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Laptop Computers: Reflecting on Innovation in Science

Morag S. Gundy and Marie José Berger

Abstract—This paper presents a study on teacher’s
reflections. This descriptive, qualitative, study provided an
opportunity for high school biology teachers to reflect on their
experiences as they implemented an innovation, laptop
computers, in their laboratory classrooms. Their reflections
were analyzed in terms of how the innovation was accomplished,
including their role, teaching approaches, and the acquisition
and use of teaching materials.

Index Terms—Biology, implementation, instruction, laptops,
reflection, teachers.

I. INTRODUCTION

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 [1]-[3]. Existing studies on the
implementation 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 [4], [5].
Laptop computers were first introduced into Australian
schools in the late 1980s [1], 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
laptops may improve instruction by decreasing
teacher-centred instruction and increasing student-centred
learning [6], 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
[7], [8]. Yet, researchers have also observed that teachers
with strong subject matter knowledge tend to employ, or at
least consider, more effective or innovative teaching
strategies [9], [10], and confirmed that biology teachers bring
creativity and commitment to the integration of innovations
in their classrooms [11].

Despite a lack of studies focusing on the role of the
teachers, a number of researchers have concluded that
whether innovations, such as laptop computers, are integrated
into instruction, and how they are integrated, depends on
decisions made by individual classroom teachers [12], [13].
There is a need to describe and interpret teachers’ reflections
about the process they undertook, and how they
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accomplished the innovation.

Il. DESIGN OF THE STUDY

A. Qualitative Research

Quialitative research can be used to collect data on ‘how’
questions where the researcher has no control over the actual
event being studied [14] and to study phenomena that take a
long time to happen, which evolve along the way, and where
it often takes a long time to understand what is going on [15].
The study described in this paper was designed to allow
biology teachers to describe their experiences: it was not
designed to test hypotheses or develop theory.

Descriptive studies have greatly increased knowledge of
what goes on in schools [16] since they explore actions,
events, frames of reference, and processes in natural settings
such as classrooms. This descriptive qualitative study
stresses the importance of the context in which biology
teachers teach, and seeks to hear their voices and understand
their lived experiences as they integrated an innovation,
laptop computers, into their high school biology programs
[17].

B. The Participants

A purposeful sample [18], [19] was sought of ten 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 the same software. Sites
were sought in Ontario, Canada.

All ten teachers who volunteered to participate in the study
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, 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, one had an M. Ed. in curriculum studies, and
two of these teachers had started, or had been about to start, a
Ph.D. program in science when they decided to return to
teaching high school science. Some had chosen not to teach
with the desktop computers available at their schools. Other
teachers in the sample had begun their teaching careers in
laptop schools

C. Data Collection and Analysis

Having chosen to conduct a qualitative descriptive study,
appropriate strategies for collecting data were selected [20].
Three semi-structured one hour interviews were conducted
with each teacher. Inductive analysis of the data followed the
data collection [18], [19]. Data collected were analyzed in a
process described as “uncovering and discovering themes
that run through the raw data, and interpreting the implication
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of those themes” [21].

A. Reflections on How the Innovation Was Accomplished

Teachers in the study indicated that they decided how to
integrate the laptops into instruction and that they recognized
that how they, as individuals, chose to integrate the laptop
computers was possibly unique among their colleagues.
While the teachers reported some collaboration with
colleagues on academic matters or content, only a few
teachers described having shared lesson plans, or planning
with teaching partners. In addition, only occasionally was it
noted that the Instructional Technology (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 over two or three years.

RESULTS AND DISCUSSION

Over a period of time. | think it was a bit of an adjustment
for the students as well as the teachers, so it didn’t happen
quickly (Adele, 1 - 247).

The pedagogical decision-making pattern described above
was very different from the process the teachers described for
the integration of 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, the teachers did not make the
decisions as to what would be integrated or when an
innovation would be implemented, and IT departments
provided appropriate and timely professional development.

By contrast, when talking of the challenges in finding
appropriate pedagogical professional development and
models for instruction in their biology courses, a sense of
isolation was communicated.

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, 111 —73).

The teachers anticipated that the innovations would be
ongoing for a number of reasons, including: they might be
teaching different courses; changes in provincial curriculum
guidelines; changes in teaching partners; new hardware; new
software programs they wanted to introduce; and,
innovations they would introduce to reflect student needs.
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.

IV. REFLECTIONS ON ROLE AND TEACHING APPROACHES

When asked what had affected their role in the classroom
and their teaching approaches, a number of themes emerged
including: the students, the schools, professional
development, changes in instruction and, their characteristics
as teachers.
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Teachers cited positive, if anecdotal, feedback from
students and alumnae/i. Students described feeling better
prepared for post-secondary studies through participation in
the laptop program; and, alumnae/i reported feeling better
prepared to succeed at the post-secondary level.

