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Abstract

This article describes the need for a software tool to make simple measurements on JPEG images, such as
those obtained by students from robotic telescopes. Specifications for such software are given, followed

by a description of a spreadsheet-based tool called the JPEG Viewer that was developed to meet these
specifications. The main underlying aim was to enable students to carry out meaningful scientific projects
using astronomical JPEG images. An evaluation is described of a project that involved students in
measuring a spiral galaxy. Evidence is presented that it was successful in engendering interest, motivation,
and understanding.

1. MOTIVATION

1.1 Using Images for Scientifidnvestigations

The easy availability of beautiful high-quality images from large telescopes has helped make learning
astronomy a much more exciting and interesting experience for students in recent years (Beare 20044,
2004b). Such images come from large ground-based telescopes such as the European Southern
Observatory's (2005) 8.2-meter telescopes in Chile and those in space, like the Hubble Space Telescope
(2006). They are made freely available because agencies such as NASA and its European counterpart, the
European Space Agency (2006), have a certain proportion of their funding earmarked for education and
outreach, as does the UK's Particle Physics and Astronomy Research Council (PRARERY 1:

Please note that | have changed the format of the Web site citations to conform to AER style. The year
given is the most recent year that appears on the site, and the Web site references appear in the reference
list as regular entries. So that readers can easily access the sites, I've listed the Web sites, hyperlinked, as
anappendix.]



Figure 1. An example of an image that students could measure: the Crab Nebula as imaged by the
Faulkes Telescope in Hawaii. These are the remains of an exploding star or supernova, which was seen
by Chinese astronomers in 1054. It is about 10 light years across and about 6,000 ligtwasars

Furthermore, the development of telescopes that produce digital (CCD) images in a similar (but not
identical) way to a digital camera has recently opened up new possibilities for students to obtain their own
images of astronomical objects and to manipulate these on a computer. In particular, various
Internet-controlled robotic telescopes have been developed specifically for education. These telescopes
enable students to obtain images even if their school does not possess its own telescope (McKinnon &
Geissinger 2002; Beare et al. 2003; PPARC 2004). Some, such as the Liverpool Telescope in the Canary
Islands (Beare et al.; National Schools Observatory 2006; PPARC), enable students to request images that
are sent to them the followirday.

Others, such as the Faulkes Telescopes in Hawaii and Australia (Beare et al. 2003; Beare 2004b;
Szymanek 2005; Faulkes 2006), the Charles Sturt Remote Telescope in Australia (McKinnon &
Geissinger 2002), and the Telescopes in Education telescope in California (Bartosh, Duff, & Gibson 2000;
Telescopes in Education 2006) can be operated in real time, with students obtaining images back



immediately.

The JPEG Viewer software described in this article was developed specifically for the Faulkes Telescopes,
which have 2-meter-diameter primary mirrors and are capable of producing high- quality images of faint
objects such as galaxies, star-forming regions, and the remains of exploded stars (Figure 1). They are
controlled remotely over the Internet by students, and 1024 x 1024-pixel JPEG images are then sent
straight back to the user. These images are processed automatically by software at the telescope in order to
enhance features of interest, which in the case of spiral galaxies includes the spiral arms. The full
astronomical data files in FITS format (NASA/GSFC 2006) become available within an tsmur or

High-quality JPEG images are exciting and inspirational in their own right, and even more so if the

students have obtained the images for themselves using a remote telescope. Previously, there was little that
students could do in the way of investigative work using these images because of the lack of appropriate
software tools. This was the main motivation for development of the JPEG Viewer software described in

this article.

The intention was to produce a software tool that would provide opportunities for students at all secondary
ages (and, it is hoped, older primary age as well) to carry out scientific analysis and measurement on JPEG
images. It was hoped that this would enable a much deeper level of engagement with the science involved
than would otherwise be the case. This is in line with studies suggesting that learning, and particularly
understanding, is greatly enhanced by tasks that require the science to be thought about and applied. It was
also thought that the opportunities for investigative work that would be provided by a JPEG measuring

tool would be motivating for students, giving them a sense of involvement, ownership, and challenge to
which they would respond positively.

The underlying aim was that the investigations made possible by the software would make a contribution

to encouraging more positive attitudes toward science, and physical science in particular. The importance
of changing attitudes toward science, mathematics, and technology, and encouraging students to go on and
study these subjects has been emphasized by several reports in the United Kingdom (Woolnough 1991;
OST/Wellcome 2000; House of Commons 2002; Roberts 2002), and several initiatives have been put in
place. The aims of the JPEG Viewer software are therefore very much in line with current imperatives in
science and technology education. They are also in line with the views of students and parents, reported by
Osborne and Collins (2000), that they would like to see more investigative practical work in school

science.

Investigative project work in astronomy has been developed by several groups, including Hollow (2002),
McKinnon & Geissinger (2002), Project CLEA (2006), Hands on Universe (HOU; 2006), and European
Space Agency (2006) projects. The evidence from these projects is that they provide rich scientific
learning experiences, provide good insight into what "real" science is all about, and are motivating and
popular.

