yes, they are great. They are my Bible. If you don’t have those,
there is no direction for you if you are a beginning teacher. You

don't know what to do (Samantha, 1-2).

For the grade 11 Biology, | was given the resources from
the teacher who taught it the year before. | went solely on those

resources, so it wasn't too bad (Samantha, 1-2).

Richard: Background

Richard is in his twentieth year of teaching at his school. In addition to the
variety of other positions of responsibility he has assumed over the years, he has
taught six different secondary science courses including Biology 11 and Biology
12. This year he is teaching two sections of Biology 12 and has students who are
preparing to write AP papers in biology. He has participated in the laptop

program every year since its inception seven years ago.
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As an undergraduate he took one course in computer programming.

Other than that, he learned his computer skills through professional development

activities at this school and by teaching in the networked desktop environment

they had in the science laboratories prior to the introduction of the laptop

computer program. The school assisted the teachers in buying their first

computers and he describes a fairly seamless interface for the teachers between

the networked desktop program and the laptop computer program which

replaced the desktop program.

Richard has undergraduate degree in science and a degree in education

from an Ontario university. Since graduation he has completed two Honour
Specialist certificates, one in Biology and one in Environmental Sciences. He
has also completed a Master's degree in Education (Curriculum Studies) at
another Ontario university.

He feels that he and the other teachers at the school have enjoyed
tremendous support from the school while they gained the skills and expertise
required to teach in the laptop program.

It's part of my job. Iloveit. I'm learning. | mean | want to be

a good teacher. | mean that's my goal (Richard, I — 183).

The professional development he refers to has been made available at school:

some provided by experts but much provided by colleagues.
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Kenneth: Background

Kenneth is in his twenty-third year of teaching and has taught five science
courses at the intermediate and senior level, including Biology 11 and some units
in both grade 9 and 10 Science. He has been teaching in the laptop program
since it was introduced at the school some eight years ago.

He describes himself as being a combination of self taught, with the
benefit of professional development experiences provided by the school over the
years. During his pre-service teacher education program, he remembers one
educational media course which provided experience with a Gestetner machine
and the preparation of multiple layer transparencies. He also remembers
manipulating data using punch cards during his undergraduate studies.

Kenneth has an undergraduate degree in science from an Ontario
university and completed his pre-service teaching program at a second Ontario
university. Since graduation he has completed an Honours Specialist in

Environmental Science at a third Ontario university.

Summary: Background of the Teachers

The teachers in this study are academically and professionally prepared
for their teaching assignments in biology. As a group, the combination of their
undergraduate degrees, graduate degrees, professional certificates, their
experience teaching at the intermediate level, their experience teaching at the
post-secondary level, and their years of experience teaching grade 11and 12

biology courses is impressive. Not all the teachers have every one of these
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characteristics, but they are well prepared to respond to the interview questions
with insight and knowledge. A detailed account of their voices is found in

Appendix A.

Data Analysis
In qualitative research, data are typically collected, organised, and then

reorganized in a form that may vary from the initial description. O’Leary
describes this process as “uncovering and discovering themes that run through
the raw data, and interpreting the implications of those themes” (O’Leary, 2009,
p. 204).

The recordings of the interviews were converted to a computerised
transcript. The data collected were first analyzed by hand and initial themes and
categories were determined. Although there was no prior intent to develop theory
from this descriptive study, the themes and categories developed were entered
into the software NVivo and the text was coded. The NVivo software’s capability
to structure and organize data makes it easier for researchers to rework data
analyses as new data are collected and to integrate new themes as they emerge
(Richards & Richards, 1994; Willis & Jost, 1999).

Themes for analysis were generated from the research questions and
from the literature review (Merriam, 1988), and these initial themes were re-
evaluated as the data were analysed. Inductive analysis involves discovering
patterns, themes and categories in the data for the teachers. In this research,

topics raised with the teachers during the interviews resulted in themes based on
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their experiences. These common themes, as well as sub-themes, were

grouped and coded as illustrated below:

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

Type of innovation
Supports to innovation

Challenges to innovation

Diffusion

How they might differ from other biology teachers
Advice to other biology teachers

What would encourage other biology teachers

Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

Handouts

Notebooks

Lab activities

Active learning (independent learning, inquiry learning, group learning,
collaborative learning, projects)

Homework

Assessment

Back-up plans
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Question Three: What new teaching materials do senior biology teachers
use when integrating laptop computers into high school biology
programs?
e Usedto Use
o Hardware
o Software
o Peripherals
o Internet
o Email
o Textbooks
e Now Use
o Hardware
o Software
o Peripherals
o Internet

o Email

o Textbooks

The coding and re-coding required during the analysis were used to ascertain
relationships identified in the data (Stake, 1995; Yin, 2003) and to develop a
report on each teacher found in Appendix A.

Using the Concerns-Based Adoption Model (CBAM) as a guide kept the
research and the researcher focused on the classroom teachers in the sample,
on their perceptions and experience of the innovation they had undertaken, and

on their perceptions of the conditions under which the innovation they had
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undertaken would be successfully integrated by new colleagues (Donovan,
1997). | also determined that aspects of CBAM would be helpful for analyzing
the data obtained from the teachers in the sample.

The rubric developed from the Stages of Concern was used during the
analysis of the teachers’ perceptions. Specifically, it evaluated the teachers’
perceptions against the levels found in the Stages of Concern.

Level 6—Refocusing—/ have some ideas about something that

would work even better.

Level 5—Collaboration—How can | relate what | am doing to what

others are doing?

Level 4—Consequence—How is my use affecting learners? How

can | have more impact?

Level 3—Management—/ seem to be spending all my time

getting materials ready. How do | implement this change?

What do I need to do to make this change happen with my

students? (Hord et al., 1987; Loucks-Horsley, 1996).

This rubric was helpful as a guide when analyzing the participating teachers’
perceptions about integrating the laptops into instruction.

The rubric developed from Levels of Use (LoU) was used by the
researcher to determine the degree to which teachers in the sample were using
new teaching approaches in their respective classrooms and proved helpful

during the process of analysis.
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The rubric for Innovation Configuration (IC) was informative in that it
indicated that the teachers in the sample were in the highest category for use of
the innovation, but it was not appropriate for determining the use of new and
modified teaching material in the classrooms of the teachers in this sample.
Since it did not deal directly with or describe what the new teaching materials

would look like, this rubric was less useful for analysis than | had anticipated.

Provisions for Trustworthiness

Since the researcher is the primary instrument in qualitative research, the
principle threats to the validity of qualitative research are researcher errors which
can result from researcher attributes and worldview (O’Leary, 2009; Seidman,
2006). | bring no potential bias to this research. Although my experience in
teaching high school science has been extensive, including teaching grade 11
and grade12 biology, it did not include integrating laptops into instruction. It was
my expectation that the active listening and interpersonal skills, practised over
many years, would help to obtain and to interpret the teachers’ descriptions of

their experiences.

As an experienced high school science teacher, vice-principal, principal,
and with training as a supervisory officer for the Province of Ontario, | brought
considerable academic and professional understanding to this research. During
decades of professional experience | consistently reflected on my personal and

professional practices as a guide for future actions. A consultative leadership
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style has proven advantageous in the past when dealing with teachers and

schools, and that orientation was maintained during this study.

Comparisons with existing literature provide an additional check on the
trustworthiness of the findings. Further threats to trustworthiness were dealt with

in the planning of the research and this will be discussed in the next section.

Internal Validity and Reliability

Internal validity confirms that the results of the study reflect the reality of
the case being studied, while reliability confirms consistency within the resuits of
the study (Robson, 1994). This study incorporated strategies for internal validity:
1) collecting data from multiple sources; 2) checking interpretations with
individuals interviewed; 3) staying on site over a period of time; 4) asking peers
to comment on emerging findings: 5) involving patrticipants in all phases of the
research: and 6) clarifying researcher biases and assumptions (Patton, 2002;
Robson, 1994).

A variety of sources for data collection provided triangulation in the data,
including: a series of semi-formal interviews; informal interviews; follow-up
guestions; and, the collection of new teaching materials. This variety offered
different avenues for the teachers to provide information about integrating
laptops into instructional practices. The teachers were also given the opportunity
to review the information representing their perspectives for accuracy and so

they could provide additional information. Peers, including the head of science |
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and the head of computer science in a laptop school read early copies of the
thesis and were asked to comment on the emerging findings.

Researchers, such as Marshall & Rossman (2006), Robson (1994) and
Seidman (2006) observe that semi-structured interviews fare well when
compared to other data collection techniques in terms of the validity of the
information obtained, especially if follow-up questions can be used to clarify
meaning or to explore new questions. Transcribing information further reduces
the threat to valid description, while participant checks provide accuracy of
transcription and act as a control on researcher bias.

In addition to the strategies for internal validity (Merriam, 1988), Merriam’s
proposals for reliability were also incorporated in the study, including: explaining
the assumptions and theory underlying the study; triangulating the data; and

providing sufficient detail to illustrate how findings were derived from the data.

External Validity

External validity, that is the ability to generalize, is recognized as
problematic in qualitative research. Qualitative research focuses on process,
understanding and interpretation of a unique or innovative situation, rather than
on generalising from a sample of a larger population ( Rutherford, 2005). The
question arises as to what extent findings from this case study could be
generalized to teachers in other schools.

This qualitative case study was not designed to test theory on how

instructional strategies are changed to accommodate the requirements of the
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integration of laptop computers. It can, nonetheless, provide understanding and
insights into the integration of such an innovation in a particular setting, with a
particular group, and at a particular time. A rich description of the perceptions
and experiences of the participating teachers allows readers to determine
whether the findings can be transferred to similar situations and settings (Taber,

2000; Ruthven et al., 2005).

Significance of the Research

Previous research, largely quantitative in nature, has identified senior
science teachers to be an understudied dynamic in schools, and identified the
need for qualitative research to increase our knowledge about the integration of
laptop computers in the science classroom. This qualitative descriptive study
has been designed to focus on senior biology teachers who were early
innovators in the integration of laptop computers in their instruction. This
research uses the opportunity these teachers have had to integrate laptop
computers to focus on: a special population of teachers, senior science teachers;
a special context in schools, a laboratory subject; and the likelihood that laptop
computers will be integrated into instruction. Building on recommendations from
previous research, the study collected information, and interpreted the teachers’
perceptions of the innovation they undertook and the effect of the changes
required on their teaching approaches and their use of new materials. This is

among the first research studies in this area.
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The study provides a body of practical knowledge for biology teachers in
the senior grades of high school who are considering the integration of laptops
into their instruction. The results of the study are of interest to biology teachers,
science teachers, principals, science co-ordinators, science consultants, and
board officials whose decisions will lead to the meaningful integration of
technology in science education in the senior grades of high school. The study
will also be of interest to those researching the teaching of science in secondary

schools and to those who prepare science graduates to teach at this level.

Chapter Summary

This chapter has outlined the methodology used for the study, limitations
of that methodology, the teachers who patrticipated in the study, and how the
data were collected and analyzed. A rich description of the data the teachers
contributed is found in Appendix A. The next chapter, Chapter Five, will present

an analysis of the data the teachers provided.
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CHAPTER FIVE: ANALYSIS OF THE FINDINGS

This chapter presents an analysis of the data provided by the teachers who
participated in the study. Specifically, this chapter addresses the nature of the
sample and what the teacher participants shared with us regarding the themes
first identified in Chapter Four. The group of teachers who participated in this
study was approximately balanced between male and female teachers. Although
beyond the control of the researcher, the four male teachers in the sample were
the most experienced teachers and the six female teachers were mid-career or
early-career teachers. The four male teachers who volunteered to participate in
the research were in boys’ or co-educational boarding/day schools, and the
women teachers who volunteered were from girls’ boarding/day schools, girls’
day schools and co-educational schools. Of the two women teaching in co-
educational schools, one of those schools was a day school and the other was a
boarding/day school.

The nature of this purposive sample obscured the effect of a number of
factors on the teachers’ perceptions of innovations when laptop computers are
integrated into biology programs, including: the gender of the teacher; the gender
of the students; the effect of a day or day/boarding environment in schools; and,
the effect of a single-gender or coeducational environment. Therefore, the
analysis in this chapter focuses on the teachers’ experience in the classroom
whether experienced, mid-career, or early-career. How these three categories

were established will be described in the next section.
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A General Analysis of the Participants

The research methodology called for ten teachers who had successfully
implemented laptop computers in Biology 11 and Biology 12 programs in Ontario.
All the teachers who volunteered to participate had strong backgrounds in
science and biology and were academically well-prepared to teach high school
biology courses. All had undergraduate degrees in science from Ontario
universities. In addition to their original undergraduate degrees, they reported
having completed additional undergraduate credits in chemistry, physics,
radiation biophysics, neural anatomy, and psychology. Five had graduate
degrees; four had a M.Sc. or M.A in science; and one had an M.Ed. in
curriculum. Prior to deciding to teach high school science, one of the teachers
had started a Ph.D. program and another was about to start one.

As a group, these teachers also had strong backgrounds for teaching
biology. For most, this involved certificates and specialist qualifications from the
Ontario Ministry of Education. For others, it involved graduate degrees, doctoral
work, and experience teaching biology at the post-secondary level. Eight
teachers had B. Ed. degrees, almost all from Ontario universities. As a group,
these teachers had done the maijority of their practice teaching in Ontario high
schools. Between the ten teachers, they held seven honour specialist certificates
in science subjects: two in biology, two in science, one in environmental biology,
one in environmental science, and one in chemistry. They had taken three

additional basic qualifications courses: two at the junior level, and one at the
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intermediate level. They had completed six additional qualifications courses:
three in guidance, two in English as a second language, one in biology and one
in mathematics. Two of the teachers reported having completed three short
specialized courses: one on implementing computers in schools held at an
Ontario university, one in biotechnology held at an Ontario hospital, and one in
biotechnology funded by an Ontario university.

The biology teachers who participated in this study could be sorted into
three groups according to years of experience. Samantha, Darby, Zoe and
Audrey had eight years of experience or less in the classroom. Adele and
Xandra had 14 years of experience, while Richard, Ross, Keith and Kenneth had
between 20 and 26 years of experience. The majority of this teaching
experience was in Ontario schools, although two of the teachers had taught in
international schools in Europe. One of the two teachers who had taught in
Europe had also taught in an international school in Asia. In total, five of the ten
teachers in the sample had taught in another province or country during their
careers. Three of the teachers had taught at three or more schools and one had
taught at two schools. The remaining six teachers had taught at the one school
where they were now teaching. All of the early-career teachers had been hired
into existing laptop programs. The mid-career and experienced teachers had
made a transition into the laptop program. They made the transition from a
variety of backgrounds ranging from never having taught with the available

desktop computers, to having taught with sophisticated networked desktop
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systems whose main difference from a laptop program was that the students did
not necessarily have easy access to personal computers.

All were teaching in Ontario at the time of the study in schools which
followed the Ontario Curriculum. All of the teachers taught Biology 11 and/or
Biology 12. Five of the ten teachers had students writing biology exams for
external programs (International Baccalaureate or Advanced Placement) to
which their schools had subscribed. All of the teachers encouraged the students
to participate in biology competitions. These teachers were teaching four to five
classes during 2006-2007 and almost without exception, these were science
courses ranging from grades eight to twelve. The number of different
preparations per teacher varied from one to six, with the average number of
preparations for 2006-2007 being four science courses.

As described above, the teachers who participated in this study reported a
wide background of experience teaching science, from grade eight to entrance
courses for post-secondary education, to post-secondary education. Current
teaching assignments meant one teacher was teaching five different science
courses. One teacher taught four different science courses and one taught three
different science courses. Four of the teachers taught two science courses and
two of the teachers taught one science course. A part-time teacher in the sample
had a teaching assignment of two science courses.

These teachers worked in a variety of types of schools and reported
varying types of programming, scheduling and school size. Over the years, their

additional positions of responsibility within the schools had also varied. Two had
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acted as head of the science department or as acting head of science. All
reported heavy involvement with students outside the science classroom: all
noted the amount of time required to carry out these responsibilities and the wide
range of duties assigned by their schools. Duties varied, but included: home
room responsibilities; coaching; clubs; school activities; trips; counselling;
residential responsibilities; office hours; and, extra help sessions.

As described, the non-teaching responsibilities of teachers at their schools
decreased the time the teachers had available for academic responsibilities, and
thus reduced the feasibility of changing instruction in their classrooms as they
integrated laptop computers. Despite the time pressures they reported, the
teachers in the sample expressed satisfaction with the efforts of their colleagues
and the Instructional Technology (IT) departments to assist them in implementing
the laptop program. All the teachers expressed satisfaction with the vision of the
school administration, and with the support the administration was prepared to

provide to the teachers participating in the laptop program.

Analyzing the Data

Inductive analysis involves discovering patterns, categories and themes in
the data. This study was designed to collect data describing biology teachers’
perceptions and experiences of integrating laptop computers into their courses.
It was not designed to test hypotheses, nor was it designed to develop theory
(Seidman, 2006). The analysis was guided by the research questions and the

themes and categories described in Chapter Four. In this chapter, findings
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common to teachers from all level of experience are presented first. Then, the
findings from experienced teachers, mid-career teachers and early-career
teachers are presented when appropriate. (For further details of the analysis,

see Appendix B.)

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

The teachers’ perceptions as they integrated the laptop computers into
their instruction dealt with three themes: the type of innovation the teachers were
introducing in their classroom; what the teachers perceived supported their ability
to modify their instruction; and, what challenges the teachers perceived they

faced, and still face, in changing their instruction.

Type of Innovation

Teachers at all levels of experience perceived that they had modified their
instructional practices as a result of integrating laptop computers into their
biology courses. It is an implementation they perceived would continue over time
and there was no consensus as to how long the implementation would continue.
Teachers at all levels of experience indicated the implementation of the laptops
would be ongoing for a number of reasons, including: the technology they used
will be updated and improved; curriculum will be revised; and, their course
assignments will change. As discussed in Chapter Three, integrating laptops into
their biology courses is an example of a poorly-structured innovation, in contrast

to innovations integrated by all the teachers in the school for administrative
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purposes. These innovations are designed and implemented by the school (and
teachers comply with the implementation schedule established for the school),
which is an example of a well-structured innovation.

Table 5.1: Type of Innovation

Type of Innovation Teachers in Sample
Commonalities Teachers at all Levels of Experience
Teacher initiated N
Teachers sustained N
Teacher use of innovation unique v
Some collaboration in academics v
Evolutionary approach to implementation v
Differences | Experienced | Mid-career | Early-career
Time for Initial Implementation
2-3 years v
1-2 years N
1-6 years N
Implementation will be ongoing + ~

Supports during Integration

Teachers at all levels of experience felt supported through the process of
integrating laptops into instruction by the following: feedback from the students
they taught and have taught; the professional development made available to
them; the school’s support, whether through the administrators or through the IT
department; the improvement they perceived in their teaching performance; and,
the improvement they perceived in themselves as professionals.

Experienced teachers spoke most often about the various types of support
provided by the school and noted that other schools, comparable to the school
they are teaching in, had laptop programs. Mid-career teachers said they were
supported through the implementation process by the following: professional

development made available to them; feedback from students and alumni/ae;
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their personal perception that their teaching has improved; and, by their personal

perception that they were better teachers. Early-career teachers said that they

were supported as they integrated the

laptops into instruction by positive

feedback from students and alumni/ae, and by the support of their colleagues.

Table 5.2: Supports to Innovation

Supports to Innovation

Teachers in Sample

Commonalities

Teachers at all Levels of Experience

The students

The schools

Professional development

At the school

In response to their needs

School funds available

Their progress to date

2|2 |2 |l |2 L [«

Differences

Experienced

e
i
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Fovid@support i~ 17

Mid-career
// %?:
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A ps 2
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Dokt R 1
Increased student learning

\/

Increased student motivation

\/

More learning experiences

Increased student output

Students like the course

i

Students are less stressed
[The sehool &~ . =

Funds for biology peripherals

Feedback from program evaluation

“Professional development. .- .

Early integration support important

PD with colleagues

Up to date technology

Exposure to new ideas

Appropriate PD

- Instructional issties + .

e

More efficient teaching

Improvement in instruction

Personal control of rate of change

Access to Internet resources

Courses are easier to teach

Access to standards for technology

Themselves as teachers .. . -

w

Their personal approach to change

Their positive attitude to change

< < < |2
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Challenges to Innovation

Teachers at all levels of experience said that instructing in a laptop
program remained a challenge as did improving the skills they needed to
continue integrating laptop computers into their biology courses. They
mentioned that obtaining the professional development they needed was a
challenge and expressed doubt that the professional development they needed
was available. Teachers at all levels of experience said there were ongoing
challenges in obtaining and mastering the hardware and peripherals which would
make it easier for them to teach their biology courses.

Experienced teachers noted challenges, including: securing appropriate
software for teaching biology; and, the maturity level of adolescents which affect
how they can use the laptops in the classroom while ensuring an efficient
learning environment. Experienced and mid-career teachers both identified the
challenges involved in implementing an innovation which will continue to evolve
year after year. Mid-career teachers spoke of the challenge their personal level
of laptop expertise presented to their ongoing progress in a laptop program.
Early-career teachers noted the challenge of improving their instructional
techniques when teaching biology in a laptop program, and their need for
professional development which would assist them in meeting that challenge.

Table 5.3: Challenges to Innovation

Challenges to Innovation Teachers in Sample

Commonahtles Teachers at all Levels of Experience
7 l/ s V’,VJ % ) :iv //;/A THY 5%%: ¥ V&\\ &;‘7{)) /%v T %} §\i vh;%%‘?:“)
Hardware/ software/ penpherals
lncom patibility of resources v
lInStructionalissues . . L0 s ol du o w T E cdan

114




Their lack of skills and knowledge
Increased time constraints
Maturity of teenagers

‘Role as biology teacher 7/ 1~ " 0

Teaching a laboratory subject

Providing more effective learning

Accessing appropriate PD

inadequate feedback

%300

R
i

N

e ¢

e

=

Differences Experienced | Mi
Delivery of lessons
Individualizing instruction
Checking internet resources
Cumbersome assessment processes N

ik
0

Diffusion of the Innovation

Teachers at all levels of experience were of the opinion that the
perceptions of biology teachers new to a laptop program are the most important
factor in the diffusion of this innovation. Experienced teachers felt they differed
from most biology teachers not already in laptop programs in their perceptions as
to how courses and lessons should be organized. Mid-career teachers were of
the opinion that they differed from other biology teachers not in laptop programs
in their willingness to develop new teaching materials. Early-career teachers
thought that they might differ from other biology teachers not in laptop programs
in their willingness to develop and adopt new teaching approaches.

When asked what advice they would give to biology teachers new to
laptop programs, teachers from all levels of experience mentioned the
importance of seeking assistance from more experienced colleagues, and having
a supportive administration, as well as the importance of the new colleague

having the patience to learn new skills and deal with new experiences.
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Teachers at all levels of experience were of the opinion that teachers new
to teaching biology in a laptop program will be encouraged to continue
implementing the laptops as they realize the benefits of this innovation to their
teaching, the benefits to students and to the students’ learning, and if they
perceive that the school identifies the laptop program as a priority. Experienced
teachers believed new colleagues will be encouraged if they understand the
nature of the implementation they had undertaken, and if they perceive the
support available to them during the implementation process. Mid-career
teachers believed these teachers will be encouraged to continue implementing
the laptops as they modify their teaching approaches. Early-career teachers said
new teachers would be encouraged to continue implementing the laptops as they
realize the positive effect of the changes they are making as they develop new
teaching materials.

In conclusion, when the data obtained from the questions on the diffusion
of the innovation were analyzed, experienced, mid-career and early-career
teachers tended to stress different aspects of the themes analyzed in this study.
Experienced teachers talked about the control the new teachers had of the rate
of change in their classrooms and, the supports available to the new teachers
during the implementation process. Mid-career teachers stressed the importance
of the teachers modifying their teaching approaches and developing new
teaching materials. Early-career teachers stressed the importance of the
success with which the teacher, as an individual, dealt with the challenges they

would face when implementing laptop computers.
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According to the teachers in the sample, the success of the diffusion of a
laptop computer program, and whether the implementation of the laptops will be
sustained in new classrooms depends on a number of interdependent factors,
including: the new colleagues perceptions and understanding of the innovation
they are implementing and, personal characteristics. These factors, which the
teachers in the sample identified as affecting the successful diffusion of laptop

computers for instruction, have been highlighted in the following table.

Table 5.4: Diffusion of the Innovation

Factors Affecting the Successful Diffusion Teachers in Sample
Of Laptop Computers for Instruction

Commonalities Teachers at all Levels of Experience

New colleague’s perceptions are crucial

Perceive LT program is a school priority

Perceive administration is supportive

Perceive can ask for assistance

Perceive LTs improve their teaching

P - A [P I =

Perceive LTs benefit student learning

Differences Experienced Mid-career Early-career

Understands nature of innovation v

Perceives can control implementation N

Perceives support is available v

Can deal with new experiences v

Can deal with new challenges v

Can be patient N

Will modify teaching approaches N

Will adopt new teaching approaches N N

Will learn new skills v

Will develop teaching materials N v

CBAM: Contribution to the Analysis
Using the Concerns-based Adoption Model (CBAM) as a guide kept the
research and the researcher focused on the classroom teachers in the sample

and on their perceptions of the innovation they had undertaken, and on their
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perceptions of the conditions under which the innovation they had undertaken
would be successfully integrated by new colleagues.

The rubric for the six Stages of Concern (SoC) indicated that all the
teachers in the sample were focusing on concerns at the highest three levels:

6-Refocusing

5-Collaboration

4-Consequences
Only one early-career teacher, who was finishing her second year in a laptop
program at the time of the interviews, was deemed to be still focusing on
concerns at the third level:

3-Management.
None of the teachers in the sample expressed concerns at the lowest three
levels:

2-Personal, level

1-Informational

0-Awareness
Other than the one teacher who expressed some Level 3 (management
concerns), there were no other differences in the nature of their concerns by
years of experience. Interpreting the results for Level 5 (collaboration) proved
difficult, since all of the teachers were isolated in the sense that they were either
the only teacher in their schools teaching their biology course, or the only teacher

in the school teaching biology.
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Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

The teachers described new teaching approaches resulting from the
integration of laptop computers into their instruction, including: lesson preparation
and lessons; notebooks; lab activities; active learning opportunities, homework,
and, assessment procedures. There was a high degree of congruency in the
new teaching approaches introduced by the teachers in my sample and a few
differences in the emphasis they placed on these teaching approaches according
to their years of experience in the classroom.

Teachers at all levels of experience described modifications in teaching
approaches in the laptop program which affected almost every aspect of their
instruction, although some differences in emphasis were noted according to the
teachers’ years of experience in the classroom.

Teachers at all levels of experience spoke about introducing new teaching
approaches, including: the addition of PowerPoint presentations; the use of
PowerPoint presentations for teaching, for maintaining notes and for assisting
students to catch up when classes had been missed; the use of laptops for taking
notes during classes; labs, which remained mainly a hands-on experience for the
students, now included simulations to broaden the students’ experiences; there
was more independent learning; students were being taught how to use the

laptops to research biology topics; and, homework assignments were designed

to be more interesting and meaningful to the students. Teachers at all levels of
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experience spoke of lessons that were more truly Socratic since there was less

need for students to take notes during class.

Experienced teachers most often emphasized changes in lesson

preparation. Mid-career teachers most often noted changes in maintaining

science notebooks and students’ laboratory experiences, as well as changes in

how they prepared lessons. Early-career teachers emphasized increased active

learning opportunities for students in the laptop computer program.

Table 5.5: Teaching Approaches

Teaching Approaches

Teachers in Sample

Commonalities

Teachers at aII Levels of Expenence

dtionand lessons - 7 L1 - ow YRS

int presentations v
Less whole class instruction N
SMART Boards are convenient v

WEabactivites T Iy ogmE Lodp R me o G g o
Simulations augment labs v
Lab technicians augment labs v
\ i gopportun@%s o & oy ///gf ;32\?@?%/ zﬁi‘: . : " //‘/ 1 /{
More independent learning v
More student research of topics v
Easier to make up missed work v
More meanmgful aSS|gnments v
¢ Assessment procedures:: -, 2 A R
Few changes in assessment practices v
Differences Experienced Mid-career Early-career

Changes in lesson preparations \/ v
Changes in lab experiences \/
More active learning opportunities \/ v
Easier to pian for groups v
More time on homework v
Less time on homework \/

CBAM: Contribution to the Analysis

Using the Concerns-based Adoption Model (CBAM) as a guide kept the

research and the researcher focused on the classroom teachers in the sample
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and on their experiences as they integrated laptop computers into their
Instruction.

The rubrics developed from the six Levels of Use (LoU) indicate a high
level of use of new teaching approaches by all the teachers in the sample. All of
the teachers’ patterns of use of the laptop computers were focused at the three
highest levels:

VI-Renewal

V-Integration

IV B-Refinement,

None of the teachers were focusing on use of the laptop computers at the lower
levels:

IV-Routine

[lI-Mechanical Use

lI-Preparation

I-Orientation

0-Non-Use.

As previously noted in Question One, the results for Level V (integration) were
difficult to interpret using this rubric since there were experienced, mid-career
and early-career teachers who were the only biology teacher in their school, or

the only biology teacher teaching their course.

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?
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The teachers’ perceptions of new teaching materials as they integrated

laptop computers into instruction dealt with four themes: hardware, peripherals,

software and the Internet. | will deal first with the teaching materials the teachers

described using prior to the introduction of laptop computers into their instruction,

and then with the teaching materials they described using with the laptop

computers.

Most teachers in the sample had chosen not to use desktop computers for

instruction. But whether it was the use of hardware, software, the Internet, or

technology associated with teaching biology, it was the experienced teachers in

the sample who brought a range of these skills to the laptop program. The mid-

career teachers described considerable experience with technology associated

with teaching biology and some personal experience using the desktops,

available in their schools before the laptop program was introduced. The early-

career teachers also had some personal experience with desktops, but most of

them had started teaching in a laptop program.

Table 5.6: Previous Teaching Materials

Teaching Materials

Teachers in Sample

Prior to Laptop Program

Experienced
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/Aﬁaf’ é N \\\3& PR

R,

T
o R R B e B L Uk

P

ErE R P
e 5

Ea NN

ks i

~ T
foel t # e

S

AT

£

Desktops

Desktop with projector

Multiple desktops

Networked desktops

L |2 | <

“Peripherals - TF iR o T

URGR by . % i

o

Scanners

Biotech tools

Video microscope

Laser disk player

VHS player

Camera

Overhead projector

| Software 5

Marks gathériﬁg

122




Platform: Lotus Notes ~

Dissection programs N

PowerPoint v

Spreadsheets

Course website
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Textbooks

In the laptop program, teachers at all levels of experience noted using the
laptops for instruction, increased use of peripherals, software, teaching resources
accessed on the Internet and email, and decreased use of hardcopy textbooks.
The experienced and mid-career teachers talked most frequently about their use
of peripherals associated with teaching their biology courses. Mid-career and
early-career teachers talked most about their changing use of textbooks. One
mid-career teacher obtained and used the multimedia kit associated with the
course textbook and one early-career teacher began to use an online text. ltis
the early-career teachers who talked most about their use of hardware, software,
and the teaching materials they accessed on the Internet.

Table 5.7: New Teaching Materials

Teaching Materials Teachers in Sample

Laptop Program Experienced ] Mid-career | Early-career
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University websites N N
NGO websites N
Medical websites ~
Government websites N
NABT website v
Biology Place N
Turnitin.com v

Textbooks/ CD ROMS
Textbooks/ multimedia packages N
Electronic textbooks N

Contribution of CBAM to the Analysis

The rubric developed for Innovation Configuration (1C) was only partially
successful in contributing to the analysis. The results were valuable in that the
rubric indicated teachers in the sample, from all levels of experience, were in the
top category in eight of ten characteristics of a laptop program.

1 Access to computers

2 Student use of computers in subject area
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http://Turnitin.com

3 Classroom organization

6 Learning activities
7 Nature of task environment
8 Technological literacy

The exceptions were Categories 4 and 5:

4 Independent learning

5 Teacher-student relationship
These two categories differentiated between the classroom of one teacher in the
sample, an early-career teacher in a student-centred program, and the other nine
teachers who had introduced student-centred activities, but the programs
remained more teacher-directed than the student-centred program. The
descriptors for Levels 4 and 5 in the IC made it difficult to place these nine
teachers on the rubric. However, the rubric developed for Innovation
Configuration (IC) did not focus sufficiently on developing new teaching materials

to add to the analysis of Question Three already presented in this chapter.

Chapter Summary

In this chapter, through an analysis of the data provided by the ten
participating teachers in Appendix A, much more was learned about the teachers’
perceptions and knowledge about integrating laptop computers into their biology
programs. Because of the nature of the purposive sample assembled for this
study, the analysis examined the biology teachers’ perceptions about integrating

laptop computers into their instruction from the perspectives of experienced, mid-
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career and early-career teachers. | became aware of the similarities the teachers
expressed about integrating laptop computers into their instruction. The
differences the teachers expressed about integrating laptop computers into their
instruction were differences of emphasis and should read as such.

The teachers’ perceptions as they integrated the laptop program
encompassed three themes: the type of implementation they were carrying out;
what they perceived supported their ability to integrate laptop computers into
their instruction; and, what challenges they perceived they faced implementing
the laptop computers and sustaining the integration of the laptops in their
respective classrooms. In order to gather the teachers’ perceptions of the
diffusion of this innovation, biology instruction in a laptop program, the teachers
were asked three questions. How might you differ from biology teachers not
teaching in a laptop program? What advice would you give biology teachers
entering a laptop program? What would encourage biology teachers to integrate
laptops into their instruction? As explained in the previous paragraph, in all
cases the teachers’ perceptions were analyzed from the perspective of
experienced, mid-career and early-career teachers.

