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Schools have invested massively in interactive white boards (IWB). Interactive white boards can be
used for powerpoints and films but they can also support enhanced teaching strategies i.e. more
active learning and learner-centred teaching, which can lead to higher order learning and enrich
teaching through the use of multimedia, as the IWB acts as a digital converging medium for all ICT
resources available to teachers. However, research done on the benefits of IWB use, has still to
provide evidence that IWB use, can contribute to physics understanding. This research is focused on
the difference between teaching using an ordinary whiteboard and using the interactive whiteboard
and compares students' achievement in physics. This study was a crossover study with two 9th grade
classes in a Dutch high school. The interventions comprised seven lessons on mechanics and seven
lessons on electricity. One class was experimental group in mechanics and control group in electricity.
The other class was control group in mechanics and experimental group in physics. After
the interventions students’ achievement was compared and students gave feedback on the difference
between IWB lessons and “common” white board lessons. Only one of the two interventions showed a
significant difference in physics achievement, but the students were very positive about the use of IWB
to aid physics teaching.

Introduction

Interactive white boards (IWBs) seem to be the holy grail of education in the twenty
first century. Schools buy them and expect teachers to use them to benefit different
learning styles of students. Unfortunately not much time and money is spent on
teaching teachers how to use these IWBs effectively (Armstrong, Barnes, Sutherland,
Curran & Mills, 2005). Most teachers, as is my experience as a teacher trainer in IWB
use, tend to use the IWB as a large screen for a projected computer desktop, and
perform normal tasks on the computer but to a larger audience. These methods do
not increase understanding, but only increase the pace of the lessons and make
them more rather than less teacher centered. As a physics teacher in a secondary
high school in the Netherlands and as teacher trainer in IWB use, the (first) author
sees the use of IWB in physics lessons of colleagues being limited to a medium on
which they only write and show internet sites. The IWB used in this manner will not
provide extra support for students’ different learning styles. But the IWB has the
potential to have students and teachers perform actions that can contribute to better
achievement by students (Armstrong et al., 2005) as it is also capable of supporting
(active/effective) teaching strategies. These active/effective teaching strategies can
promote higher order learning by students. Unfortunately not much is known about
the influence of IWB on achievement in physics, no literature to this date has
mentioned effects of IWB use on physics achievement by students in secondary
education. Therefore results from similar disciplines in science education are
discussed here. A study by Dhindsa and Haji Emran (2006) in two chemistry classes
showed better results in an organic chemistry related topic using the combination of
IWB and constructivist teaching methods compared to traditionally taught classes.
The critical question remains if better results by students were caused by using the
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IWB or the constructivist teaching methods. Also Swan, Schenker & Kratcoski (2008)
described small improvements in achievement by students in mathematics when they
were taught using IWB. They concluded that more and effective use of IWB can have
influence on achievement. A research study in the UK between 2004-2006 on
primary schools (Somekh, Haldane, Jones, Lewin, Steadman, Scrimshaw, et al.,
2007), showed increased attainment gains with pupils’ increased exposure to being
taught math and science with an interactive whiteboard. The authors postulated that
this positive impact could be related to the length of time that teachers had used the
technology and had been able to embed it in their practice. Research has shown that
motivation, engagement and self esteem of students increases, when IWB is used in
teaching, but only as long as students perceive that it is not another way of pumping
information into them (Blanton, 2008) and as long as the novelty factor of the IWB
has not worn out ( Higgins, Beauchamp & Miller, 2007). Somekh et al. (2007) clearly
state the importance of long term exposure to IWB lessons to measure effects in
gains. They found that in mathematics, average and high attaining pupils made
greater progress with more exposure to IWBs. This study aims to investigate whether
using the IWB in secondary physics education can influence the achievement of
students in physics.

How can the IWB be used in physics teaching?