1.2 The Lack of Suitable Software for Schools tdJse

The software normally used for astronomical image analysis is not available on computers found in
schools and, for the most part, is not easy to use. Professional astronomers use powerful but complex
software that is not particularly intuitive, such as IRAF (NOAO 2006), and they also tend to use UNIX or
Linux-based operating systems.



Nowadays, amateur astronomers are increasingly making use of CCD devices attached to their telescopes
to produce digital images. They normally process their images using Windows-based software, much of
which is excellent and extremely powerful. However, such software takes time to learn and uses images
saved in the special file format used by astronomers (FITS; NASA/GSFC 2006) rather than JPEGs.
Furthermore, it is beyond the capabilities of younger or less able students. One also must take the cost into
account (except for those such as IRIS and SIP, which are free) and this varies from about £80 up to
several hundred pounfiQUERY 2: | suggest quoting the prices in dollars, a more familiar currency to

most readers], making the total cost very substantial if class sets are required. Examples are AIPAWIN
(Berry 2000); IRIS (2006); Sky Image Processor (SIP; 2006); MaximDL, GAIA, Starlink, Software

Bisque, and Graystel, details of all of which are easily found on the Web ussagch.

Two educational projects that enable students to obtain their own images and that have also developed
their own software are Hands On Universe (2006) and the Liverpool Telescope/National Schools
Observatory (LTImage; see National Schools Observatory 2006). However, both of these sets of software
packages use the professional (FITS) file format for images, rather than JPEGs, which the Faulkes
Telescopes automatically provide in réaie.

The need for software capable of analyzing JPEG images from robotic telescopes such as the Faulkes
Telescopes was therefore deemed to be urgent. An additional benefit of developing such software was that
it would enable students to analyze JPEG images from any source, including those downloaded from sites
such as the Astronomy Picture of the Day (APOD; 2006) Web site, provided the distances to the objects
imaged werd&nown.

1.3 A Sense ofScale

A second motivation for the JPEG Viewer software was to help students get a sense of relative scale in the
universe. Astronomical objects encompass a tremendously wide range of scalesza factor of a hundred
million million or so between a planet and a galaxy, for example, with other objects being both smaller
(asteroids) and much larger (clusters of galaxies). It is difficult for students to get a sense of relative sizes.
How much larger is a galaxy than an individual star, or a planet, or the distance to the nearest star, for
example?

The JPEG Viewer helps students acquire a sense of scale through its ability to overlay shapes representing
comparison objects, such as the circle to represent the size of the Earth in the image of Saturn in Figure 2.
If the comparison object is too large or too small, the software says by how much. Trying to compare the
Milky Way galaxy with Saturn, for example, results in the message, "This object is 1.8 million million

times too big to show." Feedback like this typically elicits amazed responses from studentszsuch as "

had no idea that the Solar System was such a tiny part of the universe" Zswhich illustrate the potential of
the software for conveying a sense of scale. A worksheet was written (see Beare 2006a) that makes use of
sample images and the JPEG Viewer to develop students' sense of scalminehse.

That getting an idea of scale in the universe is difficult, both for students and the general public, is borne
out by the experience of talking to others. An extensive list of common misconceptions in astronomy,
compiled by Comins (2001) and continually updated on the Web, includes some related to size and scale
in the universe. However, there is no indication as to how common such misconceptions are because the
list is simply a compilation of wrong ideas heldibgividuals.



Indeed, there seems to be little research available to substantiate the assertion that a sense of scale in the
universe is difficult to grasp and generally poorly understood. Scrutiny of an extensive review of research
papers in astronomy education (Bailey & Slater 2003) indicates that most research has been concerned
with astronomical topics very close to home, such as day and night, seasons, Moon phases, and so on, with
very little relating to more distant entities such as stars and galaxies, or to cosmology and scale in the

larger universe. No doubt this is a reflection of the topics in astronomy that have traditionally been taught

in schools, a notable exception being the National Curriculum for Science in England (DfEEB/GSOA,;

The lack of research focused on the larger scale nature of the universe is also seen in most questionnaires
developed to test students' understanding of astronomybfor example, Osborne, Wadsworth, Black, and
Meadows (1994) and Osborne (1995). An exception is the Astronomy Diagnostic Test (Hufnagel 2002;
Deming 2002) aimed at college students in the United States.