Summary Question One: How do senior grade biology teachers perceive
the integration of laptop computers into high school biology programs?

Table 5.1: Type of Innovation: The teachers’ perceptions as they

integrated the laptop program can be summarized as follows: instructional
innovation in their classroom was initiated and implemented by them; integrating

the laptops into instruction was a poorly structured innovation carried out in an
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evolutionary manner; in contrast, non-pedagogical innovations, that is to say
administrative innovations affecting all the teachers in the school, tended to be
mandated by the school; these non-pedagogical innovations, required by the
school for all teachers, were designed by others, such as the IT department, and
implemented by the teachers according to a schedule established by the school.

There does not appear to be a simple pattern of how teaching experience
influenced the teachers’ perceptions of the type of implementation they had
undertaken when integrating laptop computers into instruction. The most
experienced teachers and the mid-career teachers were more likely to describe
the reasons why the innovations due to the laptops would impact their instruction
every year. Early-career teachers were more likely to specify the number of
years they expected were necessary to accomplish the initial integration of laptop
computers into their instruction.

Figure 5.2: Supports to Integration: The supports the teachers perceived

and the ongoing challenges they faced were different for their pedagogicat and
non-pedagogical roles in the schools. If we examine the supports the teachers
perceived and the ongoing challenges they faced when implementing the laptop
computers into their instruction, there are variations in these perceptions
according to years of teaching experience.

Teachers at all levels of experience felt they had been supported in the
laptop program by the school, the students, the professional development
available to them, and by their perception of improvement in their teaching in the

classroom. Perceptions of what supported the ongoing integration of the laptops
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included: experienced teachers considered the support of the school
administration and the fact that comparable schools had laptop programs as
being important; mid-career teachers valued their perceptions that their
instructional practices had improved, they were becoming better teachers, and
that professional development would be made available to assist them; and,
early-career teachers noted positive feedback from students and alumni/ae, and
the support of colleagues as being important in a laptop program.

Table 5.3: Challenges to Innovation: Teachers at all levels of experience

described the challenge of instructing in a laptop program, obtaining appropriate
professional development and obtaining appropriate resources and equipment to
teach biology. Perceptions of challenges to the ongoing integration of laptops
included: experienced teachers perceived the necessity of updating hardware,
software and locating suitable peripherals for teaching their biology courses, the
ongoing acquisition of the knowledge and skills they required as teachers, and
the maturity of adolescent learners in a laptop program as being important
challenges; mid-career teachers perceived that acquiring the knowledge and
skills they required to be better teachers in the laptop program was their main
challenge; and, early-career teachers perceived how to vary their instructional
approaches in laptop classrooms and the availability of appropriate professional
development were important to the ongoing progress of integrating laptops into
their biology courses.

Table 5.4: Diffusion of the Innovation: All the teachers in the sample

believed the perceptions of hew biology teachers affected the diffusion of the
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integration of laptops into their instruction and were the teachers’ the most
important factor affecting what decisions the teachers would make about initiating
and implementing this innovation in their classrooms. How the interplay of
willingness to modify perceptions, willingness to alter teaching approaches, and
willingness to develop new teaching materials affected the diffusion process was
perceived differently depending on the years of teaching experience of the
teachers in the sample. As noted previously, there does not appear to be a
simple pattern of how the years of experience of the teachers in the sample
influenced their perceptions of the likelihood that new colleagues would integrate
laptops into their biology instruction.

Experienced teachers stressed the importance of the support provided at
the school and by the school, and allowing the new colleagues control of how
and when the laptops were integrated into their courses. Mid-career teachers
perceived that whether new colleagues could manage the new challenges they
would face in a faptop classroom, and their willingness to alter their teaching
approaches and develop new teaching materials increased the likelihood that the
laptops would be integrated into instruction. Early-career teachers perceived that
whether new colleagues integrated the laptops depended on how quickly they
realized their instruction was more effective in a laptop program and whether
they were prepared to deal with the challenges of implementing a self-initiated,
poorly structured innovation which would continue to evolve every year.
Summary Question Two: How do senior grade biology teachers perceive

and introduce new teaching approaches when integrating laptop
computers into high school biology programs?
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Table 5.5: Teaching Approaches: Teachers at all levels of experience

spoke of introducing new teaching approaches, including: the addition of
PowerPoint presentations; the use of PowerPoint presentations for teaching,
maintaining notebooks and for assisting students to catch up when classes had
been missed; laptops were often used for taking notes during classes; labs,
which remained mainly a hands-on activity for the students, included simulations
to broaden the students’ experiences; more independent learning and less
teacher-directed learning; students were being taught how to use the laptops to
research biology topics; and, homework assignments were designed to be more
interesting and more meaningful to the students. Teachers at all levels of
experience spoke of lessons that were truly Socratic since there was less need
for students to take notes during class and they could participate in the
discussion. An exception to the introduction of new teaching approaches was
that most of the teachers at all levels of experience did not alter their assessment
practices. Most continued to assess student progress using pen-and-paper tests
and examinations, and they continue to mark and return paper copies of student
assignments.

While teachers at all levels of experience described modifications in
teaching approaches in the laptop program affecting almost every aspect of their
instruction, | noted some differences in emphasis according to the teachers’
years of experience in the classroom. Experienced teachers described changes

in how they prepared lessons most often and were of the opinion that high-
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achieving students spent more time on homework in the laptop program. Mid-
career teachers tended to describe changes in maintaining science notebooks
and in students’ laboratory experiences, as well as changes in how they
prepared lessons. Early-career teachers emphasized increased active learning
opportunities for students in the laptop computer program.

Summary Question Three: What new teaching materials do senior grade
biology teachers use when integrating laptop computers into high school
biology programs?

Table 5.6: Previous Teaching Materials: Most teachers in the sample had

chosen not to use desktop computers for instruction in their classrooms, although
the experienced teachers brought a range of skills to the laptop program,
whether it was the use of hardware, software, the Internet, or technology
associated with teaching biology. The mid-career teachers described
considerable experience with technology associated with teaching biology and
some experience using the hardware, that is to say, the desktops, available in
their schools before the laptop program was introduced. The early-career
teachers also had some personal experience with desktops, but most of them
had started teaching in a laptop program.

Table 5.7: New Teaching Materials: In the laptop program, teachers at all

levels of experience noted using the laptops for instruction, as well as increased
use of peripherals, software, teaching resources accessed on the Internet and
email. The experienced and mid-career teachers described their use of
peripherals associated with teaching their biology courses. Mid-career and early-

career teachers described their use of textbooks. One mid-career teacher
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obtained and used the multimedia kit associated with the course text book and
one early-career teacher began to use an online text. It is the early-career
teachers who commented most about their use of hardware, software, and the

teaching materials they access on the Internet.

Summary: CBAM’s Contribution to the Analysis

The three rubrics prepared from the Concerns-Based Adoption Model
(CBAM) indicated that the teachers in this sample were operating at the highest
levels of CBAM, whether Stages of Concern (integrating the laptops into their
classrooms), Levels of Use (using the laptops in their respective classrooms), or
Innovation Configuration (what the integration of laptop computers looked like in
their classrooms). At some levels (5 - SoC and V - LoU) the relative isolation in
which the biology teachers taught in their schools made using the rubrics
developed from CBAM difficult to interpret. The rubric developed from Innovation
Configuration (IC) indicated teachers in the sample were in the top category in
eight of ten characteristics of a laptop program, but in retrospect it did not focus

sufficiently on teaching materials.

Conclusion

In conclusion, considerable detail of the biology teachers’ perceptions on
integrating laptop computers was provided in this chapter so that readers could
select information that is important from their perspective and use it to judge the

relevance of the findings of this study with regard to their personal situation and
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other contexts. During the analyses reported in this chapter and when analyzing
the results obtained from the CBAM rubrics, | was most aware of the similarities
in perceptions of integrating laptop computers described by the teachers in the
sample. See Inan & Lowther (2010a) and Ward & Parr (2010). The differences
noted, by years of teaching experience, were differences of emphasis of the
perceptions the teachers noted, rather than differences in perceptions. The
sample used in this study was small and these findings are an indication of
variations which should be investigated further in future quantitative and
qualitative research, or read in conjunction with complementary research on the
significance of years of teaching experience (Inan & Lowther (2010a) ; Hinds,
2007; Ward & Parr (2010). For these reasons, what will be carried forward from
Chapter Five to Chapter Six are the perceptions noted by teachers at all levels of
experience. Chapter Six will also summarize the major findings of this research

with respect to the current literature reviewed for this study.

133



CHAPTER SIX: DISCUSSION OF THE FINDINGS

This chapter discusses the findings of the study with respect to the
research literature reviewed for the study. The findings of the study encompass
the following: the teachers who participated, the three research questions, the
literature review, the conceptual framework, and the design of the study. As has
been discussed in Chapter Two, the objectives this study are to provide
description and analysis of the pedagogical integration of laptops into
contemporary senior science classrooms and an opportunity to learn from
teachers who are early implementers. For clarity, these findings will first be
presented in a summary. They will then be elaborated upon in detailed

enumerated findings.

The Participating Teachers

The relationship between teacher background and the implementation of
laptops for instruction in science classrooms is only addressed tangentially in the
recent literature | have reviewed. Becker (1994) observes that science teachers
with more years of formal schooling, and specialization in their subject matter,
are more likely to integrate computers into their instruction. While noting that
subject specialization invariably increases with years of experience in the
classroom, and acknowledging that it is hard to differentiate between the
influence of educational background, years of teaching experience, specialist
qualifications and experience using computers, Becker finds that the teachers

most proficient in using computers for pedagogical purposes have more
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qualifications in their academic subject matter. For this reason, | have provided
considerable detail about the backgrounds of the biology teachers who
volunteered to participate in this study.

The teachers who volunteered for this study have a combination of
undergraduate degrees in science, graduate degrees, professional certificates,
specialist certificates, experience teaching science at the intermediate level,
experience teaching science at the post-secondary level, and years of
experience teaching grade 11 and 12 biology courses. While not all the teachers
in my sample possess each of these characteristics, the combination of the
characteristics noted above that they do possess as biology teachers is
noteworthy. Based on Becker's earlier study, and a study by Davis (2006) which
confirms that secondary science teachers with strong subject-matter knowledge
tend to employ, or at least consider, more effective or innovative teaching
strategies, there is a high likelihood that the teachers in this study’'s sample
would be willing to integrate laptop computers into their instruction and be willing

to sustain the innovation after the initial implementation.

Summary of the Findings

My search of the literature, as discussed in Chapter Two, indicates that
teacher-initiated, poorly structured learning innovations are multi-dimensional
processes, and are successful only if three things take place: the incorporation of
new teaching perceptions, the introduction of new teaching approaches, and the

use of new teaching materials by the teachers concerned. On this basis, three
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research questions were established for this study which resulted in 12 pertinent

findings:

Question One: How do senior grade biology teachers’ perceive the
integration of laptop computers into high school biology programs?

1.

2.

10.

Teachers indicated that they make the decisions as to how and when
laptops are integrated into instruction in their biology courses.

Teachers perceived a sense of pedagogical isolation and noted that how
they use the laptops for instruction in their classrooms often differed
significantly from the implementation efforts of their colleagues.
Teachers described a gradual, evolutionary transition as they introduced
laptop instruction into their classrooms.

Teachers reported that there were no institutional or systems experts
designing, planning or supervising how they were to integrate laptops into
their instruction.

At the same time that teachers were integrating laptops into their
instruction, they were also implementing institutional technological
innovations, such as computerized systems for reporting attendance,
reporting marks and preparing report cards. This required a great deal of
time and effort, especially during the first year in a laptop program—time
which might otherwise have been used to integrate the laptops into
instruction.

Teachers perceived wide ranging support as they integrated laptops into
their instruction.

Teachers noted that they faced, and continue to face, a wide range of
challenges with regard to integrating laptops into their instruction. Some
of these challenges were previously identified as supports, but are
supports which remain inadequately or incompletely implemented.
Teachers provided advice which they believe would increase the likelihood
that new colleagues would integrate the laptops into their instruction.
Teachers listed what they believed would encourage new colleagues to
integrate the laptops into their instruction.

Assisting new colleagues to organize and obtain subject-specific skills to
integrate laptop computers into their instruction appeared to be on an ad
hoc basis.

Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches integrating laptop computers into high
school biology programs?

11.

The teachers described significant changes in teaching approaches when
integrating laptop computers into their instruction.
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Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?
12.  The teachers described significant changes in teaching materials when
integrating laptop computers into their instruction.
The following detailed Enumerated Findings will examine the findings of

this study with respect to the research literature | reviewed. For clarity, they will

also be organized by the research questions.

Enumerated Findings

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

| found little in the research literature | reviewed for this study to validate
the data the high school teachers in the sample provided on integrated laptops
into their instruction. In fact, Russell (2006) observes that most research about
the secondary level is carried out by the tertiary level rather than by the
secondary level and, Inan et al. (2010) observe that teaching approaches and
materials differ with grade level and subject area. Certainly, most of the studies
that | was able to locate tended to have been carried out at other educational
levels or in other subjects, including: the post-secondary level (Bell and Bell,
2005; Ferdig, 2006; Landry & Hartman, 2006; Reading et al., 2006; van Oostven
& Muirhead, 2007; Windschitl & Sahl, 2002); middle school science (Kiboss et
al., 2004; Moore, 2004; Rogan, 2007); or in subjects other than science (Kearny

& Schuck, 2007). Therefore, in this section, as in other sections of this chapter,
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many of the findings of the study will be discussed with respect to research
findings derived from studies at levels of education other than secondary
schools. In this section five findings present material new to this study, two
findings confirm for high school biology teachers findings that have been
described in studies at other levels of education, and three findings confirm that
needs identified in previous research are still not being met. Findings 1, 2, 3,5
and 8 are new to this study. Findings 4 and 6 confirm for high school biology
teachers, findings that were previously identified at other levels of education.
Findings 7, 9 and 10 confirm that needs identified in previous research are still

not being met.

Findings 1-10 and Discussion
1. While entering a laptop program is a school-based decision, the teachers
participating in this study indicated that they made the decisions as to how and
when laptops are integrated into instruction in their biology courses.

| have found no other research on agency in decision making when
laptops are being pedagogically integrated into the classroom.
2. The teachers in my sample often perceived a sense of pedagogical
isolation, reporting that how they chose to use laptops for instruction in their
classrooms often differed significantly from the implementation efforts of their
colleagues.

| have found no other research which deals directly with the perceptions
noted in this finding, although van Qostven and Muirhead (2007) observe that

faculty teaching science courses in their study at the post- secondary level use
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laptops differently from faculty teaching other subjects. Simmie (2007), in a more
general curriculum study of 100 senior biology teachers in Ireland, confirms that
teachers who implement self-designed innovations in their respective classrooms
display both commitment and creativity which suggests the individualistic
approach and unigueness noted by the teachers in this study.

3. The teachers in this study described a gradual, evolutionary transition as
they introduced laptop instruction in their respective classrooms. They uniformly
viewed integrating computers into instruction as, at a minimum, a multiyear
project that demands patience, steadfastness, and continuing commitment.

This perception of an evolutionary approach to integrating laptop
computers into instruction is also consistent with the advice (See Finding 8)
teachers in the sample would give to new colleagues who are starting to
implement laptops into their instruction, regardless of the new colleagues’
experience as biology teachers or the level of their technology skills.

Studies on integrating laptop computers into instruction in which science
teachers were involved, have tended npt to focus on the complexity of the
implementation that the teachers undertake or the nature of the implementation,
whether evolutionary or revolutionary. Stolarchuk (2001a) appears to favor a
revolutionary approach, recommending that science teachers have a year to
prepare before implementing laptop computers. | saw nothing in the literature to
suggest this revolutionary pattern of preparation was occurring in practice.

Although the sample is small, more experienced teachers perceived the

ongoing nature of an innovation such as laptop computers, while early-career
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teachers were more likely to perceive that the laptops could be implemented in a

given number of years.

4. The biology teachers constituting the sample in this study reported that
there are no institutional or systems experts designing, planning or supervising
how they were to integrate the laptops into their instruction. Similarly, there is no
appointed change agent whose role is to guide the teachers through and to
coordinate the pedagogical implementation of the laptop computers.

While implementing a laptop computer program is a school-based
decision, Information Technology (IT) departments typically may not provide
backup to the teachers specific to the pedagogical use of laptops as
recommended by Inan et al., (2010). As a result, in addition to determining how
and where they will use the laptops, the teachers are deciding their approach to
using the laptops in their classrooms and if and how to introduce new teaching
materials. These decisions are complex and continue to evolve as conditions
change and emerge from a bottom-up dynamic which starts in the classroom.
Rogan (2007) comments on the lack of understanding in schools and school
systems regarding the enormity of the changes required of science teachers
when they implement an innovation such as the integration of laptop computers,
and the lack of detail provided by schools and school systems on how teachers
might implement such large-scale innovations. Moore (2004) confirms the

complexity of the implementation processes that teachers are exposed to in
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schools when implementing multiple, simultaneous innovations such as the
integration of laptop computers into instruction.

5. At the same time that the teachers in this sample were attempting to
integrate laptops into their biology instruction, they were dealing with a parallel
set of institutional technological innovations, such as computerized systems for
reporting attendance, reporting marks, and preparing report cards. Such tasks
require a great deal of time and effort during a new teacher’s first year in a laptop
program—time which a new colleague might otherwise use to integrate laptop
computers into instruction.

Despite the IT departments’ higher level of professional development
activity in non-pedagogical areas, there remained a distinct lack of planning to
assist and support teachers new to the laptop program. The process of using the
software for attendance, reporting grades, and preparing report cards, although
mastering the use of this software clearly requires a great deal of time and effort
during a new teacher’s first year in a laptop program—time which might
otherwise have been used for the academic program.

| have found no other research that deals directly with the implications of
teachers simultaneously implementing parallel sets of innovations: one set self-
initiated and self-sustained over a number of years, and the other designed, and
the implementation timetable established, by another agent or agency such as an
IT department.

In contrast to the conditions under which teachers are integrating

laptops into their instruction, teachers are also implementing administrative
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innovations under very different conditions. In this instance, the teachers usually
will not have participated in pilot projects of these administrative (non-
pedagogical) innovations prior to their implementation, or had input on these non-
pedagogical innovations such as how they are to be implemented or when they
are to be implemented. Therefore, the teachers may not have had an opportunity
to contribute in a middle-up pattern of implementation. In any event, in this
parallel set of non-pedagogical changes, the IT departments are proactive in
providing professional development opportunities for the teachers on the systems
and software. The teachers in this study reported spending considerable time
and energy complying with the use of the software used to manage the school, a
fidelity approach to implementation usually associated with top-down decision
making. | found the teachers in this study to be extremely positive about this
aspect of the IT departments’ role in the school. At this point, | feel it is important
to note that | also found the teachers to be optimistic about the IT technicians’
role in keeping the system, their laptops, and their peripherals functioning. The
teachers were also content with the speed and effectiveness with which the
technicians insured that the students had functioning laptop computers, although
these functions did not directly affect the teachers’ ability to integrate the laptops
into instruction.

Despite the complexity of the implementation patterns which the teachers
in the sample had observed as new teachers began teaching in a laptop
program, a great many of the observations made by the participants in my study

were in reference to the altered pedagogical role required of new teachers as
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they entered the program. | am surprised because a great deal of the
information the teachers in the sample provided during the interviews dealt with
the time and effort spent in IT professional development in order to learn the
technology used to manage the school's administrative functions as opposed to
implementing it in the classroom.

6. The teachers in this sample discussed their perceptions of what supported
them as they integrated laptops into their instruction, including: anecdotal
feedback from students, alumni/ae, and the school community; the improvement
they perceived in their teaching approaches; the availability of professional
development; the improvement they perceived in student learning; the positive
effect of integrating laptop computers on them personally as teachers; the
availability of the peripherals and software they had been able to obtain to teach
biology; and by access to up-to-date technology.

None of the teachers in the sample expressed interest in returning to pre-
laptop teaching approaches to instruction. Although they expressed a sense of
pedagogical isolation in the laptop program, there was general acknowledgement
that a sense of collegial support had developed as they all had to deal with the
problems the laptops introduced into their school life. Prior to the introduction of
the laptop program, the teachers in the sample may have been able to deal with
professional problems on their own, but there was a sense that that problem-
solving method was no longer an option when dealing with the types of issues
that the laptops introduced. They valued collegial support when dealing with the

technological problems the laptops introduced and were encouraged to continue
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integrating the laptop computers because other schools, by which they measured
the success of their own school, also had laptop programs.

| found some validation of the teachers’ perceptions in the literature.
Newhouse & Rennie (2001) identify the expectations of school administrators
and parents as positive factors impacting the diffusion of laptop computer use.
Bell and Bell (2005) confirm that with a collaborative management style at a
school, innovations are likely to be successful, especially if the collaborative
management style is combined with opportunities for teacher learning, and a
school culture with high expectations for teachers and students. Students can be
a support and provide technical expertise as teachers implement laptop
computers in their instruction (Bell & Bell, 2005) and, while | found no discussion
in the literature about senior secondary science teachers, elementary science
teachers were found to be encouraged by the opportunity to work alongside their
students as laptop computers were implemented into the classroom (Mueller &
Welch, 2006). Other supports noted by Harvey & Kamvounias (2008), Kane
(2003) and McMahon (2007) include a collegial learning atmosphere, and a
perception by the teachers that the laptop program had added value to their
teaching and to their students’ learning. Fullan reports that another important
support to the success of an innovation is the perception by the teachers that the
school has made an adequate and sufficient financial investment in the
innovation (Fullan 2007; Fullan 2006; Fullan, 2005).

Although the sample is small, there is some evidence in the data that

teachers with different years of experience perceive different supports as they
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integrate laptops into their instruction. Experienced teachers cite the support of
the school and the school administration. Mid-career teachers note they are
encouraged that their improved instructional practices make them better teachers
and by the professional development available to them. Early-career teachers
observe that they are encouraged to continue integrating laptops into their
instruction by the positive feedback they receive from the students.

7. The teachers in my sample provided information on the challenges they
perceived they faced, and will continue to face, when integrating laptop
computers into their instruction, including: the technology they were using; the
demand for novel and often untried instructional practices; teaching a laboratory
science subject, such as biology, which they viewed as being more difficult than
non-laboratory courses; finding appropriate professional development they could
access; and the frequent lack of maturity in the teenage students enrolled in a
laptop program.

A number of researchers confirm perceptions expressed by the teachers
in this study, observing that teachers need more subject-specific knowledge and
assistance if they are to integrate laptop computers into instruction (Klopfer et al.,
2005; Newhouse, 2001a; Siegle & Foster, 2001) and Simmie (2007) observes
that a lack of appropriate, and subject-specific professional development
opportunities for science teachers persists in the school system. Bell & Bell
(2005) and Inan et al., (2010) confirm that the teachers need academic as well as

technical support in their subject area and Bell & Bell (2005) note that teachers
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prefer to receive this subject specific professional development from those who
teach, or have taught, the courses they teach.

Although the sample was small, there is some evidence in the data that
challenges varied with the experience of the teachers. Experienced teachers
identified the acquisition of appropriate new hardware, software, and peripherals,
as well as the knowledge and skills to use them in the classroom as ongoing
challenges. Mid-career teachers identified the acquisition of new knowledge and
skills, while early-career teaches identified varying their instructional approaches
in the classroom and acquiring appropriate professional development as ongoing
challenges.

8. The teachers in the sample provided advice for new colleagues
regarding the integration of laptop computers info their biology programs,
including: new colleagues should be willing to modify traditional roles in teacher-
centred classrooms and strive to become classroom learning facilitators;
teachers new to a laptop program should be willing to learn, be open to new
experiences and willing to develop new materials; new teachers should be
reassured that the process of integrating laptops into instruction requires
patience and perspective; teachers entering a laptop program should have a
supportive administration providing adequate financial resources as this would
lighten their academic or supervisory duties in the school while they made the
transition to using laptop computers in their instruction; teachers new to laptop
programs should, when possible, observe and model themselves after

colleagues who have experience with such technology in the classroom; new
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colleagues should focus on learning new technical skills and seek out
appropriate professional development; teachers new to laptop programs should
reorganize their courses starting with their favourite labs, or the labs that are
important for the course; they should use laptops only when they are appropriate
or pedagogically worthwhile; they should realize that it is not necessary to use
laptops every day.

Some of the teachers in this study had observed new colleagues enter the
laptop program at their school, others had not. All of the teachers in the sample
contributed advice that they would give to new colleagues with regard to
facilitating the integration and diffusion of laptop computers in the classroom for
instruction. | have found no other research where teacher’s voices describe the
diffusion of laptop computers to new colleagues.

9. The teachers in this sample were of the opinion that other biology
teachers would be encouraged to integrate laptops into their instruction if certain
factors and experiences were present in their teaching environment, including: if
the integration of laptops were a school priority; if it were expected that teachers
integrate this new technology in their school, if the laptop program provided
better and more flexible conditions for student learning; if students experienced
increased academic success in biology courses; if there were increased student
success in admission to post-secondary educational institutions; if former
students experienced increased academic success at post-secondary

institutions; if integrating laptops into instruction were viewed by colleagues as a
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multi-year endeavour; and if there were continuing school-based technological
support for teachers instructionally using laptops.

The teachers who had observed the integration process (noted in Finding
8 above), discussed “new colleagues” who were experienced biology teachers,
but new to a laptop program, as well as “new colleagues” who were new to
biology teaching, but who possessed laptop skills. The process of integrating
laptops into their instruction was seen to be equally challenging for each. | have
found no other research where teacher’s voices describe the diffusion of laptop
computers to new colleagues.

10. The teachers in my study focused on new colleagues organizing and
obtaining the subject-specific help they needed on what appears to be an ad hoc
basis. No plans were described to assist and support the new teachers’ learning
on how to use the laptops for instruction.

Although many of the observations made by the participants in my study
were in reference to the new teachers’ academic role in the classroom, the
teachers in my study realized that new teachers would require assistance
organizing and obtaining the subject-specific help they needed, no details were
provided concerning organization to assist and support learning on how to use
the laptops for instruction. Opportunities such as these have been
recommended in Inan et al., (2010).

Although | am surprised by the lack of planning to assist teachers assume
their new roles in a laptop program, both pedagogical and non-pedagogical,

perhaps | should not have been puzzled by the different implementation
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processes the teachers described as operating in the schools. What the
teachers in the sample described in non-pedagogical areas of the laptop program
was a process of dissemination, organized and carried out by the IT departments
for functions common to all the teachers in the school. Anderson (1997) notes
that teachers in schools are often asked to deal simultaneously with different
implementation processes such as top-down implementation patterns
(dissemination) and bottom-up implementation patterns (diffusion) of innovations.
What was being described in pedagogical areas of the laptop program, requiring
subject-specific knowledge and teaching skills, was a process of diffusion. | have
seen no other research on the diffusion of the integration of laptop computers
into instruction, although Moore (2004) observes in a study on the design and
development of interactive computer environments, that peers are the best role
models for teachers who are not yet using a technological innovation.

Although the sample was small, the teachers in the study provided some
perspective on the likelihood of skills and knowledge diffusing to new colleagues
entering the laptop program. Experienced teachers stressed the importance that
support be provided at the school and by the school. Mid-career teachers
stressed the ability of the new colleague to deal with the ongoing challenges of
implementing new innovations in a laptop program and their willingness to
change their teaching approaches and prepare new teaching materials. Early-
career teachers observed that new colleagues should be encouraged by the

more effective instruction possible in a laptop program, but that they should be
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prepared to meet the ongoing challenges of implementing a poorly structured
innovation such as laptop computers.

Summary: Question One How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

The perceptions of the teachers in the sample included recognition of the
challenges which they had faced in introducing laptop instruction into their
classrooms, and the fact that in most instances, the teachers felt that they had
met these challenges. Once the laptop program had been established in the
school, the innovations in their classrooms were designed, implemented and
sustained by the teachers as individuals. They perceived that integrating laptops
into their courses required an ongoing implementation process for a number of
reasons, including continuing changes in curriculum and course assignments and
the introduction of new hardware and software.

The teachers in this study felt that the diffusion of the skills and learning
required to integrate laptops into biology instruction was a unique process for
each teacher entering a laptop computer program and was highly dependent on
the teacher’s perceptions, strengths, and experiences. At the same time, the
teachers in the sample described a different pattern of decision making, a top-
down, externally motivated pattern, where the innovations were designed, and
the implementation determined for the teachers. The research literature confirms
that teachers are often asked to deal with different patterns of innovations at the

same time: fidelity, top-down, externally motivated patterns determined by others;
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adaptation and middle-up patterns; as well as, enactment, bottom-up and
internally motivated patterns which teachers design and implement, year after
year, in response to changes affecting the innovation which they do not control.
Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

| found little in the research literature that | reviewed for this study that
validates the information the high school teachers in the sample provided on
changing teaching approaches as they integrated laptops into their instruction.
Most research studies | did locate had not been conducted at the secondary
level, but at the post-secondary level, including; the use of tablet computers in
tertiary education (van Oostven & Muirhead, 2007); how laptop computers made
it easier for faculty at the tertiary level to design learning activities (Windschitl &
Sahl, 2002); the acknowledgement by both teachers and students that teaching
and learning is more interesting with the laptops (Reading et al., 2006); and that
the teachers combine their technological and pedagogical content knowledge to
enhance the impact of laptop computers on instruction (Ferdig, 2006). The
holistic and detailed descriptions of the teachers’ experiences as they integrated

laptop computers into their biology programs are new to this study.

Finding 11 and discussion
11.  Significant changes in teaching approaches are described by the teachers
in this study, including: how lessons are prepared and conducted; how course

content is presented; how notes are made and notebooks maintained;
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the nature and number of labs students complete; the nature and number of
active learning experiences available to the students; the nature of homework
and projects completed by the students; the process of marking student work;
and the electronic communication within the school community.

The teachers in this study deemed PowerPoint presentations to be
efficient since they could be used for instruction in a number of ways, such as: to
prepare lessons; as a prompt during teaching; for the students to annotate during
class; and for the students to use as a guide for making notes after class. Savoy
et al., (2010) can be consulted for additional perspectives on these teachers’
perceptions. At the University of Ontario Institute of Technology (UOIT)
researchers find PowerPoint presentations are used to display course notes and
other materials during class as well as to introduce topics, organize lectures, and
assist the students with note taking (van Oostven & Muirhead, 2007). The faculty
report that tablet computers decrease preparation time while the outlines
(augmented with graphics, annotations, drawings of diagrams and pictures, as
well as audio and video clips) provide meaningful enhancements for instruction
(van Oostven and Muirhead, 2007).

Researchers report that laptop use in post-secondary education has a
positive effect on student learning in a number of ways: enabling students and
faculty greater opportunities for collaboration and constructing knowledge;
enabling the exchange of files in group projects; and enabling the exchange of
ideas during synchronous and asynchronous teaching approaches (Windschitl &

Sahl, 2002).
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However, despite the changes the teachers were making to the nature of
homework assignments, most teachers in the sample continued to mark paper
copies of homework assignments. Often, this involved downloading and printing
assignments which had been submitted electronically, marking the paper copy,
and returning the paper copy to students. Only one teacher in a student-centred
program described marking student work on a tablet laptop and returning the
marked copies to the students electronically. It should be noted that tests and
exams remained pen-and-paper exercises in all of the schools.

From research conducted at the post-secondary level (Landry & Hartman,
2006), faculty found downloading students’ individual assignments (in one case
from Blackboard) to be a very tedious process which took a great deal of time for
large classes because the software does not connect directly to the student
gradebook. Lacking a direct connection, instructors had to be in two places in
Blackboard: at one location to view the student assignments, and then at a
second location to grade the assignments (Landry & Hartman, 2006). While
faculty at the post-secondary level value the opportunity of writing comments as
they grade assignments (van Oostven & Muirhead, 2007), they also want to
minimize the time spent collecting, grading and returning papers to students. For
these reasons, the ability to write electronic comments on student papers using
the tablet laptops more closely resembled their previous practice of writing
comments as they graded student papers and was deemed to be of significant

value to busy faculty members.
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The teachers in this study believed that the laptop program had increased
communication between the students in their classes, between the students and
teachers and between the teachers and parents. Only one teacher noted that
students had communicated with students in other schools, and there was very
little evidence that the laptop program had involved students communicating with
scientific experts.

Summary: Question Two: How do senior grade biology teachers perceive
and introduce new teaching approaches when integrating laptop
computers into high school biology programs?

The introduction of laptops into the teachers’ instruction had an effect on
the teaching approaches used in their biology courses. Significant changes in
teaching approaches were described, including: how lessons were conducted;
how course content was presented; how notes were made and notebooks
maintained; the nature and number of labs students completed; the nature and
number of active learning experiences available to the students; and the nature
of homework and projects completed by the students. Although the sample was
small, the emphasis on changes in teaching approaches did seem to vary
between teachers with different years of experience. Experiences teachers
reported changes in how lessons were prepared, mid-career teachers noted the
change in how science notebooks were maintained and in the lab experiences
available to the students, while early career teachers observed that there were
more active learning opportunities for the students. The area of least change

was assessment, where the teachers continued to mark hard copies of student
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work. In the one instance where the course was student-centred, the ongoing
use of tablet laptops had allowed the teacher to develop the skills necessary to
collect, mark and return student assignments electronically. Tests and exams,
however, remained pen-and-paper-exercises in all the schools. In most schools,
the laptop program had resulted in increased communication between teachers
and students, between students, and between teachers and parents. However,
there was little evidence of increased communication by teachers or students
with students or teachers in other schools, or with experts beyond the classroom.
The teachers described changes in their approaches to teaching their
biology courses, but the changes they described in their preparation and use of
teaching materials was even more significant and will be described in the next

section.