The teachers stressed the effect of the school, sometimes
identified as "the administration™ or "the IT department", in
supporting the integration of the laptop computers in their
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. 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.

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 in the future, would be to actually host a technology
conference of some sort where teachers share (Darby, Il -
39).

These teachers described being encouraged by the fact that
the school had designated funds for them to attend
conferences, workshops, and/or courses as well as noting the
importance of financial support through the IT department’s
budget.

1I'd emphasize the necessity of having a lot of financial
support because IT in biology, certainly when I think of the
money | spent just recently on probes, is sometimes an entire
science department budget at certain schools (Xandra, Il -
129).

Teachers observed 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 provided were variable. Many described
learning from the students as they integrated the laptops and
being stimulated by the students’ increased interest in the
biology course, as well as by the increase they perceived in
student learning and student motivation. Other teachers said
they had been encouraged to continue since they could fit the
integration of laptops into their approach to teaching biology.
Another noted that once a school is in a laptop program there
is no going back, since all the schools most comparable to the
school where he was teaching had introduced laptop
programs.

Personal characteristics, perhaps unique to them as
individual teachers which encouraged them to continue the
process of integrating laptop computers into their instruction,
included: a positive attitude to integrating 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. Others noted they were encouraged to continue the
integration of laptop computers because they became more
efficient with regard to preparing lessons and classroom
teaching. Still other teachers identified improvements in the
instruction of their biology courses, including: more learning
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experiences for the students; increased students’ output in the
laptop program; the fact that students liked the coursework
more; and, the students were less stressed by the
requirements of the course.

Challenges the teachers in the study associated with
technological innovation included issues with hardware,
software, and the peripherals used with the laptops to teach
biology. Surprisingly however, many of the observations
about new 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 laptops for
instruction.  The  unintended, sometimes negative,
consequences of hardware updates, which result 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 incompatibility between existing resources and
newly acquired resources, although challenging, was again
viewed as the price of progress.

Generally, teachers did not express concerns about
instruction, but some noted instructional challenges. The
challenges included: varying the delivery of classes when
teaching with laptops; 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 could be used in the
classroom; the tedious and cumbersome process for receiving,
marking, and returning student work; and, the fact that the
nature of different courses (such as the Ontario Biology 11
and Biology 12 courses) presented different instructional
challenges for them.

V. REFLECTIONS ON ACQUISITION AND USE OF TEACHING
MATERIALS

The teachers who participated in this study noted the
importance of up-to-date technology, having the software
they required to teach biology, and the importance of
acquiring new software and hardware which they anticipated
would make the instructional process easier. They outlined a
number of professional development activities which they
consider 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 was seen as an advantage for follow-up
after the professional development experience and for
mentoring within the science department. Some 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 Education
and the International Baccalaureate, by program evaluations
carried out at their school, and by the feedback they received
from such program evaluations. They believed that teaching
with laptops in a laboratory subject made it more difficult to
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schedule the blocks of time they needed in order to master
and integrate new hardware, software and peripherals into
their instruction, than if they had been teaching another
subject in the school.

The need to provide students with more effective learning
opportunities is noted by teachers, as are the associated
challenges of providing a laptop program to teenagers. The
teachers acknowledged that early experiences needed to be
tailored to a realistic level of maturity for adolescent students.
One teacher, identifying the need for feedback on his
teaching approaches in the laptop program, noted that he is of
the opinion that no one even has the tools to provide that type
of feedback to teachers like him.

VI. CONCLUSION

The research reported in this paper is among the first to
study change in practice when integrating laptops into
instruction in senior biology courses. The study contributes to
the practical knowledge requisite to implement this
innovation in the classroom. By concentrating on the
reflections of teachers who are either charged with, or
self-initiate the pedagogical integration of laptop computing
in their respective senior science classrooms, our study
contributes to the practical knowledge requisite to implement
this innovation in the classroom.

Much of the previously existing research focusing on the
integration of educational innovations studied 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. That existing research focused largely on
the top-down implementation of well-structured innovations
and gave insufficient consideration to the realities and the
needs of individual teachers, including the implications of
integrating poorly structured innovations, particularly
innovations that would engage new technologies.

In order to address these shortcomings, our study
investigated the process of innovation initiated, integrated
and sustained by teachers, and characterized by a bottom-up
implementation where individual teachers organize and
manage the integration 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 integrate laptop computing in their instructional work, this
paper speaks 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.
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