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Executive Summary
For many students, the most difficult part of physics is acquiring a difficult but
valuable skill set: seeing a situation in the real world, imagining all of the relevant
quantities (often vectors like force or field) and constructing a quantitative model
involving these quantities.
Physclips uses film clips of events and experiments and adds these quantities in
animations to show the learner what the expert 'sees' in the real life situation. These
clips and animations are built into a multimedia reference work that presents, at the
level of upper high school, introductory university and occasionally higher levels, the
principles and applications of waves and sound.
Physclips II comprises seven rich multimedia chapters. Navigation is by hyperlink,
image-assisted scroll bars and a search function, so that Physclips acts as a
reference work as well as a learning aid.
Each of these chapters is supported by about six or so detailed web pages, which
provide deeper and broader support for the multimedia. Hyperlinks to the support
pages appear at the relevant places in the multimedia.
Over one hundred individual learning objects are available for download (either
separately or in compressed folders for each chapter) by teachers to incorporate
into lessons.
More than twenty experimental exercises are described. These require only a
computer and very cheap components and are supported by multimedia.
Physclips includes a guide for multimedia designers, in which educational
animations are presented with and without the incorporation of research-based
guidelines.
Physclips is widely used. Typically, 2000-4000 different computers log onto
Physclips each day. Because each downloads a couple of dozen files, the hit rate is
30,000-100,000 per day. The fraction of these that are clearly from Australia varies
between 10 and 30 percent, the variation is presumably because, in many
Australian universities, these topics are in first semester.
It is also widely recommended. A search for 'physics+Physclips' returns over 8,000
results. Most are directories that list it as a learning or teaching resource. It has also
been presented at a number of conferences.
Physclips is an international resource and is best evaluated on the web. In this
printed report, we append one hard copy print of each printable element – stills from
a multimedia section, support page, laboratory section – to illustrate typical features.
The downloads for teachers are not included here. We also append the publications
that have come from Physclips.
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Background
Introductory physics typically comprises about five or six topic areas: Mechanics,
Waves and Sound, Electricity and Magnetism, Geometric and Physical Optics,
Thermal Physics (macroscopic and molecular), Introduction to Quantum Physics
and Relativity.
Some of these (especially Mechanics) are typically included in senior high school
physics courses. Nearly all are in first year university physics syllabi, but are taught
ab initio, so it is possible for a multilevel introduction to span senior high school as
well as junior university level.
The original Physclips I project, funded by the ALTC in 2007-2008, covers
Mechanics. (This followed an unfunded project called Einstein Light, made in 2005,
the centenary year of Special Relativity which is now closely linked to the Physclips
project.)
Physclips II, funded by the ALTC in 2009-2010, covers waves and sound. It is rather
more than just applying a successful formula to a new area: this time we
incorporated inexpensive home experiments and improved navigation.

Aims
Our original aims are well described by the list of outcomes we foresaw in our initial
proposal. These were:
i High quality multi-media learning and teaching materials including
experimental exercises, virtual experimental devices, tutorials, film clips,
animations and supporting materials. The style will be an improved version
of that used for Physclips I, and enhanced by the experimental exercises.
ii Extensive library of downloadable, re-usable learning objects.
iii Indefinite ongoing access to the project team for academic and technical
advice.
iv Publication of an article in an education journal.
v Online distribution of resources to key educational websites.
A further aim, added after the initial proposal, was to improve navigation of both
Physicslips I and II.

Teaching philosophy
In an experimental science, film clips are a good, readily accessible link between the
real problem in the world and the analysis of it. The possibility of replay, freeze and
slow motion are particularly useful.
In Physclips, a very important strategy is the use of animations as overlays or
accompaniments to video clips. This allows us to add abstractions such as timevarying vector and scalar quantities. This helps the student to ‘see’ these quantities
and to make the link between the world and the quantitative analysis of it. We think
that this is a powerful technique: the expert already 'sees' these vectors or quantities
in his/her vision of the physical world. By adding them here, we are giving the novice
something akin to the 'vision' of the expert.
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Figure 1: In a travelling wave, displacement, velocity, acceleration and force are all functions
of both position and time, giving graphs in three and more dimensions. Is this really just
Newton's laws? The expert can 'see' the net force applied to any element of the system and
understands thus its acceleration, and mentally integrates it to see the other quantities. Here,
in the simple case of a one dimensional wave traveling in a string, the force vectors are
animated to present an expert's 'vision' to the learner.

Approach and methodology
This was largely as planned. The construction of the narrated multimedia tutorials
and the associated re-usable learning objects was almost always guided by the
research based guidelines (Mayer 2008) and other design considerations such as
those pertaining to threshold concepts e.g. recursiveness and excursiveness (Land
et al 2006, Hatsidimitris and Wolfe 2010a Appendix 5). The ongoing design/redesign process associated with Physclips and the literature on which it is based are
explained in one of the appended publications (Hatsidimitris and Wolfe, 2009
Appendix 6).