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?

| had difficulty locating studies against which the use of new teaching
materials described by the high school teachers in this study can be validated. In
fact, the studies that | was able to locate tended to have been carried at other
educational levels or in other subjects, including: the post-secondary level
(Landry & Hartman, 2006; van Oostven & Muirhead, 2007); middle-school
science (Kiboss et al., 2004; Moore, 2004; Rogan, 2007); junior grades of high

school (Erixon, 2010); or in subjects other than science (Kearny & Schuck, 2007;

Ottenbreit-Leftwich et al., 2010). Where teaching materials used with laptops for
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instruction are discussed in the literature, the focus tends to be on one teaching
resource or, the observations are general in nature, such as: Bell and Bell (2005)
recommending that university faculty have a time allowance scheduled for the
preparation of new teaching materials. The holistic and detailed description of
the teachers’ experience in developing and using new teaching materials as they

integrate laptop computers into their respective classrooms is new to this study.

Finding 12 and Discussion
12.  Teachers in the sample designed new teaching materials, modified and
continued to modify their teaching materials, including their use of: hardware;
peripherals; software; Internet resources; and textbooks.

Van Oostveen and Muirhead (2007) found that laptop computers were a
welcome addition to the teaching tools for science teachers at the University of
Ontario Institute of Technology (UOIT). They also note that the faculty reported
that tablet computers decreased preparation time. Windschitl & Sahl ( 2002)
report that laptop computers make it easier for faculty at the post-secondary level
to design learning activities.

| did find the use of peripherals such as digital cameras and interactive
SMART Boards mentioned in the literature. Tatar & Robinson (2003) report
examples of digital camera use and the incorporation of the resulting images into
class assignments in science classes. Although they report the use of digital
cameras as being sparse, the cameras are being used in a number of ways: to

extend students’ lab work; to introduce the students to a new form of technology;
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and to alter the way students communicated with one another about their
experimental work. Tatar and Robinson (2003) report that as a result of the
photographs in student laboratory books, the students have better study cues to
refer to when studying for examinations. Kearney & Schuck (2007) reported that
teachers saw interactive SMART Boards as a type of presentation technology
that supported whole-class teaching, including whole-class discussions and
whole-class exercises. They also thought that SMART Boards came in handy for
giving explicit directions to students. Although Kearney and Schuck’s research
was not conducted in senior grade science laboratory courses, this research
study confirms their observations of the teachers’ use of SMART Boards.

Since the introduction of the laptop program, the use of software which
could be used, or adapted for use, in the classroom has become widespread.
The most frequently mentioned software programs are the platforms for their
teaching activities: Blackboard, First Class, and Lotus Notes. In addition to
learning the platform software, the teachers are using PowerPoint and Excel for
preparing graphs, and Microsoft Office for drawing. Much of the new software
they described using was not specifically designed for pedagogical purposes, but
was being used for administrative purposes and school management. Some
teachers anticipated learning a number of new programs in the upcoming year,
including software to improve assessment procedures and reporting practices, as
well as to manage marks and attendance. Not only are the teachers learning a
wide range of software programs, but it is evident from their observations that

there is considerable variation in software used by different schools to carry out
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similar functions. The teachers’ observations seem consistent with a study
conducted at the University of Ontario Institute of Technology, since van
Oostveen and Muirhead (2007) report that tablet computers encourage the use
of specific programs such as One Note, and that the use of PowerPoint by the
faculty members is widespread.

The teachers in this study discussed at length the teaching materials they
accessed on the Internet and how this was affecting their use of textbooks
(Erixon, 2010; Woody et al., 2010). They mentioned searching for, and
incorporating into their instruction, some thirty different types of teaching
materials including: animations, simulations, webquests, databases and scientific
journals. Increasingly, the teachers remarked that they were accessing free
teaching materials posted on the Internet by universities, non-governmental
organizations (NGOs), medical institutes, and government departments (see
Appendix F). As noted above with respect to the use of software, it is apparent
that there is great variation in the Internet sites being selected by the teachers
and how the materials they choose are incorporated into their instruction.
Creating customized teaching materials (Ottenbreit-Leftwich et al., 2010)
involved a personal search and selection process which they carried out with
considerable care and which takes a great deal of their time.

Barab & Dede (2007) found that game-like virtual learning experiences
provide a strong sense of engagement and opportunities for student learning.
They developed a series of simulations for use during their research study.

Although these simulations were not made available to the teacher participants
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for use in their instruction, Barab and Dede found that the teachers were already
providing somewhat similar experiences for their students. Computer simulations
have the capability to teach concepts that are either too dangerous or too difficult
to teach using traditional methods (Kiboss, 2000). In the past, some of the
teaching methods used posed problems of understanding for students (Kiboss et
al., 2004). These researchers used the process of cell division to illustrate the
benefit of using computer simulations. They note that the current recommended
practical work in biology for learning cell theory includes the use of squashed
young onion root tip, charts or electron micrographs. Unlike these static
presentations of the stages of cell division, simulations available for use with
laptop computers successfully illustrate the dynamic nature of the process of cell

division (Kiboss et al., 2004).

Summary: Question Three

The teachers in the sample responded to the introduction of the laptop
program by increasing the type and number of teaching materials they used for
instruction. Laptops appeared to have solved many of the problems they had
associated with using the desktop computers in the school for instruction. The
teachers | interviewed accommodated periodic updates of the laptops and the
unintended consequences of incompatibility between new laptops and older
laptops, with the perception that newer hardware was faster and easier to use.
The teachers, especially experienced teachers, used new peripherals with the

laptops and accommodated the incompatibilities between these new peripherals
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and the laptops on an ongoing basis. Much of the new software they described
using was not specifically designed for pedagogical purposes, but the biggest
change in new teaching materials, especially for early-career teachers, was in
the teaching resources they could access on the Internet. Individual teachers
reported spending a great deal of time on checking, updating, and improving this
type of teaching material.

In contrast to the increasing use of Internet resources, textbooks appeared
to be a less important teaching resource in a laptop program, in many instances
they had been eclipsed or replaced by electronic and/or hardcopies of teacher
prepared material that the students could access on their laptops from the class
database. Some teachers expressed interest in exploring electronic textbooks.
One school had just adopted an electronic textbook that an early-career teacher
was beginning to explore with a view to integrating the range of options an

electronic textbook could provide for students.

Design of the Study

Based on my academic and professional experience as a science teacher
and school administrator, | am of the opinion that the teachers in this study were
exploring the perceptions and lived experiences which guided their decisions as
they answered the interview questions on integrating laptop computers into their
instruction. The teachers responded positively to the personal interview process
and commented on alternative methods which might have been used for

collecting the data such as questionnaires, telephone interviews, or video
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conferencing. The teachers observed that the ongoing pace and rhythm of
schools meant they normally would not reflect on teaching in a laptop program as
they had been able to do when answering the interview questions. They
expressed satisfaction, not only with the fact that they had been able to
undertake this examination of their teaching, but also with the gains they realized
had been made during their years in the laptop program. | thought one of the
early-career teachers described the benefits of the study design best:

Did you come down [from Ottawa] again today? That's a lot

of work for you ... because otherwise how would you get ...?

It would be difficult. Yes | don’t see any other way you could

do it. Honestly, you wouldn’t capture the same ... you wouldn't.

(Zoe, Ill - 27).

Because | think the feedback you're getting ... it's interesting.

| was actually saying to [the Head of Science Department] this
morning, it has made me reflect on the course in a way that |
haven't really ever taken the time to reflect. You know, you really

just don’t have the time (Zoe, Il - 43).

Yes, so it's been interesting for me to think ... what we are

doing here, and some of the comments I've made to you, I'm

thinking ... this is working, you know (Zoe, Ill - 24).
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And you would not have accessed this (information) in any
other format, I’'m telling you. | would not have written it out

in an email or anything (Zoe, Ill - 51).

Gregoire Gill (2006) acknowledges the importance of perceptions on
curricular and pedagogical decisions affecting classrooms, but discusses the
difficulty researchers face in ascertaining the effect of these perceptions and
experiences on instruction and learning. According to Gregoire Gill, interviews, a
common method of collecting information can be viewed as problematical.
However, Marshall and Rossman (2006) state that in-depth interviews can be
used as a method of collecting information about perceptions and experiences,
and as the sole source of collecting data, if the subjective view of events is what
is important, and if the purpose of the study is to uncover and describe the
teachers’ perspectives. Seidman (2006) supports this view, stating that
interviewing not only provides the context of teachers’ behaviour, but also
provides the researcher with a means of understanding that behaviour.

Every research method has its limits and strengths. In-depth

interviewing’s strength is that through it we can come to

understand the details of people’s experience from their point

of view. We can see how their individual experience interacts

with powerful social and organizational forces that pervade the

context in which they live and work, and we can discover the

interconnections among people who live and work in a shared
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context (Seidman, 2006, p.130).

Pertinent to this study, Seidman (2006) lists the strengths of interviews,
such as: fostering face-to-face interactions with participants; useful for
uncovering participants’ perspectives; facilitating immediate follow-up for
clarification; useful for describing complex interactions; facilitating discovery of
nuances in culture; facilitating analysis, validity checks and triangulation; and for

obtaining a large amount of data quickly.

Concerns-Based Adoption Model (CBAM)

Using the Concerns-Based Adoption Model (CBAM) as a guide kept the
research and the researcher focused on the classroom teachers in the sample,
on their perceptions of the innovation they had undertaken (Donovan, 2007), and
on their perceptions of the conditions under which the innovation they had
undertaken would be successfully integrated by new colleagues.

The rubric developed from the Stages of Concern indicates that the
teachers’ concerns are clustered around the highest three levels—levels six to
four—with only one teacher expressing concerns at level three. As the
researcher, | used CBAM as a guide when examining the teachers’ perceptions.
Specifically, | evaluated the teachers’ perceptions against the levels found in the
Stages of Concern. At the highest levels, CBAM anticipates teachers will be
focusing on concerns, such as:

Level 6—Refocusing—/ have some ideas about something that
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would work even better.

Level 5—Collaboration—How can I relate what | am doing to what

others are doing?

Level 4—Consequence—How js my use affecting learners? How

can | have more impact?

Level 3—Management—/ seem to be spending all my time

getting materials ready. How do I implement this change?

What do | need to do to make this change happen with my

students? (Hord et al., 1987; Loucks-Horsley, 1996).

CBAM was helpful as a guide when analyzing the participating teachers’
concerns about integrating the laptops into instruction at Level 6 (Refocusing),
and Level 4 (Consequence). At Level 5 (Collaboration), CBAM was not as helpful
as | had anticipated for a number of opposing reasons: the teachers in this study
tended to be either the only biology teacher in the school, or they were the only
teacher teaching a specific biology course. In a sense, they were physically or
pedagogically isolated, but at the same time, the norms for teaching have
become more collegial since CBAM was developed in 1975 (Anderson, 1997),
which again diminished the usefulness of this stage of concern. The teacher with
the least teaching experience, while expressing concerns similar to the other
teachers at Level 6 and Level 4, also expressed some concerns at Level 3
(Management)—concerns the more experienced teachers were not articulating.

Concerns at the highest levels indicate the willingness of the teachers to
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implement and sustain an innovation, in this instance the integration of laptop
computers into their instruction.

The rubric developed from Levels of Use (LoU)) indicates a high level of
use of new teaching approaches by all the teachers in the sample. The rubric
developed from LoU indicated that the teachers were in the highest categories
for use of new teaching approaches—Level VI (Renewal) and Level IVB
(Refinement). Level V (Integration), once again proved difficult for the analysis
since many of the teachers in this study are the only teachers in the school
teaching the biology courses they are teaching. However, despite the challenges
to academic integration with comparable biology teachers, | did note that some
integration of policy for the use of the laptops was being established by science
departments. In the two instances described to the researcher, the policies both
dealt with the beginning of classes. Somewhat ironically, in one school the
teachers in the science department made the decision that all classes would start
with the laptop computers closed and the laptops were to remain off until the
teacher indicated that they should be turned on. In the other school, the teachers
in the science department made the decision that the laptops were to be open
and functioning at the beginning of classes.

The rubric for Innovation Configuration (IC) indicated that in six of the
eight categories describing what the integration of laptops would look like in
classrooms, the teachers in the sample were in the highest category for use of
the innovation. In six of the eight categories (access to computers, student use

of computers in subject area; classroom organization; learning activities; nature
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of task environment; and technological literacy), the teachers in the sample were
in Level 1, the highest category. The remaining two categories in this rubric,
teacher-student relationships and independent learning, differentiated between
the teaching approaches of nine of the teachers in the sample and the teaching
approach of the tenth teacher. The nine programs (rated in the second highest
level for independent learning and teacher-student relationship) if no longer
teacher-centred, were essentially teacher-led programs. The tenth program
(rated in the highest level for independent learning and teacher-student
relationship), had been reorganized as a student-centred course where the
students worked independently at their own pace, or with a student partner.

| found a high level of innovation in the teachers’ use of new and modified
teaching materials, and very little variation in the degree of use of these new
teaching materials between the teachers in this sample. The rubric developed
from IC is not appropriate for focusing on the use of new and modified teaching
material in the classrooms of the teachers in this sample. While the rubric deals
with what the innovation looks like when new materials are implemented, it did
not focus on or describe what the new teaching materials would look like. This
rubric was, therefore, less useful for analysis than | had anticipated. As Scott
(2008) has observed a rubric for IC is difficult to draft for unstructured innovations
when there is little understanding of what the innovation would look like in a

classroom when implemented. This IC rubric should be redrafted.
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Chapter Summary

Studies that focus on how different subjects at different levels in schools
interact with computer technology such as laptops are not numerous (Erixon,
2010). The group of teachers who volunteered to participate in this study
implemented and sustained a laptop program in their senior grade biology
courses and responded to the interview questions with insight and knowledge.
Research literature confirms that their academic preparation and professional
experience meet the description of teachers who are willing to undertake and
integrate innovations.

The teachers in this study observed that their perceptions had undergone
considerable change as they implemented the laptop computers into instruction
in their biology courses and that they had continued to modify their perceptions
with increased experience in the laptop program. The changes in their
perceptions resulted in a reorganization of their lessons and biology courses.
Only one program, however, could be described as having adopted a student-
centred learning approach, as opposed to a teacher-led approach.

Although the sample was small, there is some evidence in the data that
experienced teachers perceived the ongoing nature of implementing innovations
in a laptop program, valued the support of the administration, described their
main challenge as the ongoing acquisition of new hardware and knowledge and
skills they needed. They noted that support by the school and at the school was
important as new teachers entered the laptop program. Mid-career teachers were

encouraged as they felt their instructional practices had been improved in the
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laptop program and that professional development was available to improve
Knowledge and skills. They identified the ability to deal with challenges, and the
willingness to change teaching approaches and prepare new teaching materials
as important if new colleagues were to be successful in a laptop program. Early-
career teachers observed that while it would take years for them to integrate
laptops into their instruction, they were encouraged by positive feedback from
their students, felt challenged by the need to vary their instructional approaches
and the need to access appropriate professional development. They observed
new teachers would be encouraged by the more effective instructional practices
available in a laptop program, but only if they could cope with the ongoing nature
of implementing innovations in a laptop program.

The introduction of laptops into their instruction affected the teaching
approaches the teachers used in their biology courses. The teachers in the
sample modified most aspects of instruction, including: how lessons were
conducted; how course content was presented; how notes were made and
notebooks maintained; the nature and number of labs students completed; the
nature and number of active learning experiences available to the students; and
the nature of the homework and projects completed by the students. The
smallest change appeared to be in assessment procedures where the teachers
continued to mark hard copies of students’ work. Until new technology and
software are available, and implemented in their schools, collecting and returning
assignments and homework electronically will remain a challenge.

Communication increased between students and teachers and within the school
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community, but there was little evidence that the laptop program had increased
the amount or nature of communication beyond the walls of the classroom.
Although the sample was small, there is some evidence in the data that
experienced teachers observed changes in how lessons were prepared, mid-
career teachers observed changes in how science notebooks were maintained
and increased laboratory experiences for students, while early-career teachers
noted the increased active learning experiences for students in the laptop
program.

The teachers responded to the introduction of the laptop program by
increasing the type and number of teaching materials they used for instruction.
Much of the new software they described using was either not specifically
designed for pedagogical means or was being used for administrative purposes
or school management. New software which would allow for the electronic
collection, marking and return of student assignments and homework was
eagerly anticipated. In many ways, the teachers believed their classroom
teaching had become easier, although they continued to cope with challenges
and incompatibilities associated with the updating of hardware, peripherals,
software, teaching resources obtained from the Internet, and with the changing
role of textbooks in their respective classrooms. Although the sample was small,
there is some evidence in the data that more experienced teachers focus on new
peripherals for teaching with laptops, less experienced teachers focus on the use
of textbooks in a laptop program, while early-career teachers focus on the use of

hardware, software and preparing teaching materials from the internet
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A rubric developed from CBAM Stages of Concern (SoC) indicated that
the teachers’ perceptions in this sample were consistent with teacher concerns at
the higher end of the scale describing the integration of an innovation. The
interview process used to collect data was found to be an effective design for the
study, as teachers’ viewpoints are a crucial indicator of teacher behaviour.

A rubric based on CBAM Stages of Concern (SoC) indicated that the
concerns of the teachers in the sample reflected a high level of implementing an
innovation such as the laptop computers, including such concerns as how the
laptop computers could be used more effectively in their respective classrooms
and have more impact on student learning. A rubric developed from LoU
revealed that the teachers’ use of the laptop computers indicated they were
operating at a high level for implementing new teaching approaches and new
teaching materials. The rubric adapted from IC indicated the teachers in the
sample were operating at a high level for the integration of laptop computers, but
unfortunately the rubric adapted for this study did not focus on the development

and adoption of new teaching materials.

In Chapter Seven, | will take the major findings of this chapter and explore them
further by discussing the context of this research study, and the study's
contribution to the research literature. The practical applications of this research
will include recommendations for schools and school systems based on the

findings discussed in this chapter.
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CHAPTER SEVEN: CONCLUSIONS

This chapter examines the findings and implications of this study: its
practical and theoretical contributions to the literature on innovation, and the
limitations of the study. The chapter also includes recommendations for future

research.

Major Findings of the Study

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

The teachers’ perceptions of the integration of laptop computers into their
instruction were remarkably consistent. They considered the integration of laptop
computers into instruction to be a teacher initiated innovation in that they decided
which changes were integrated into instruction in their respective classrooms and
they decided how the changes they integrated into instruction varied from class
to class. Their decisions about instructional changes were influenced most by
teaching colleagues. They described managing an evolutionary pattern of
change in the classroom and they expected they would be dealing with new and
continuing adaptations affecting their instruction in years to come. They said the
diffusion (the gradual spread of information and ideas, previously unfamiliar, that
may result in the adoption of an innovation) of the integration of laptops into
instruction in other teachers’ classrooms depended on the other teachers’
perceptions, their willingness to change their teaching approaches, and their
willingness to develop new teaching materials. Much of the integration of laptop

computers in schools that the teachers in the sample described was not
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pedagogical in nature, and they described a process of dissemination (the
planned spread of an innovation to teachers, often involving a change agent
responsible for having the teachers initiate new practices), not diffusion, for this
non-pedagogical type of change.

Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

For the majority of the teachers, the changes to their instruction had been
profound. Initially, laptops were used as add-ons to the program they had been
teaching, or had been trained to teach, but the original role of the laptops was
systematically expanded to affect almost all aspects of their teaching, with the
possible exception of assessment procedures and marking student work. The
teachers had introduced different teaching approaches, including; how lessons
were prepared and delivered in the classroom; by increasing the number and
improving the nature of the labs the students completed; the inclusion of active
learning experiences including more pertinent and interesting homework
assignments; and more communication with the students outside of the
classroom. As a result of the new teaching approaches they introduced, the
teachers listed a number of ways the courses they were now teaching were
better, including terms such as: more relevant; more up to date; more interesting
to the students; more student-centered than before; and, providing a better
preparation for studying biology at the post-secondary level. While they believed
that their new approaches to teaching in the laptop program had increased

communications between students, between teachers and students and between
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parents and teachers, there was still very little evidence of increased electronic
communication beyond the walls of the school, between students in different
schools, between teachers in different schools, or with experts in appropriate

scientific fields.

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?

Prior to the introduction of the laptop program, most of the teachers in the
sample had not chosen to use the desktop computers available in their schools
for instruction. Following the introduction of the laptop program, they were using
the laptops for instruction and a broader spectrum of teaching materials such as
peripherals, software and resources they located on the Internet. These new
teaching materials were researched and assembled with considerable care and
expenditure of teachers’ time, but there was little evidence that these materials
were being shared or were even similar to teaching materials other teachers had
developed or were using. While the acquisition and use of new teaching
materials was considered an important aspect of integrating laptops into

instruction, acquiring and using new teaching materials appeared to be a highly

individual process.

Ongoing Challenges

The teachers participating in this study identified a number of ongoing

challenges that they continue to face as they develop their use of laptops for
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instructional purposes including: finding professional development appropriate for
senior grade biology teachers in a laptop program; having the opportunity to see
other teachers teach biology in a laptop program; accessing ideas for new
teaching approaches; and, finding, locating and obtaining new teaching materials
they can use in their respective classrooms. These challenges are exacerbated
by the relative isolation within which even teachers who share similar courses,
and learning and teaching objectives typically were functioning. There was, for
example, little evidence that any of the teachers interviewed for this study knew
one another, even though they shared similar pedagogical challenges and
aspirations, and their schools were within a 500-kilometre radius of one another

and participated in common sports competitions, drama and music festivals.

Strengths and Limitations of the Study

In this section | discuss possible limitations of the present study, focusing
on: the research questions; the design of the study; the replicability of the study;
the transferability of the findings of the study to other settings; the size of the
sample; and, the strengths and weaknesses of collecting data through an
extended interview process.

In this study, | developed the research questions following a review of the
literature. According to Marshall and Rossman (2006), research questions
developed in advance of a qualitative study should be general enough so that
they do not constrain the investigation of the topic while establishing the limits of

the study. Achieving this balance is challenging (Marshall & Rossman, 2006),
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but | feel that the research questions for this study met this criterion. While
functioning as guidelines for my data gathering and data analysis, the research
questions themselves were never shared explicitly with the teachers included in
the sample who were uniformly asked a roster of twenty-eight interview questions
(see Appendix E). Described by Marshall and Rossman (2006, p. 159) as an
“analyst constructed typology,” the research questions provided an initial
framework for generating themes and categories to be explored, and eventually
for the analysis and presentation of the data subsequently gathered.

An exploratory review of ten models frequently used to understand change
and the implementation and diffusion of innovations were reviewed in seeking to
develop a conceptual framework appropriate for the present study. Six of these
models were dismissed as not being usable, and four were given further scrutiny.
Of these only one, the Concerns Based Adoption Model (CBAM), seemed
appropriate as it focused on individual teachers and could be used to investigate
a number of factors pertinent to this study, including: teacher concerns during the
innovation and implementation process; how the teachers actually made use of
the innovation in their respective classrooms; and, what the innovation would
look like when implemented in individual classrooms.

These elements of CBAM were selected and incorporated into the
conceptual framework for the study. As the analysis of the data proceeded,
rubrics were prepared based on three components of CBAM: Stages of Concern
(SoC), Levels of Use (LoC), and Innovation Configuration (IC). A review of the

data provided by the teachers, using these rubrics, confirmed that all ten
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teachers in the sample were functioning at the highest levels of the rubric, Level
6 (Refocusing/Renewal), Level 5 (Collaboration/Integration) and Level 4
(Consequence/Refinement). The least experienced teacher also expressed
Management/Concerns (Level 3) about using the innovation in the classroom,
concerns that were not being articulated by the more experienced teachers. |
found that the Level 5 rubrics were not helpful in the analysis of collegiality and
cooperation between the teachers in this study. Norms on collegiality and
cooperation between teachers in schools have changed since CBAM was
developed and the criteria were not useful, but even more importantly for this
study, the teachers in the sample tended to be either the only teacher in the
school teaching the particular biology course they were teaching, or the only
teacher in the school teaching biology. They were in many cases pedagogically
isolated or had limited opportunities to cooperate with colleagues.

Qualitative methodology was used to collect information and to interpret
the teachers’ perceptions of the innovation they undertook, specifically how their
teaching approaches, and their use of materials changed in the course of
implementation. As is characteristic of descriptive studies, a rich description of
the perceptions and experiences of the participating teachers allows readers of
this study to determine where, specifically, they find particular points of interest
that they may apply to their own work, transfer to similar settings, or transfer to
other settings. Although the immediate focus is upon innovations in high school
biology teaching, teachers in other subject areas and other levels may well find

results that can be transferred.
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The number of schools included in this study and the number of teachers
included in the sample is purposefully small. In assembling such a purposeful
sample, the researcher was not able to avoid an unexpected limitation resulting
from teaching experience and gender. All the more experienced teachers who
volunteered for the sample were male, all at the midpoint of their careers, and the
less experienced teachers who volunteered were uniformly female. Therefore, it
was not possible to distinguish the effect of the number of years of teaching
experience from the gender of the teachers upon the data they contributed to the
study. Studies that concentrate on such factors as years of experience of
teachers and gender remain interesting avenues for future research.

There are strengths and weaknesses associated with every method of
collecting data The design of this descriptive study relied on collecting data
through a series of semi-formal and informal interviews, and documents used in
teaching biology with laptop computers, as described by Marshall & Rossman
(2006) and Seidman (2006). While collecting, analyzing, and organizing the data
for this study | was impressed with the strengths of the interview design,
including: the process promotes face-to-face interactions with teachers; the
process is useful for uncovering teachers’ perceptions; the process facilitates
clarifying information or questions that may be misunderstood; the process is
useful for describing complex interactions such as integrating laptop computers
into biology courses; the process is good for obtaining information on non-verbal
behaviour and non-verbal communications during the interviews; the process

facilitates the discovery of nuances in the culture of the school and classroom;
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and the interview process provides contextual information about the teachers’
experiences in the schools.

Having read a number of studies where researchers undertook to include
science teachers in participant samples (Newhouse, 2001; Sclater, 2006) and the
senior science teachers chose not to participate in the research or did not choose
to implement, or fully implement, the innovation being studied, | was concerned
about assembling a purposeful sample of senior science teachers for this study.
This study was designed to make it as easy and efficient as possible for these
senior science teachers to participate and | was pleased that the teachers in the
sample volunteered to have interviews scheduled as the academic year came to
a close, through examination schedules, professional development days, and
even during the summer. They appreciated the ease and convenience of having
the interviews scheduled at their school and at times convenient for their
schedules. A number of the teachers actually raised the labour-intensive nature
of an extended interview approach to qualitative research, including the time
required travelling to the schools and the time spent interviewing participants.
There was a general consensus that these accommodations had positively
influenced decisions to participate in the research study and that they would have
been less likely to participate if providing information had required telephone
interviews, video-conferencing, or filling out questionnaires.

Acknowledging that weaknesses can be ascribed to any method of data
collection (Marshall & Rossman, 2006), | believe the strengths of the design of

the study were appropriate to the research questions providing a depth of
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information about the perceptions and lived experiences of the teachers in the
sample which allows readers to determine the transferability of the findings of the

study to their own work.

Implications of the Study

Practical Contributions on Educational Innovations

Existing research on the pedagogical implementation of new technologies,
research that is largely quantitative in nature, identifies that more attention needs
to be paid to senior science teachers and to developing qualitative research that
would add to existing knowledge concerning the integration of laptop computers
in science classrooms (Hakverdi, 2005, Siegle & Foster, 2001). Accordingly, the
present qualitative descriptive study researches the integration of laptop
computers within a selected population, senior biology teachers, and within the
context of a high school laboratory subject, by examining the likelihood that
laptop computers will be effectively integrated into classroom instruction.
Building on recommendations from previous research (Becker, 1994; Siegle &
Foster, 2001; Tebbutt, 1999), the study reported herein has collected, analyzed,
and now reports data and findings concerning teacher perceptions of the
integration of laptop computers in classroom instruction and the modifications
required in perceptions, teaching approaches and the location and development
of new materials necessary to make this integration successful.

The research undertaken for this study has examined the perceptions of
biology teachers with both modest and more extensive experience in the

classroom. It thus complements studies of novice teachers who have recently
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graduated from teachers’ college (Marrack, 2006) in that the perspectives and
observations of the more experienced science teachers can be compared to
those of more recent graduates. The range of experience of those included in
the research sample for this study provides data and findings that should speak
to teachers of similarly diverse experiential backgrounds who are concerned with
the pedagogical integration of laptop computers.

This study provides a body of pedagogical knowledge on the
implementation of innovation for biology teachers in the senior grades of high
school, knowledge that is needed if teachers are to initiate and sustain the
integration of laptops into their instructional practices. By providing insights from
the perspective of the contemporary classroom, the content of this study would
relieve the pedagogical, psychological, and physical isolation experienced by
teachers who share in the pursuit of a significant educational initiative that has
currency, importance and promise.

Referencing the review of literature presented in the second chapter, it is
evident that more needs to be researched and understood about how innovations
in science instruction can be made both pedagogically and institutionally
successful. Indeed, there is a predominant perspective among researchers that
there is a puzzling lack of innovation in senior science classrooms. Given the
relative scarcity of research concerning the role that teachers play in
implementing innovations, studies like the one reported herein can help
researchers, teachers, policy-makers, school and school system administrators

better understand what can be done to enhance both the implementation and
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dissemination of innovations that promise to create improved pedagogy and
student learning. In mapping the lived experience of teachers who work daily
within the complex world of the classroom and the school, educators may
understand more fully how the adoption of promising innovations can be
encouraged and how the dissemination of success can be facilitated.

This study makes a number of practical contributions to the literature on
the effective pedagogical implementation of an innovation in the classroom by
identifying needs which are now being identified, or, despite the
recommendations of earlier researchers, the teachers say have not been met.
Teachers identify the need for ongoing professional support (e.g. the provision
and mastery of software and peripherals in their subject area), specifically

directed to pedagogic matters, and pedagogical concerns. Communication

amongst teachers seeking to introduce innovations remains an issue. Teachers

would be encouraged by building working groups through the use of technology,

thus utilizing the new technology to implement pedagogical innovations focused

upon it. Teachers still identify a need for administrators to foster, maintain, and

actively support working groups within specific school sites of teachers who are

participating in efforts to introduce innovations in their respective classrooms. It

is important to teachers that administrators schedule time during the school day

for teachers actively implementing classroom innovations to work and learn

together. There remains a need for periodic face-to-face meetings and

workshops for teachers implementing innovations when geographically feasible,

and visits to sites that have enjoyed implementation success. The teachers
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identify an ongoing need for professional development opportunities targeted to
specific innovations conducted, where and when possible, by teachers who have
successfully implemented the innovation concerned. In many instances the
teachers do not have an opportunity to understand the relevance of an
innovation, and need details concerning what teachers are expected to
implement in their classrooms, including exemplars of what the innovation should
look like, and rubrics that can be used to evaluate how well they are progressing.
Teachers’ progress in implementing innovations is affected by the number and
type of innovations that they are required to implement at a given time. Many
innovations are muiti-year projects and innovations introduced in subsequent
years require teachers’ time, energy and focus. The success of previous
implementations in classrooms, which may have been only partially
implemented, is at risk. Lastly, maintaining teacher confidence is important when
implementing and innovation. Administrators should ensure that a plan is in
place for experienced colleagues to provide pedagogical support so that teachers
can perform adequately in the first year of implementing an innovation in their

classrooms.

Contributions on the Implementation of Educational Innovations

Studies have consistently indicated that teachers, especially teachers in
the senior high school grades, and teachers of science, have not integrated
computers, not even laptop computers, into their instructional practices to the

extent anticipated by researchers. Existing studies on the pedagogical
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integration of laptops have not focused on the role of the teacher, focusing
instead on student attitudes and on measuring possible gains in student
achievement. Research studies also have indicated that the use of computers
for instruction does not diffuse easily from teacher to teacher although, not
having been designed to ascertain why this was so, they cannot speak to the
dynamics that militate against dissemination. Through concentrating on the
perceptions of teachers who are either charged with or who self-initiate the
pedagogical integration of laptop computing in their respective senior science
classrooms, the present study would contribute to the theoretical knowledge
requisite to implementing this initiative in the classroom and diffusing potential
success among teachers, schools, and school systems.

Much of the existing research focused on the implementation of
educational innovations studies externally motivated change where the
innovation was designed and planned by experts and where the teachers were
simply expected to implement the innovation provided to them in their
classrooms. This existing research focuses largely on the top-down
implementation of well-structured innovations. This concept of innovation gives
insufficient consideration to the realities and the needs of individual teachers,
including: their learning as they implement innovations in their subject area; the
multiple types of changes they deal with in schools; the complexities of their roles
in their schools; and, the implications of implementing poorly structured
innovations, particularly innovations that would engage new technologies. In

order to address this shortcoming, this study investigated the process of
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innovation initiated, implemented and sustained by teachers and characterized
by a bottom-up implementation where individual teachers organize and manage
the implementation of innovations in their subject area and within their own
classrooms by relying largely upon their personal knowledge, skill levels, and
interests. By building knowledge about how teachers perceive, understand, and
act to implement laptop computing in their instructional work, this study would
speak to the broader and potentially more significant issue of how innovation can
be better designed so that it can more expeditiously achieve the educational
ends it would accomplish.