Some of the important advantages of IWB are aiding visual learning, increasing
motivation, teachers being able to review earlier lessons with students and the
degree to which the teacher and students can work together on forming new
conceptions and create knowledge in physics using IWB. According to Hennessy,
Deaney, Ruthven & Winterbottom (2007) the use of IWB fosters interactive teaching
so that teachers can use higher order questioning and pupils’ active contributions are
valued as they can test their developing understanding against collective meaning.
According to Kennewell (2006) most characteristics of effective teaching are aided by
IWBs: clear presentations, appropriate pacing, modeling of skills, interactive
questioning, smooth flow of activity, efficient resource management, assessment/
diagnosis/feedback and matching learning tasks to student attributes. According to
Hennesy et al. (2007) and Webb (2005) the impact of IWBs (ICT) on learning is
dependent on the mediating role of the teacher and his or her pedagogical choices
rather than technical interactivity which is usually critical in ICT supported learning
environments. Examples of IWB in physics teaching have not been found in
literature, but strategies with IWB using visualizations, animations and being able
explain concepts using digital resources seem to be methods that can be used in
physics. The IWB also allows the teacher to show a concept in varied ways, e.g.
showing a picture of a phenomenon in which the concept plays a role, then a movie
of the concept can be shown in which the concept is explained, pre designed
assignments can be made on the handouts. A concept can be better understood by
students as it can be represented visually in variety of ways and acted upon by
students (Molenaar, 2002). IWB provides a multidimensional learning experience,
offering students with seamless, easy and effective access to these multimedia
resources and also enables teachers and learners to use them more interactively.
IWB creates more possibilities for exploring video pedagogically because of its
simple and effective, manipulative screen. The IWB can assist for example by using
the voting feature which helps students to externalize their ideas and get feedback
directly. The voting system allows the teacher diagnose student conceptions.
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The IWB is part of ICT enhanced teaching and is able to combine many beneficial
features of ICT in one medium. Kennewell & Beauchamp (2007), Cox & Webb
(2004), Rogers & Finlayson (2003) and Osborne & Hennessy (2003) show that
positive effects of ICT in secondary education have been measured. Therefore IWB
use in physics class could have an effect on students’ achievement if teaching
physics is assisted with the discussed features in this paragraph. As students learn
physics concepts using diverse multimedia on the IWB, new concepts might appear
more intelligible, as they can be visualized in a number of ways. Concepts will be
quickly accepted as plausible while the IWB is used to show real life examples of a
concept, using pictures and movies. Animations of concepts which are manipulated
on the IWB by teachers and students will assist in building mental models that help
students to solve problems in physics, i.e. the concept is accepted as fruitful. As the
IWB allows the researcher to show multiple visualizations of a concept, students can
create links between existing knowledge and the representations of the concept that
they have to learn. According to Beeland (2002) the implementation of in IWB in
class can increase engagement by students, so all conditions that are embedded in
the conceptual change theory of Strike and Posner (1992) seem to be met using the
IWB in physics and better achievement might be expected based on the assumption
that conceptual change leads to better achievement by students.

Research question:

The aforementioned arguments from the literature seem to suggest that using the
IWB in physics lessons could yield better achievement in physics if -of course- the
teacher is sufficiently skilled in using the IWB and integrating its use in the lessons.
Lessons with IWB could have an influence on the achievement in physics compared
with lessons where a common white or black board is used. The researcher aims to
find measurable differences in achievement between two similar classes, taught with
and without IWB. The research question of this study is: Does the use of IWB in
teaching physics influence physics achievement of students in the 9th grade?

Method

Crossover study

The study is a cross-over intervention study. Individual crossover studies are defined
as “studies where an individual receives two or more interventions through
randomization to one of a set of pre-specified sequences of treatments” (Mills, Chan,
Wu, Vail Guyatt and Altman, 2009). In cross-over studies each individual receives
two or more sequential interventions in a random order, which are usually separated
by a wash-out period (a break that diminishes the effects of the prior intervention).
Within the cross-over study, every individual acts as its own control and permits
between and within group comparisons (Altman, 1991). In this study treatments were
not assigned individually but per class. Fifty six students of 14-15 years old in two
classes (3VA and 3VC) participated in this study. The students were all at the pre-
university (Dutch VWO) level and had physics two hours a week for the whole school
year. The interventions were in January-February of 2011 and March-April of 2011
(see table 1) and there was no significant difference between report marks of the
classes, (t =-0.065, p =0.949).The researcher was the physics teacher of both these
classes during the whole academic year. The two interventions were on mechanics
and electricity, topics notorious for their conceptual difficulty. Pre and post tests were
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devised to measure the level of prior knowledge and final achievement respectively,
so they were different tests. The pre-test results were compared to see if there were
any differences between the two classes in the topics before they participated in the
intervention. The post-tests were used to compare achievement at the end of each
intervention.