Various strategies have been used to aid the understanding of scale in the universe, such as scale models of
the Solar System using everyday objects (AAE & ASE 1990), and lavishly illustrated books that go up in
powers of 10 from elementary particles all the way to superclusters of galaxies (Morrison 1994; Thomas
1997[QUERY 3: Thomas is listed as 1977 in the reference list, not 1997. Please note theyeamject

2. SPECIFICATIONS

Given all this, the need was identified for a software tool that meets the followingmeiia:

1. runs on an ordinary Windows PC or a Macintosh using software commonly found on school and home
computers

2. has a straightforward and intuitive user interface, making it easily usable by students aged 11 and
preferablyyounger

3. enables students to browse JPEG, GIF, and other images, automatically resizing them to make full use
of the available screespace

4. enables students to make measurements of distances, sizes and angles, giving the answers directly in
appropriate angular units, such as degre@saminutes

5. enables students to read off absolute sizes of objects if their distances from Bartiware

In addition, it was felt that it would be interesting and motivating for students if measurements could be
made on the spiral arms in galaxies, giving this additiceglirement:

6. has the ability to measure lengths and pitch angles of spiral agalsuiies
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Figure 2. Measuring the diameters of Saturn and its rings. The small circle above and slightly to the left of Saturn shows the Earth on the same
scale. It appears in red on the compstaeen.

Additional functionality was also identified as beihgsirable:

7. the ability to make quick size comparisons with well-known objects, such as the Earth, Earth's orbit, the
Milky Way galaxy, provided that the distance away of the object in the image is known

8. "blinking" of two images (i.e., alternating between them so as to identify a fast-moving object such as
an asteroid, or to compare images taken using different color filteesdarple)



9. zooming in and out otetail

Figure 3. The toolbar buttons for measurimgages

3. BASIC FEATURES OF THE JPEG VIEWER

The JPEG Viewer enables students to make distance, size, shape, and angle measurements on objects in
astronomical images. It is intended to be intuitive and easy to use. In addition, it allows the spiral arms of
spiral galaxies to bmeasured.

The JPEG Viewer can be downloaded frotp://www.beares.net/r/astro/viewén addition to a link to a

brief introductory worksheet, this page includes a link to a worksheet that uses the Viewer to explore scale
in the universe and the life cycles of stars, and to measure spiral arms in galaxies. A further link goes to a
page from which all the JPEGs used in the worksheets can be downloaded (the software is free, but the
author should be acknowledged when referred to in publications). It is an Excel workbook consisting of
two separate worksheets (Figure 2); one contains the image to be viewed and measured, and the other
displays the measurements that have been made and allows the user to specify the image width and the
distance away of the object in the image (if known), both using whatever units are most appropriate. In
addition, a floating toolbar attached to the workbook opens and closes with it. This can be seen in Figure 2
(bottom right) and in Figure 3. The buttons on the toolbar activate short programs (macros) written in
Visual Basic for Applications (VBA; Jacobsd999).



The first button allows a new image to be imported into the Viewer and works exactly like the File/Open
menu option in any program. Each new image is automatically zoomed so that it exactly fills the available
window area, obviating the need to resize it manually to make best usesofd¢hn.

The toolbar displays buttons that enable the user to superimpose simple shapes (straight lines,
ellipses/circles, rectangles/squares) that are then used to make measurements of distance, size, shape, and
angle. The shapes can be dragged across the image, resized, and rotated until they fit the feature that is to
be measured. On clicking tiMeasure button, the measurements appear in the right-hand window. In

Figure 2, for example, an ellipse has been fitted around the rings of Saturn, and this has been used to
measure the outer diameter of the rings (actually, the outer A ring) and their angle of inclination to the
observer. A straight line has been used to measure the diameter of the planet.

As can be seen in Figure 2, the ring and planet diameters are given in arcminutes (angular size) and in
absolute size (km). (An arcminute is 1/60th of a degree and is suitable for many telescope images; the
Moon, for example, has a diameter of about 30 arcminutes.) Being able to specify the absolute size
depends, of course, on knowing how far away the object is, and the user specifies this in the measurements
window using whatever units are most appropriate (km in this instance). The values for ring and planet
diameters obtained on this occasion were 257,000 km and 114,000 km, in good agreement with the
accepted values of 274,000 km and 121,000 km, considering the simplicity of the procedure. The method

is simple enough to be carried out by young secondary school students and gives them the satisfaction of
actually being able to measure a planet or other object using their owndatage

If the distance away is not known, no absolute size is shown. For many objects, including moving ones
such as planets, distances can be obtained from planetarium software such as Starry Night Pro (Starry
Night Pro 2003; sebttp://www.starrynight.com/

For objects such as galaxies and nebulae, which do not have any definite outer edge, it is important that
students are made aware that what they are measuring is the size of the visible part of the object, not
necessarily its true size, and that this can also be dependent on how the JPEG image has been processed.
For galaxies in particular, it is important to emphasize that dark matter can extend well beyond the visible
outer edge as defined by the presence of stars. This does not detract from the validity of making
measurements using the JPEG Viewer; rather, it provides an opportunity for discussing the important
scientific issues surrounding the notion of sizes in the case of diffuse astronuinjecas.