The research reported herein is among the first to study change in
practices when integrating laptops into instruction in senior biology courses. It
provides a snapshot of teachers who have integrated laptop computers into their
instruction and offers insight into their perceptions, concerns, and how they use
this innovation in their respective classrooms. It gives in-depth information on the
implementation of a particular innovation in their classrooms, and how that
innovation was initiated and sustained. In addition to contributing to the
knowledge required for the development of theory about and pedagogy
concerning the integration of innovations involving new technologies, the
research | have completed can be useful to those who would study similar or
other innovations and how they can be effectively integrated in the contemporary
classroom and how the diffusion of successes can be facilitated.

In summary, the data in this descriptive study can augment the work of

those who research and those who design and implement educational
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innovations that would successfully engage the new technologies for educational
purposes. This study, then, would speak to a broad range of individuals and
groups committed to educational improvement. This list includes, but is not
limited to practicing teachers, school and school system administrators,
educational policy-makers, those who are preparing to become teachers and

those who instruct them, parents and parent councils, and students.

Recommendations for Future Research

Since time has passed since the data for this study was collected,
repeating this research could produce somewhat different results. As | have
argued in this study, the integration of laptop computers is a poorly structured
innovation which continues to evolve, and the teachers in the sample will have
dealt with many changes since the data for this study was collected. As
previously mentioned, this is a study which will be useful for researchers planning
further quantitative or qualitative research on this topic.

Future research, for example, might focus on biology teachers in laptop
programs in a wider variety of high schools, or biology teachers who teach with
their own laptops in schools where students do not have laptops. It would be
worthwhile in future studies to focus solely on teaching approaches in laptop
programs, or on teaching materials used in laptop programs. With more time and
fewer teachers in the sample, classroom observations of laptop programs could

be included in study methodology. This study may also instigate future research

185



on laptop program implementation in reference to the gender of teachers and
students, in boys’ schools, girls’ schools and co-ed schools.

During the interview process the teachers were asked to consider topics
that might have been, but that were not included in this study, and topics they, as
biology teachers, would like to have researched in future studies. If research on
issues is to be relevant and useful to teachers in their classrooms, at least some
of the questions concerning how teachers change instructional practices when
implementing innovations need to come from the teachers themselves.

All the teachers in this study suggested additional questions that might
have been addressed as part of this study. Most of their questions dealt with
Question Three, new teaching materials.

We dropped textbooks after one year in the laptop program

and many teachers are grappling with whether to keep a

$150-200 textbook. What about the use of textbooks?

What about online texts?

Some questions they suggested dealt with Questions Two, new teaching
approaches.

As more schools go into laptop programs, some teachers

might resist. Why would they resist? What could be done

to result in more enthusiasm?

The teachers were also asked to provide topics for future research which
they felt would enhance their teaching when implementing innovations. The

topics they raised included: changes in student learning when students are in
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laptop programs; assessment of student learning in laptop programs; feedback
from students in laptop programs; and, non-instructional use of laptops by
students.

Given that the nature of assessment in the schools may not

change and that some things that can be done with laptops

don't need to be tested, can we ascertain assessment differences

reflecting the fact that a biology course has been taught in a

laptop program?

Science is a body of knowledge. How do the laptops change
student thinking, knowledge acquisition, and problem solving

skills?

Concluding Remarks

Through this research study | found that integrating laptop computers into
instruction was a positive experience for the biology teachers interviewed and
that the changes in practice required of them were more wide-ranging than
simply those required to integrate laptop computers into instruction. Through the
literature review, and the collection and analysis of the teachers’ perceptions, |
gained an understanding of the conditions which allowed them to successfully
integrate laptop computers in their biology classrooms and programs, the

challenges they faced during the implementation, and the areas for further
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research which they think will help them sustain and improve this innovation in
their and in other classrooms.

This study started with the premise that teachers who undertake the
implementation of significant innovations that would engage the new
technologies in learning and teaching must alter their perceptions, their teaching
approaches, and the materials they use in their respective classroom settings.
This premise was the basis of the three research questions asked in this study:

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?

In pursuing these questions, the data derived from teacher interviews
suggests how colleagues, students, individual personnel and professional
backgrounds, and the nature of pedagogical initiatives themselves all shape
teachers’ perceptions about, and approaches to how an innovation is
successfully implemented in classroom and school settings. In addition to
identifying specific factors that would enhance the implementation of pedagogical
innovation, the data suggest specific areas in which teachers need additional
support and guidance in order to make implementation successful.

A qualitative approach was adopted in this descriptive study precisely because

the focus of the research undertaken is upon teachers’ perceptions, and their
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lived experiences as they develop the personal and professional skills required to
integrate laptop computers successfully in their classroom work. This focus upon
teachers was realized through a series of three visits to the schools in which they
teach, the conducting of in-depth interviews with them, and participant validation
of the data collected through the interview process. The data that emerged from
these rich encounters provides practical insight into how the teachers in this
study understand both the significance and the challenges posed by the
implementation and pedagogical integration of laptop computing in their
respective classrooms. The primary fact that emerges from the present study is
the central and critical role that teachers play and must play in the development,
implementation, and diffusion of the new instructional technologies. If we are to
succeed as educators in implementing innovation, we must begin to listen to the
voices of teachers. The voices that speak in and through this study are an
invitation to deepen and extend this encounter with teachers—an encounter that

will help us to ensure the success of initiatives that can be truly transformative.
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Appendix A: DETAILED DESCRIPTION OF THE FINDINGS

This research was based on the premise that the successful integration of
laptop computers into curriculum in the classroom depended on the willingness
of individual teachers to change their perceptions, their teaching materials and
their instructional practices. The objectives of the study were to examine the
perceptions of ten biology teachers and offer an opportunity to learn from these
early implementers. Three research questions were drafted and a model
developed to meet these objectives. The research questions were combined
with a model, CBAM, and a qualitative descriptive case study was carried out.
Data was collected through three in-depth interviews, informal interviews, and the
gathering of teaching materials that had been developed.

This appendix provides more details than Chapter Five of the thesis on
how the teachers answered the interview questions during the three semi-formal
interviews. These descriptions allow readers to determine the usefulness of the
teachers’ perceptions and their experiences during the implementation and
integration of laptop computers in their classrooms. The teachers are presented
in random order and have been given pseudonyms to protect their identity:
Adele, Keith, Xandra, Darby, Audrey, Zoe, Ross, Samantha, Richard and
Kenneth.

The teachers represented by these pseudonyms, Adele, Keith, Audrey
and the others, in a sense do not exist. Describing the teachers’ perceptions and
actions, no matter how carefully executed, must reflect the ongoing decisions

required of the researcher while analyzing and presenting the data. Darby,
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Audrey, Zoe, and the others, are necessarily a blend of the teachers interviewed

and the role of the researcher in a descriptive study.

Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

For the purposes of this study, a perception is considered to be an
immediate or intuitive recognition or insight. The teachers’ responses to the
introduction of laptop computers dealt with the type of change they had
implemented, the supports to change that they acknowledged, and their opinions
of the challenges which they still faced.

In addition, a number of questions were asked about the teachers’
perceptions of the diffusion of the use of laptops for instruction in biology
courses. The teachers were asked how they might differ from biology teachers
who were not teaching in a laptop program, what advice they would give biology
teachers entering a laptop program for the first time, and what they thought

encouraged other teachers to persist in using laptops for instruction.

Adele: Perceptions

As Adele talks about her experiences, one senses a pattern of biology
teachers co-operating to organize courses at the school, and co-operation with
teaching partners where there are multiple sections of Biology 11 and Biology 12
being taught. She mentions that dealing with the complexities of a laptop

program have made teaching a less isolating experience for the teachers.
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However, it also seems that it is her decision exactly how the laptops are used in
her classes and what they are used for. The one group she consults with is the
students.

Adele remembers that changes in instructional approaches resulting from

the use of the laptops happened over time.

Over a period of time. | think it was a big adjustment for the
students as well as the teachers, so it didn't happen quickly.

(Adele, | — 247)

Five years into teaching biology in the laptop program, she may review
and update two out of the five or six units in a biology course each year. She
can’t predict what change she will be dealing with in the future because she is
responding to upgrades in hardware and software every year.

When discussing what helps them as teachers change their instructional
practices, Adele stresses the importance of the support provided at the school
and the new, up-to-date technology made available to them. She thinks the
impetus for change is sustained because the teachers are dealing with up-to-
date technology. The IT department will research new software for the teachers,
show them how to use it and even come to the classroom and work with the
students. She expresses considerable satisfaction with the new instructional
practices they have been able to adopt and with the changes in how their

students learn biology. The perception that the students are better prepared for
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studying biology at post-secondary institutions encourages their efforts, although
the teachers have come to realize that in many instances undergraduate
programs are not as technologically advanced as they had thought. The
opportunity to see what teachers do in other schools and see new ideas during
professional development are also mentioned as being important to sustaining
changes they have implemented.

Adele identifies challenges to sustaining the laptop program, including: the
ongoing upgrades of hardware and software; the additional peripherals for
teaching biology; and, obtaining further training in the use of technology
associated with the laptop program. She realizes that upgrades to hardware and
software sometimes mean peripherals they have been using are no longer
compatible with the new laptops or require expensive adaptors. She also
recognizes the need for more network speed when the laptops are being used for
instruction, the need for more probeware for biology labs, and at this point in
time, her need for more training on the use of SMART Boards.

Adele was one of the teachers in the sample who had observed new
teachers coming into the laptop program. She feit she differed from these
teachers because she could no longer imagine teaching without a laptop
computer and because of her perception that all teachers, whether in a laptop
program or not, should be working with a laptop in the classroom. The fact that
she used peripherals more in her teaching was another difference that she

identified.
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She advises that teachers coming into a laptop program remember that
they are biology teachers first, that teaching the curriculum supersedes the use
of the laptops, that teachers should continue doing what they do well, and that as
they begin integrating the laptops into their instruction they should use the
laptops only to their comfort level. She advises that biology classrooms with
laptops have to be managed differently; that the teachers control the use of
laptops during class time; and that the teachers must be clear on the rules of
laptop use they wish the students to follow. However, she does advocate that
teachers allow the students to choose whether they use their laptops for tasks
such as maintaining notebooks, that the teachers continue to use collaborative
learning strategies and small group work in their instruction, and that they should
be prepared to develop new teaching materials.

She believes teachers new to a laptop program will be encouraged to
integrate the laptops into their instruction as they perceive the positive effects of
the laptops on their teaching approaches, and on the students’ research skills,

learning, and assessments.

Keith: Perceptions

Keith talks of the decisions he makes about how and when the laptops are
used for instruction in his classroom. In contrast, he discusses working with
members of the IT department and the vice principal, on matters such as the
reliability and management of the Lotus Notes platform the school uses for the

course databases, but not on pedagogical matters.

218



Keith finds that change is still happening as he integrates laptop
computers into instruction, even after eight years in the laptop program. The
time invested in using laptop computers for instruction was high in his first three
to four years in the laptop program. In his fifth year in the program, he added
about 300 documents to his database. In his sixth year, he added another 200
documents and in his seventh year he added 100 documents. He attributes this
slower pace to the fact that he was originally concerned with building the basic
structure of the course and he is now enriching the course. He sees this present
rate of change as ongoing since it reflects the changing needs of students.

Keith mentions the school’s support of the teachers through the
implementation process required by a laptop program, including: the original
subsidies and interest-free loans which allowed the teachers to become more
computer-aware; funds that are available for peripherals needed to teach using
the laptops in the laboratory; and, professional development provided at the
school. During the initial changes, the teachers had two or three days at the end
of the teaching year when they would learn about the new hardware and
software for the upcoming year. Now professional development is still available
at the school and funds are available for teachers to attend conferences,
workshops and courses at other locations. The teachers at the school are
encouraged to change by the students in their classes. Keith observes that the
teachers learn from the students and the students push the teachers to use the
laptops in new and different ways. He is also encouraged by positive feedback

from students who have gone on to study biology at post-secondary institutions.
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Keith identifies a number of challenges to maintaining the momentum of
teaching in a laptop program, including: future upgrades of hardware and
software; the time constraints experienced by science teachers; difficulty in
finding appropriate professional development; and difficulty in finding

opportunities to share with others teaching biology in laptop programs.

If you take a biological example, in order for me to teach
biotechnology | shouldn’t have to go out and purchase all the
different things, and all the chemicals, and all the bits and pieces
of equipment necessary, in order for the students to do a lab.

| shouldn’t have to put it all together on my own, though I'm
going to learn a tremendous amount doing that. | should be
able to go to someone, get a package, pull it off the sheif and
be able to use that package to do meaningful science. Good
companies are doing that today, it's costly but | can get those
modules and they've been bench tested and | can then work
with that material. That's almost how it feels with laptops where
you are putting all the bits and pieces together. You're doing

all that work from the ground up. The advantage of doing it
that way is that you learn a lot and you understand how to do

it, so change becomes easy (Keith, IIl — 249).
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Keith feels isolated and talks of the challenges in finding appropriate

professional development and appropriate models for instruction.

It's important for groups of individuals that are perhaps using
this (laptops) in some fashion, to get together, and share best
practices and to discuss things that might be possible. If we
could do that, we might be able to take away from that

something that would help us (Keith, Ill — 73).

In the meantime he notes the challenge of not having data which he could
use to improve his practice, and not having the tools to collect such data himself.
In fact, he expresses doubts that anyone has those research tools at this time.

He believes his experience in teaching with laptops has made him more
forward thinking, more willing to deal with change and more willing to consult
professional literature to find answers to his questions or to look for new ideas he
might implement. Keith has observed a variety of teachers enter a laptop
program for the first time. Whether it is an experienced teacher with few
computer skills or a less experienced biology teacher with more up to date
computer skills he feels the process they must deal with is quite similar.

He advises teachers new to a laptop program to start the integration
process by putting their favourite lessons and the most important labs in the
course, online. Like Adele, he believes teachers new to teaching with laptops

should work from their strengths. He also advises these teachers to take
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advantage of the opportunities laptops provide to gather teaching materials to
supplement student Iéarning.

He has observed that teachers new to a laptop program can manage to
post marks and teaching materials and handle email after one year, but they may
not have reached a level of complexity in using laptops for instruction in the
classroom. He has noted that the pattern is similar even for experienced science
teachers who are new to the laptop program. They find it a different and

challenging way to teach.

| mean you see the same trend with new staff coming in
because it's a huge undertaking for them to walk in, everything
is on the laptop, really. For them to go from wherever they

did come from, to this environment must be very difficult. It
requires a lot of deep thinking, and a lot of new thinking, and

a lot of mentoring, and a lot of time to develop materials and

put them in place (Keith, Il — 315).

Xandra: Perceptions

Xandra makes the decisions as to how and when the laptops are used for
instruction in her courses. She is aware that other teachers in the school use the
laptops differently and have different protocols for their use in their classrooms.
In retrospect, Xandra is of the opinion that she implemented the laptops because

she felt she had no option.
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| had to, it was a laptop school. | was given a nice
laptop and the IT department head, she is really
instrumental in ensuring that teachers are integrating
laptops in their teaching. She would always be there
around the corner, and asking, and checking up

on us, so | think it was because it was necessary. It
was what | had to do. | was in a laptop school.

(Xandra, | — 359)

Even so, Xandra said she resisted changes and at first continued to teach
as she had been teaching. It took about two years before she started
implementing the use of the laptops for instruction.

It probably took a good four years to be as comfortable as

| am with a [laptop] and doing everything | am doing with it:

using it to teach classes; using it for labs; using it to

communicate; reserve rooms; everything. Four years,

and | would probably honestly say | resisted in the

beginning. | wanted to still hang on and | did. The first

year | used the overhead projector because | had

all these beautiful overhead transparencies that | had
created. | still used them for the first, probably the first

two years | was here, and then | slowly started to redevelop

my units, scanning the images in, finding images off the web,
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so | guess | did change. Probably two years after arriving
here | made a concerted effort to prepare my lessons by
making my skeletal notes on Word, having a copy posted
for the students, having it readily available for me, having
them annotate the notes using the SMART Board

(Xandra, 1- 311).

She reported that there was no finite time at the school for teachers to
change instructional practices to integrate the laptops into their courses.

Xandra says she is encouraged by the more varied biology program she
can present, and by the fact that her course is of more interest to the students.
When discussing what helps teachers change their instructional practices,
Xandra stresses a number of factors: the teacher's attitude; how the teacher
deals with the time constraints experienced by science teachers; the support
provided by the school; and, the feedback from the students. She believes she is
personally motivated to carry out the changes required to use laptops in her
instruction and her motivation is sustained by the proficiency she has already
developed, and the efficiency the laptops bring to the preparation of her lessons,
and, to her teaching in the classroom. She selects the technology which she
deems significant for her courses. Some technology available in the school does
not meet that criteria and she can choose not to use it. Since time constraints
are an important consideration for her, she mentions the positive effect of having

time allocated in her schedule to learn about technology, and the importance she
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places on having professional development scheduled during the teaching day.
Xandra believes that IT support is very important if teachers are to change their
instructional practices while integrating laptops into their teaching. She finds the
IT department is the one area she can safely and competently consult for
assistance. In fact, if she were to choose to teach in another school that
supports a laptop program, she would select that school by its IT department, the
department’s philosophy and its model for using laptop technology. She also
notes the importance of the financial support available through the IT

department’s budget.

I'd emphasize the necessity of having a lot of financial support
because the IT in biology, certainly when | think of the money
| spent just recently on probes, is sometimes an entire science

department budget at certain schools (Xandra, Il — 139).

The students are also an important impetus to change.

| could probably say that students who are interested in pursuing
the sciences, | can sell them the idea that they get to work with
the equipment they might ultimately see at university and that

might promote, solidify their interest (Xandra, Il — 67).
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Xandra identifies challenges to ongoing change in the laptop program,
including: the limits to her own knowledge of technology; and, the time

constraints experienced by science teachers.

IT, they are more general. | mean they make an effort to bring in
math and science, but their support is more general: hardware,
software, saving files, Word, Excel, Inspiration. In terms of science-

specific technology we’'re kind of out on our own (Xandra, | — 99)

As a classroom teacher she finds it difficult to be knowledgeable about

future technology and can’t envision future challenges.

| can’t even imagine what technology can provide for me so to
have a goal in mind and work back and think how long it would
take to get to that goal? With technology, | don't really think that’s

feasible (Xandra, lll — 15).

She experiences real time constraints and believes that time to work with
the laptops should be allocated in her schedule if she is to become more
proficient at using laptops in her classroom. In addition, she finds teaching the
technology to students is time consuming, and, as a science teacher, she needs

more assistance in the lab. She observes that co-op university students on work
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terms as lab technicians are an uneven resource, requiring ongoing and

extensive input from the science teachers.

The previous student we had, he was very competent

and willing, but he came from an engineering background,

so he was unfamiliar with even how to make agar. So as

a result of that | would have to spend the time explaining

that to him, but now he knows. The new one we have, | think
he has a biochemistry background. It's difficult to hire a lab
tech that can be familiar with all the sciences. They have a
greater expertise in the physical or the life sciences. We

make do with what we have (Xandra, Ill — 55).

Xandra says she has not observed another biology teacher come into a
laptop program for the first time, but she believes that her courses are more
entertaining for the students as they learn and easier for her to prepare than
courses that are not taught with laptops. She also believes her instructional
approaches are more varied and that she, as a teacher, is more up to date on the
material she includes in the course.

She advises teachers integrating laptops into their instruction for the first
time to remain confident, and not to become discouraged. She believes they

need to know that the process requires patience.
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| would probably emphasize the amount of time that they need.
Learn a piece of software and don'’t be discouraged if it doesn't
work the first time because it takes several tries to understand

the equipment and how it is helping you (Xandra, Ill - 139).

She also believes they should be open to new experiences, willing to learn
new skills, and willing to change their thinking to become more of a facilitator of
learning in the classroom and less of a director of learning in the classroom. She
thinks teachers who begin integrating laptops into their instruction will be
encouraged to continue as they become aware of the flexibility the laptops bring

to meeting the needs of individual students.

Darby: Perceptions:
Darby makes the decisions as to how and when the laptops are used for

instruction in her classes.

Well | was just looking for, always searching for ways that |

could teach a concept with technology. Sometimes | would

look up on the Internet ways to do things. Often | would just

come up with something on my own. | mentioned this (to you) last time
as well. Originally | was just looking for ways to use technology.

| pretty quickly learned not to use technology just to use it.

Use it because it enhances learning and don't use it if it doesn't
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enhance learning (Darby, Il — 267).

Darby has taught biology with laptops for six years. She says there was a
steep learning curve in her first year as she started with no laptop experience,
but the rate of change has slowed. Every lesson now has some form of
integration and she doesn’t envision any further integration of laptops into her
teaching. Instead, she may be retooling lessons, substituting better labs, or
planning better data gathering during experiments.

Darby is encouraged by the convenience the laptops bring to her teaching
and to the students’ learning. When discussing what helps change instructional
practices, Darby stresses the importance of the availability of technology at the
school and the standards set for technology use in her courses. She uses the
International Baccalaureate Technology Aims as a guide and checks the Ontario
Curriculum documents for what is appropriate. She tries to use as much
technology as possible and to make the most of the opportunities the technology
provides to her.

Darby identifies two challenges to the continuing changes in the laptop
program: the availability of better professional development and the opportunity

to share with other biology teachers in laptop programs.

How can this be done now? PD? | would say through teachers

sharing how to integrate laptops into teaching. It has to be

sharing sessions and my idea, which I'd love to see happen
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in the future, would be to actually host a technology conference

of some sort where teachers share (Darby, 1l — 39).

Darby doesn’t know how she might differ from biology teachers not

teaching in a laptop program.

I don't know. | differ in the fact that | am integrating
technology, but it doesn’t mean I'm covering different
things. It doesn’'t mean that the students aren’t coming
out with the same end product, with the same knowledge
base. We're still covering the same curriculum

(Darby, I1ll — 85).

She does believe that the laptops make teaching more convenient for her
and better for the students and that all teachers should have access to a laptop
while they are teaching.

She doesn’t think teachers new to a laptop program need to use the
laptops every day. She advises that those teachers check the curriculum for
what’s appropriate, use the laptops when they are worthwhile or enhance student
learning, and showcase what technology can bring to the study of biology. She
thinks teachers new to a laptop program will be encouraged by having the
technology available in their labs and by the flexibility the laptops bring to their

teaching.
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Because they (the laptops) are there, because it's convenient. Obviously
if they weren't right there in the classroom | wouldn’t use

them, but they are there. Initially | made an effort specifically

to use them. Now | use them because it makes life easier

(Darby, Il —259).

Audrey: Perceptions

Audrey makes the decisions as to how and when the laptops are used for
instruction in the classroom. While she mentions sharing PowerPoint
presentations and tracking progress through a course with other teachers, she
does not discuss sharing the decision-making for her classes and her students.

Six years ago when Audrey started teaching grade 11, Biology 11 was in
the laptop program. She felt there was no expectation at that time that the

laptops would be used for instruction.

| think when | started here six years ago, at that point, it was
more for attendance or for posting homework sheets. At that
point it wasn’t even an expectation that a lot of our lectures
would be on PowerPoint. To some extent when | started, it
was easy to make the transition because | was used to teaching

with chalk, talk, and overheads (Audrey, | ~ 155).
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She says that it took her two years at the school to realize what the laptop
program meant for students’ learning. In that second year she began trying
different things, such as helping the students prepare review notes of the course
material they had on their [aptops.

When discussing what helps them change their instructional practices,
Adele stresses the importance of program evaluation and feed back. The school
is just beginning a five-year study of science, technology and electronic media
which will include a review of the laptop program.

Audrey identifies challenges to ongoing changes in the laptop program in
terms of the limits of her own knowledge of technology, future upgrades of
hardware and software. She recognizes the benefits of upgraded hardware,
faster laptops, and is philosophical about the unintended complications of such
upgrades. For example, their new laptops distort the image on the SMART
Boards. Similarly she anticipates the benefits of using more probeware for
tracking temperature and pH and having tablet laptops which would allow student
work to be submitted, marked and returned electronically. She realizes she
needs more types of knowledge, such as Prodesktop and GIS software, as well
as more software, such as Cobweb, for teaching biology. She identifies a need
for skills to vary her teaching style using the laptops and to better meet the
learning needs of individual students and different classes.

Audrey did not mention if she had observed other biology teachers come

into a laptop program, but feels her teaching would be different because her
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laptop is on all the time. She uses the laptop during class time for delivering
lessons, but also for attendance and checking marks.

She believes teachers new to using laptops for instruction should accept
that it will be a struggle, but should persevere and increase their technical skills.
She advises that their focus should be on the content of the course and using the
different teaching approaches and learning styles the laptops allow, but warns
that they should realize that laptops may not necessarily increase communication
between students in a class.

As they integrate the laptops into instruction, Audrey feels they will be
encouraged by the new ways they can organize their teaching even if individual
class dynamics affect what can be done with the laptops. They may not enjoy
their new role in managing student use of laptops during biology classes, and
find laptops may not seem like a good idea for students who have difficulty
focusing on their studies. While the courses will be more entertaining for the
students, she believes the teachers will be encouraged to find that learning with
laptops does not diminish their understanding of the concepts, and by the
positive effects of the ease with which they and the students can research topics.
Eventually they will realize how difficult it would be to go back to teaching without
laptops, but in the meantime they should be encouraged by the knowledge that
they can always go back to a previous approach to teaching a topic if teaching it

with the laptops is not immediately successful.
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Zoe: Perceptions

There is a sense of substantial collegial input into pedagogic decisions at
Zoe's school. She took over the laptop computer biology program developed by
her department head three years ago. Futhermore, lessons in the laptop
program are copyrighted by the school.

Over the years Zoe has introduced gradual changes to the course she
inherited.

So in my first year, | was probably not as comfortable because

| was teaching the course with his program, his teaching style,

and I've adapted it more to my program with my teaching style

which is a little different. | incorporate different things, different

things than he does, like I'll incorporate a video, or a lecture that

he wouldn't do (Zoe, Il — 781).

At this time, she is the person who picks up ideas for her program and
decides if and how she can apply those ideas in her teaching. The changes she
has introduced reflect her strengths and interests as a teacher, and the addition
of more labs, made possible by the employment of a lab technician to assist the
science teachers.

Zoe realizes that the laptop program in biology is organized differently
from most other subjects in the school. She is not sure how different even the

chemistry and physics programs are from biology. No one tells the teachers how
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to use the laptop in a subject area: the use varies with the comfort levels of the
teachers and how the subject area fits with the use of laptops.

She is of the opinion that they have already reached full integration of the
laptop computers into instruction. The grade 12 Biology students use the laptops
every day and cannot cope in the course without them. This is in contrast to the
grade 9 science course where the students could still function without the
laptops. Her focus now is making sure the labs are updated and current and
investigating other labs that they could include in the grade 12 course.

When discussing what helps them as teachers change their instructional
practices, Zoe stresses the importance of the support provided at the school, the
new, up-to-date technology made available to them, and the positive effect on
student learning. The school’s direction and commitment to the program is of
paramount importance in supporting the implementation of innovation. She
anticipates new hardware which is easier to use, such as SMART Boards
controlled by touch instead of a keyboard, new laptops that enhance their
teaching role by making teaching easier, and new software, also to become
available, which will make it easier to manage their course databases. PD is an
important form of support during the implementation of innovation: professional
development is provided mainly at the school, mainly from the IT department,
and from colleagues. For the students she believes the innovations associated
with the laptop program have resulted in less student stress and as a result,
greater enjoyment of biology. She also finds the output from the students has

increased; they get the concepts more easily and more experiences are now
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available to them. As a result the students find the courses more enjoyable which
makes the courses easier to teach. She is encouraged because her teaching is
more efficient. She lectures less, writes on the board less, never photocopies,
has less marking after class and no office hours. Grade 12 students make
appointments by email for a tutorial. Zoe concludes that biology courses in a
laptop program are less labour intensive for students and teachers.

Zoe identifies challenges to ongoing innovations in the laptop program in
terms of the nature of the two biology courses, the maturity of the students and
the difficulty she finds in accessing appropriate PD. She finds different
challenges in integrating laptop computers into grade 11 Biology and grade 12

Biology because of the different nature of the courses.

I think it would just be, just making sure, like any other
teacher does, keeping our labs updated and current and
always looking for other lab activities that we could include,
that we have equipment for and supplies, and that also work

within this context (Zoe, Il — 143).

The maturity of the students in these courses also provides ongoing
challenges. She hasn't found any conferences that provide the specific PD she
has in mind, and she has concluded that her needs, and the needs of her

colleagues in laptop programs, are quite unique.
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I guess for me, what | would like is any information out there

on known labs that work well in a laptop environment; just more
material that | could incorporate easily. There’s an abundance
of material on labs out there. | know | can go to a textbook

and get a lab from a textbook, but | guess it's anything

with other teachers’ input (Zoe, Ill — 689).

Zoe has not seen another biology teacher start the integration of laptops
into their teaching, but she is of the opinion that an experienced biology teacher
with some computer skills would be functioning reasonably well in about a year.
She believes there are a number of ways her teaching is different from those
teaching biology without a laptop program: less chalk and talk, no photocopying,

less marking after class, and tutorials by appointment rather than office hours.

| definitely lecture less. | definitely write on the board less ...
like never. If | told another teacher they'd be like what do you
do in there? [laughter] Yes, | don't lecture and | don't write

on the board [laughter] (Zoe, lll -~ 163).

Yes, it's a totally different way of teaching, | guess,

when | think of it that way. But I've never really

thought of this like this (Zoe, Ill — 167).
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Yes, | don’t photocopy anything. | don't collect papers
to mark, it's all emailed. Also with grade 12s, | don’t
have office hours because the students can email
anytime and let me know their spare and we can

set up an appointment so they can get one-on-one

attention (Zoe, Ill - 177).

Like Keith, Zoe believes teachers coming into a laptop program should
work from their strengths: preparing new teaching materials on their favourite

topics, and converting key labs so they can be posted online.

| would say, | would start with the key labs. | would say over
the course of the school year you can pull out five to ten labs
and that would be your starting point. Get those all written out
online and figure out where you can incorporate them

(Zoe, Ill - 184).
During the transition to teaching with laptops, she would advise teachers
to vary traditional labs they have used in the past with a number of labs newly

designed for student-centred learning during the transition process.

Within those three labs, three or four labs they would, |

think, get a feel for the flexibility. The students could
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technically be on lab one, another on lab two and another
on lab three, and then they could be working in a different spot
and that when you can see the pace, the one-on-one time

(Zoe, lll - 369).

The teachers will be encouraged during the transition by the fact that they
can provide more and better learning experiences for the students, and the
students’ output will increase as will their marks in the course. In the laptop
program, the combination of these factors results in a less stressful approach to

teaching biology.

Ross: Perceptions

Ross considers that the onus is on him and the other teachers to
implement the laptop program, and he makes the decisions as to how and when
the laptops are used in his instruction. He mentions the collegial support
available in an instructional context, the framework provided for the teachers by
the administration and the support provided to the teachers by the IT department
when management decisions are being implemented.

However, he prefers not to use the laptops for teaching He feels few
things can be done better on the laptops unless an experiment is dangerous or
extremely costly. He prefers traditional science experiments or demonstrations.

Occasionally he assigns a handwritten assignment to maintain student skills in
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that area. He prints out hardcopies of student homework assignments and
collects assignments and tests on paper.

Ross mentioned several times that he did not envision using the laptops,
the vision was given to him. He had always used computers and the laptops
seemed a logical progression. He has been presented over the years with many
examples of what others had been doing with the laptops. He observes that the
laptops are used more in science than in some other subject areas and are used
differently in other sciences. For example, probes are used more often in
physics than in grade 11 Biology. However the approach to implementing
innovations was collegial, consensual in nature and given the teachers’ busy
schedules the laptops make teaching more efficient and effective. They now
seem indispensable.

Ross describes a pattern whereby the teachers can change their
instructional strategies at their own pace. Three years ago every teacher was to
have a webpage daybook for every course. The school had tried this as a pilot
project with feedback the previous year, so by the time it was to be implemented
many teachers, like him, were already doing it. Every year he tries to implement

one more thing. This year it was online grades.

Up until this year, teachers had been free to keep their grades
in whatever way they chose: it might have been in a binder, on
a spreadsheet, or on a marks manager program. Well, this

year the school made the decision to purchase an integrated
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software package, and | guess for the first time in twenty years,
we were told this is what you're going to keep your marks on.

It worked reasonably well [laughter]. People are going to have
personal preferences, and there have been some growing
pains, and the software’s not all it's cracked up to be. For
some of them it is probably the first spreadsheet they've ever
used for marks, so it's fantastic. They can’t believe they never
did this before. For others, it's a step back from what they

may have been using last year or the year before (Ross, Il — 51).

When discussing what helps them as teachers implement innovations in
their instructional practices, Ross stresses the importance of the support
provided at the school and the positive effect of the laptops on his program and
his approach to teaching science. He feels that support from the administration
assists the implementation of the innovations as does IT support of the laptop
program. In his mind, support also includes financial support of the laptop
program and the science equipment to support the use of the laptops in the
laboratories. Personally he finds the laptops are more useful and they can do
more things with them than they could do with desktops in the past. In addition,
in the laptop program, he feels he doesn’t have to know everything.

Ross identifies challenges to ongoing innovations in the laptop program in

terms of his own teaching and student learning. The challenges, he feels, will be
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to find ways to use the laptops that make his teaching even more efficient and
the students’ learning more effective.

He doesn’t know how he might be different from biology teachers not in a
laptop program. His laptop is on all the time he is in the classroom and he is of
the opinion that biology teachers not in a laptop program should have a personal
laptop they can use while they are teaching. He believes laptop programs
provide students with better information about the requirements of the course.

He would advise biology teachers coming into a laptop program to
increase their technical skills knowing that the time they spend in one year will

save time in the next year.

Once you learn the technology, once you learn the applications,
it becomes easier. You've got to learn how to use the thing.

It's frustrating for the first few hours you're using it, | suppose,
but you've got to work out how to run the thing. It's useful

technology (Ross, |l — 149).