Outcomes and deliverables
The single most important outcome of this project is Physclips II: Waves and Sound.
This is a large web resource and it is most readily assessed by examining it live, on
the web, at www.animations.physics.unsw.edu.au
To give a flavour of it in a printed document, we attach screen grabs from a typical
multimedia tutorial, a typical support page and a typical lab page. (Appendices1-3).
These outcomes foreseen in the original proposal were achieved:
i Aim: High quality multi-media learning and teaching materials including
experimental exercises, virtual experimental devices, tutorials, film clips,
animations and supporting materials. The style will be an improved version
of that used for Physclips I, and enhanced by the experimental exercises.
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Outcome: The experimental exercises, virtual experimental devices,
tutorials, film clips, animations and supporting materials are all publicly
available and widely used.
ii

Aim: Extensive library of downloadable, re-usable learning objects.
Outcome: Over 100 learning objects, not including the experiments, are
available for download either singly or in a compressed folder.

iii Aim: Indefinite ongoing access to the project team for academic and
technical advice.
Outcome: We regularly provide advice to colleagues. In the spirit of
Physclips, we have produced an ancillary web site that illustrates some of
our design techniques and our incorporation of cognitive design principles.
(http://www.animations.physics.unsw.edu.au/educational-animations/) We
also regularly answer questions raised by Physclips.
iv Aim: Publication of an article in an education journal.
Outcome: A list of appended publications is given at the end of the report.
Another paper has been submitted to Teaching Science.
v

Aim: Online distribution of resources to key educational websites.
Outcome: Physclips itself is highly visible and widely used. A search for
'Physclips physics' finds over 8000 sites. Most of these are to directories or
discussions that point to the Physclips site.

Not counting its introduction, Physclips II comprises seven rich multimedia chapters.
Navigation is by hyperlink, image-assisted scroll bars and a search function, so that
Physclips acts as a reference work as well as a learning aid.
Each chapter is divided into typically five sections, each of which is further divided
into subsections on its scroll bar.
Each of the multimedia chapters is supported by about six or so web pages, which
provide deeper and broader support for the multimedia. Learning objects are
included with increased user control. Hyperlinks to the support pages appear at the
relevant places in the multimedia, including relevant links to basic tools such as the
Physclips introductions to calculus and vectors (both extended since Physclips I)
and to ordinary and partial differential equations (new in Physclips II).
Over one hundred individual learning objects are available for download (either
separately or in compressed folders for each chapter) by teachers to incorporate
into lessons.
More than twenty experimental exercises are described. These require only a
computer and very cheap components and are supported by multimedia. Some use
freely available software for sound analysis. A dual channel oscillator has been
made and may be downloaded for some of the exercises.

Structure
The structure is as planned in the original proposal:
• The film clips and animations are built into the multimedia tutorials, which give a
brief overview of each chapter topic. Whenever (because of brevity) there are
omissions of necessary (usually formal) material, links appear to support pages.
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• Support pages also allow deeper and broader discussion. (These include film
clips and animations.)
• Learning objects readily downloaded by teachers for inclusion in lessons are
included separately, or may be downloaded in a single compressed folder for
each chapter.
• The laboratory sections are new in PCII: Physics is an experimental science
and experimental techniques are useful in a wide range of professions. The
activities described here use apparatus that (with the exception of a computer)
is very cheap and/or readily available. Some software was made for Physclips,
other items are freely available.

Figure 2: An illustration of the basic structure of Physclips. The downloadable learning
objects, the site map and other ancillary resources are not shown.

Relation to previous work
The approach and methodology is informed by and related to research-based
guidelines. It builds on and adapts techniques that we have used previously,
including an earlier ALTC based project, Physclips I (PCI).
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Success and problems
An obvious measure of its success is its broad use and popularity. The Australian
Institute of Physics has awarded the 2010 Education Medal to Joe Wolfe, in part
because of his work on Physclips.
We made one structural change in response to feedback: we introduced a scroll bar
with a visual index. We believe (and informal feedback suggests) that this greatly
improves navigability of the multimedia sections and so enhances their use for
reference.
The scroll bar has also been retrospectively added to PCI – the previous project
funded by the ALTC. This was a considerable effort and has been one contributing
factor to the delay in finishing PCII. Two short chapters remain to be finished and
uploaded (they appear in pale text on the menus). The completion of Physclips II
(supported by UNSW School of Physics and the authors) is now scheduled for
February 2011.