Distances to galaxies are generally not known with any great precision, so the values obtained from Starry
Night are only approximate. Therefore, the galaxy sizes determined using the JPEG Viewer will also be
approximate, and students should be made aware of this. (For a resume of methods that have been used to
determine galaxy distances, see Binney & Merrifield 1998). The sample data for the JPEG Viewer
worksheet is based on more accurate distances obtained for 72,000 nearby galaxies by Marinoni, Monaco,
Giuricin, and Costatin(1998).

4. ADDITIONAL FEATURES OF THE JPEG VIEWER



4.1 Comparing the Sizes of Well-KnownObjects

Figure 2 shows how well-known objects can be superimposed on images to help students gain a sense of
relative size in the universe. The small red circle represents the Earth on the same scale. If the comparison
object is too large to fit on the image or too small to be seen, the user sees a message stating how many
times too large or too small it is. The idea is to help students build a sense of relative sizes within the
universe.

4.2 Comparing Two Images

By clicking theBlink button, students can switch rapidly between two separate but related images. In
Figure 4, finding an asteroid because it is moving adds an element of challenge and excitement, and is
scientifically effective. (It does require the two images to be closely aligned, of course.) To positively
identify an asteroid requires more than two images to remove the possibility of confusion with cosmic rays
and so on, and because the JPEG Viewer can only blink two images, one would need to follow up with
other software dedicated to this task, such as Astrometrica.

Figure 4. Blinking these images shows clearly that the brightest object (an asteminyirg.

In addition to the detection of moving objects, there are other important educational uses for blinking. In
Figure 5, the spiral arms of a galaxy show up much better in blue light than they do in red light because
they contain many young, bright, hot blue stars. Giving students the opportunity to work out for
themselves why two images are different (having been given appropriate background information, of
course) is intended to ensure that they engage with the science and so develop their understanding more
effectively. Blinking is therefore a powerful tool pedagogically aciéntifically.



Figure 5. Spiral galaxy M61 using a red filter (left) and a blue filter (right). Notice how details in the spiral arms show up bktéer in

4.3 Measuring Spiral Arms in Spiral Galaxies

Figure 6 shows a spiral galaxy with several logarithmic spiral arcs fitted over the spiral arms in order to
find their pitch angles and their lengths (the angles that they subtend at the center of the galaxy; Note 1).



Figure 6. Using the JPEG Viewer to measure the spiral armgalaxy



Figure 7. How students fit a log spiral arc to a spiral arm. Left: after clickind\thiespiral arc button. Right: after dragging the three colored
blobs to the correct positions and clicking Measurebutton.

Some spiral galaxies have tightly wound spiral arms and large central bulges. Others have long, open
spiral arms and small bulges. By making measurements of this type and by comparing their images
visually with images of "typical" galaxies, students can try to fit different galaxies into a simple version of
the commonly used Hubble Classification of Galaxies (see Sparke & Gallagher 2000 or, for a more
in-depth discussion, Binney & Merrifield 1998). Because there are various versions of the Hubble
Classification, a summary of the main points and a simple interactive version of the classification have
been made available to students via the Internet (ExSf4c).

Figure 7 shows what happens when one clicks the toolbar button to add a new spiral arc. Three colored
blobs appear on the image and a segment of a log spiral. The user drags the red blob to the center of the
galaxy, the green blob to the start of a spiral arm, and the magenta blob to the end of the arm, and then
clicks theMeasure button, giving a result like that shown on the right. Details of all the toolbar buttons
used for fitting spiral arms are shown in Fig8re



Figure 8. Details of the toolbar buttons for measuring sprats.

Fitting a spiral arc in this way is intended to be a very instructive process and, as reported later, students
commented that it made them look much more closely at the spiral arms in a galaxy than they would
otherwise have done. They are noticing such things as the young, hot, bright blue stars in the spiral arms,
the dark dust lanes often found just inside spiral arms, and the small pink blobs seen in some spiral arms,
which are "emission nebulae" around regions where new stars are forming. In other words, it was intended
that looking at features like these and trying to decide where best to place a spiral arc would make students
think about the science involved and therefore actively engage them in learning moigaiboes.

Fitting logarithmic spiral arcs to spiral arms in galaxies has been used in the past as an undergraduate
laboratory exercise, employing a microdensitometer to measure galaxy images on photographic plates.
This took the best part of an afternoon (P. O'Brien, Department of Physics and Astronomy, Leicester
University, personal communication). The JPEG Viewer software enables even young students to achieve
the same result in the space of fiminutes.



Figure 9. Two log spiral arcs fitted to tilted barred spiral gal&dgC1300.

Figure 9 shows how logarithmic spiral arcs can also be fitted to spiral arms in galaxies that are tilted to our
line of sight. In this case, an ellipse is first fitted around the edge of the galaxy to measure the viewing

angle (0 degrees = face-on; 90 degrees = edge-on). The angle of the tilt axis to the horizontal is also
measured. It is helpful to use a second image of the galaxy that has been "posterized" using Paint Shop Pro
or Photoshop, or otherwise modified to show brightness contours, before fitting an ellipse to measure the
viewing angle. (The blink feature helps here by allowing students to alternate between the normal image



and the one showing tlwentours.)