He also believes these teachers should understand that it is not necessary

to use the laptops every day. He thinks the teachers will be encouraged to

continue as they realize their classroom teaching is more efficient and effective.

242



Samantha: Perceptions

The laptop program was patrtially implemented in the Grade 11 Biology
course when Samantha was hired. She has continued with a pattern of ongoing
innovation and implementation. It is her decision as to how and where laptops

are used in her classroom.

Everything I've incorporated, because | was not doing it all at
once, | was doing it in small steps so | knew | had a little more
control over what the students are producing or giving to me and

how they are using their laptops in class (Samantha, | — 163).

As Samantha notes, she was hired to teach at a laptop school where the
school and the parents had made a considerable commitment to the laptop
program. She is completing her second year of teaching and her second year of
a laptop program. She feels it takes one to two years to get a sense of comfort
with the hardware and software. Time constraints from her other duties at the
school limit the amount of time she can spend on changing her instructional
strategies, but implementing innovations is still happening and new ideas are

being integrated into her laptop program.

I’'m actually happy at the rate I've been going. It could be going

a little faster and maybe | could be using it a bit more, but at the

same time, with other things in the curriculum that | have to touch
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base on, | would have to do a bit more research, maybe during
the summer, to know how | could cover that instead of taking time

away from other topics (Samantha, | — 163).

She estimates it will require one or two more years to reach the level of
integration she wants, but this depends on the PD support available to her.

When discussing what helps them as teachers implement innovation in
their instructional practices, Samantha stresses the importance of the support
provided by the school and feedback from students. She notes that every
August they have five days of PD which includes time to assist them with
technology. In addition, they have specific support as science teachers with the
provision of sensors and programs appropriate for their teaching.

Samantha also finds a conference, perhaps every one to three months,
promotes the implementation of innovations, especially when combined with
reminders from colleagues of what can be done with the laptops. She finds a
little discomfort with what they are currently doing with the laptops boosts the
teachers’ progress. She mentions inviting experts to the school to work with
science teachers, and students, on technology they might integrate into the
courses. She values opportunities to share new knowledge and technology skills
with colleagues at monthly staff meetings and values hearing what others are
doing through discussions and networking. Positive feedback from students now
attending post-secondary institutions also encourages her to integrate the laptop

computers into her courses and to continue changing her teaching approaches.

244



Samantha identifies challenges to ongoing innovation in the laptop
program in terms of technology which is prone to failure and time consuming to
use, teaching materials which must be double-checked every year before use,
finding appropriate PD and time constraints. The laptops are fragile, breakdowns
disrupt almost every class and she estimates that 5§ percent of the students’
laptops are not available at any given time. Marking and returning student work
remains a tedious process although she is hopeful that anticipated changes in
hardware will allow this to be done electronically. She finds she must double-
check teaching materials before use to insure that websites and links are still
active. This is time consuming considering her other duties at the school and
sometimes the school’s firewall programs make this process even more difficult
for her. She finds she needs a block of time, such as in the summer, to make
significant progress in integrating laptops into her instruction. Finding PD
appropriate to her requirements is also a challenge.

Samantha believes that she may be different from other biology teachers
in her willingness to adapt to different programs and her open minded approach
to teaching with laptops. As a result, she is of the opinion that there is less
teaching from the textbook in her program and fewer teacher-centred chalk and
talk lessons.

She would advise biology teachers new to a laptop program to be
persistent, but not to feel that they had to use laptops in every lesson. Samantha
thinks teachers new to using laptops for instruction will be encouraged by the

versatility of this innovation. She notes laptops are used differently by different
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teachers and by teachers in different subjects. Integrating laptops into instruction
is an important innovation they can sustain through the years, through changes

in curriculum and through changes in student learning needs.

Richard: Perceptions

Richard makes the decisions as to how and where the laptops are used in
his classroom. In fact, he even wonders how other teachers in laptop programs
are covering the course with the technology.

He describes the process of integrating the laptop computers into his
instruction as evolutionary in nature. He found a pretty seamless interface
between the networked desktop program they had in place and the introduction
of the laptop computer program. He manages ongoing innovation by renewing
his instruction on a unit by unit basis. As far as he is concerned implementing
innovation is still happening. As he says, technology changes so rapidly, as a

teacher he has to be flexible. He cannot know where change will occur next.

| think part of the rationale for that answer is simply that
technology changes so rapidly. | mean we learn about
something which happened, and | think technology is

already at the next step (Richard, 1l — 13).

Richard describes the amount of energy he has expended to integrate

laptops into his instructional practices as a ‘J’ curve. He feels his instruction
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changed dramatically until his fourth year in the laptop program and his
instruction has now had two to three years to evolve more slowly toward the
practices he wanted to have in place.

Richard identifies a number of incentives for an ongoing laptop program:
convenience for the teacher, better teaching, better student learning, and better
results. He found a course in computer moderated conferencing (CMC) which he
took as part of his master's degree took his learning to a new level. He is
adjusting to more learning styles, using more varied instructional strategies, and
his course is more entertaining for the students. As a teacher, he is better
prepared, and he finds that it is easier to provide a good learning experience for
the students. The students, in turn, encourage him to persevere in the laptop
program. Richard sees the students as agents of change, noting that they show
him how to do some “amazing stuff”.

When discussing what helps them as teachers innovate their instructional
practices, Richard stresses the importance of support provided at the school
which he describes as phenomenal. This support of innovation is provided by

the IT committee and by his professional colleagues.

| think our IT department is excellent. They see your needs
and they are there to support you. They've got great, great
guys at the help desk. They are amazing. If there is any issue
they will solve it. You worry about the teaching, we’'ll worry

about the technical stuff. So that support has been tremendous.
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I mean really if you find something you like, you bring it to them
and they will do the rest of the work and you just worry about
teaching. Or any issues, any problems, anything, they will help

out or they will find the answer (Richard, Il — 141).

Yes, professional colleagues. You learn a lot from your colleagues.
You see that they do something, or they'll present something at a
PD session, and you go, OK, let’'s get more information on that

(Richard, Il — 161).

Lack of time is an ongoing challenge to pedagogic innovation. Richard is
finding the time required is not deceasing over the years as more school
functions come online. He also identifies challenges to ongoing innovation in the
laptop program in terms of future upgrades of hardware and software, but he
recognizes the need for more speed and efficiency as the teachers require more
capacity during class time if they are to run interactive programs with their
classes. The school's system can get clogged and slow down when classes are
in session. He also notes that while they might consider getting more lab probes,
it's not a priority for him in the immediate future. He would like to see a study of
first year undergraduates studying biology. How much technology are they
using? Are they better prepared for the transition to university?

Richard has seen other biology teachers make the transition to teaching

with laptops. He feels he differs from biology teachers not in laptop programs: he
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is more current, more enthusiastic, and his teaching is more effective and
entertaining. His instructional program is more varied and he is meeting more
student learning styles.

He advises teachers who are integrating laptops into their instruction to be
patient, keep their perspective and not to become discouraged by the process.
They should be willing to learn new things. He encourages them to develop new
teaching materials, to be willing to alter their role in the classroom and be open to

new teaching experiences.

| would say you have to be patient. Don't try to cram.
Technology is just a tool, it's just another teaching tool.

It is not the whole picture. The students still need to go

into the hands-on e-type learning. You still need to engage
them in the classroom face-to-face, and the fact that we can

do both, face-to-face and online conferencing, just really

adds to the whole picture. Make sure you find good websites,
constantly improve your knowledge of technology and, through
PD different tools for use whether it's Excel or whether it’s
PowerPoint, learn that. A good thing would be to learn how to
use PowerPoint properly. Effective use of PowerPoint is useful.
Don't be worried, a few pictures, a few words, and that’s a good
way of getting your message across. | would really encourage

them to further their education, whether it is a master’s degree

249



or whatever. Take some courses that use CMC conferencing
SO you can experience what it's really about and how you can

use it (Richard, ill — 101).

Richard believes biology teachers new to a laptop program will be
encouraged by the resources that they can access and the sense that they are
becoming a better teacher as their role changes toward being a facilitator of
student learning in the classroom. Richard also believes teachers are
encouraged to continue in a laptop program as the learning conditions for
students improve, as they perceive the benefits of a 24/7 learning environment,
and as they realize students are becoming better critical thinkers with better test

results.

Kenneth: Perceptions

Kenneth describes a pattern of collegial input being available for
instructional decisions in the laptop program and a pattern of input from the IT
department and the administration when management decisions on software
generic to all the teachers is being implemented. He mentioned nothing to
indicate others make decisions as to how and when the laptops are used in his
courses.

The laptop program is a school directive: the school assigns a high priority
to this program and Kenneth is of the opinion that there is no turning back since

their constituency demands this program and their competition has this program.
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Moreover, despite any flaws, he believes the laptop program works and has even
more potential for the future. Kenneth has been teaching in the laptop program
since its inception eight years ago. He describes the rate of innovation in the
laptop program he experienced as high, and says it has remained high as marks
reporting, software for attendance, and email have come online. However, he
notes the rate of innovation for instructional purposes is now starting to
moderate.

Kenneth envisioned the laptops as a tool which would allow students to
learn in a more independent, less teacher-directed environment.

I had envisioned and | think | tried to use the laptops more, so

that we were all working on our laptops and we were all

learning together. | had this vision that they would be doing

independent learning and bringing up some of their own

discoveries and discussions on particular topics. That sounds

great in theory, but it doesn’t work in practice, of course. |t

probably would have with the AP class | was talking about, but

before long | sort of moved back to a) not giving them totally

unrestricted access to their laptops and b) being a little more

discriminating about how | used the laptops (Kenneth, | — 185).

With experience he found his vision was not realistic, so he feels the

laptops are still being used below their potential and he grapples with how to use

them more effectively. However, he believes they are using the laptops in a
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more sophisticated manner over the years and that, as teachers, they are moving
in the right direction. He is convinced that the introduction of the laptop program
was good for his professional timeline, as the program showed him a whole new
way to teach, and invigorated his career.

Support for the laptop program from the IT department is important to
Kenneth in a number of ways. This department troubleshoots programs for
teachers, solves problems with downloads, and services student needs. He has
received a number of peripherals which improve his ability to teach with the
laptops, for example: a ceiling mounted projector aligned with the screen with
amplifiers and speakers in the ceiling; and, a black-out curtain installed between
the teaching area and the lab with its greenhouse windows. When the laptop
program was first introduced, the school paid teachers to attend additional
professional development during the summer. Now, eight years later, the IT
department provides scheduled professional development for the teachers and
there are funds available for professional development for individual teachers.

Kenneth identifies challenges to ongoing innovations in the laptop
program in terms of his own approach to technology, future upgrades of
hardware and software, time constraints experienced by science teachers and
the fact that the program is designed for teenagers. Teaching with laptops, he

finds, is not necessarily a seamless process at this time.

| try to be as efficient as | can about using the laptop in front of

the class, but invariably there is time wasted waiting for links to
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open up, or there may be a problem with the network, or my
computer cable is not pushed in all the way, or whatever. So
it's a bit of a double-edged sword in terms of the laptops saving
time and making instruction quicker because there is that

downtime (Kenneth, Il — 187).

As a classroom teacher, Kenneth says he finds it challenging to anticipate
what new innovations he will be facing. He relies on the IT staff and other
colleagues to identify upcoming priorities. He recognizes that hardware
improvements such as bigger servers would provide speed and increased
capacity for of teaching with laptop computers. Similarly, he recognizes wireless
access would be an important improvement allowing the laptops to be used in
their labs as well as the teaching areas. He would welcome some improvement
to the software program used for class databases, as it would make it easier to
update and improve instructional material. He also identified the benefits of
improvements in software for teaching biology. In his case he mentioned a more
sophisticated program for constructing crosswords. Kenneth favours
professional development time being allotted to learning how to use the laptops
for instruction in the classroom. He recognizes that the technology associated
with teaching in a laptop program requires more and more teacher time and sees
the provision of a lab technician to assist the science teachers to prepare labs as
a way to provide that time. The final challenge to ongoing innovation in the

laptop program is that, realistically speaking, the program must meet the needs
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of teenagers and take into account their level of maturity and the limits to their
attention spans.

Kenneth believes he differs from biology teachers not in laptop programs
because he is willing to learn alongside students and from students.

He advises that teachers going into laptop programs require patience,
perspective, and should not become discouraged because they will find teaching
with laptops is a happier and more fulfilling teaching experience. He believes
teachers going into laptop programs should be willing to develop new teaching
materials and use more real world experiences in their biology courses.
Question Two: How do senior grade biology teachers perceive and
introduce new teaching approaches when integrating laptop computers
into high school biology programs?

For the purposes of this study the term “teaching approaches” has been
used to describe a habitual or customary course of action, or way of doing
something. The teachers discussed many alterations they had made in teaching
practices as a result of integrating laptops into their instruction. The teaching
approaches they discussed affected: class preparation, handouts, notebooks, lab
activities, active learning, homework, projects, assessment, communications,
and, in some cases, backup plans in the event that the laptops could not be

used.
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Adele: New Teaching Approaches

Adele has concluded that she talks less in class and uses the Socratic
method less than before the introduction of the laptop program. On the other
hand, she notes these differences in teaching approaches may be due to fact
that she has also become a more experienced teacher while she has been
integrating the laptops into her instruction. She describes the use of the laptops
as a supplement to what she was already doing in the classroom. Her original
vision that the laptops should be used 100 per cent of the time has been
amended with time and she has cut back on laptop use in the classroom as she
found some learning took three times as long with laptops.

She now prepares PowerPoint presentations which can be used as
handouts and which students can use to make their own notes. She may
develop notes with them during class or she may have them complete their notes
for homework. Students do not always use their laptops for taking notes in class.
She finds that about half of the students write their notes by hand and about half
use their laptops to type their notes, observing that their choice may depend on
how well they type.

The laptop program allows her to include more lab activities in her
program. There are fewer recipe-oriented student labs and there is more
opportunity to use simulations for topics such as dissection. However, the
teachers in the school find students want to do the dissections since the teachers

believe that hands-on lab activities are important to student learning, the use of
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simulations is not extensive. Adele notes that even when student labs have not
changed, with laptops there is still the possibility of more creative follow-up,
including: a more open-ended format; and, different follow-up questions. Often,
she notes, using the laptops and the peripheral technology available for use with

the laptops does not speed up labs.

As long as they know how to graph using the computer it's just

as easy to use a thermometer as opposed to a temperature probe.
So the big thing seems to be time. [t just seems to take so much
more time, not just in the development, but in actually conducting
the lab. It takes more time when using the technology, in some

cases (Adele, | - 179).

There had been a recent school wide initiative on inquiry-based learning.
Unfortunately, science examples in this professional development initiative were
focused on the elementary level, rather than the secondary level. Lacking
examples on inquiry-based learning in high school science, the teachers
experienced some difficulty deciding how inquiry learning should be implemented
in their courses. A search on the Internet, while not informative, reassured them
that the changes they were introducing were on the right track.

The laptop program had made homework assignments more meaningful.
and the students’ ability to research current areas in biology allowed more open

ended homework assignments.
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So | think as opposed to them just sitting there and me saying
read Chapter Three and answer questions 1, 3 and 5, | can just
give them a topic and have them research it. So more of an
application: for an example when we talk about the endocrine
system and we talk about reproductive hormones, | say look up
HRT, tell me about HRT, it is in the news a lot. | want you to tell
me how it relates to what we’ve been talking about. So || kind
of let them go with it. [t is less prescribed and more open ended.
The next class | say, tell me something you found

out that you didn’t know, that you really found interesting, and tell

me how it relates to what we were talking about (Adele, Il - 257).

She does this every second lesson or so, believing that what they are
learning in biology is more topical and of more interest to them. Similarly the
laptop program allows for more independent learning. A large summative project
was required, usually at the end of each year. But the school's timing for these
summative projects has changed from year to year which meant the topic of the
projects has to be changed. The flexibility the laptops brought to planning these
projects made it easier for the teachers to accommodate the fluctuating dates.

She has not changed her approach to assessment with the integration of
laptops. She finds assessment is not efficient on the laptops and that paper and

pencil quizzes are faster than quizzes on the laptops.
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With email, Adele finds there is now more communications with students
she teaches and with their parents. She is not aware of students communicating
with students in other schools about biology. She has observed that whether
there is increased communication between students in study groups depends on
the individual students involved, and notes that electronic communication may
not have increased communication between students, just replaced face-to-face
communication.

Adele found that she had to be ready for those times when the school’s
technology does not work, such as during power outages. She uses as
alternative approaches, the teaching approaches she would have been using
before the laptop program was introduced, but with one difference. The
increased communication capability of the laptops makes it easier to deal with

the instructional after-effects of such power outages.

Keith: New Teaching Approaches

Keith begins to discuss changes in teaching approaches by noting that
prior to the laptop program he rarely chose to use the desktops to teach science.
He lists changes in teaching approaches, including: media and other sources
which result in more depth to the course; more challenges for the students; and,
a more immediate process for answering student questions. He finds a student
can Google the answer to a question and he can adjust the learning in the
classroom right away.

Now, Keith provides handouts in paper and electronic form prior to
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classes. The outlines he distributes are used as a prompt for learning during
classes and for preparing notes. Keith states that note taking was never a big
feature of his instruction, but there is far less note taking in his classes with the

laptop program since information is always available electronically.

They couldn’t lose anything anymore [laughter]. | mean you
can't loose the notes, the binder can’t get stolen. So | was
thinking, there is no longer the excuse that | don’t have that,

or | can’t get access to that. | can give it to them in paper form,

| have that capability. | can give it to them in electronic form

and they can access it on their desktops at home, from anywhere
around the world on their laptops, and on their laptops around
the school. If our system goes down | can give them a piece of
paper and back it up in electronic form. No excuses, you know.

I think as a teacher | was getting bored with “I don't have it”, or “I

lost it, sorry sir” (Keith, Il — 123).

Biology, he notes, is a messy subject to teach. It is important to provide a
program with hands-on experience and deal with students’ expectations that
results should be obtained the first time an experiment is carried out. It is difficult
to convey in high school science courses that an experiment may need to be
done ten times, and to give students an experience more comparable to a

practicing scientist. Keith remembers designing labs earlier in the laptop

259



program which he later decided were above the level of high school students and
discarding them. However the laptop program has successfully extended the
students’ hands-on experience in the lab. One example, he cites, is an online
simulation called Fish Farm which requires a biologist to determine the best
environment for raising a species of fish. Students work with data, follow a
testing process to determine optimum factors, and write a report. Keith feels this
is a successful simulation experience which teaches students how to use vast
amounts of data on a number of parameters such as oxygen concentration, flow
rates, and the availability of proteins. The simulation gives the students the
experience of conducting repetitive tests to determine best results, (make the
most money in this simulation), without requiring them to do vast amounts of
busy work. Since it gives the students a sense of the richness of this type of
experience, he would like to provide more of this type of simulation. This is not
teacher-centred learning.

Keith appreciates the active learning opportunities the laptops provide for
students. He noted the benefits of having students post their progress for their
peers and for him during independent study. In addition, the students may be
required to prepare a half hour presentation which involves posting the topic, the
resources to be used, a rough draft and the final project. The laptops make it
easy for him to ascertain if different stages of the study have been completed
and submitted on time. Since he becomes just one of the observers of the
independent study process, he finds it easier to involve the entire class in other

students’ work.
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Keith does not use the laptops to adjust course content for students of
varying abilities, but he does find it easier to cue students’ prior knowledge on
concepts they had studied earlier in the year or in previous years. Depending on
the readiness of the students, he reorganizes and repackages his instructional
materials. He believes his lessons are less rigid, more relevant to the students
and he does find it easier in the laptop program to help individual students who
have missed class time or to provide enrichment. In addition to providing
enrichment, he finds he is able to get the students to think at a higher-level. He
finds their responses are more thoughtful which makes it easier to clarify
concepts.

Students tend, in part, to form informal groups with others they feel
comfortable working with. While groups are not always formed this way he has
found such groups can be very efficient. When he tried to create electronic
teams and to introduce a study-buddy process of four students, he found these
practices were not that successful, and the groups operated quite differently from
the groups the students self-selected.

The teachers can count the number of visits to the class website. Keith
finds good students visit the website more often, they read more, and spend time
browsing the course material and the Internet sites he provides. He believes that
students spend more time out of class working on the course than before the
laptop program was introduced, and that for some students, day-to-day work

replaces cramming for tests.
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Keith now provides many links for enrichment, but it is not his practice to
test on this enrichment material. His testing remains straightforward and involves
pen and paper tests. Keith knows of an effort to use the laptops for multiple

choice type testing.

| don’t feel comfortable yet testing the biology curriculum
electronically. | mean I've got that capability, | could use the

tools that exist. [ just don'’t feel | want to (Keith, il — 437).

One thing he appreciates in the laptop program is that he can post work
completed in previous years as a guide to the students and to show how the
work was evaluated. Another benefit for assessment in the laptop program is
that he can be very firm about deadlines. He can request that homework, like
progress on independent study projects, be posted on the class site by a specific
hour. Itis now very clear if the assignment was done and whether it was
submitted to the class site on time.

Although students use laptops in unproductive ways such as gaming and
other distractions, Keith believes the laptops have also resulted in more
communication and more immediate communication within the school
community. As an example, he notes that a student queried one of the
objectives posted for a test. He agreed that the objective could be removed and
all the students received updated objectives immediately. Similarly he can post

important clarifications or expand a point of discussion after a class has finished.
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Xandra: New Teaching Approaches

Xandra has changed her teaching approaches although she still uses a
combination of Socratic teaching and active learning approaches using the
laptops. Nothing comes to her mind as being more effective than what she was
doing before the laptop program.

Xandra posts skeletal notes for the students, unit by unit, and uses them
as handouts. She teaches by projecting skeletal notes consisting of headings,
subheadings, and drawings which she can annotate, onto a SMART Board. She
has observed that it is easier for the students to annotate the drawings by hand
than with the draw function of the Word software. She can include clips, such as
a clip on muscle contraction, or an animation of a biological process, which result
in better student comprehension of particular concepts. She appreciates that she
can then save a version of the lesson for her records and that the information
given to the students during class is available to them on Blackboard.

Despite the organization built into instructing in a laptop program, she
perceives that she still has a role ensuring that students have unit summaries
and notebooks.

The super organized, they're now super-duper-organized. It (the laptop

program) enhances their organization, but even if they didn’t have a

laptop they would find another way. They'd find sticky notes,

highlighters, there would be another way.
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| think the group in the middle does benefit. It definitely helps
solidify their organization, that structure that | give them when |

use the laptops. So probably the middle group.

Those stragglers who could benefit from more organization and
are not quite there yet? Definitely not. They're just

as disorganized (Xandra, | — 461).

Xandra has bought an updated version of the biotech equipment she used
at the board high school before she went overseas. She describes using Vernier
probes for the students to collect data during their [abs, including: temperature;
pH; and, pressure. She finds using the probes with the laptops is time effective
since students can use two or three probes to collect data at the same time and
the data are accurate. She thinks these labs, using laptops and peripherals are
more interesting for the students, and that students who plan to study science in
post-secondary institutions are positive that they are seeing such equipment
ahead of time. The science department uses a series of university co-op students
on internships to assist with lab activities.

In the laptop program she has projected rubrics and exemplars
simultaneously, allowing the students to solidify what they need to know about an
assignment, how to proceed with an assignment, or how to plan their own lab
reports. She finds showing exemplars at the beginning of the year, and at the

mid point in the course, has been an effective instructional strategy. She obtains
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permission from previous students to display their work with the comments she
made when she marked it. She has also found it effective to put up a project, or
a completed lab report, with the rubric, so she and the class mark it together.

Xandra has used the laptops for multiple choice tests but she doesn’t
enjoy using this type of assessment. Although students could download tests
and complete them on their laptops, she finds students don’t seem to like this
type of testing either, preferring to scribble on paper tests as they think.

She has found that with the laptops the students take less time to find
information than they would using books and journals, but that their search may
not have been carried out effectively. Although the librarian teaches research
skills, Xandra believes she has a role to play in how the students search for
biology information. She directs them to databases for which the school has
licences or to websites when they are researching for projects and assignments.

She still plans for some group learning in the laptop program and has
used discussion boards where comments are posted and groups of three or four

students dialogue with one another.

Darby: New Teaching Approaches

In biology classes Darby works from PowerPoint presentations, perhaps
twelve slides, with headings, pictures and the homework assignment filled in.
She writes notes on the SMART Board as she teaches and the students type
notes on a copy of the PowerPoint which they have downloaded. Having the

diagrams on the PowerPoint presentations avoids errors between what the
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students were supposed to observe and what they saw. Students also have the
advantage of seeing what is happening during the class and what is going to

happen before the end of the class.

Not that many teachers teach the way | do with the PowerPoint
where | put up a blank PowerPoint using the SMART Board ...
but the students have always said they like it. I've asked multiple
times and they say they like it. | think it's because they wouldn’t
like it if | just put the notes up and they had to copy them out
even if it was on their computers. | like the interaction where,

if we're brainstorming, | can still write down their ideas. It's not

something already written out for them (Darby, 1l — 415).

Darby thinks the students like the PowerPoint approach to lessons since it is
interactive, it organizes them and their notebooks, and takes less time than
writing out notes in class.

Lab probes are used in field studies and during lab activities for real time
data collection, proving to students the graphs in the text really happen.
Students still need graphing skills, and data can be collected without using the
laptops, but Darby finds it is easier to use probes with the laptop computers and
leaves more time to analyze what is being graphed.

Darby is certain that using PowerPoint lessons makes it easier for

students who have been ill, or missed classes for a school activity, to catch up
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the work that they missed and helps the students avoid many of the second

generation mistakes inherent in the catch up process.

Audrey: New Teaching Approaches

Audrey finds there is now more time to deal with content in Biology 12
since the students are skilled in the use of laptops. Since the grade 12s dislike
too many PowerPoint presentations, she is not planning to increase the number
of PowerPoint presentations she now uses. She has concerns that PowerPoint
presentations focus the students on words and they miss a lot of what they
should be learning in biology. In response to this concern, she adds references
for drawings in their text on the PowerPoint presentations and she has learned to
use SMART Boards and other tools so that she can insert photos, animations
and illustrations from the Internet as she prepares lessons.

Compared to her experience prior to the laptop program, she found the
students did not have drawings in notes they made on their laptops. She
became concerned that although they had links to animations and illustrations in
their notes they weren’t using them, and they lacked drawings they were to do by
hand. Now, whether they use laptops for their notes, or not, may be decided on
the number of drawings in the lesson. Audrey doubts that the laptops have
improved the students’ organization. She still deals with students who cannot
organize their notebooks to those students who could organize anything.

With Excel she has been able to introduce mathematics and graphing into

biology much more than she could before the laptop program. She particularly
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appreciates being able to generate a graph with the students when they are
studying population growth.

In the past few years she has introduced simulations online to augment
lab experiences on running a gel and action potentials. Generally she has found
the results of the simulations are disappointing. The simulations on action
potentials are good provided students have seen a nerve lab. If the students
have not had that experience, she felt it seemed more like a computer game to
them and did not have the same impact. Similarly, if students have not had the
experience of running a gel, cutting the DNA at the same sites and looking for
fingerprints in three sequences, she found most could not visualize the online
simulation. On the other hand, a link to a histology site where they could point
and click to identify the types of cells and platelets they were seeing on a blood
smear through their microscopes was very successful. She was impressed with
the quality of the lab reports they completed in this instance.

Audrey notes that they had been through a number of PD opportunities to
encourage active learning. In the research phase all the teachers learned about
teaching the students how to find pertinent information on the Internet. She
found despite their expertise with mainstream media, students didn’t have the
same level of capability for researching information. Once they had been taught
those skills, she found it easier to meet individual student needs or the needs of
groups of students in the laptop program. She mentioned specifically: students
who will not choose to study maths and science at the post-secondary level,

students whose multiple intelligences are not a good match for mainstream
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biology courses and are not being reached in traditional lessons, and enrichment
for students who are not being challenged. She finds the laptops can enhance
learning at every level.

Despite these advantages, she learned that it is more challenging to keep

the students focused during collaborative work in the laptop program.

My favourite previous strategy was to unplug their Internet

(Audrey, | — 301).

Yes, a few years ago, before the wireless, it was one of my
favourite things to walk around and unplug (the Internet cable)

so that if they were working on some co-operative project together,
a lab report or something like that, | could be sure they were not

distracted (Audrey, | — 305).

Since the school went wireless in most areas two or three years ago. Itis
now more difficult to ensure the students are on task.

She now uses their new skills to plan more interesting homework
assignments on topics such as hormones. She plans the assignments, they do
the research. Or she may ask them to research a word, find a diagram and put it
in their notes, or take a quiz. She finds this type of assignment increases student
interest in the course and the students learn that everyone has to look things up.

She does have a concern about the fact that the laptops feed a student
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assumption that they can multitask. Some can, many can't, yet homework may
be completed amid the distractions provided by a laptop, telephone and
television, resulting in a lack of focus on the work being completed.

Audrey has found that the laptops provide a welcome degree of
accountability during shared projects as it is easy to track each student’s
contribution. One year, the school scheduled the grade 12 summative projects
for just before the end of year exams. The teachers decided to change the topic
they had used in the past and have the students prepare a study guide for the
final exams: thirty topics, one per student, with a view to everyone sharing the
study guide for their topic with the rest of the class. All the students were active
participants in this project since they had their own topic. Her role was to verify
the usefulness of each study guide before it was distributed for the other students
to use.

Audrey prints any work submitted electronically and marks the paper copy.
She is interested in the idea of tablet laptops where work can be submitted,
marked and returned to the student electronically. She is unsure of the cost of
these tablet laptops or whether they will be introduced at the school in the future.
She observes how students write answers by hand when they are used to
working on laptops. The organization of their written answers appears less linear
than she would expect, with more evidence of the equivalent of cut and paste,

attempts at rewrites, and having to actually start over again.
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Zoe: New Teaching Approaches

As a result of the laptop program, Zoe is now teaching one-on-one in her
classes. She may end up saying the same thing to each student, but says she
has their attention and they are focused. Or, she may choose to do a quick
lecture and then concentrate on the one third to one half of the students who
might have difficulty with the topic. She makes PowerPoint presentations which
she can then use from year to year. She finds this is useful, efficient and less
repetitious for her since she is not writing on the blackboard. She plans
PowerPoint presentations so that students have to develop part of their learning
for themselves. She considers it would be ineffective to prepare everything for
them.

All documents and assignments are on Word and posted on Blackboard.
Since students don’t need time to develop notes, the pace of the class is quicker.
As students have the information to refer to at all times and nothing can be lost,
the students can apply concepts and develop higher-level thinking skills. Next
year she understands the students will have One Note and they will be able to
take a file and build on previous notes to produce an electronic binder. The
students would then have the option of printing out the binder before tests and
exams depending on their learning preferences. She thinks most students do not
print out notes, but knows some do.

The course is a series of student-directed labs which students can work
through independently or with another student. Students use their own laptop

and a series of labs with supplies prepared for them and available in the lab.
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This is the third year that they have had a lab technician in the science
department and she finds it makes a massive difference. With this assistance,
she has been able to add more labs to the program.

During classes she works as a facilitator with each student and they have
a due date for completing each lab. She finds this pattern of instruction is
effective with students in grade 12, but is not always appropriate for younger
students. This is an efficient model for enrichment, for dealing with absent
students, and if a student they have been collaborating with is absent.

If she is using a group activity, such as a jigsaw, she can prepare
information and post it on the website or provide supplies for each group. She
finds the laptop program makes it easier to provide materials for different groups
to work with, and there is no photocopying which saves her time and paper.

Zoe identifies homework as one of the key changes in the laptop program.
She can post homework, email the class with homework reminders, or anything
else she forgot to say in class. Since parents have access to the course website,
she can copy her emails to parents and student advisors if a student has work
that needs to be caught up.

The nature of the homework has changed since she can design more
interesting assignments for them. Rather than have students read the text and
answer questions, she can assign a greater variety of tasks and create more goal
oriented assignments for them.

Zoe monitors student progress in grade 12 from day to day. When

students are ready to have their work assessed at the end of a lab, they ask for
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an interview. They explain their lab to her orally plus she looks at their lab work
online. Her laptop has tablet and stylus capability so she can mark an electronic
copy of their work and email it back to them. As a result of this process, she is
marking more during class time and less outside the classroom.

If there is an assignment due that day, their assignment must be in her
inbox before they leave the classroom. She checks to make sure the assignment
is there and that it is satisfactory. If the work is not satisfactory, she sends an
email right away and the student is in detention that afternoon. This process
insures work is completed and submitted in a timely manner.

Scheduled paper and pencil tests throughout the year establish the
minimum pace for completion of labs and student progress through the course.
There are two secure pencil and paper exams each year scheduled by the
school.

Since power losses during school hours have not been a problem, Zoe
has no backup plans in the event classes are disrupted. She believes that the
laptop program will make it easier to recover from such an event should it ever

occur.

Ross: New Teaching Approaches

Ross describes taking less time to prepare for individual classes in the
laptop program and finds there is more time to prepare work for the course. He
prepares PowerPoint notes explaining, for example, that teaching Mendel's

Second Law without the PowerPoint is less efficient and takes more class time to
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explain. He can now have a more interactive discussion with the students
because the PowerPoint is online, they don’t have to take notes and they can
print the lesson after class if they wish. Some students choose to annotate the
PowerPoint on their laptop, but he finds with less note taking, classes tend to be
more truly Socratic than before the laptop program.

Lab work is done in a lab adjoining the classroom. He does not use the
laptops during biology labs although he knows another biology teacher does use

the laptops for one series of experiments.