Other institutions
The syllabus materials covered by Physclips are used in most secondary and
tertiary institutions, so Physclips has very broad potential applicability. We do not
have statistics on its use by other educational institutions, though it is obviously
widely used by students in Australia and around the world, as we observe below.

Dissemination
As is usually the case with web sites, dissemination was in two stages. Listing by
search engines is achieved by linking from other sites and then waiting for
webcrawlers such as the 'googlebot' to find and to classify it. This typically seems to
take a day or so when a new URL is added to Physclips. The next step is for users to
recommend it or to link to it, which improves its page rankings in search engines.
Broad dissemination has been achieved:
i Typically, 2000-4000 different computers log onto Physclips each day.
Because each downloads more than one file, the hit rate is 30,000-100,000
per day.
ii A number of refereed conference and symposium papers are listed below.
One journal article has been submitted to Teaching Science.
iii A paper was indeed presented at Ascilite and others were presented
elsewhere (see below).
iv Of the users, between 10 and 30 percent are Australian. How the users are
spread among different institutions is not known to us.
A new URL, www.animations.physics.unsw.edu.au, was created as a unifying entry
page, its name chosen to include some relevant and frequently searched topics. This
simplifies the linking among different chapters, volumes and support pages. The site
also links to published materials (www.animations.physics.unsw.edu.au/appendices/)
including:
Appendix 5: Hatsidimitris, G. and Wolfe, J. (2010a), Threshold concepts and the
transformation of theory to practice: A designer's perspective. In Third
Biennial Threshold Concepts Symposium; Exploring transformative
dimensions of threshold concepts: The University of New South Wales in
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collaboration with the University of Sydney, Sydney, Australia, 1−2 July
2010
Appendix 6:

Hatsidimitris, G. and Wolfe, J. (2009) "Intuition, evidence-based
guidelines and user feedback in multimedia teaching: The Physclips
project" In Same places, different spaces. Proceedings ascilite Auckland
2009.

Appendix 7:

Hatsidimitris, G., Smith, J. & Wolfe, J. (2010). Science animations and
video clips as teaching elements and in multimedia context: the
Physclips example. In C. Crawford et al. (Eds.), Proceedings of Society
for Information Technology & Teacher Education International
Conference 2010 (pp. 3574-3578).

Appendix 8:

Hatsidimitris, G. & Allen, B. (2010). An Online Resource for the Design
of Instructional Videos and Animations. In Proceedings of World
Conference on E-Learning in Corporate, Government, Healthcare, and
Higher Education 2010 (pp. 1024-1028). Chesapeake, VA: AACE.
Hatsidimitris, G. (2010). The Scrollbar and Learner-control of
Instructional Animations: Some Exploratory Studies. In Proceedings of
World Conference on E-Learning in Corporate, Government, Healthcare,
and Higher Education 2010 (pp. 1744-1749). Chesapeake, VA: AACE.

Appendix 9:

Appendix 10: Hatsidimitris, G. & Wolfe, J. (2010). Stills, Animations and the Scrollbar
as Complementary Multimedia Design Tools. In Proceedings of World
Conference on Educational Multimedia, Hypermedia and
Telecommunications 2010 (pp. 651-657). Chesapeake, VA: AACE.
In some cases, we have suggested Physclips to educational resource directories or
associations. Evidently, most have found Physclips for themselves. For instance, a
net search for 'physics+Physclips' returns over 8,000 results, most of which are
teaching or learning directories that list Physclips as a resource.
A monthly user summary is shown below. It is likely that a great majority of the
'unresolved' or 'network' hits are from the US. Some of these may be from Australia,
however. (Because users usually download more than one file, the number of unique
users is smaller than the number of hits by a factor of about 20-30.)
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Distribution across the higher education sector
The distribution is international. The target group is early university physics and
engineering, or upper level high school physics. We assume that members of this
target group are the main users, but do not have such data. Approximately equal
numbers of enquiries come from teachers and students.

Dissemination of good practice in the field of educational animations
The Physclips project was examined and evaluated in light of evidence-based
guidelines and associated recommendations in the field of multimedia learning as a
means of providing some insights into the design of educational animations
(Hatsidimitris, Smith & Wolfe 2010, Appendix 7).
As a result of considerable interest by teachers and educators alike at the “Society
for Information Technology & Teacher Education International Conference 2010”
(Outstanding Poster Award) it was decided to produce a new website to exemplify
the recommended means of incorporating cognitive design principles in the
production of educational animations (Hatsidimitris and Allen 2010, Appendix 8). We
know of no other website that does this. (This site is linked from the main index and
is located at www.animations.physics.unsw.edu.au/educational-animations/
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Evaluation
The Resources
An external report is appended (Appendix 4). Prof Neville Fletcher is an expert on
acoustics (in which field he is the author of three books), a member of the Academy
of Science and was for a while the chair of the Academy's committee on education
in physics.
Prof Fletcher has written several traditional text books, and about 200 research
papers, but has not written for the new media. Nevertheless, he approves of the
structure of Physclips and writes: In addition to the main presentations, there is a lot
of “background” material provided as separate references, which is a good feature
since it does not make the main topic too complex but provides the necessary
detailed information when it is required. Ready availability of this more complex
background information is a real advantage" and "The whole thing could also be
used as a guide to the sort of structure that could be used by people preparing other
web-based presentations.