5. TECHNICAL NOTE: HOW THE SOFTWARE MEASURES
IMAGES

A new technique had to be developed to use simple shapes to make measurements on images on an Excel
spreadsheet. Details of how this was done will be given in a separate paper. In essence, the method
involves using Excel's screen measurement unit, "points,” to measure both the image size and the
superimposed shapes (see Figure 10).

Because the angular size of the image is known (e.g., in degrees or arcminutes), the angular size of the
superimposed shape can be calculated by the software. If the user has entered the distance to the object
shown in the image, then the "small angle formula" allows its actual dimensions to be calculated as well
(e.g., in km if a planet, or in thousands of light years if a galaxy). (The small angle farmulgheta]

gives the lengtld of the arc subtending a small angle [theta] (in radians) at the center of a circle of radius

r.)

Drawing logarithmic spirals on top of an image provided a different challenge, and another new technique
was devised to do this. In essence, the technigue consists of superimposing an Excel graph on the image
with the x- and y-axes coinciding exactly with two sides of the image (Figure 11; details will be given in
the previously mentioned additional paper). Using these coordinates, the software then plots logarithmic
spiral arcs on top of the underlying galamage.

6. USE OF THE JPEG VIEWER BY YOUNGER STUDENTS

The JPEG Viewer has been used extensively with students of all secondary ages in conjunction with
observing using the Faulkes Telescope in Hawaii, and it has been found to be easy to use and effective,
generating significant interest among students in the astronomical objectsnesisigred.

In one instance, it was used with year 7 students (11 years of age) on the topic of spirals, as part of a
cross-curricular day at Derby High School in England. In addition to measuring spiral galaxies and adding
log spiral arcs, students also undertook work in mathematics, chemistry, art, and fashion. See Cleave
(2005) for a description of the day written by the science teanhaied.

7. EVALUATION OF USE OF THE JPEG VIEWER BY OLDER
STUDENTS FOR PROJECT WORK ON MEASURING GALAXIES

7.1.Context

The JPEG Viewer was used by trainee teachers at Warwick University in a project to study spiral galaxies
that they imaged with the Faulkes Telescope in Hawaii.

The 17 students involved were in the third year of a four-year concurrent training course equipping them
to teach in primary schools, and they were all specializing in science for the academic (noneteacher
training) component of their degree. Although academically able, only one had an (weak) A-level in
physics, and most had taken a combination of biology and other nonscience subjects at A level. The



students were therefore quite limited in their physics background, but they had been given lectures prior to
the observing session on the nature of stars and on ga[@Xi¢iSRY 4: Could a link be provided that

explains the basic structure of the British education system? | suspect that most non-UK readers will not
be familiar with A-levels.]

This student group was chosen because of their availability and the ease with which the experimental
situation could be controlled. Although similar to students in the upper secondary school in their
background understanding of the science involved, their scientific and general intellectual maturity could
have been greater. Nevertheless, it is to be expected that many of these student teachers would have the
same attitudes as school students. Use of the JPEG Viewer by students in schools is the focus of on-going
researchfQUERY 5: | added the term "student teachers" to differentiate the students in teaching training
from school students. Is meanipgeserved?]

7.2.Description of ProjectTask

Two galaxy projects formed 50% of the assessed work for the 30-hour third-year academic science
module on astronomy (the other 50% consisted of a PowerPoint presentation on a planet, moon, or other
object in the Solar System). The first project, described here, was worth 20% of the total grade and
involved students using the JPEG Viewer to make measurements of the galaxy that they had imaged using
the Faulkes Telescope. The second part (30%) involved analysis of the surface brightness profile of the
galaxy and will be described in a separate paper. (For details of research to determine whether both
projects taken together were successful in inspiring interest in astronomy, see Beare, in preparation.)
[QUERY 6: Has the Beare, in preparation article been accepted for publichtion?

The galaxy-measuring task first required students to image a spiral galaxy using the Faulkes Telescope
and then print out a color image of it. They had to use the JPEG Viewer to measure the diameters of the
visible disc of the spiral galaxy and its central bulge, and then find the disc-to- bulge ratio. If the galaxy
was barred, they also measured the length and width of the central bar (Figure 9 shows a good example of
a barred spiral galaxy, this one also being tilted with respect to our line of sight to it).

The students next had to fit logarithmic spiral arcs to the spiral arms of the galaxy using the JPEG Viewer.
This enabled them to measure how tightly each arm was wound (the pitch angle) and how long it was (the
angle subtended at the center of the galaxy). They were asked to comment on the quality of the fits
obtained (i.e., how closely the spiral arms followed a logarithmic spiral shape). Because this was the first
time this had been tried with students, it was decided to keep matters simple by only using face-on
galaxies. (Most spiral galaxies we see through telescopes are tilted relative to our line of sight, and some
are even edge-on because galaxies are randomly oriented in space. The JPEG Viewer is capable of fitting
tilted log spirals to tilted galaxy images, as already mentioned, but this was not doneoonakisn.)