Yes, | think in the early stages | tried to do a little more on the
computer than | think the computer was capable of doing. Doing
simulations where there really was no reason to simulate
something you can demonstrate better or they can do better

(Ross, | — 477).

Ross continues to use traditional science experiments carried out by the
students, or demonstrations. At one point he was using simulations but decided

they were not necessary for student learning and cut back on their use.

| guess the bottom line is I'm not really going out of my way
to find applications. If | stumble across one and | think its better,
I'll use it, but I'm not trying to reinvent the wheel. Again, we had

a fabulous unit a month ago, dissection. I'm not going to stop
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using dissection (Ross, | — 539).

The students use digital cameras in place of detailed drawings in
dissection labs and a digital microscope, which augments their work with optical
microscopes. He would use the laptops if he had appropriate software for the
students and he thought the software provided better student learning. Some
software he has seen support labs he would not choose to do anyway and in
other labs (lab probe software) it would take longer to teach the students to use
the software than to just do the lab. Time is a factor and applications which are
retained must be efficient and effective in improving student learning.

Students who miss class for hockey games, other school activities, or who
are ill, can catch up by accessing the class website and Ross finds they need

less time to catch up than before the laptop program.

Gone are the days of, I've lost the assignment, or | couldn’t do it,
or | was away at a hockey game so | didn’t know what | was
supposed to do, or | was sick. It doesn’t take them, or the
parents, long to realize all those excuses are out the door.

Their assignments have been posted, the due dates are posted.
They don’t have to worry about calling their friends to find out
what homework to do. Certainly there is an efficiency there.
The students are not spending as much time getting caught up

on their work. They can, if they choose to, stay on top of the
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work much, much more easily than in the past (Ross, | — 575).

He thinks that good students spend more time on homework in the laptop
program. If asked to read five pages in the text, they would do that. If directed to
the Internet, these students read for a longer time. Other students, he believes,
read for less time in the laptop program as they focus on finding the right answer.
He has to stress that the journey is the important part of the assignment, not just
getting the right answer.

Major assignments are handed in electronically and in hardcopy. The
teachers at the school use turnitin.com to check student work for plagiarism.
Ross prints out hardcopies of student assignments submitted electronically and
collects other assignments and tests on paper. He prefers marking hardcopies
because he can add comments to their work. Testing is largely pencil and paper

in his class, like the external testing and biology competitions the students write.

Samantha: New Teaching Approaches

In Samantha’s classes students use their laptops, in class, once or twice a
week to take notes or to see a diagram she is using. They use their laptops after
class to make notes and prepare review notes. They may run their review notes
past her to make sure they have the relevant focus. She know some students
who maintain more traditional notebooks, but thinks the students are more
engaged if they use their laptop computers rather than notebooks. With their

notes on the laptops, other students can help a student who has lost their work or
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hasn’t backed up their work. She does not encourage this practice except under
exceptional circumstances.

Even in a laptop program, Samantha believes in a more hands-on
approach to experiments in the lab, and a hands-on approach to the constructing
of models during lab activities. This is how she prefers to approach teaching
biology despite the fact that there is no lab technician to assist the science
teachers with experimental work.

She has found that using laptops takes time which reduces the lab time
available for the course. However, she is aware that the laptops can augment
the hands-on program where experiments or chemicals are too dangerous for a
high school setting, or too expensive. Their labs are tight on space when the
laptops are out, especially in chemistry and physics, but a virtual pig dissection is

an option she can provide in biology.

This year | had five or six students that opted not to do the
actual dissection so | give them the option of searching on
the Internet for an appropriate virtual dissection site. Then
they checked in with me and | would say whether it was a
legitimate site. Then they just went ahead and studied it,
and that worked out quite well. Last year | gave them

the option as well, but everyone took part in the dissection.
Some of them said they didn’t want to do it, but they were

the ones who eventually dived in (Samantha, | — 117).
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To encourage active learning she uses webquests on mitosis/meiosis
instead of teaching these processes in the traditional way. She doesn’t usually
have them do Internet searches in class on the laptops and if she wants them to
the search for homework she will normally have them close the laptops until the

end of class. She gave another example:

I’'m relating this to the mitosis class when | used the mitosis
simulation and it was online. It would go through the steps and
there would be someone talking in the background explaining
what's happening in the diagrams, when | told the students,

to just close their computers, they were all focused and after
they were all interested and wanted to know what the website

was. | got it out to them later (Samantha, | -175).

If she does assign individual work in the lab using computers, the students
will sometimes listen to music as they work and she allows them to do that.
Usually the students work in small groups, but she asks them at the end of a unit
what they liked and didn't like. They may give her feedback such as too many
presentations or too much group work. If they do, she cuts back on
presentations or the amount of group work in the next unit. She finds their
feedback is very constructive.

Samantha thought last year that the students rarely had a lot of homework

in biology. They seemed to be able to complete it in class or in tutorial, where
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they might get questions answered as they worked. A year later in the laptop
program, she still thinks they spend less time on biology outside the classroom
and they seem to need less time to prepare for tests and quizzes.

Samantha redesigned how booklets on a plant unit are used. Last year it
was a collaborative project and students could go to the library to look up
sources. This year they are working with the units in class, as an individual
laptop project. They don’t take the booklets out of the lab. The students are
finding it harder as they must focus during class time. As they work, she
reinforces finding reliable sources and understanding what makes those sources
reliable. They can also use books, but must not rely on their text. She
encourages them to use university sites, the Environment Canada site, and
science journals

She has students develop rubrics and attach them to assignments they
are handing in to be marked. More of their assessments are laptop-based than
written by hand. She found she needed professional development to use the
marks gathering program used at the school, but now she calls students up to
the front of the room so they can see their marks on her laptop and discuss their
progress with her.

She is excited about the possible introduction of tablet laptops for every
teacher in the school. Two teachers have had tablet laptops for a year, as pilot
project, and they report back at every staff meeting on what they have been able
to do with them. With tablet laptops, assignments can be marked with a stylus

and returned to the students electronically with the teacher’s corrections. She

279



now marks on paper so the students can see her comments, but using tablet
laptops will save paper and students always have the option of printing out
corrected work if they wish.

Samantha is of the opinion that the laptops increase communications
between students and with students in other schools. The laptop has also
increased her communication with other teachers. Teachers exchange lists of
email addresses at conferences and she actually had another teacher who

wanted to network with her, but unfortunately it wasn’t another science teacher.

Richard: New Teaching Approaches

Richard prepares PowerPoint presentations for lessons and the students
also prepare PowerPoint presentations for their classmates. He has included the
service of the librarian to assist the students prepare effective PowerPoint
presentations.

Lab activities remain largely hands-on, but Richard welcomes the
opportunities the laptops provide. He can actually demonstrate many aspects of
biology, for example, online labs on fruit flies, instead of hands-on labs which are
difficult to do well in a high school setting. The emphasis remains on hands-on
labs, and lab activities which engage the students, such as a camouflage lab
done in the Evolution Unit using what Richard referred to as M&M s.

There are more opportunities for active learning, although reading the
students in class, he is concerned that in the laptop program it may be possible

to do too much and to overwhelm the students. He feels more time is now spent
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teaching students how to find information and answer questions and the students
have an increased opportunity to learn collectively. They have the opportunity to
learn through computer-mediated conferencing (CMC) which he finds improves
the quality of interaction between students and reduces their reliance on him for
information. For example, if other duties at the school delay him from getting on
the class website, they answer one another’s questions in First Class
conferences.

We have this class conference. Any confusion, any questions,

anything they don’t understand they are to post there. The theory

behind that is | may not get on until the next morning, who knows

where | am as a house master or whatever? Someone else will

get on and answer that question, probably before | will, and that's

what happens all the time. Students answer their own questions

and that’s great (Richard, Il — 21).

The students do more work out of class in the laptop program. Home
work assignments can be different, more specific, and there is much more

information available to the students now.

It sort of shifted the way | do things now. I'm really a facilitator.
| keep saying, I'm nothing more than a facilitator. You're going
to be teaching me things and students like that. They like to

challenge you, as in there's something he doesn’t know. They
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can find a recent research article, and post it, and they do.

That's great, | love that. (Richard, 1l - 119).

As an example, he assigned three questions in the physiology unit:
childhood obesity, fithess, and food. The students have to be online every night,
and there are criteria and guidelines to guide their participation. While there is a
limit on the amount of written work they contribute to the discussion, they must
reference their contributions, and build on others comments without repetition.
This takes work on their part.

Similarly, he finds these new teaching practices have carried over to
projects. Learning anytime, anywhere is a reality. A 24 hour test assigned from
3:30 Thursday to 3:30 on a Friday holiday is not a problem. Tests, labs,
assignments which are emailed are date and time stamped, a much easier way
of receiving and keeping track of student work.

He has found that grade 12 averages have definitely gone up over the last
eight years. While he cannot be sure this increase results from the laptop
program, he feels there is evidence from the students’ results in the University of
Toronto Biology Competition and the results of the students who write AP biology
papers of the benefits of laptop technology.

As mentioned above, Richard finds there is more and improved
communication between students, especially as they gain experience with

computer-mediated conferencing.
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Kenneth: New Teaching Approaches

Kenneth doesn’t know if his perceptions are typical or atypical of other
biology teachers, but he doesn’t feel using laptops makes a lot of difference for
instruction, other than the use of PowerPoint notes and the inclusion of digital
images. He gives the example of using PowerPoint notes to teach Mendel's
Second Law and notes the time the students save making notes can be used for
an interactive discussion and classes tend to be more truly Socratic than before
the laptop program since the students know they can print out the notes that
night. Some choose to annotate the PowerPoint notes on their laptops, others
annotate their PowerPoint notes by hand.

The daybook is a web-based diary of what the class has done. When the
daybook concept was to be adopted, a number of teachers were concerned, but
the school ran a pilot project to provide the staff with feedback. Two teachers
were used during the pilot study since they had already been using the concept.
Most of the teachers use FrontPage for their daybook. Kenneth notes that he
edits and updates the daybook in front of the class so that the students can see
there is some flexibility in the class’s progress through the course. Students can
check the daybook if they missed a class and parents can check to see what the
students are studying.

Students receive the course manual in a binder and online. It contains the
notes, handouts, review materials, practice tests, corrected practice tests, and
vocabulary review. He finds this saves an enormous amount of time which would

be spent photocopying and passing out notes in class over the year. Students
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are asked to bring the binder with the year's “notes” to class, along with their
textbook. Although the students already have the notes for a class, sometimes
he designates students to take notes for the other students on their laptops and
generally, he allows students to use their laptops to take notes as long as the
laptops are not connected to the Internet.

He has just located a great simulation for dissecting the foetal pig which
he finds helpful for students who are initially reluctant about dissecting, or for
those students who opt out entirely. He is preparing a taxonomy unit for Grade
11 and would like to set up a field investigation on insects using a dichotomous
key he has located on the Internet. He is also hoping to establish a project for
his grade 11s with Bird Study Canada. There are bald eagles nesting nearby
and the students have been providing information they gathered using a digital
camera and a telescope. If Bird Study Canada could band the young eagles with
transmitters, the students could track them over the Internet when they fledge.

He has an ongoing concern with labs that he feels is correlated with laptop
use. He thinks the students tend to skim the vast amounts of reading material
the laptops provide for them and as a result they do not read well. He has
noticed their skill at reading lab instructions has been declining since the laptops
were introduced. He has had to focus on having them read lab instructions
carefully, but notes that the more experiments they carry out, the better they get
at reading for details.

Kenneth has found that having the course manual online has been a real

boon to his work and has made it easier for students who must miss class, or for
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those students who are not particularly well organized. He does assign active
learning activities for the students to complete on the laptops. One example,
called Cell Decathlon, focuses on cell structure and function and involves ten
interactive websites. Students work in pairs with a scorecard which gets
stamped at each of the ten stages and there is a prize at the end. He finds the
students enjoy the competition and have fun. Students preparing to write the
Advanced Placement exam in biology prepare an independent study as part of
the plant unit. They then get a chance to teach their unit to the class using the
laptops and the LCD projector. Kenneth says the students are amazed at how
difficult it is to teach using the laptops.

The students now have PowerPoint notes with interactive links to the best
slides for review, but Kenneth finds a minority of the students take full advantage
of these additional resources. He estimates that 80 per cent of the students read
the daybook to check the homework assignment, 50 per cent might read the
entire log for the day and 10 per cent, the most motivated students, read the log,
open the links, and complete the assignments.

Kenneth had been able in the past to assign an active learning project on
the cloning of Tasmanian wolves. He found this simulation a great independent
activity until the Australian Museum decided they didn't have the resources to
continue the project.

The students went to the Australian Museum Online and looked

at the whole controversy around trying to bring back the extinct

Tasmanian wolf from DNA that was preserved in the 1890s.
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That was great activity for about two or three years, but then
the Australian Museum decided they didn't have the resources
and they shelved the project. In the old system | would never
have heard about this project. | would have been working

from the textbook. So | mean there is a whole lot more societal,

real world applications (Kenneth, Il — 229).

Kenneth does not think that the laptops have increased student-to-student
communication. Rather, he feels communication on the laptops has replaced the
telephone for day students, and face-to-face interactions for students in
residences. He thinks the laptops have probably increased the interaction
between students in different residences, but he hasn’t heard that the students
are using the laptops to communicate with students in other schools.

As a teacher, he finds he has more communication with the students since

they got laptops, although he still maintains office hours every day.

Computers don’t save you time. I'm one example of that. |
have many more contacts with students outside of class now
with email than | ever had when | was teaching and going home

at the end of the day before laptops (Kenneth, | — 241).

He deals with about half a dozen emails per evening, some of which may

involve multiple emails if there is a request for help. He knows other colleagues

286



are more disciplined about electronic contact than he has felt he needs to be, but
he thinks the communications are a real help to the students and notes that the
emails tend to be from the more conscientious students.

Question Three: What new teaching materials do senior grade biology
teachers use when integrating laptop computers into high school biology
programs?

For the purpose of this study, “teaching materials” refer to objects that are
created by the teacher. This section examines the evolution in the materials the
teachers used to teach biology before and during the laptop program. The
changes the teachers discussed centred on their use of hardware, peripherals,
software, the Internet and textbooks. More concise lists of the teaching materials
the teachers in the sample used to use and now use are available in Appendix F.
The teachers were not asked to prepare these lists. The lists were compiled

from answers they provided during the interviews.

Adele: New Teaching Materials

Adele describes a busy program of preparing new materials as the
teachers rework biology units, individual lessons, and projects, for use with the
laptops. PowerPoint presentations are posted online in preparation for lessons
and for use as handouts. The primary form of the PowerPoint is used for
teaching purposes and a secondary form is used by the students for taking

notes. The teachers are now reworking lessons for Biology 11.
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She describes a previous teaching approach which had involved hardcopy
handouts, overheads, overhead projectors and lab equipment appropriate to the
experiment. These teaching materials have now been replaced with laptop
computers, liquid crystal display (LCD) projectors, lab equipment appropriate to
the experiment, SMART Boards and digital cameras.

As in most schools, the teachers use software to enter their marks,
prepare report cards and to use the school’s email system. Adele also mentions
using a British software program which not only makes preparing PowerPoint
presentations faster, but also makes them interactive; publishing software such
ProDesktop; Excel, Wizard for graphing; and Windows Office 2007. In the labs
the teachers use Vernier probes (such as temperature probes), Data Studio to
run the probes, Pasco, and a multimedia package from the textbook publisher,
Campbell, which she uses with grade 12 students preparing to write AP Biology.
The school has acquired online databases and online journals for the teachers
and students to use in their research. The teachers have located simulations on
the Internet and now have the option of inserting simulations in some topics in
biology. Frog dissection, pig dissection, fruit fly labs in genetics, gel
electrophoresis, and mitosis were all mentioned as areas where simulations

augmented hands-on student labs and improved student learning.

Keith: New Teaching Materials

Prior to the introduction of the laptop computer program, Keith described

having Individual desktop computers and networked desktops in the computer
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labs. There were several desktops in the biology lab at that time, but they were

not used for instructional purposes.

| didn't use them very much because it was hard

(Keith, 11l — 409).

The school had cameras and TV equipment which could be used to
videoconference with other schools. He kept his course notes in a binder and
the students maintained their notebooks in binders and used a textbook.

As the school started into the laptop computer program they used Lotus
Notes to provide information for courses and after they got an Internet connection
at the school he was able to add some electronic enhancement to the information
about courses. The school also acquired a scanner at that time which helped the
teachers as they reorganized their courses and teaching materials for the laptop
program.

In the laptop program, both teachers and students have laptops and there
are LCD projectors in the classrooms. Under these circumstances, the teachers
have decided that having SMART Boards would be redundant. This decision has
been reinforced by their opinion that SMART Boards are not problem-free at this
time. The teachers have obtained a number of other peripherals to use with the
laptops, including: a class set of micro pipettes; and, three spectrophotometers
with laptop connectors. They are examining the possibility of getting

electrophoresis apparatus.
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The teachers continue to use Lotus Notes for their course databases and
to use the Internet to find suitable teaching materials from a variety of sources,
such as: university biology department sites: Canadian Broadcast Corporation’s
(CBC) Quirks and Quarks website; non-governmental organization (NGO) sites;
and, private sources such as the Howard Hughes Medical Institute (HHMI).
Teachers maintain contact with other teachers, students, and parents by email.
The students continue to use a textbook, but now they have a textbook with a
disk.

| use the text as a reference book, so that’s the start point for

everything because it's such a comprehensive source to begin

with. From there, we draw stuff in, so my database, over time,

has taken on more of an integration with the textbook in many

respects. That's why | feel very comfortable, as opposed to ...

I'm creating my own sort of textbook and we just use

whatever we can to do that. I've never seen anything that

works quite as well as having the electronic support of the

material in place, enhanced with a textbook (Keith, Il — 273).

Xandra: New Teaching Materials

Xandra used desktops at her previous school in the local board to prepare
handouts, instructions for labs, tests, and to prepare her own notes. Desktops
were available on movable carts at that school, and for a time carts were shared

by two departments. Later, one desktop was provided in the science office for
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four science teachers. There were no desktop computers or LCD projectors in
the classrooms at that time, although she did have access to VHS which she
could use to show animations such as muscle contraction. In her first
international school, one or two desktops were available in the science
department, but they could use any desktop in the school, in any department. It
was at that time that she started using a scanner to help prepare handouts for
classes. She scanned images which she photocopied on transparencies for an
overhead projector. She provided a package of her skeletal notes and the
scanned images to the students. The pattern was very much the same at her
second international school, until in her last year an agreement was negotiated
whereby the teachers could get financial assistance from the school and a
substantial subsidy, to purchase an Apple laptop computer. This was the
beginning of another learning curve for her since she had always used PCs. This
international school didn’t have money for the software and equipment (e.qg.
electrophoresis equipment) to use with the laptops, or a support network of
schools where she could borrow equipment. In the board she had taught for in
Ontario, the high schools shared expensive science equipment. As a result, she
had a laptop computer, but wasn'’t able to use the technology in the classroom.
She now uses a laptop and a SMART Board for instruction. She uses
many of the Blackboard functions to organize her teaching, including: posting
course materials; announcements; test dates; exemplars; rubrics; and, test
questions. She uses the discussion board function in some of her courses, but

not in biology as she prefers to be part of any discussion to insure erroneous
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information is not introduced. She uses Excel for marks gathering and to display,

process, and graph data.

| have used technology for the students in their laboratory
experiments to collect data. That is definitely one thing I've
added. Itis called Vernier, that's the company, and they have

all these different types of probes which students can use to
collect various forms of data from temperature, pH, to pressure.
You name it, they probably have a probe for it. So | use that from
time to time in my teaching. As well, I've been able to purchase all
that biotechnical equipment, in an updated form, which | learned
years ago and | employ that in the laboratory component of the

courses that | teach (Xandra, 1-161).

From the Internet she selects animations of biological processes for
lessons and movie clips of concepts such as muscle contractions. Depending on
the copyright provisions the school has arranged, this information can be posted
on Blackboard for the students to use. Other times, the material can only be
displayed on her laptop. She uses email within the school community and
continues to use textbooks in her courses. One of the textbooks she is using has

an accompanying CD-ROM.
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Darby: New Teaching Materials

Darby worked for a period of time after university graduation and before
attending a Faculty of Education. During this work period she used a desktop
computer with access to PowerPoint software and databases. During her
practice teaching there was probeware available in the lab which the associate
teacher was not using and textbooks with CD-ROMS.

She now teaches using one binder and a laptop which the school
upgrades most years, if not every year. This is her second tablet laptop and she
is pleased that the tablet function is now faster and easier to use. She writes on
a SMART Board as she teaches, or when giving notes, and uses probes for real
time data collection during experiments. She uses software to prepare
PowerPoint presentations, a program for drawing organic molecules which she
describes as not being user friendly, and a program, Chime, to view molecules in
three dimensions.

Darby uses the Internet to prepare webquests for the students, to select
websites for students to visit, to locate freeware she can install on First Class and
Java applets on pertinent topics which they can install on their laptops. She
describes email as increasing different types of communication, including:
student-to-student, student to her as a teacher, and teacher-to-teacher. She
estimates she is in contact with ten students a day. As a result, she knows if
students are away, how they are catching up on work they have missed, and she

can follow-up on assignments with individual students. She still uses a textbook
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with a CD-ROM but finds the students prefer to read the textbook over using the

CD-ROM on their laptops.

They have a CD-ROM that goes with their textbook, but pretty
much every student says they can'’t read off the CD-ROM and
they say they still need their textbook. So, they still need that

hardcopy in front of them (Darby, Il — 131).

Audrey: New Teaching Materials

Audrey used a desktop at home to prepare lessons and handouts. She
now has a laptop computer which is replaced from time to time by the school and
she teaches with probeware for temperature, and pH, and SMART Board. The
teachers at the school were provided with professional development on the use
of SMART Boards and are encouraged to use them. The school is wireless, but
the teachers and students still use cables for laptops sometimes and in some

parts of the building.
In theory the school is wireless, but in one science classroom
the reception is terrible. The old building has very thick stone

walls. The building is good, but ... (Audrey, | — 163).

She mentions using software for attendance, PowerPoint for lessons,

Excel for graphing, Microsoft Office for drawing and Cobweb for predator/prey
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relationships. At the time of the interviews the teachers were about to receive
professional development on the use of Wikis, a computer application which she
expects to implement next year.

Audrey selects animations and illustrations from the Internet for her
lessons and online simulations for gel electrophoresis and action potentials. She
has located specialized sites such as a histology site for blood smears, and
special programs such as the PBS program, The Brain. She finds worksheets
which require the students to consult websites are more popular than the
homework she could assign before the laptop program was implemented. She
uses email for communication and mentions exchanging emails with students in
the evening.

She continues to use textbooks with CD-ROMs in her courses. However,

she notes, the CD-ROMs were never popular and frequently got lost.

Zoe: New Teaching Materials

Zoe worked in medical and scientific settings and for a software company
where she received training in database tracking tools. She is grateful that as a
graduate student she had the opportunity to learn Internet Explorer, as well as
Word and all its functions. The university she attended as an undergraduate
provided all the students with email accounts when they were in third year.

After attending teachers college, in her first year at this school, she used a

laptop with cable access to the Internet, a SMART Board, and a textbook with a
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CD-ROM. She found the students lost the CD-ROMS and ended up using the
textbook for their studies.

Zoe now has her second laptop with tablet and stylus capability. This
hardware is easier to use and much of her day-to-day marking is now done
electronically. The labs in which she teaches are now wireless, but cables are
still routinely used, as they are more reliable. She now uses a SMART Board
controlled by touch instead of a keyboard while she teaches and peripherals for
collecting data during labwork.

Blackboard is used for in-house functions at the school and storing course
sites, PowerPoint presentations, word documents, homework assignments and
other assignments. All the labs the students are to complete are online, the
materials they will require are prepared in advance and available for the students
to use at their own pace. Next year she hopes the students will have One Note
to assist them maintain electronic notebooks. In the meantime, she teaches with
no paper, no photocopying, and she no longer has teaching materials in binders.

Zoe locates images on the Internet with the content she needs for use in
classes, interactive websites, and websites for topics such as for food chains, for
the students to use. The students routinely use search engines and databases.
Email is used for communications: homework reminders to the class, follow—up
emails to parents and student advisors at the school, and to schedule individual
tutorials which have replaced the office hours she used to post. When tutoring,
or even when teaching, she can post specific documents for an individual student

who is having difficulty with a concept or a topic. This is the first year she has
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started using an online text and she expects it will be more fully integrated into
her course next year.

This is one of their labs. They go through and get the information

... it has activities built in. There is this diagram to review, so

they review it, and then this has to be updated. This is from

last year when we used to have a CD-ROM. Now we refer them

to their e-text and we just go through the activities, what they

do. Then they would start, either summarizing the results, or

whatever they need to do: modular models, guess this chemical,

or whatever we’re working on. Everything is outlined here

(Zoe, lll - 611).

Ross: New Teaching Materials

As Ross describes it, he had desktop computers at home, and in his office
at school, which he used mainly for word processing. There was a computer lab
with 25 networked computers which he never used for teaching biology and a
desktop computer with a projector in the biology classroom. He was using
spreadsheets, a webpage for the course, and email to advise parents that there
was a course webpage, which they could access. The class used a textbook.

He now uses his laptop. Since they have LCD projectors, the science
department decided it was redundant to have SMART Boards. They have made
the transition from cable to wireless Internet access. Ross uses his laptop as a

management tool: for marks gathering and for attendance records. He mentions
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using his laptop for correspondence functions: correspondence with parents, and
keeping notes from staff meetings and committee meetings.

Ali teachers now have websites for their courses. He uses his laptop as a
prompt while teaching, for homework assignments and tests. He mentions using
PowerPoint, Excel, and turnitin.com to check assignments students have
submitted.

In labs, he prefers to continue using demonstrations and experiments
carried out by the students. They now use digital cameras and a digital
microscope in their labs to augment work done with optical microscopes. He
cannot predict yet whether he will begin to use lab probes in his biology course.

Ross uses the Internet to locate information for his classes. In particular,
he mentions the Howard Hughes Medical Institute (HHMI) site and the University
of Ottawa Biology Department website. He collects assignments and tests on
paper. Major assignments are handed in electronically and on paper; the paper
copy is marked. The laptops, and the information that can be retrieved using the

laptops, have replaced the textbooks he used to use.

There are very few things, I've found, that [ can do better with a
laptop. There are some exceptions. We don’t have a textbook in
grade 11 any more. It suddenly dawned on us a couple of

years ago that the students have a $100 textbook which they
never opened because they can easily find the answer on the

Internet much quicker than looking through the index of the
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textbook (Ross, | — 377).

More and more I'm sold on the idea, because right now we're
doing a research project on a genetic disorder. Rather than take
them over to the library and pulling out a textbook which might
be ten years old, they can get on the Mayo Clinic website and
find the most up-to-date research on any research paper they'’re

dealing with. We tend to use sources like that (Ross, | — 383).

Samantha: New Teaching Materials

As a pre-service teacher, Samantha taught with transparencies, an
overhead projector and a textbook. In one science course during her teacher
education program they used laptops on a cart to demonstrate how to implement
laptops in a school and she learned how to make PowerPoint presentations and
movies. During that pre-service year, and as an undergraduate, she was able to
use desktop computers in a computer lab for projects and assignments.

She now uses a laptop to teach and PD for using tablet laptops has been
scheduled. There is an LCD projector and whiteboard at the front of the room.
She has not used sensors to collect real time data in biology labs although she
thinks she may implement them next year. She has already used them in other
science course she teaches. Samantha uses software as part of the assessment

procedures and Excel for spreadsheets and graphing. A colleague has
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presented PD on Imovie and Moodle training has been scheduled for the
teachers.
Next year we are going to be introducing tablets. The faculty are
going to be getting tablets as a pilot project to see how effective
they will be. I'm excited about that because then if I'm taking
notes in biology with them, | can write it on the tablet, it will be
projected, instead of using an overhead projector, and | can
automatically put it online for them. It's going to be much
easier when it's already on my computer. For us right now, if
I've got a handwritten note, I'll scan it from the photocopier and
put it on my email, then take it from my email and put it onto Moodle
where the students can access it. This way | can do a straight
transfer onto Moodie and I'll have that resource right there. |
think it will be great in terms of drawing diagrams and having the
students more engaged. They can come to the front of the class,
draw, add, label a diagram. I'm looking forward to it. You could
do it with an overhead projector and a transparency, but | would

love to have it all online (Samantha, | — 229).

Samantha uses the Internet to prepare webquests for the students. Both
she and the students locate websites, virtual lab experiences and animations for
the course. She encourages the students to use university websites, the

Environment Canada website and science journals for their research. She
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continues to use a textbook in each of her biology courses. Email is a
communications tool: within the school she mentions, student-to-student,
student-to-teacher and teacher-to-teacher, but she also mentions email

communication with some students in other schools.

Richard: New Teaching Materials

Richard described a previous teaching approach, which involved using
software on small floppy disks to investigate water quality and making good
ecological decisions. He also had some simple dissection programs for frogs
and pigs. He noted that the school had assisted teachers in getting their first
computers, but also observed that he used his first computer for keeping marks,
and printing out assignments, not for instruction. Eventually teachers progressed
to networked desktops in the laboratory, and he could use a desktop at the front
of the room for instruction. The textbooks remained an important teaching tool at
that time.

These arrangements have now been replaced by the laptops, and
programs such as PowerPoint, Excel, and First Class for their daybook and
computer-mediated conferencing. The website, Biology Place, is a source of
labs and review exercises.

Richard has peripherals such as lab probes for use, although labs remain
hands-on to a great extent as he feels the students need the experience of
manually using pipettes. He may use more probes in the future, but, in fact, right

now he’s cutting back on the use of probes.
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Through the school, he and the students have access to the latest papers,
websites such as Biology Place, the National Association of Biology Teachers
(NABT) website. He searches widely for interactive sites and finds even with lists
of links from other teachers there are no shortcuts, half the links do not function
after a year.

Now everything's for free and it's good. So really I'm not looking

to pay for anything now (Richard, Il — 179).

| was going through a whole lot of stuff yesterday, actually just
getting ready for biology class for the rest of the year, just finding
good websites. | looked at the ones we used last year, half of

them are gone now. | can't find the page, so ... (Richard, Il — 69).

Email is used to hand in assignments such as homework, labs and
projects, an enormous improvement on prior practices, but Richard says possibly
the biggest change in teaching materials has been in the area of textbooks.

They do not have a textbook. In addition to the information students can access
on their laptops, he has some resource books and he is aware of the possibility
of an electronic text in the future. In the meantime he mentions finding a book at
a local bookstore which is a good review book for students preparing for the AP
exams. He finds the students like the detailed notes he provides for the course
which they can annotate over the year. Although he sees his course notes as

being different from a textbook, he thinks the students don’t see that difference.
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Kenneth: New Teaching Materials

Prior to the laptop program, Kenneth mentions having access to desktops,
blackboards and whiteboards in the school, but notes he did not use the
desktops for teaching in the classroom. He did use PowerPoint and eventually
Internet access was provided in the classroom. There was a laser disc player
available with a catalogue of thousands of images and videoclips, and a video
microscope projector, a camera connected to a microscope used with
microscope slides. The images could be projected on a television monitor for the
entire class to see.

He now describes teaching with the laptops and a LCD projector in his
classroom. The teachers use Lotus Notes for their course databases, class logs
and course manuals. They now have an attendance database, a marks
database, and an online reporting system. He mentions continues to use
PowerPoint, Inspiration for concept mapping, and Mind, as well as a digital
camera.

One of the things I've found as a useful tool is a digital camera

to document the results of labs. Students always seem to get a

kick out of seeing themselves and their actual lab results. It's

worked really well (Kenneth, | - 95).

Kenneth searches the Internet for animations, video clips and interactive

links he can add to his lessons. He specifically mentions finding online tutorials,
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and simulated dissections to augment the students’ in-class experiences and a
dichotomous key for field studies. In addition, he accesses: university websites
for graphics and photomicrographs; government websites for information on such
topics as the human genome; medical sites, such as the Huntingdon’s
Foundation; simulations such as the Wolves of Yellowstone; and he has found he
can access interviews on the Internet with actual scientists.

He uses email to post messages for the entire class and to answer
student inquiries. In addition to the electronic copy of the course manual, a
hardcopy is given to the students in a binder and includes notes, handouts,
review materials, practice test materials, corrected practice tests, and vocabulary

review for the year.
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Appendix B: DETAILED DESCRIPTION OF THE ANALYSIS

Introduction

This appendix presents an analysis of the data presented in Appendix A. As
described in Seidman (2006), analysis is an opportunity for the researcher to
begin addressing what was not understood before the interviews, what has been
learned, and what was not anticipated. Specifically, this appendix addresses
what the teacher participants shared with us regarding the themes identified in

Appendix A.

Analyzing the Data

Inductive analysis involves discovering patterns, categories and themes in
the data. This study was designed to collect data describing biology teachers’
perceptions of integrating laptop computers into their courses. It was not
designed to test hypotheses, nor was it designed to develop theory (Seidman,
2006). The analysis was guided by the research questions and the themes and
categories established in Chapter Four. In this appendix, findings common to
teachers from all level of experience are presented first. Then, the findings from
experienced teachers, mid-career teachers and early-career teachers are

presented when appropriate.
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Question One: How do senior grade biology teachers perceive the
integration of laptop computers into high school biology programs?

The teachers’ perceptions as they integrated the laptop computers into
their instruction dealt with three themes: the type of innovation the teachers were
introducing in their classroom; what the teachers perceived supported their ability
to modify their instruction; and, what challenges the teachers perceived they

faced, and still face, in changing their instruction.

