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Abstract
This paper reports how scratch holog-
raphy was used by a New York State
middle school science teacher in his
physical science classroom, as well as
how scratch holography affords science
teachers a unique opportunity to make
overarching comnections between light
and matter by introducing an inquiry-
based physical science activity in their
middle school level classroom.
Evidence was shown that using scratch
holography as an activity aids science
teachers in unifying scientific themes
and processes in their year-long curric-
ular plan for their students that is con-
sistent with both state and national sci-
ence standards. William Beaty’s
“Draw Holograms by Hand” link
(http://amasci.com/amateur/holol html
) on his Science Hobbyist website was
used as the primary source for the
design of the presented activity, as well
as for troubleshooting within the activ-

ity.

Introduction
It was my goal to find a classroom
activity that would allow students to
make connections between scientific
topics presented during the course of a
school year. In doing so, students
could reflect on prior knowledge while
engaging in processes of science and
gain operational knowledge of that

process. For many years, compelling
arguments have been made for hologra-
phy to be taught in formal education
classrooms at many levels for the very
traits I was looking for in an activity.
Latham discussed how holography
“can be used to teach many of the prin-
ciples of wave interference and light
production in one unit” (Latham, 1986,
396). Dr. Tung Jeong argues, “hologra-
phy 1s not merely a craft — it combines
meticulous laboratory techniques with
extremely elegant formal theory.
Indeed, a single hologram contains all
the major theories of physical and geo-
metric  optics”  (Jeong, 1975).
Holography is one area that has
become an exciting avenue for educa-
tors to use for their students to learn
due to recent reductions in cost of
lasers, film, and chemicals (Jeong, et
al, 2003), and seemed like a perfect
opportunity to allow my students to
experience the first-hand connection
between two topics that are traditional-
ly presented apart from each other in
middle school text books, matter and
light. To cut down on time and the
chemistry in development of film,
recent options have also been made
available for self-developing “Instant
Hologram” film (Chiaverina, 2010).

Despite the lowered costs, my personal
school budget did not allow for me to
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purchase enough material in order to
give each student their own hologram.
This, however, did not mean that my
students could not be afforded the
opportunity to experience holography.
William Beaty, a research engineer at
the University of Washington, began a
website in 1995 entitled Science
Hobbyist (http://lamascicom) that now
boasts nearly 20,000,000 visitors since
its inception. While the site links to
numerous scientific topics of discus-
sion and science education, I would
like to give attention to the link entitled
“Draw  Holograms by Hand”
(http://amasci.com/amateur/holo] html
). Beaty proceeds to describe holo-
grams produced by scratches to a solid
surface, or scraich holograms. “Unlike
the conventional holography, for mak-
ing this type of hologram by hand, nei-
ther a darkroom with isolation table
and expensive laser, por highly photo-
sensitive film plates are necessary”
(Augier & Sanchez, 2010). This was a
phenomenon Beaty chanced upon
while walking through a parking lot
and noticing a three-dimensional hand
floating in the hood of a car left “by a
polishing mitt ‘that had traced out mil-
lions of nearly parallel scratches in the
black paint’ ”(Jones-Bey, 2003).

A scratch hologram works similarly to
a rainbow hologram, like the kind
found on licensed clothing apparel or in
the comer of a credit card. Both can be
viewed under white light illumination,
rather than under a monochromatic
point source, like a laser. Each scratch
acts as what Beaty calls “a curved-line
scatter” which “‘can act as a convex or

concave spherical mirror, producing
cither an astigmatic real or virtual
image of the distant point source”
(Beaty, 2003).

Essentially, a source of light shines
upon the scratched surface and reflects
off each individual “scatterer” and cre-
ates virtual images into the-surface
from different observable view points.
Beaty explains that-“human stereopsis
lets observers perceive either of the two
virtual images” based on their position
“by looking through the curved scatter-
er as if the scatterer behavas as a slit-
aperture” (Beaty, 2003). Fizure 1 illus-
trates how the position of the observer
impacts how the image will be seen.
By viewing directly over the scratched
surface the image appears to have
depth within the surface (Point B of
Figure 1), while viewing it from differ-
ent angles allows the image to be
viewed as “‘coming out” of the surface
(Point A of Figure 1). To reaeate a
hologram of this kind, only a piece of
sturdy plastic (e.g. Plexiglas™ |, a pair
of dividers, and a source of lisht are
necessary.