Table 1 timeline of interventions

Intervention 1

(7 lessons)

Break

(1.5 months)

Intervention 2

(7 lessons)

Subject Mechanics
-

Electricity

3VA IWB - “Normal”

3VC “normal” - IWB

Differences in the intervention:

In the interventions, the control group and experimental group got identical lessons
which only differed in the use or non-use of the IWB. Most of the lessons started with
a (short) repetition of the last lesson, in which homework was discussed as well. The
second phase consisted of explaining new concepts and students making notes or
doing the calculations for an example assignment. During the third phase they were
asked to do physics assignments, to exercise the use of the concepts. The final
phase consisted of a short revision of concepts in the form of a multiple choice test or
creating a summary on the IWB. The difference between control group and
experimental group was use of IWB with all the features considered to be useful for
better achievement compared to the control group in which the IWB was only used
as a common white board. The treatments are summarized in table 2.

Table 2 Differences between control and experimental group
Differences between control and experimental group

Control group Experimental group

Notebook Handouts of digital flipcharts
Homework reviewed Homework scanned and showed on IWB

Worksheets, images and graphs were drawn
on the whiteboard

Worksheets were scanned and images
are identically on IWB

Description drawing of movie/ animation Movie and animation shown to clarify
Summary by teacher Summary using students’ notes on IWB
Whiteboard was wiped of old notes IWB could return to previous notes
Quiz on worksheet Quiz on IWB with voting system
Erasing of old notes and redo them Manipulations of notes
Assignments Assignment with a movie (real world)
Students have to imagine changes Changes are shown in graphs with IWB
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Results

The outcome from the analysis of the post test scores (control group minus
experimental group) yielded no significant difference between the two groups in
mechanics (t =-0.228, p = 0.820), but a significant difference was found in
achievement in electricity (t =-2.770, p =0.008). So there was a positive IWB effect in
electricity but not in mechanics. As the lessons on both topics were equally
structured, the differences between the two interventions should be explained by
other factors.

Discussion

Analysis has shown that achievement in physics was significantly better in the
second intervention, but no significant difference was found in the first intervention.
Mechanics is a topic that students can observe daily and have everyday life
experiences with and form preconceptions of, while electricity is “invisible”, i.e.
students only notice the effects of the electricity and do not ”see” electricity.
According to Berg and Grosheide (1997), students in the Netherlands also
experience many problems with the topic electricity as they confuse the concepts of
current, energy and voltage. So a difference in abstractness level of a topic might
induce more learning effects as the concepts of higher abstractness level can be
better visualized using the IWB, resulting in more fruitful mental models. Another
explanation might be that in three of the seven lesson of the mechanics intervention,
students in the experimental group did not do their homework assigned to them
(about 75% did not do theirs in lesson 3, in lesson 6 and lesson 7, about 20% of the
students did not do their homework during all the lessons in the intervention)
compared to the control group during the first intervention. The control group of the
first intervention did their homework every lesson; this might cause some the
students in the experimental group to lack the necessary skills to be able to solve
problems that were asked in the post test, hence possibly decreasing the results of
the post test in the experimental group. Before the second intervention the students
got their second report card, and they had to choose the courses they would take in
the 10th grade. As some of the physics report marks of students were lower than they
expected, they were very motivated to do well in physics, as most of the students
opted for a science major including physics in the 10 th grade. This might have caused
a motivational effect on the results in the second intervention.

Future research:
This study does not provide the full evidence of the added value of IWB in secondary
physics class, as only one intervention yielded better results. To obtain more or
better results it is advised to expose an experimental group to a longer period of
teaching with IWB. Using the same topic in physics in a similar study may eliminate
differences in abstractness of topics when comparing achievement of two groups.
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