Type of Innovation

All of the teachers in the sample indicated that they decided how to
integrate the laptops into instruction and that they recognized that how they
chose to integrate the laptop computers was possibly unique among their
colleagues. Teachers in all categories, experienced, mid-career and early-career
teachers, reported some collaboration with colleagues on academic matters or
content, but they made the decisions as to what the laptops were used for and
how the laptops were used in their classrooms. Even fewer teachers mentioned
having shared lesson plans and planning with teaching partners. In addition,
only occasionally was it mentioned that the IT department assisted with software
the teachers wished to use for teaching in biology. All the teachers described a
gradual or evolutionary pattern of integrating laptop computers into their
instruction.

The decision-making pattern for pedagogical matters described above

was very different from the process the teachers described for the integration of
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hardware and software to be used throughout the school by teachers in all
subjects. In this latter instance, where the laptops were used for administrative
or non-pedagogical purposes, although the teachers did not make the decisions
as to what or when an innovation would be implemented, a few mentioned
having had some input into the decision making process, including: collaboration
with the IT department; participation on IT committees; participation in pilot
projects; the provision of a teacher who had some release time to work with
teachers on the integration of the generic aspects of using the laptops; and,
occasionally, collaboration with the vice-principal.

Experienced teachers reported that it had taken two or three years to
integrate laptops into their instruction; however, they acknowledged that the
innovations would be ongoing for a number of reasons, including: they might be
teaching different courses; changes in curriculum guidelines; and, innovations
they would introduce to reflect student needs. One experienced teacher
observed that the level of maturity required for adolescents to learn in a laptop
program is, in itself, an endpoint to what can be accomplished in high school
classrooms. Mid-career teachers gave a range of one or two years to integrate
laptops into their teaching, but realized that integrating laptops into their
instruction would be an ongoing innovation. These teachers described the
innovations they expected to be dealing with in the future, such as: advances in
technology; changes in teaching assignments; and, changes in teaching

partners.
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Early-career teachers reported a wide time range for integrating laptops
into instruction, including: one or two years; four years; and, as high as five to six
years. Early-career teachers noted that they might have new software programs
they want to introduce into their classrooms. These early-career teachers
envisioned the endpoint of the integration process as every lesson having some
integration of the laptops. Most report that they had reached the point in the
integration process where they were now substituting better labs and better data

gathering experiences for the students.

Supports During Innovation

When asked what had supported their efforts through the challenges
associated with integrating laptop computers into their instruction, a number of
themes emerged from the teachers in this study, involving the students, the
schools, professional development, instruction, and themselves as teachers. |
will deal with each of these themes in more detail.

Teachers from all levels of experience cited positive, if anecdotal,
feedback from students and alumnae/i that encouraged them in their efforts to
integrate laptops into their instruction, including: students felt they were better
prepared for post-secondary studies; and, alumnae/i felt they were better
prepared to succeed at the post-secondary level through participation in the
laptop program. Teachers at all levels of experience stressed the importance of
the role played by the school, sometimes identified as “the administration” or “the

IT department”, in supporting the integration of the laptop computers in their
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classrooms. For most of these teachers, evidence of this support is the provision
of the peripherals needed to teach biology with laptop computers, and the
provision of up-to-date technology. Teachers at all levels of experience stressed
the importance of the professional development provided by the IT department.
Having professional development at the school was seen as a great advantage,
preferably at times scheduled into their timetables, and preferably to address the
needs they as teachers identified. These teachers mentioned that they were
encouraged by the fact that the school had designated funds available for them
to attend conferences, workshops, and/or courses. Teachers at all three stages
of their careers mentioned that innovations they had already made in
instructional approaches encouraged them to continue the process of integrating
laptops into their biology programs although the reasons, described in the
following paragraphs, were variable.

The most experienced teachers mentioned learning from the students as
they integrated the laptops into their instruction and being stimulated by the
students’ interest in the biology course, as well as by the increase they perceived
in student learning and student motivation. An experienced teacher said he had
been encouraged to continue since the integration of the laptops could be fitted
into his approach to teaching biology. These experienced teachers also
mentioned the importance of the financial support they had received from the
school in the initial stages of implementing the laptop program, including: loans
and subsidies to purchase laptop computers, and additional professional

development opportunities. Experienced teachers mentioned that receiving the
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professional development with colleagues assisted the mentoring process within
the science department. One experienced teacher noted that once a school is in
a laptop program, there is no going back since observing that all the schools
most comparable to the school where he was teaching had introduced laptop
programs.

The most experienced and mid-career teachers spoke in terms of the
importance of financial support from the IT department for the peripherals
needed in biology labs. As one mid-career teacher explained, the cost of these
peripherals could exceed a science department’s budget for the entire year.
Another mid-career teacher observed that it just wouldn’t be worth the effort of
integrating laptop computers into instruction for out-of-date technology.

Experienced and mid-career teachers observed that personal
characteristics, perhaps unique to them as individuals, encouraged them to
continue the process of integrating laptop computers into their instruction,
including: a positive attitude to implementing innovations; the ability to deal with
the time constraints of teaching a laboratory subject; and, their increasing
proficiency within the laptop program which encouraged them to continue the
process. Other comments ranged from: the laptop program had a positive
influence on their personal learning; the laptop program had a positive effect on
their personal organization; and, they had been allowed to manage a gradual
modification in their teaching approaches.

Mid-career teachers reported that they were encouraged by seeing new

ideas they could adapt for their laptop programs and by seeing what other
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teachers in laptop programs were doing in other schools. These teachers
mentioned that they were encouraged because they became more efficient with
regard to preparing lessons and classroom teaching. One mid-career teacher
said she was encouraged to continue the integration in her classroom because
she could select her own peripherals and decide how the technology was to be
used in her classroom.

Early-career teachers described improvements in the instruction of their
biology courses, including: more learning experiences for the students; the
students’ output had increased in the laptop program; students liked the
coursework more; and, students were less stressed by the requirements of the
course. These teachers noted the importance they placed on having the
software they required to teach biology, and the importance of acquiring new
software and hardware which they anticipated would make the instruction
process easier. Early-career teachers outlined a number of professional
development activities which they considered to be important, including: hearing
about integrating laptops into instruction from colleagues during staff meetings;
the support provided when technology “experts” were invited to the school to
demonstrate new equipment to the teachers (and in one school, to the students
as well); and, having colleagues present during professional development
opportunities. This is seen as an advantage for follow-up after the professional
development experience. Some of the early-career teachers said they were
encouraged to continue integrating laptop computers into their instruction by

standards for technology use in biology courses issued by the Ontario Ministry of
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Education and the International Baccalaureate, by program evaluations carried
out at their school, and by the feedback they received from such program

evaluations.

Challenges to Innovation

When asked about the integration of laptops in their instruction, the
teachers in this study identified a number of challenges, including: the ongoing
nature of technological innovations; instructional issues; their role as a biology
teacher in the school; finding appropriate professional development; and, issues
associated with the maturity of students in a laptop program.

Challenges the teachers in the sample associated with technology
included issues with hardware, software, and the peripherals used with the
laptops to teach biology. Surprisingly however, many of the observations about
hardware are positive in nature, including: upgrades such as laptops with tablet
and stylus capability will make it easier to teach; and, more network speed and
capacity and wireless capability will make it easier to use the laptops for
instruction. The unintended, sometimes negative, consequences of hardware
updates, which resuit from the acquisition of new laptops, are noted with
philosophical resignation, as the price of progress. Similarly, it is thought that
improvements in software and upgrades in peripherals, such as probeware and
SMART Boards which can be controlled by touch, will make teaching in the

laptop program easier or more efficient in the future. Dealing with the inevitable
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incompatibility between existing resources and newly acquired resources,
although challenging, was again viewed as the price of progress.

Teachers at all levels of experience raised concerns regarding their
personal level of knowledge and what they still need to learn if they are to teach
more effectively in a laptop program. They noted that teaching with laptops in a
laboratory subject resulted in increased time constraints and presented additional
challenges in teaching their biology program. They observed that teaching a
laboratory subject made it more difficult to schedule the blocks of time they
needed in order to master and integrate hardware, software and peripherals into
their instruction than if they had been teaching another subject in the school.
Most of the teachers who participated in this study either had no assistance in
the laboratory or technical support that changed frequently (such as university
co-op students on work terms), which consistently, year after year, requires input
of additional time and energy from the teachers.

Similarly, teachers at all levels of experience considered accessing
appropriate professional development a challenge. Most teachers articulated a
need for more training on the technology they used to teach biology, a wish to
find appropriate teaching models to observe, and opportunities to share with
other teachers in other laptop biology programs. The need to provide students
with more effective learning opportunities is mentioned by teachers at all levels of
experience, as are the associated challenges of providing a laptop program to
teenagers. The teachers acknowledged that learning experiences needed to be

tailored to a realistic level of maturity for adolescent students. One experienced
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teacher identified the need for feedback on his teaching approaches in the laptop
program and noted that he is of the opinion that no one even has the tools to
provide that type of feedback to teachers like him.

Generally, experienced and mid-career teachers did not express concerns
about instruction. The early-career teachers most often noted instructional
challenges. Their concerns included: varying the delivery of classes; varying
their teaching approaches; individualizing instruction for different classes and
different students; the time and energy required to double-check teaching
resources each year before they can be used in the classroom; the tedious and
cumbersome process for receiving, marking, and returning student work; and, the
fact that the different nature of the Biology 11 and Biology 12 courses presented

different instructional challenges for them.

Diffusion of the Innovation

In order to gather the teachers’ perceptions of the diffusion of this
innovation, biology instruction in a laptop program, the teachers were asked
three questions: 1) How might you differ from biology teachers not teaching in a
laptop program?; 2) What advice would you give biology teachers entering a
laptop program?; 3) What would encourage biology teachers to integrate laptops
into their instruction? About half the teachers in the sample said they had
observed “new colleagues” go through the process of integrating laptop
computers into their instruction. As before, the perceptions of experienced, mid-

career and early-career teachers have been analyzed.
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When asked how they might differ from biology teachers entering a laptop
program for the first time, teachers at all levels of experience mentioned a
number of differences, including: their laptop was on all the time during every
class; there was less chalk and talk during their classes; and, their program and
instructional approaches were more varied.

Experienced teachers in this study said they can no longer imagine
teaching without a laptop and that as a result of their involvement in the laptop
program they might be different from other biology teachers in a number of ways,
including: more forward thinking; more willing to modify their practices; more
current; more effective; more enthusiastic; more willing to learn from their
students; and, more willing to consult the literature while teaching. These
experienced teachers used their laptops as an organizational tool and believed
the structure built in to a course being taught with laptops resulted in students
being better informed about the course requirements. They observed their
biology courses might also be different in a number of ways: the courses had
become more entertaining for the students; instruction and teaching approaches
had become more varied: and, the learning styles of a wider variety of students
were being met.

Mid-career teachers also observed that they could no longer imagine
teaching without a laptop, noting that teachers should have a laptop, if only a
personal laptop, for their use in the classroom. They believed that their courses
and lessons in the laptop program were easier for them to prepare and more

interesting for the students.
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Early-career teachers were of the opinion that while they might not have
known how they were different from new colleagues entering a laptop program,
they thought that all teachers should be using a personal laptop in their
classrooms. The early-career teachers in this study observed that they and their
courses might have been different in a number of ways: as teachers, they were
more open minded and more willing to adapt to a program that was different from
the norm; the courses they were able to present were better for the students;
and, the laptops have changed how they organized individual student help. The
early-career teachers believed that the laptop program was a more convenient
way for them to teach, and they cited a number of differences, including: the lack
of photocopying; how they delivered their lessons in the classroom; a less
teacher-centred approach to learning; less teaching from the textbook; and, the
use of email for communication within the school community.

When asked what advice they would give new colleagues entering a
laptop program, teachers from all levels of experience observed that new
colleagues should: ask more experienced teachers for help; have a patient
optimistic outlook; be open to new experiences; and, be willing to learn new
skills. The teachers in the sample also mentioned the importance of a supportive
administration as new colleagues begin to integrate laptop computers into their
instruction.

The experienced teachers in the sample advised that new colleagues be
patient with themselves, that they maintain their perspective as they begin to

integrate the laptops into their teaching and not allow themselves to become
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discouraged during the process. Both experienced and mid-career teachers
advised that teachers new to a laptop program should be willing to modify their
thinking about their teaching in the classroom, adopting more of a facilitator role
in the classroom and less of a teacher-centred role. These teachers advised that
new colleagues should plan to integrate the laptops only to their personal comfort
level and they should continue to use the teaching approaches, techniques and
teaching materials that worked for them in the past as they begin the process of
integrating laptops into their instruction.

Mid-career teachers believed that new teachers’ confidence has to be
maintained throughout the process of integrating the laptops into their courses
and advised that the curriculum requirements of the courses supersede the
requirement to use the laptops. The mid-career teachers provided advice on
managing the laptops in the classroom, including: new teachers should realize
that managing student learning in biology classrooms with laptops is different;
that teachers should control the use of the laptops during class; that teachers
need to make their rules for laptop use in the classroom very clear to the
students; that students should be given some option as to whether tasks are
accomplished on laptops or by hand; and, that teachers continue to use small
group and collaborative learning approaches while increasing the active learning
opportunities possible in a laptop program.

Mid-career and early-career teachers mentioned the importance of
focusing on content and presentation during the transition to using laptops in

biology instruction, and advised new teachers to vary their teaching approaches
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and develop new teaching materials. These teachers recommended alternating
traditional laboratory experiments the teachers would have used in other schools
with laboratory experiences that have been redesigned for use with laptops.
While advising that new teachers should introduce more student-centered
activities and decrease the time spent on teacher-centered activities, mid-career
and early-career teachers observed that new teachers might find that the laptops
do not increase academic communication between students.

Early-career teachers in this study felt it is important that new colleagues
accept that the process of integrating laptop computers is a struggle. These
teachers provided advice on how to start reorganizing courses and lessons and
how to start using the laptops, including: check the curriculum to find concrete
ways to show students what technology can contribute to the learning of biology;
realize that laptop use will vary with the content of the biology course being
taught; use a variety of teaching approaches in the classroom; realize the laptops
do not have to be used every day; and, start the conversion to teaching with the
laptops with their favourite topics and the key labs in the course. The early-
career teachers also advise that since the maturity level of the students will
influence what can be done with the laptops, it might be wise to start with grade
twelve students rather than grade nine or ten students.

When asked what would encourage biology teachers to integrate laptops
into their instruction, teachers at all levels of experience noted that the realization
that students were learning better and more successfully will encourage new

colleagues. They felt that new teachers are encouraged if the school identifies
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the laptop program as a priority and has high expectations for the teachers and
students in the program. The teachers in this study observed that new
colleagues will also be encouraged as they begin to understand that integrating
laptops into their instruction is an innovation that works and, despite its flaws, has
enormous potential for future teaching.

Experienced teachers believed that a number of factors would encourage
new colleagues, including: their teaching will become more effective and efficient
as they adjust to their role as a facilitator in the classroom; they will realize they
can become happier, more fulfilled teachers in a laptop program; it is easier to
supplement student learning; and, that time spent implementing the laptops in
one year saves time in future years. These experienced teachers also observed
that new colleagues will be encouraged to continue integrating laptop computers
by all the new teaching resources they can access. Both experienced and mid-
career teachers said that new colleagues would be encouraged by the growing
realization that it would be hard to go back to teaching their biology courses
without laptops.

Mid-career teachers believed that new colleagues would be encouraged
by the positive effects of modifying their teaching approaches in a laptop
program, including; a more truly Socratic teaching experience when these types
of lessons are used; a more flexible approach to meeting individual student
needs; having the newest and most efficient technology available for teaching

purposes; and, by trying to use as much of the technology as was feasible.

319



Early-career teachers observed that new colleagues would be encouraged
by the perception that teaching with laptop computers is an innovation that is
sustainable through changes in curriculum and student learning. These teachers
also believed that new colleagues would be encouraged by possessing a realistic
understanding of teaching in a laptop program, including: laptops are being used
differently by other science teachers; laptops are being used differently by
teachers in other subject areas; teaching will become less stressful despite their
initial misgivings about having less available class time in a laptop program;
laptops are not a good tool for students who have difficulty focusing; they may
have misgivings about their new supervisory role if the laptops are to be used
appropriately during class time; and, they can expect to have concerns about
matching laptop use with differing class profiles. Early-career teachers also felt
that new colleagues would be encouraged to integrate the laptops into instruction
by the fact that: students find the biology courses more interesting; there will be
an improved learning experience for the students; the students’ output will
increase; and, that using laptops will not diminish the students’ understanding of
the concepts presented in the course. Early-career teachers also cite the
following as being encouraging: the benefits of teaching the students how to use
the research tools available to them; the ease with which students can find
information in the laptop program; and, the benefit of having the students realize
that everyone, including teachers, use these research skills. They felt that new
colleagues would also be encouraged by the knowledge that they can always go

back to a previous teaching approach, if necessary.
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Question Two: How do senior biology teachers perceive and introduce new
teaching approaches when integrating laptop computers into high school
biology programs?

The teachers described new teaching approaches resulting from the
integration of laptop computers into their instruction, including: lesson preparation
and lessons; notebooks; lab activities; active learning opportunities, homework,
and, assessment procedures. There was a high degree of congruency in the
new teaching approaches introduced by the teachers in my sample and a few
differences in the emphasis they placed on these teaching approaches according
to their years of experience in the classroom.

Teachers from all levels of experience in this study believed that using
PowerPoint presentations reduced the time that had been used in science
classes for taking notes prior to the introduction of the laptop program, but
observed that when PowerPoint presentations were being annotated in class, the
students did not always use their laptops, sometimes choosing to annotate the
PowerPoint presentations by hand. The teachers in this sample observed that
with laptops in the classroom, whole class instruction was decreased and
Socratic lessons, when used, became more truly Socratic since the students had
access to all the information they would need after class and were not dependent
on taking notes during discussions. Most teachers in the sample were of the
opinion that developing notes and annotating diagrams on a SMART Board was
a convenient way to teach a class.

Despite the Guidelines from the Ministry of Education which state that

students should have a hands-on laboratory program, teachers from all levels of
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experience in this study reported using a number of different simulations to
augment the experimental work students completed in labs in order to
supplement experimental work which is normally not successful given the time
and facilities available in most high schools, and to replace experiments that
teachers believe are too dangerous or too expensive in a high school setting. In
addition, teachers from all levels of experience in this study noted that the
assistance of a lab technician improved the quantity and quality of the labs they
could provide in their courses. Unfortunately, not all the arrangements that
schools made for technical assistance for science labs allowed the teachers to
transfer time and energy into integrating the laptops into their biology programs.
Some arrangements, such as hiring co-op university students, required ongoing
and continual input from the science teachers.

Teachers from all levels of experience in this study were of the opinion
that there was more independent learning in the laptop program and that part of
their new role in the classroom was to teach the students to research biology
information in a credible fashion using a laptop. Some teachers believed it was
easier in a laptop program to plan for groups of students and for students with
different needs and all the teachers agreed that the PowerPoint presentations
were a valuable tool to help students catch up on work they had missed. | am
taken aback by the difference the teachers felt the laptop program had made to
this latter aspect of their teaching. Clearly, from their responses, helping
students catch up on missing work was an area which used to consume a great

deal of their time and energy.
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The teachers stated that since the laptops had been integrated into
instruction they could design homework assignments that were of more interest
to the students and were more meaningful for the students’ learning. The
experienced teachers were of the opinion that high-achieving students spent
more time on homework in the laptop program. Other teachers expressed the
opinion that the students were spending the same amount of time on homework,
and some teachers observed that students appeared to need less time to
prepare and study for tests in the laptop program.

An exception to the introduction of new teaching approaches is that most
of the teachers did not alter their assessment practices. Most continued to
assess student progress using pen-and-paper tests and examinations, and they
continued to mark and return paper copies of student assignments. One early-
career teacher, in a student-centred program, marked student work electronically
during class.

Textbooks, which prior to the introduction of the laptop program had been
an important, but expensive teaching resource, are in some cases no longer
used. Where textbooks are no longer used, they have been replaced by a
combination of course notes prepared by the teachers, resource booklets, and
resources which can be accessed using the laptops. Other teachers have
retained a text, sometimes with an accompanying CD-ROM. Electronic texts
were being considered by some teachers in the sample, and an electronic text

had been chosen for implementation in one school.
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I noted some differences in new teaching approaches that tend to be
described by teachers with different levels of teaching experience. Experienced
teachers in the sample most often noted changes in lesson preparation, changes
in active learning opportunities for students less often, and are of the opinion that
high achieving students spent more time on homework in the laptop program.
Mid-career teachers most often tended to describe changes in lesson
preparation, maintaining science notebooks, laboratory experiences for students,
and comment that making notes and annotating diagrams on a SMART Board
was a convenient way to teach. Early-career teachers most often appeared to
describe active learning opportunities for students and put less emphasis on
different approaches to lesson preparation, notebooks, labs and homework, while
observing that it was easier to plan for groups of students with different needs in

a laptop program.

Question Three: What new teaching materials do senior biology teachers
use when integrating laptop computers into high school biology
programs?

The teachers’ perceptions of new teaching materials as they integrated
laptop computers into instruction dealt with four themes: hardware, peripherals,
software and the Internet. | will first deal with the teaching materials the teachers
described using prior to the introduction of laptop computers into their instruction,

and then with the teaching materials they described using with the laptop

computers.
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Materials Used Prior to the Laptop Computer Program

Teachers from all levels of experience in this sample had, by and large,
not chosen to use the desktops, the multiple desktops, or the networked
desktops for instruction.

The peripheral used most frequently by the teachers in the past was the
scanner. Otherwise, no one peripheral was mentioned by all the teachers in the
study. Certain individuals cited access to different peripherals, such as: biotech
capability in the lab; a video microscope projector with a TV monitor; a laser disk
player with disks; VHS players and tapes; cameras; overhead projectors; and,
whiteboards.

Some teachers in the sample mentioned that they had used software to
keep track of marks on their computers. Otherwise the use of software in the
past among the teachers was variable, including: a software platform used for
organizing class materials; a simple dissection program; the use of PowerPoint
for lessons; the use of spreadsheets; and the use of word processing programs.
Some of the experienced teachers mentioned having Internet access at the
school prior to the introduction of the laptop program. One mentioned that he
had developed a course webpage and that he was using email capability at the
school before the laptops were introduced. In all cases, textbooks were
mentioned among the teaching materials they used. In summary, the
experienced and mid-career teachers described using from four to eleven of the
applications mentioned in this section. The average number of applications

described was seven.
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New Teaching Materials Used in the Laptop Computer Program

When asked about the use of teaching materials in the laptop program,
the teachers who participated in the study described using up to thirty different
applications. The average number of applications described was twenty. The
early-career teachers tended to use the most applications, followed by the
experienced teachers, and the mid-career teachers. All mentioned their use of
laptops, peripherals, software, the Internet; email for communicating within the
school community, and textbooks, (often accompanied by a CD ROM), or an
equivalent. One teacher described using a multimedia package available with
the text, and another started to use an electronic text.

Laptop computers replaced the desktops, the multiple desktops and the
networked desktops the teachers used prior to the introduction of the laptop
program. Since the laptops were being used for instruction, it appeared that
hardware became less of an issue for the teachers. Wireless capability in the
labs, the fragility of the laptops in the hands of students, and the new capability of
tablet laptops in the instruction process were mentioned.

This study found that peripherals, the additional technology associated
with teaching in a laptop program, were widely available in the classrooms. The
use of whiteboards and LCD projectors was widespread, and SMART Boards
were frequently available in the labs, some controlled by touch which was seen
to be more convenient than SMART Boards controlled by a laptop. The use of

peripherals such as probes to gather data during experiments, although
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widespread, was by no means universal. Other peripherals such as biotech
equipment and micropipettes were mentioned by a few teachers, as were digital
microscopes, cameras, and spectrophotometers.

The use of software has become widespread in their teaching. The most
frequently used platform for their teaching activities was Blackboard, although
First Class and Lotus Notes were also used. In addition to learning the platform
software, PowerPoint was the most frequently mentioned software, followed by
Excel for graphing and Microsoft Office for drawing. The teachers in the sample
learned and used a number of different programs for recording attendance and
reporting marks, and they anticipated learning a number of new programs in the
upcoming year to improve assessment practices. The teachers also learned to
use a range of software, from desktop publishing programs to programs
designed to draw organic molecules. | noted that the teachers were learning a
wide range of software programs and there was little similarity as to what
software was being used to carry out the same function in different schools. |
also noted that although many software programs were being used, few were
specifically designed for teaching biology and many were being used to for
management of marks, attendance, and reporting student progress.

The teachers who participated in the study, however, talked mostly about
the instructional materials they accessed on the Internet. They mentioned
searching for and incorporating some thirty different types of teaching materials.
The materials mentioned most often were animations to illustrate concepts.

Locating simulations was mentioned slightly less frequently, followed by the
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creation of webquests for students’ use. Often, schools had purchased
databases and access to scientific journals, but the teachers said that
increasingly they were finding free material that they preferred to use on websites
posted by universities, non-governmental organizations, medical institutes, and
government departments. Again, there was considerable variation and little
similarity among the teachers in this sample with respect to the sites they chose
and how the materials were incorporated into instruction. The teachers
described a personal search and selection process which took a great deal of
their time and was carried out with considerable care. The teachers indicated
increasing satisfaction with the stability of the sites they could now access on the
Internet. While they still had to double check these teaching materials before
starting a lesson, they said discovering the material was no longer available was

much less of a problem than it had been a few years ago.

CBAM: Contribution to the Analysis
The rubric for the six Stages of Concern (SoC) indicated that all the
teachers in the sample were focusing on concerns at the highest three levels:
6-Refocusing
5-Collaboration
4-Consequences
Only one early-career teacher, who was finishing her second year in a laptop
program at the time of the interviews, was deemed to be still focusing on

concerns at the third level:
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3-Management.

None of the teachers in the sample expressed concerns at the lowest three
levels:

2-Personal, level

1-Informational

0-Awareness
Other than the one teacher who expressed some Level 3 (Management)
concerns, there were no other differences in the nature of their concerns by
years of experience. Interpreting the results for Level 5 (Collaboration) proved
difficult, since all of the teachers were isolated in the sense that they were either
the only teacher in their schools teaching their biology course, or the only teacher
in the school teaching biology.

The results were similar for the six Levels of Use (LoU) rubric. All of the
teachers’ patterns of use of the laptop computers were focused at the three
highest levels:

VI-Renewal

V-Integration

IVB-Refinement,

None of the teachers were focusing on use of the laptop computers at the lower
levels:

IV-Routine

lll-Mechanical Use

lI-Preparation
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I-Orientation

0-Non-Use
Again, the results for Level V (Integration) were difficult to interpret using this
rubric since there were experienced, mid-career and early-career teachers who
were the only biology teacher in their school, or the only biology teacher teaching
their course.

The rubric for Innovation Configuration (IC) indicated teachers from all
levels of experience were in the top category in eight of ten characteristics of a

laptop program.

6 Access to computers

7 Student use of computers in subject area
8 Classroom organization

9 Learning activities

10 Nature of task environment

11 Technological literacy
The exceptions were Categories 4 and 5:

9 Independent learning

10 Teacher-student relationship
These two categories differentiated between the classroom of one teacher in the
sample, an early-career teacher in a student-centred program, and the other nine
teachers who had introduced student-centred activities, but the programs

remained more teacher-directed than the student-centred program. The
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descriptors for Levels 4 and 5 in the IC made it difficult to place these nine
teachers on the rubric.

In conclusion, teachers at all levels of experience in this sample were
overwhelmingly operating at the highest levels of CBAM, whether Stages of
Concern, Levels of Use, or Innovation Configuration. At some levels and in
some categories the context of their teaching made using the rubrics developed

from CBAM difficult to interpret.
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Appendix C1

Table 1. Percentage Frequencies by Decade of 12 Emerging Patterns in
Science Education Literature

Pattern 1955-64 1965-74 1975-84 31985~
1. Call for reform 26.8 30.8 31.6 30.
2. Better teachers 18.8 24.3 25.7 27.

3. Instructional methods

lab exercise 24.8 19.4 14.6 14.
lecture 8.8 9.4 6.5 7.
discussion 6.3 7.9 6.5 il.
activity 5.4 6.6 3.7 1.
teacher demo 12,5 4.0 3.5 5.
auvdio—-visual nids 6.3 7.0 5.0 3.
individualized imstruction 2.2 8.6 8.9 1.
4, Bcience literacy 10.8 16.4 18.2 12.
5. More atudents 14.8 3.7 9.5 7.
6. Real-life/societal issues 25.4 25.7 37.8 31.
© 7. Conceptual understanding 26.6 30.1 35.8 26.
8. Student interest 20.7 16.6 18.7 17.
9. Subject emphasis
bhislogy 25.4 27.1 33.3 23.
chemigtry 25.0 25.8 25.8 28,
physics 21.9 17.8 21.2 24.
10. Problem solving 17.3 19.1 18.8 i8.
11. Teaching strateqgy
direct 43.2 54,2 48.2 51.
inguiry 50.8 45.8 49.4 32.
constructivist N/A N/A 2.4 15.
12. Integrated science 44.6 13.0 21.0 24,

{Ponder & Kelly 1997)
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Appendix C2

Despite the discourse on better teaching, including the use of better
instructional strategies and methodologies in classroom/laboratories,

instructional methods recommended for use have changed little.

Table 2. Percentage Frequencies of Top-Ranked Instructional
Methodologies by Decade

1955-~1964

Laboratory exercise 4
Teacher demonstration 2
Lecture 8
Textbook 6.
6

&

Lol

Discussion
Audio~visual aids

1965-1974
Laboratory exerclse 1
‘Lecture
Individualized instruction
Discussion
Audio=-visual aids

NI Wie -

+ €« .

YN o

1975-1984
Laboratory exercise 14
Hands-on activity 9
Individualized instruction 8
Discussion ’ 8
Lecture [
Field trips 6

1585-1994
Laboratory exercise 14.8
Hands-on activity 11.9
Discussion 11.0
Teacher demonstration 5
Teacher demonstration 5
Graup work 5

(Ponder & Kelly 1997)
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Appendix D
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SOCIAL SCIENCES AND HUMANITIES RESEARCH ETHICS BOARD
CERTIFICATION OF ETHICAL APPROVAL

This is to certify that the University of Ottawa Social Sciences and Humanities Research
Ethics Board (REB) has examined the application for ethi€al approval for the research
project Teacher Perceptions of Changes in High School Biology Programs Using
Laptop Computers(Dosster # 12-06.03) submitted by Morag S. Gundy and supesvised
by Marie-Josée Berger of the Faculty of Education. The members of the REB found that
the research project met appropriate ethical standards as outlined in the Tri-Council
Policy Statement and in the Procedures of the University of Ottawa Research Bthics
Boards, and accordingly gave the research project a Category [a (Approval).

This certification iz valid for one year from the date indicated below.

Catherine Paquet Date
Protocol Officer for Pthics in Research

For the Chair of the Social Sciences and Humanpities REB
Richard Clément
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uOttawa

Unilversité d'Ottawa
Facultéd d'éducation

University of Ottawa
Faculty of Education

145 jean-Jaeques-Lussier
Ottawa ON KIN 6NS Canada

2

Formulaire de consentement 3 Pintention du conseil scolaire

Date :

Adresse du conseil scolaire :

Madame,
Monsieur,

Je suis étudiante au doctorat & I'Université d’Ottawa et je méne
actuellement une recherche ayant pour but de déterminer de quelles
maniéres les pratiques d’enseignement évoluent au sein d’une classe ou
d’un laboratoire de biologie lorsqu’on y int¢gre de nouvelles
technologies, plus précisément Jorsqu’il s’agit d’ordinateurs portables. I}
est possible de rejoindre ma directrice de thése, Madame Marie Josée

Berger.

J’aimerais communiquer avec des enseignant(e)s de biologie de 11°
et/ou de 12° année utilisant des ordinateurs portables dans leurs salles de
classe afin de leur proposer de participer 4 ma recherche. Les données
recueillies auprés des enseignant(e)s seront utilisées afin de rédiger une
étude de cas et fourniront une description des perceptions et expériences
des enseignant(e)s par rapport 3 ’intégration des ordinateurs portables
en salle de classe. Ces données pourront également nous renseigner sur
la fagon dont les enseignant(e)s se sont adapté(e)s 4 cette intégration.
Les données seront recueillies au cours de trois entrevues individuelles
avec les enseignant(e)s d"une durée d'une heure. Le matériel
pédagogique utilisé par les enseignant(e)s sera également recueilli. Ces
entrevues pourraient leur fournir ’occasion de partager leurs
expériences professionnelles et de faire le point en ce qui a trait a
’intégration de nouvelles technologies et a leur impact sur leurs

pratiques pédagogiques.

Les entrevues se dérouleront a I’école et au moment qui convient le
mieux aux enseignant(e)s. Ayant moi-méme enseigné les sciences au
secondaire pendant plusieurs années, je m’intéresse particulidrement aux
perceptions des enseignant(e)s par rapport & I'impact des nouvelles
technologies sur leurs stratégies d’enseignement. Cette recherche
a’engendrera aucune interruption sur le plan de Penseignement ou des
activités en salle de classe ou en laboratoire. En outre, la recherche ne
requiert aucune participation de la part des étudiants.
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Seule la chercheure aura accés aux données recueillies. Celles-ti seront conservées dans
un classeur fermé A clé dans la résidence de la chercheure. Les enregistrements des
entrevues seront effacés une fois que les données auront été transcrites électroniquement
et vérifides par les enseignant(e)s participant 4 I’étude. Au fur et & mesure que les
données sont enregistrées 4 ’ordinateur, toute caractéristique permettant d’identifier les
participants seront effacées et les fichiers informatiques seront protégés au moyen d’un
mot de passe. Les données seront conservées pendant cing ans aprés la fin du programme
de doctorat. Par la suite, les transcriptions seront déchiquetées et les fichiers électroniques

seront effacés.