After making the measurements, the image had to be labeled with scientific explanations of the features
that were visible in it (e.g., spiral arms, central bulge, dark dust lanes, anjl so



Figure 10. How the JPEG Viewer measures objects in an image by superimposing Siaypss.



Figure 11. How the JPEG Viewer plots spiral arcs on top oinaage.

Students were asked to make their measurements and fit the spiral arms before labeling their images. The
intent was that the making of the measurements would cause students to look carefully at the features of
their galaxy and think scientifically about these before commenting. The students' evaluations showed that
for many, this strategy was successful, and the use of the JPEG Viewer did in fact cause them to look
closely at the features of a spiral galaxy and hence deepen both their knowledge amdénsianding.

An example of a student's labeled image is shown in Figjre



Figure 12. A student's labeled image of a spiral galaxy. The instructions asked students to do this work after using the JPEG Viewer to measure
their galaxy, the idea being that this latter activity would encourage careful observation and scientific thought. Although there are two small
inaccuracies in the labeling, the student has looked carefully at detailsrimathe

7.3 Evaluation

In designing the JPEG Viewer and the project tasks based on it, it was hoped that the following learning
benefits would result from being able to make measurements on an astromomgeal

1. Students would (a) look carefully at features of the object(s) in the image, and (b) think deeply about the
scientific aspects of what they were seeing. Put another way, it was hypothesized that use of the JPEG
Viewer would enable students to engage deeply witls¢rence.



2. Students would feel a sense of involvement, achievement, and ownership by being able to analyze
images.

3. This sense of involvement, achievement, and ownership would be enhanced if the images were ones
that they themselves had obtained usitgjescope.

4. Students would gain insight into the nature of scientific research.

Given the small numbers of students available (17), it was decided not to attempt a comparison between a
group who used the JPEG Viewer for the chosen activities, and a control group who did not.

In any case, it was of less interest that the above aims were achieved than that the students felt that they
had been achieved. A major motivation for the development of robotic telescopes, and projects that make
use of them, has been to encourage interest in and enthusiasm for science, mathematics, and technology
through stimulating investigations in an area of science that students find intrinsically interesting, namely
astronomy and space. A questionnaire was therefore devised that attempted to elucidate students' attitudes
toward the galaxy-measuring tasks that they undertook, particularly as they related to the above four aims.
These questions were included in a larger evaluation of the whole astronomy module tvatkthey

Additional questions were included to find out the answers to these queRHILHERY 7: Is it intended
that this list start at 57]

5. Was the JPEG Viewer easyuse?
6. Did the JPEG Viewer enable students to make the measurententied?

Additional evidence on these last two questions was provided by the project reports that the students
handed in to be assessed, and by observations of students working on their projects in the mulitmedia
laboratory. The project reports also provided additional evidence on the aims (1+4 above) through student
comments included in the evaluation section of theports.

The evaluation questions (questions 16+20) were administered to the students in spreadsheet form. Each
guestion took the form of a statement to which the students had to respond by entering an X on a
five-point Likert scale representing various degrees of agreement or disagreement. This is illustrated in
Figure 13.

16. | found the project to measure a galaxy using the JPEG Viewer interesting.

17. | found the project to measure a galaxy using the JPEG Viewer challenging.

18. I found the project to measure a galaxy using the JPEG Viewer rewarding.

19. The project to measure a galaxy using the JPEG Viewer taught me a lot about galaxies.
20. | found the JPEG Viewer easy to use.



Figure 13. Layout of a question on the spreadsheet-bgsaedtionnaire

In addition, space was provided after each Likert scale for students to enter any explanatory comments
they wished to make. This invitation was deliberately open-ended so that students would feel encouraged

to record whatever aspects seemed relevant to them. This had the disadvantage, relative to an interview,
that interesting responses could not be followed up or probed by further questions from the interviewer.

On the other hand, the face-to-face nature of an interview may sometimes have an inhibiting effect on the
responses that are obtained, whereas a questionnaire is more impersonal and therefore more likely to
generate candid opinions from some students. Another advantage of a written response, of course, is that it
obviates the need for transcription of oral responses and enables the opinions of many more respondents to
be quickly and easilgbtained.

The questionnaire was administered in online form at the start of the last session of the course so that there
would be no incentive to fill it in quickly and leave early. As it happens, 2 of the 17 students were absent
that day, so only 15 completed tfpgestionnaires.

7.4 Results of theEvaluation

The results obtained for the five questions relevant to the galaxy-measuring task, questions 16+20, are
described below. Not all explanatory comments added can be shown here because of lack of space.