The interface
Students are subjectively aware that the scrollbar interface affords them a high level
of user control. Nevertheless they are not always apt to take full advantage of higher
levels of user-control. The experimental results examining the effectiveness of a
visually-indexed scrollbar as a form of learner control were experimentally
investigated (Hatsidimitris 2010, Appendix 9, Hatsidimitris and Wolfe 2010b,
Appendix 10).
We have not conducted surveys of users. One reason is limited time and resources.
Another is the diversity of users and the anticipated difficulty in getting a
representative fraction to undertake a survey. We have relied on expert evaluation
and informal advice from colleagues and our own students. Such surveys were not
foreseen in the original proposal, and we remain unconvinced that the return:effort
ratio would be favourable. In this sense, we compare Physclips to a book, whose
value is estimated from reviews and sales. Physclips' value may be estimated from
the volume of users and links from other sites.

Linkages
Apart from the two advisors who consulted on content, style and structure (Prof
Lloyd Hollenberg at The University of Melbourne and Gary Bryant at RMIT), there
have been no linkages with other institutions. We regularly received messages
from colleagues at other institutions regarding Physclips, usually asking for
permissions or advice.
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Appendix 3: An example of a set of laboratory exercises

Appendix 4: Independent Evaluation
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15 November 2010

Report on ALTC project “Waves and Sound” at the University of NSW
The team led by Professor Joe Wolfe in the School of Physics at the University of New South
Wales has a long-standing reputation for the production of web-based teaching materials in
several branches of Physics but particularly in the field of Acoustics. The project funded
under this agreement was an extension of the project “Physclips” to cover the area of “Waves
and Sound” as an addition to the existing volumes on Mechanics and on Electricity and
Magnetism. I have looked through the material presented in this extension of Physclips and I
find it most impressive. I note, however, that there are a few sections of this volume that are
not yet mounted on the web site but are still in the process of development.
The material presented uses a wide variety of formats ranging from simple written
material, through computer-generated dynamic illustrations of the phenomenon in question, to
video presentations and explanations and actual physical experiments. I think this variety is a
very good feature. There are also, as might be expected, many audio examples throughout the
pages. I had problems with a few of the presentations because they required display software
not on my computer, but download instructions are given and people more “computer literate”
than I am would doubtless have no difficulty with this.
In addition to the main presentations, there is a lot of “background” material
provided as separate references, which is a good feature since it does not make the main topic
too complex but provides the necessary detailed information when it is required. Ready
availability of this more complex background information is a real advantage and avoids the
necessity of searching the web or the library, both of which can take time.
The range of material presented is also large from a formal point of view and extends
from simple demonstrations of waves on a string to the solution of partial differential
equations describing the motion. The general arrangement, however, is such that the reader
need only go to the complex information if it is required, for the simple presentation is selfcontained, though with appropriate references to the background material
The website also includes instructions for quite a lot of experiments illustrating the
matters discussed in the text. I think these will be very valuable to students because they
bring them into contact with reality and involve actually doing something instead of just
learning about it. I have not tried doing the experiments myself, but I find them to be well
explained and the equipment required is generally inexpensive and readily available. The site
also provides a downloadable (and free!) two-channel signal generator for use in these
experiments, though for the present it is only in a Mac rather than Windows version. Many of
the experiments, however, require only very simple equipment.

The whole web site is well organised and should be readily accessible to the average
student user. It also provides material, such as animations, that could be used separately by
teachers for independent presentations. The whole thing could also be used as a guide to the
sort of structure that could be used by people preparing other web-based presentations.
I read all the material “critically”, since I thought that this would be useful, but found
only a very few minor matters requiring correction – mostly just spelling or format errors. I
have passed on information about these to Professor Wolfe and they have probably all been
corrected by now. I found no scientific errors or omissions.
All in all I think that this is a very valuable addition to the Physclips website and
should prove popular and helpful to students and teachers. The sections on Standing Waves
and on Human Sound are still to be completed and up-loaded but I have no doubt that this will
be done without much delay. Looking back through the original proposal, I think that its
promises have been well fulfilled, or will be when the final two sections are uploaded.

Neville Fletcher
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