Vous trouverez ci-joint une copie des lettres destinées aux directions d'école ainsi qu'une
copie de la lettre d’information destinée aux enseignant(e)s, laquelle est accompagnée
d’un formulaire de consentement pour ceux et celles qui seraient intéressés. La
participation 4 cette recherche est volontaire. Les participants sont libres de refuser de
participer ou de se retirer de I'étude en tout termps sans subir de conséquences négatives.
Tel que mentionné précédemment, ni le conseil scolaire, ni les écoles, ni leg participants
ne pourront &re identifiés tout au long du processus de recherche, que ce soit dans le
rapport ou dans les données recueillies pendant Jes entrevues. Aucun étudiant ne sera
identifié et aucune information ne sera recueillie au sujet des étudiants.

J'aimerais donc obtenir I’autorisation d’entreprendre des démarches auprés des directions
d’écoles de votre conseil scolaire, de mener une recherche dans les écoles qui auront
accepté de participer et d'utiliser les données recueillies pendant les entrevues dans le
cadre du programme de doctorat auquel je suis inscrite & la Faculté d’éducation de
’Université d'Ottawa, lors de la rédaction de la thise ainsi que pour toute publication cu

présentation-A.caractére savant,

Autorisation :

Je, soussigné(e), donne I'autorisation 4 Morag Gundy d’entreprendre des démarches
auprds des directions d’écale du conseil scolaire afin de pouvoir mener sa recherche. Je
consens également A ce que les données recueillies auprés des enseignant(e)s soient
utilisées dans le cadre du programme de dactorat auquel elle est inscrite 2 la Faculté
d’éducation de I’Université d’Ottawa, lors de Ia rédaction de la thése ainsi que pour toute
publication ou présentation 4 caractére savant.

Nom du responsable du conseil scolaire :

Signature du responsable du conseil scolaire :

Date :

Merci.

Morag S. Gundy
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Université d’'Ottawa
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Board Consent Form

vdwe

Bodiy Autress

Dear (Board Official)

1 am doing research for a PhD degree at the University of Ottawa. The
purpose of my research is to ascertain how instructional practices change
NL B DIVIVRY CLESSTULLY IAUUTAIULY Wil LIS D tFUdusvn OF leCnogy,
snecificallv the inteeration of lanton computers. My thesis sunervisor is
Dr Marie Josée Berger at the University of Ottawa. She can be reached at

3

I would plan to approach members of the teaching staff teaching biologv
in grades 11 and/or grade 12 in the laptop program with a request to
participate in a case study. It is expected that the case study would result
in a description of the teachers’ perceptions and experiences of integrating
laptaps into instruction and how they went about the integration.
Infarmation would he cathered from each teacher during three one-hour
interviews and the collection of material the teachers would have already
prepared. For the teachers this should be an interesting professional
growth experience and an opportunity to reflect on changes in
instructional strategies.

'The interviews would be scheduled at the school at a convenient time for
the teachers. & have taught high school science for many years and | am
interested in the teachers’ perceptions of changes in teaching strategies,
‘There would be no interruption of program or of regular laboratory or
classroom activity. This study does not involve the classroom or the
progress of any student or students,

The data will be available only to the researcher and will be kept in a
locked filing cabinet in the researcher’s home. Recordings of interviews
will be erased after the electronic transcript has been completed and
verified by the teacher participant. As data are entered in to the computer,
all identifying characteristics will be removed and computer files will be
password protected. tive years afler the thesis process has been
completed, the data gathered from the teacher participants will be

shredded and electronic files erased,
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I have enclosed a letter to principals and a detailed letter with a consent form which
would be sent to teachers who might be included in the sample. Participation in this
research project is voluntary. There are no negative consequences attached to either
choosing not to participate, or to withdrawing from participation in the study at any time.
As stated, the board, school and the teacher will not be identified in the study, in any part
of the report or recorded on interview notes. No students will be identified and no
information will be collected about the students.

I am requesting your permission to approach principals in your board,

proceed with the research at the school and to use the information collected
from the interviews in the process of completing a PhD (Education) degree
including a dissertation, any further publication(s) and scholarly presentations..

Permission:

I, the undersigued, give Morag S. Gandy permission to approach principals

in the board’s schools and to conduct the research, and grant permission for
the data collected from the teachers to be used in the process of completing a
PhD (Education) degree, a dissertation, any further publications, and scholarly

presentations.

Name of Board Official:
Signature of Board Official:
Date of Signature:

Thank you

Morag S. Gundy
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Université d'Ottawa
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University of Ottawa
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Formulaire de consentement i 'intention de la direction
Date
Adresse de la directrice ou du directeur

Cheére Madame ...
Cher Monsieur ...

Je suis étudiante au doctorat & 'Université d’Ottawa et je méne
actuellement une récherche ayant pour but de déterminer de quelles
maniéres [es pratiques d’enseignement évoluent au sein d’une classe ou
d’un laboratoire de biologie lorsqu’on y intégre de nouvelles
technologies, plus précisément lorsqu’il s’agit d’ordinateurs portables. Il
est possible de rejoindre ma directrice de thése, Madame Marie Josée
Berger,

£

-

J’aimerais communiquer avec des enseignant(e)s de biologie de 11°
et/ou de 12° année utilisant des ordinateurs portables dans leurs salles de
classe afin de leur proposer de participer & ma recherche. Les données
recueillies auprds des enseignant(e)s seront utilisées afin de rédiger une
étude de cas et fourniront une description des perceptions et expériences
des enseignant(e)s par rapport 2 I’intégration des ordinateurs portables
en salle de classe. Ces données pourront également nous renseigner sur
la fagon dont les enseignant(e)s se sont adapté(e)s A cette intégration.
Les données seront recueillics au cours de trois entrevues individueiles
avec les enseignant(e)s dune durée d’une heure. Le matériel
pédagogique utilisé par les enseignant(e)s sera également recueilli. Ces
entrevues pourraient leur fournir I’oceasion de partager leurs
expériences professionnelles et de faire le point en ce qui a trait 4
I’intégration de nouvelles technologies et A leur impact sur leurs

pratiques pédagogiques.

Les entrevues se dérouleront 3 I’école et au moment qui convient le
mieux aux enseignant(e)s, Je m’intéresse particuliérement aux
perceptions des enseignant(e)s par rapport & I’impact des nouvelles
technologies sur leurs stratégies d’enseignement. Cette recherche
n’engendrera aucune interruption sur le pfan de I'enseignement ou des
activités en salle de classe ou en laboratoire. En outre, la recherche ne
requiert aucune participation de la part des étudiants.
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Seule la chercheure aura accés aux données recuetllies. Celles-ci seront conservées dans un
classeur fermé 2 clé dans la résidence de fa chercheure. Les enregistrements des entrevues
seront effacés une fois que les données auront été transcrites électroniquement et vérifiées
par les enseignant(e)s participant a I’étude. Au fur et & mesure que les données sont
enregistrées 4 ["ordinateur, toute caractéristique permettant d’identifier les participants sera
effacée et les fichiers informatiques seront protégés au moyen d’un mot de passe. Les
données seront conservées pendant cinq ans aprés Ia fin du programme de doctorat. Par la
suite, les transcriptions seront déchiquetées et les fichiers électroniques seront effacés.

Vous trouverez ci-joint une lettre détaillée destinde aux enseignant(e)s qui voudraient
éventuellement participer A 1’étude. La participation des enseignant(e)s & la recherche est
volontaire. Les participants sont libres de refuser de participer ou de se retirer de I'étude en
tout temps sans subir de conséquences négatives. Tel que mentionné précédemment, ni les
écoles, ni les participants ne pourront étre identifiés tout au long du processus de recherche,
que ce soit dans le rapport ou dans les données recueillies pendant les entrevues. Aucun
étudiant ne sera identifié et aucune information ne sera recueillie au sujet des étudiants.

Jaimerais donc obtenir Ia permission de mener cette recherche dans I'école et d’utiliser les
renseignements obtenus au moyen des entrevues pour la rédaction de la thése de doctorat A la
Faculté d’éducation ainsi que pour toute autre publication ou présentation 2 caractére savant.

Autorisation :

Je, soussigné(e), , donne ’autorisation & Morag S. Gundy, de mener
cette recherche et de recueillir les données nécessaires au moyen d’entrevues, lesquelles
seront utilisées pour Ia rédaction de la thése de doctorat A Ia Faculté d’éducation ainsi que
pour toute autrs publication ou présentation a caractére savant.

Je comprends que je peux communiquer avec Ja chercheure au p
avee sa directrice de thése, Madame Marie Josée Berger, Ph.D.,

Je comprends que pour tout renseignement sur les aspects déontologiques de cette recherche,
je peux m’adresser au responsable de I'éthique en recherche de I"Université d’Ottawa, soit
par écrit, au Pavillon Tabaret, 550, rue Cumberland, salle 159, Ottawa, ON, KIN 6N3, soit
par téléphone au (613) 562-5841 ou par courriel au gthics@uottawa.ca.

Je comprends qu'il y a deux copies du fornmlaire de consentement, dont une que je peux
conserver,

Ecole :
Nom de Ia directrice/du directeur :
Signature de la directrice/du directeur :

Merci beaucoup.
Morag S. Gundy
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uOttawa

Université d'Ottawa
Faculté d'éducation

University of Ottawa
Faculty of Education

145 Jean-Jacques-Lussier
Ortawa ON KIN 6NS Canada

Principal Consent Form
Date

Principal address

Dear (Principal)

1 am doing research for a PhD degree at the University of Ottawa. The
purpose of my research is to ascertain how instructional practices change
in a biology classroom/laboratory with the introduction of technology,
specifically the integration of laptop computers. My thesis supervisor is
Dr Marie Josée Berger for the Universitv of Ottawa. She can be reached

a

I would plan to approach members of the teaching staff teaching biology
in grades 11 and/or grade 12 in the laptop program with a request to
participate in a case study. It is expected that the case study would resuit
in a description of the teachers’ perceptions and experiences of integrating
laptops into instruction and how they went about the integration.
Information would be aathered from each teacher during three ane-hour
interviews and the collection of material the teachers would have already
vrepared. For the teachers this should be an interestina professional
growth experience and an opportunity to reflect on changes in
instructional strategies.

The interviews would be scheduled at the school at convenient time for the
teachers. Iam interested in the teachers® perceptions of changes in
teaching strategies. There would be no interruption of the program or of’
regular laboratory/classroom activity. This study does not involve the
classroom or the progress of any student or students.

The data will be available only to the researcher and will be kept in a
locked filing cabinet in the researcher’s home. Recordings of interviews
will be erased after the electronic transcript has been completed and
verified by the teacher participant. As data are entered in to the computer,
all identitying characteristics will be removed and computer files will be
password protected. Five years alter the thesis process has been
completed. the data gathered from the teacher participants will be
shredded and electronic files erased.

I have enclosed a detailed letter which would be sent to teachers who
might be included in the sample. Participation in this research project is
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voluntary. There are no negative consequences attached to either choosing not to
participate, or to withdrawing from participation in the study at any time. As stated, the
school and the teacher will not be identified in the study, in any part of the report, or
recorded on interview notes. No students will be identified and no information will be

collected about the students.

I am requesting your permission to proceed with the research at the school and to use the
information collected from the interviews in the process of completing a4 PhD (Education)
degree including a dissertation, any further publication(s), and scholarly presentations.

Permission:

I, the undersigned, give Morag S. Gundy permission to conduct the research
and grant permission for the data collected from the interviews to be used in
the process of completing a PhD (Education) degree including a
dissertation, any further publication(s) and scholarly presentations.

[ understand that I roay contact the researcher § -
her supervisor, Dr. Marie-Josée Berger,

I have any questions about the study.

I understand if | have any ethical concerns regarding my participation in this study, I may
contact the Protocol Officer for Ethics in Research, University of Ottawa, 550
Cumberland Street, Room 159, (613) 562-5841 or ethics@uottawa.ca

I understand that there are two copies of the Consent Form, one of which [
may keep.

School:
Name of Principal:
Signature of Principal:
Date of Signature:

Thank you

Morag S. Gundy
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Lettre d’invitation et formulaire de consentement 3 intention de
Penseignant(e)

Date
Adresse de 1"engeignant(e)

Cheére (enseignante)
Cher (enseignant)

Je suis étudiante au doctorat a I’Université d’Ottawa et je méne
actuellement une recherche ayant pour but de déterminer de quelles
manidres les pratiques d’enseignement évoluent au sein d'une classe ou
d*un laboratoire de biologie lorsqu’on y intégre de nouvelles
technologies, plus précisément lorsqu’il s’agit d’ordinateurs portables.
Les informations recueillies serviront 3 la rédaction de ma thése dans le
cadre du programme de doctorat de la Faculté d’éducation. 11 est
possible de rejoindre ma directrice de thése, Madame Marie Josée
Berger, 1

La présente letire vise & vous inviter & participer 3 cette étude, Les
rensejgnements que vous nous fournirez seront utilisés afin de rédiger
une étude de cas et fourniront une description de vos perceptions et de
vas expériences par rapport 4 I’intégration des ordinateurs portables en
salle de classe. Ces données pourront également nous renseigner sur la
fagon dont vous vous étes adapté(e) A cette intégration. Les données
seront recueillies au cours de trois entrevues individuelles d’une durée
d’une heure. Nous recueilierons également le matériel pédagogique que
vous avrez utilisé, Ces entrevues auront lieu au moment qui vous
convient le mieux. Ces entrevues pourraient vous fournir ['occasion de
partager vos expériences professionnelles et de faire le point en ce quia
trait 4 I"intégration de nouvelles technologies et 4 leur impact sur vos
pratiques pédagogiques. Vous aurez accés aux transcriptions des
entrevues afin que vous puissiez vérifier 1'exactitude de vos propos.
Nous vous remettrons également un résumé des principaux résultats de
la recherche.

Les écoles et les enseignant(e)s participant 4 I'étude ne seront identifiés
en aucun temps, que ce soit dans I’étude, dans le rapport ou dans les
transcriptions d’entrevues. L’anonymat et Ia confidentialité des données
seront respectés en tout temps. Ayant moi-méme été enseignante de
sciences A I'école secondaire, je peux vous assurer que ceite étude ne
vise pas A vous évaluer, vous ou votre école. Cette recherche
n'engendrera aucune interruption sur le plan de ’enseignement ou des
activités en salle de classe ou en laboratoire. En outre, la recherche ne
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requiert aucune participation de la part des étudiants et aucun de ceux-ci
ne sera identifié,

Votre participation est tout 4 fait volontaire. Vous étes libre de participer
ou de refuser de participer sans subir de conséquences négatives. Vous
8tes également libre de vous retirer de I’¢tude en tout temps, et ce, sans
avoir 4 motiver vos raisons.

Seule la chercheure avra accés aux données recueillies. Celles-ci seront
conservées dans un classeur fermé 3 clé dans la résidence de Ia
chercheure. Au fur et A mesure que les donaées sont enregistrées a
I"ordinateur, toute caractéristique permettant d’identifier les participants
sera effacée et les fichiers informatiques seront protégés au moyen d’un
mot de passe. Les enregistrements des entrevues seront effacés une fois
que les données auront été transcrites électroniquement et que vous les
aurez vérifiées. Les données seront conservées pendant cing ans aprés la
fin du programme de doctorat. Par la suite, les transcriptions seront
déchiquetées et les fichiers électroniques seront effacés.

Si vous étes intéressé(e) & participer A cette étude, veuillez remplir le
formulaire intitulé Formulaire de consentement du participant qui
accompagne la présente letire et le retourner dans [’enveloppe pré-
affranchie ci-jointe avant le (date). N hésitez pas 4 communiquer avec
moi pour toute question au sujet de I’étude. Je serai heureuse d’y

répondre.
Je vous prie d’agréer, Madame, Monsietr, mes sincéres salutations.

Morag S. Gundy
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Formulaire de consentement du participant

Je, _, accepte de participer a I"étude intitulée
Perceptions des enseignani(e)s par rapport aux changements associés a l'intégration des
ordinatenrs portables en classe de biologie au secondaire menée par Morag Gundy, de
PUniversité d’Ottawa, Faculté d'éducation, dans le cadre des exigences partielles du
programme de doctorat.

Veuillez apposer vos initiales pour chacun des énoncés suivants afin d'indiquer que vous
en acceptez les termes :

Je comprends que ma participation 3 cette étude est volontaire et que je peux me retirer
de celle-ci en tout temps sans avoir 3 motiver mes raisons auprés de Ia chercheure.

Je comprends que ma participation consiste 4 prendre part aux entrevues ainsi qu’a étre
consulté(e), le cas échéant, A d’autres moments.

Je donne Pautorisation A la chercheure de me rencontrer afin de mener trois entrevues
individuelles d>une durée d’environ une heure, lesquelles auront lieu lors de trois
journées différentes an moment et & ’endroit qui me conviennent le mieux, soit a I’école
ou ailleurs, dans le but fournir les données nécessaires,

Je donne ¥ autorisation a la chercheure d’enregistrer les entrevues et d’en faire la
tragscription. Je comprends que je peux demander 4 1a chercheure d’arréter
Penregistrement & tout moment pendant I’entrevue.

Je comprends que les fichiers informatiques seront protégés au moyen d’un mot de passe
et que les données recucillies seront considérées comme étant de nature confidentielle en
tout temps et que tout enregistrement, transcription et fichier informatique seront
conservés dans un classeur fermé A clé dans 1a résidence de la chercheure lorsqu’ils ne
seront pas utilisés.

Je comprends que mon nom, le pom de mon école ainsi que toute information
suppl¥émentaire susceptible de nous identifier ne sera pas utilisée dans les données ou les
résultats. Des pseudonymes seront utilisés afin de conserver 'anonymat et la
confidentialité tout au long de {’étude.

Je comprends que les enregistrements des entrevues seront effacés une fois que les
transcriptions seront terminées et que j’en aurai assuré "exactitude.

Je comprends que les transcriptions seront échangées entre la chercheure et moi an
moyen de courrier postal. Toutefois, si je désire les recevoir par courrier électronique, il
demeure néanmoins possible que ceux-ci soient interceptés et que la confidentialité des
données ne puissent étre assurée.
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Je comprends que, selon les directives du comité de déontologie de I’Université
d’Ottawa, toutes les transcriptions relatives a 1a recherche, A savoir les transcriptions sur
lesquelles les noms de personnes ou de lieux ont été effacés, seront conservées a
PUniversité d’Ottawa, au bureau de la directrice de thése, pendant les cing années suivant
la publication de la thése.

Je permets qué les données recueillies A partir des entrevues soient utilisées tout au long
du programme de doctarat poursuivi par Morag Gundy a la Faculté d’éducation, y
compris la rédaction de la thése ainsi que toute publication ou présentation a caractére

savant,

Je comprends que je peux communiquer avec la chercheure i0u sa
directrice de thése, Madame Marie Josée Berger, pour toute
question au sujet de {’étude.

Je comprends que pour tout renseignement sur les aspects déontologiques de cette
recherche, je peux m’adresser au responsable de I’éthique en recherche de I'Université
d’Ottawa, soit par écrit, au Pavillon Tabaret, 550, rue Cumberland, salle 159, Ottawa,
ON, KIN 6NS, soit par téléphone au (613) 562-5841 ou par courriel au

ggbng;ggaggttgwn.ca.

Je comprends qu’il y a deux copies du formulaire de consentement, dont une que je peux
conserver,

J*aimerais recevoir une copie des résultats de {a recherche. Veuillez la faire parvenir &
P’adresse suivante : ,

Signature de Ia participante/du participant : Date :

Signature de la chercheure ; Date :
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Teacher Lefter of Invitation and Informed Consen_t Form

Date
Teacher Address

Dear (Teacher)

I am conducting a research studv at the University of Ottawa. The

purpose of my research is to ascertain how instructional practices change

in a biology classroom/laboratory with the introduction of technologv.

specifically the integration of laptop computers. [ plan to use the

information collected to write a thesis for a PhD. degree in Educational

Studies. My thesis supervisor is Dr Marie Josée Berger af the University
3

of Ottawa. ’ -

[ am inviting you to participate in a case study. It is expected that the case
study would result in a description of your perceptions and experiences as
you integrated laptops into your instruction and how you went about the
integration. Information would be gathered through three one-hour
interviews, and the collection of some written materials which you have
already prepared. The interviews with you would be scheduled for a
convenient time and place. For you, this would be an interesting
protessional growth expenence and an opportunity to retlect oa changes in
instructional strategies. Transcribed data from interviews will be made
available to you to ensure that I have accurately captured what you have
said or intended to say. You will also be provided with a summary of the
main research findings.

The schools and the teachers participating will not be identified in the
study. in anv part of the report. or recorded in interview notes. At all
times your privacy and confidentiality will be protected. 1 have taught
high school science and want to assure vou that this study is not designed
to judge or evaluate you or your school. This study does not involve the
progeess o1 any studeut or students and no students will be identiried
any way. There would be no interruption of program or to regular
laboratorv or classroom activity.

Participation in this research project is voluntary. There are no negative
consequences attached to either not choosing or choosing to participate.
You may, o course, withdraw from participation in the study, at any time,
without reason.
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The data will be available only to the researcher and will be kept in a locked filing
cabinet in the researcher’s home. As data are transcribed into the computer, all
identifying characteristics will be removed and computer files will be password
protected. Recordings of interviews will be erased after the electronic transeript has been
completed and you have verified it. Five years after the thesis process has been
completed, the data gathered from the teacher participants will be shredded and electronic

files erased.

1f you would like to be involved in this case study, please complete the “Agreement and
Consent Form” attached to this letter and return it in the stamped addressed envelope by
(give date). If you have any questions, I would be glad to answer them.

Yours sincerely,

Morag S. Gundy

Participant Consent Form

I agree to take part in the study entitled

Teacher Percention of Change in High School Biology Programs using Laptop

Computers being conducted by Morag Gundy through the Faculty of Education,
University of Ottawa, in partial fulfilment of her doctoral thesis.

Please initial each of the following to indicate your agreement to the terms:

I understand that participation in this study is voluntary and that I may withdraw
from the study at any time without having to provide the researcher with
justification for the withdrawal

I understand that this study will involve my being interviewed and consulted with
outside of the interview situation.

I grant the researcher permission to meet with me for approximately 60 minutes
each time on three separate days at a convenient time and place in the school, or
outside of the school, for the purpose of gathering data for the study.

I grant permission for the interview session to be recorded and the recording to be
transeribed. I understand that I may request the researcher to stop the recording at
any time during the interview.

I unc!erstand that computer files will be password protected; data collected will be
considered confidential at all times, and that all recordings, transcripts, and
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computer files will be kept in a locked filing cabinet in the researcher’s home
office when they are not being used.

| understand that my real name, my school’s name, or any other information that
may be personally identifying will not be used in the data or results. Pseudonyms
will be used to protect my privacy and confidentiality as well as that of the school.

[ understand that the recordings of my interviews will be erased once the
researcher hag completed the transcripts and I have verified their accuracy.

T understand that transcripts for verification will normally be exchanged by mail,
but if I request that transcripts be sent by e-mail, there is a risk of interception and
the confidentiality of the data could therefore be at risk.

[ understand that in keeping with the University of Ottawa’s Ethical Guidelines,
all transcripts from the research (i.e. that have identifying names and places
removed) will be conserved in the thesis supervisor’s office at the university for a
period of 5 years following the publication of the thesis.

] grant permission for the data collected from the interview to be used in the
process of Morag Gundy completing a PhD (Education) degree including a
dissertation, any further publication(s) and scholarly presentations.

[ understand that | may contact the researcher or her
supervisor, Dr. Marie-Josée Berger, inouia 1 nave any
questions about the study.

[ understand if [ have any ethical concerns regarding my participation in this
study, I may contact the Protocol Officer for Ethics in Research, University of
Ottawa, 550 Cumberland Street, Room 159, (613) 562-5841 or ethics@uottawa.ca

I understand that there are two copies of the Consent Form, one of which I may

keep.
[ would like a copy of the research findings from this study. Please send it to this
address:

Participant’s signature: Date:

Researcher’s signature: Date:
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Appendix E

Main Research Questions

-

How do senior biology teachers perceive the integration of laptop
computers into their instruction?

How did they implement this change with respect to the introduction of new
teaching approaches and the use of new materials?

Intarview Questions

Teacher Background

What is your academic background?

What is your professional background?

Describe your teaching career.

What biology/science courses have you taught?

What was your technology background prior to teaching? How did you
learn those skills?

What was your previous use of technology as a teacher? How did you
leam those skills?

How have you patticipated in the laptop program? How did you leam the
necessary skills?

What do you think laptops bring to your teaching?

It has been suggested that teachers leamn about technology as it happens
(just-in-time learning) rather than through instructed learning. Do you

agree or disagree with this statement and why?
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Interview 1
How are the laptops changing the way you teach biology?
What changes did you make in course organization and in preparation for
teaching? Why did you decide to make these changes? What changes
did you decide were effective/ ineffective?
What types of teaching strategies appear to be most effective when you
are teaching with laptops?
Explain how you decide whether an instructional strategy using laptops
was effective or not.
What is your role in the classroom when teaching with laptops? s that a
change for you? ls the change still happening?
What changes have you noticed in how time is used during
classflaboratory periods?
What changes did you deem to be effective/ ineffective in how time is
used in the laboratory/classroom?
How has the use of time outside the classroom/laboratory been changed
or restructured?
What changes did you deem to be effective/ ineffective in how time is
used outside classroom/laboratory time?

Did you notice a change in how time is used immediately, or over time?

351



Interview 2
What factors or influences encourage you to use laptop computers in your
teaching?
What types of support would help you to continue your progress in using
laptop computers in your classroom?
How do you think further upgrades of hardware and software will affect
lesson planning and your teaching?
How do you feel about the time investment that you are making to learn
and incorporate technology into your teaching?
What are your best hopes for this process of incorporating laptop

computers into your teaching of biology?

Interview 3
How long do you think it will take to integrate laptop computers into your
teaching of biology in the way you envision it? What would be important
to your progress?
How might you differ from biology teachers who are not integrating
technology into their instruction at this time?
Identify the most important factor or factors that will determine whether
you continue to plan for and use laptop computers in your
laboratory/classroom.
What advice would you give to biology teachers wha have a desire to

begin the process of integrating laptop computers into their instruction?
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APPENDIX F: Teaching Materials

Mid - career teacher

Used to use
hardware
software
peripherals
Internet

Classroom materials and textbook

Now use
Hardware:
Laptops
Projectors
Smartboards

Software:
PowerPoints
UK program to make PowerPoints faster and interactive
Academic Search Elite
Online databases with scientific journals
Front Page (grade 10's)
Excel: Wizard for graphing
Wiki, next year
Windows 2007
Datastudio (grade 10's)
Pro desktop for CAD (grade 7&8)

Peripherals:
Probes
Digital camera
Internet:
Genetic fly labs ,
Simulations: gel electrophoresis
Dissections .
E-mail
Student e-mails to her in the evening
Student to student e-mails

Classroom materials:

Textbooks with CD ROMS
Multi media package for one text
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Experienced teacher

Used to Use
Hardware
Networked desktops
Desktop in lab
Desktops, not used for instruction

Software
Peripherals

Cameras

TV equipment
Intemmet

Now Use
Hardware
Laptops

Software

Lotus Notes

WebCT

Concept mapping software
Peripherals

LCD projector

Scanner

Micropipettes

Spectrophotmeters
Internet

Intemet access

University websites

CBC sites

NGO sites

Medical sites

Virtual labs: Fish Farm

Email

Textbook with disk
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Mid - career teacher

Used to use:

Hardware:
Desktop at home to prepare handouts, instructions for labs, tests, her
own notes. Had desktop on cart shared with another depariment, then a
desktop in science office
Scanner for handouts and overheads
Overhead projectors
Transparencies
Software:
Had software in one school
Peripherals:
Had electrophoresis equipment in one school
Was able to borrow equipment from other schools in the board
VHS to show e.g. muscle contractions
internet:
Classroom materials:
Student packages with skeletal notes plus scanned images

Now usa:

Hardware:
Laptops
SMART Boards
Software: o
Excetl: graphing, marks gathering
Blackboard: discussion boards, post announcements, course materials,
test dates, post exemplars, rubrics, test questions
Peripherals:
Vernier probes for the students in their labs
Probes to measure temperature, pressure, pH plus the bictech equipment
internet:
Movie clips of muscle contractions (on teachers' laptops only)
Animations of biological processes
E-mail
Classroom materials:
Textbooks, one with CDOROM
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Early - career teacher
Used to use

Hardware:
Software:
Internet:
Classroom materials:
Text book with CDROM

Now use

Hardware:
Laptops
Smarthoards
Software:
First Class
PowerPoint
For drawing organic compounds (not user friendly)
United Screening: school subscription
Peripherals:
Probes for real time data collection
Internet;
Website: Chime to view molecules in 3D
Freeware she can install on First Class
Java applets
E-mail:
Student to student
Student to teacher

Classroom materials:

Uses the laptop and one binder for teaching materials
Students prefer textbook over the CDROM
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Early - career teacher

Used to use

Hardware:
Desktop computer at home to prepare lessons, handouts
Software: '
Intermnet:
Classroom materials;

Now use
Hardware:
Laptops
Smart Boards
Wireless
Peripherals:
Probeware: temperature, pH
Software:
PowerPoint
Excel for graphing
Wiki expected next year
Microsoft Office drawing
Cobweb for predator prey interactions
Academic Search Elite
Infotrack
Internet:
Animations, illustrations’
Simulations on line: gel electrophoresis and action potentials
Histology site for blood smears
PBS program, The Brain .
Attendance
E-mail
Communication with students in evening
Classroom materials:
Worksheets with websites to be consulted are a more popular home work
assignment
Textbooks with CD's. CD’s were never popular, got lost
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Early - career teacher

Used to use

Hardware:

Software:

Internet:

Classroom materials:
Text with CDRCM

Now use
Hardware:
Laptops with cables
Laptops with tablet and stylus capability, wireless or cables
SMART Boards controlled by keyboard
SMART Boards controlled by touch
Software:
Blackboard used in house
Course site
Gradebook used for marks
Attendance
Outlook used to schedule meetings
Word document: assignments posted heré
Expect to have One Note next year
Peripherals:
probes
Internet:
Search engines
Databases_ :
Websites for food chains, interactive websites, images with content
E-mail - '
Homework reminders to the class
Cc parents and student advisors if work is behind
Classroom materials:
She can post a document in response to a student's need
Labs are on line and are prepared in advance in the lab, students work
through them as individuals using their laptops
She posts notes or PowerPoint presentations on Blackboard ... no paper,
no binder
Homework posted
No photocopying
Started using an online text (Alters and Alters)
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Experienced teacher

Used to use
Hardware;

Desktop computers at home and in his office at school, used mainly for

word processing

Computer lab with 25 networked computers

Stand alone desktop and projector in the biology lab
Software:

Had a webpage for the course

Spreadsheets

Internet:
E-mail - advised parents of webpage they could access

Classroom materials:

Textbook
Now use
Hardware:
Laptops
Wireless system
Software:
Management tool:
Blackboard for marks, Attendance records
Communication tool:
Correspondence with parents, Notes from meetings
Instructional tool:
All teachers have websites for their courses with "Daybook”
Front Page
Demonstrations
Homework assignments
tests
turnitin.com used to check student work
Excel
PowerPuoint
Peripherals:

Digital camera

Digital microscope

Lab probes in some other science subjects
Internet;

HHMI site for stem cell research

University of Ottawa Biology Department website
Classroom materials:

Prints out hard copies of homework assignments

Collects assignments and tests on paper

Major assignments are handed in electronically and on paper

Laptops replace the textbook
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http://turnitin.com

Early - career teacher
Used to use

Hardware:
Desktops in computer labs as an undergraduate, preservice teacher
Software;
Had made PowerPoints as a preservice teacher
Internet;
Classroom malerials:
Acetates and overhead projector as a presevice teacher
Had made movies as a preservice teacher
Textbook

Now uses

Hardware:
Laptop
Tablet laptop training scheduled
Whitéboard in classroom
LCD projectors
Software:
Excel for graphing
Excel for spreadsheets
Colleague presented PD on Imovie
Maodle training scheduled
For assessment
Peripherals:
Sensors : will implement them maybe next year in biology. She has used
them in other science courses
Internet.
She prepares webquests
Websites
Virtual lab experiences
Animations .
University sites
Environment Canada site
Science journals,
E-mail
Classroom materials:
Textbooks: Grade 11 Nelson Thomas
Grade 12 Nelson Thomas
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Experienced teacher

Used to Use
Hardware
Desktops, not used for instruction
Software
Power Point
Peripherals
Whiteboard
Laser Disk Player with images
Video Microscope with TV monitor
Internet
Internet access

Now Use
Hardware
Laptops

Sofiware
Lotus Notes
PowerPoint
Inspiration
Mind
Crossword Puzzle
Peripherals
LCD projector
Digital camera
Internet
Internet access
Animations
Videoclips
Interactive links
Tutorials
Simulated dissections
Dichotomous keys
University websites
Museum sites: Tasmanian Wolves
Simulations: Wolves of Yellowstone
Interviews (taped) with scientists

Email
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Experienced teacher

Used to Use
Hardware
Networked desktops
Desktop in lab
Desktops, not used for instruction

Software
Peripherals

Cameras

TV equipment
Internet

Now Use
Hardware
Laptops

Software

Lotus Notes

Web(CT

Concept mapping sofiware
Peripherals

LCD projector

Scanner

Micropipettes

Spectrophotmeters
Internet

- Internet access

University websites

CBC sites

NGO sites

Medical sites

Virtual labs: Fish Farm

Email

Textbook with disk
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