Question 16interesting?Question 16 shows that all 15 students found the project interesting, and half

said it was very interesting. The written comments included references to the task being enjoyable,
exciting, and even amazing. One person mentioned that it was "nice to look in depth at a galaxy," and two
mentioned liking that they could actually measure a galaxy for themselves. This excitement and interest in
carrying out the galaxy-measuring task was also very evident from watching the students as they worked
in the computelaboratory.

Question 17Challenging?Question 17 showed a range of answers. Three quarters of the students said
that they found the task challenging to some degree, and only two said that they did not find it challenging.
Itis clear from the text comments and from student comments in their project reports that the challenge
lay not in the use of the JPEG Viewer software (which they appeared to find straightforward) but in



deciding exactly where to place the log spiral arcs in order to fit the spiral[ERY 8: | suggest
consolidating the questionnaire questions above (16-20) with Table 1. Table 1 could be placed where the
questionnaire questions are currently. What dotjiok?]

Table 1. Likert scale responses to statements about the JPEG Viewer

Strongly . Strongly
Disagree Disagree| Neutral | Agree Agree
| found the project to measure a galaxy usingO 0 0 7 8
the JPEG Vieweinteresting.
| found the project to measure a galaxy using1 1 5 5 6
the JPEG Viewechallenging.
| found the project to measure a galaxy usingO 0 1 7 7
the JPEG Viewerewarding.
The project to measure a galaxy using the 0 0 3 5 5
JPEG Viewer taught me a lot ab@alaxies.
| found the JPEG Viewer easyuse. 0 1 3 9 1

This challenge was very much intentional, because trying to fit a spiral arc to a spiral arm required careful
observation of the spiral arm, and decisions needed to be made regarding what constituted the most
appropriate fit. For example, was it best to get a good fit to a short length of the spiral arm, or a less good
fit to a longer length? Should the spiral arc have been fitted to the brightest part in the middle of a spiral
arm, to the outer edge of the arm, or to the edge of the dark dust lane often found just inside the arm?

Consideration of questions like these puts students very much in the position of real scientific researchers
who have to decide for themselves the best way of conducting an experiment or investigation. From the
evaluations in the students' project reports, it is clear that they particularly appreciated this challenge and
the element of scientific reality, and this was also very clear from watching them working. Interestingly, a
few students, however, commented in their written reports that it was hard to know exactly where the
spiral arcs "ought to go," and it was clear that for these students, the idea of there not being just one right
or correct answer was an unfamiliar one. To the greatest extent possible, the tutor used the workshop
sessions when the students were working at the computers to explain the scientific nature of their task and
that real research often involves making decisions and looking for best fits rather than correct answers.

Four students working on a barred spiral galaxy erroneously had the idea that they needed to start all their
log spiral arcs at the ends of the bar in the center of the galaxy, something that was not possible in the case
of one spiral arm. Not surprisingly, two of these students commented that they found the arc-fitting

exercise difficult. It will need to be more clearly explained in the future that a spiral arc may only fit well

to part of a spiral arm and that the start of it does not need to coincide with the center of the galaxy or the
end of a bar; after all, the fact that spiral arms are often close to logarithmic spirals is only an empirical



observation, not a scientifiaw.

Question 18Rewarding?A total of 13 out of 15 students found the task rewarding, with half of these

saying it was very rewarding. Comments on this question and others indicated that this was because
students felt they were making some "real measurements” and doing some "real science" rather than
carrying out set exercises. This was borne out by conversations with students during the workshop
sessions and by student comments about this project and the other galaxies project on surface brightness.
One student commented, "The opportunity to use and maneuver the Faulkes Telescope and take our own
images of the galaxies helped promote ownership and enthusiasm for the task. Measuring 'our' galaxy was
more meaningful and exciting, and the fact that our actions were moving a telescope in Hawaii capable of
taking such amazinignages."

Question 191 earning A total of 12 of thel5 students felt that they had learned a lot about galaxies, with

7 agreeing strongly with this statement, and 3 neutral on the issue. Of the students who felt that they had
learned a lot, relevant explanations included, "Now | could confidently explain the characteristics of a
galaxy," "It made me look more closer at aspects of the galaxy," "l found that there were different parts of
galaxies that I didn't even know existed," and "Yes, as before this course | knew very little about galaxies,
and having to calculate and observe them has taught me a lot about galaxies." Most pleasing were the two
comments that indicated that the galaxy-measuring task made the students keen to learn more: "Yes,
however, | do now feel that | want to learn more," and "Observing and taking measurements made me
want to learn more abogalaxies."

Question 20: Ease of Use of JPEAi&wer.A total of 10 students indicated that the JPEG Viewer was easy

or very easy to use, 3 were neutral on this question, 1 thought it was not easy, and 1 did not give a
response. In hindsight, it is evident that the statement that the students were asked to comment on was
ambiguous: "l found the JPEG Viewer easy to use." Did this refer to operation of the software, or to how
easy it was to use it to fit log spiral arcs to spiral arms? This is borne out by the fact that the student who
said it was not easy was also one who commented both in her evaluation and in her report that she found
spiral arcs hard to fit. Observation of the students actually using the software indicated that they did in fact
all find it easy to operate, and students as young as 11 have been able to use it without any difficulty,
including fitting spiral arcs (Cleave 2005; Pog[@05).

Several students commented on how clear they found the instructions for the JPEG Viewer, and this was
clearly an important factor in helping to make the projesicress.

A further factor that became evident from reading the students' project reports is that a project centered on
studying galaxies can result in a great deal of wider understanding of astronomical topics apart from
galaxies themselves, namely star formation and stellar life cycles; properties of stars (including the
color-brightness relationship); distance and scale in the universe; the way that color images are composed
of red, green, and blue components; how different features are emphasized in images of different colors;
and how telescopes work and are affected by atmospheric blurring. These are topics that feature
prominently in many school science courses, so even if galaxies only get a marginal mention in syllabuses,
they actually provide a very good way of studying these atipgcs.



7.5Conclusions
From the preceding evidence, we can concthdée
1. The JPEG Viewer works reliably and is easyde.

2. The JPEG Viewer enables astronomical images to be measured successfully; in particular, it enables the
pitch angles and lengths of spiral arms in galaxies to be measured by superposition of logarithmic spiral
arcs.

3. The JPEG Viewer enabled open-ended and investigative science to be carried out, which added a new
dimension of engagement with the science contained in galaxy images and resulted in many students
feeling that they learned a great deal algalaxies.

4. All students found using the JPEG Viewer to measure a galaxy interesting, and some indicated that it
had encouraged them to learn more algalaxies.

5. A project to study a galaxy with the help of the JPEG Viewer is a good way of learning about many
other aspects afstronomy.

6. Students appreciated the challenge of a project that they perceived as being akin to "real science," with
an element of decision making on theart.

7. Use of the Faulkes Telescope to obtain their own images was an important factor in students' attitudes
to what theydid.

8. FUTURE DEVELOPMENTS

The most obvious future development is modification of the JPEG Viewer to make measurements on
images in general, not just astronomical ones, using distance units ranging from the atomic scale up to
astronomical scales. A trial version has already been produced, and its application to topics in a number of
subject areas is currently being explored, including maps in geography, proportions in art and architecture,
and the dimensions of plants and animalsiatogy.

A second modification useful for upper secondary mathematics courses involves generalizing the JPEG
Viewer's logarithmic spiral curves to any curves for which an equation can be specified. One could then,
for example, check how close the trajectory of a ball in a time-lapse photograph is to a parabola, or how
closely a hanging rope or cable (as in a photograph of a suspension bridge) is to a [€tHeRN 9: |

think word might be missing here--resembles? Or should "closely" be "close"?] Applications such as these
would provide an interesting, memorable, empirical way of demonstrating or testing applications of
mathematics taught in thedgssons.

Note

Note 1. Logarithmic spirals are common in nature and have the defining characteristic that they intersect
any circle centered on the center of the galaxy at a constant angle called the pitch angle. Effectively, pitch
angle is a measure of how tightly wound or open a spiral arm is; 10 degrees is considered tightly wound,



as in a Sa galaxy, and 20 degrees is considered quite open, asgalax$c
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Alphabetical List of Web Sites Cited in ThisArticle

Astronomy Diagnostic Teslittp://solar.physics.montana.edu/aae/adt/

Astronomy Picture of the Day (APOD) home palgitp://antwrp.gsfc.nasa.gov/apod/astropix.html
JPEG Viewer home pagettp://www.beares.net/r/astro/viewer

Simplified Version of Hubble Classification of Galaxies as provided to students:
http://lwww.beares.net/r/astro/galaxies/galaxies_docs/hubble

European Space Agency (ESAjtp://www.esa.int/esaCP/index.html

European Space Agency's educational projects:
http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=35011

European Southern Observatory (ESO) Paranal Observhttryiwww.eso.org/paranal/
Faulkes Telescope Projebttp://www.faulkes-telescope.com

Hands on Universe (HOUyww.handsonuniverse.org/

Hubble Space Telescope (HSHjtp://hubblesite.org/

IRIS (image processing softwaré}tp://www.astrosurf.org/buil/us/iris/iris.htm
NASA/GSFC (FITS format data filedhttp://fits.gsfc.nasa.gov/fits_home.html

National Schools Observatory (NSO), The Study: Science page:
http://www.schoolsobservatory.org.uk/study/sci/

National Optical Astronomy Observatory, Image Reduction and Analysis Facility (IRAF):
http://iraf.noao.edu/

Project CLEA (Contemporary Laboratory Experiences in Astronomy):
http://www.gettysburg.edu/academics/physics/clea/CLEAhome.html

Sky Image Processor (SIP), a Web-based image processing program from the Virginia Tech Department
of Physicshttp://www.phys.vt.edu/~jhs/SIP/

Space Telescope Science Instititiep://www.stsci.edu/resources/

Starry Night Prohttp://www.starrynight.com/
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