Curricular Rationile
A scratch hologram activity cculd be
used to discuss optics, the namre of
light, and the interaction of light and
matter, and therefore could 71t into the
yearlong, holistic plan of a teacher.
The National Science Education
Standards states that “conciptual and
procedural schemes unify sdence dis-
ciplines and provide students with
powerful ideas to telp them wmdastand
the natural world” (INRC, 19%6,7.104).
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Figure 1. Authar’s illustration of an individual scratch, or “scatterer,” as it
reflects light to produce a single point of a holographic image (star) for an
individual observer based upon where the observer is located (Beaty,

Paier Souree of Light

2003).

Scratch holography itself aids to unify
conceptual and procedural scientific
themes about the nature of light and its
interaction with materials by providing
an avenue for students to integrate per-
sonal experiences with their under-
standing of the world around them.
Also, the applications of the technique
can easily make the lesson interdisci-
plinary. The geometric translation of
an image finds its application in math-
ematics at a level consistent with mid-
dle school classrooms, while the aes-
thetics of scratch holography can easily
be explored in an art classroom.
Discussions of careers involving holog-
raphy or photonics could give real sub-
stance to the applications of hologra-
phy, especially since there is a shortage
of skilled workers in these areas (John,
2004). Also, a business or marketing
class may discuss scratch holography
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in advertising, as the original applica-
tion of it is derived from a patent by
inventor Hans Weil to “produce simple
pictures that appeared floating in space
by scratching a metallic or transparent
surface in certain  directions”
(Abramson, 2000).

The scratch hologram method allows a
teacher to demonstrate holography
without the cost or worry of lasers and
consumable chemicals. According to
Amold Arous, “concrete experience is
still an essential factor in cultivating
understanding of the phenomena and
grasp of the extensive vocabulary that
is generated” (Arons, 1997, 234), how-
ever, just doing the activity wouldn’t be
enough. It was important that the expe-
rience was “guided by phenomenologi-
cal questioning” (Arons, 1997, 234) to
ensure students were able to concretely
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associate the experience with the con-
ceptual goals of my curriculum. This
could be achieved through the use of
whiteboards to “orchestrate discourse”
(NRC, 1996) amongst my students
demonstrating how and why the images
from the scratch hologram formed.

The activity can be specifically linked
to content performance indicators in
the New York State Intermediate
Science Curriculum. In Standard 4,
Performance Indicator 4.4b states:
“Light passes through some materials,
sometimes refracting in the process.
Materials absorb and reflect light, and
may transput light. To see an object,
light from that object, emitted by or
reflected from it, must enter the eye”
(Intermediate Level Science, 2002,
p-27). We would be using a material
medium that could transmit and reflect
sunlight. The reflection would be in a
specific geometric pattern such that the
emitted light from the plastic sheet
could only enter the eye in a specific
way to produce apn image. Light can
easily reflect off and transmit through a
trapsparent plastic sheet, thus making
scratch holography a practical example
of light and matter interacting.

Activity Preparation
I purchased two 48” x 36” sheets of
clear Lexan™ (polycarbonate) from
the local hardware store closest to my
home (see table 1 for pricing of materi-
als). Other plastic materials may be
used, but I chose these as they were the
lowest priced plastic sheets that were
available at that store for the quantity I
required. Lexan™ and other compara-

ble plastic materials can be purchased
from most hardware stores, home cen-
ters, and retail glass dealers, or is easi-
ly found online. Using a table saw, I
cut them up into about 6” x 4" pieces.
Many hardware stores will do this
process for you for a minimal cost, and
oftentimes for free if you are unable, or
uncomfortable, using a table saw. I
borrowed a class set of metal compass-
es from a math teacher in my building.
While compasses with pencils in one
end are not ideal for the activity due to
the potential sliding of the pencil, they
still worked to achieve the desired
effect and were cost effective. My stu-
dents made sure to secure the pencil
very tightly using masking tape, which
seemed to work in the majority of cases
where sliding occurred. They used the
pencil end to mark the points on their
images, and used the pointed end to
make their scratches inic the plastic. A
set of dividers, or a drafting compass
with metal tips on both sides, is more
ideal to make the most precise scratch-
es and to avoid the slipping of the
inserted pencil, but is also considerably
more expensive (See Table 2).

Activity
My students keep bound notebocks in
my science class for lab activities,
review questions, and free writing. To
save on the cost of using additional
materials I decided to use these far the
activity rather than passing out mere
paper or cutting larger pieces of plastic
for them to compose their images. 1
passed out a compass and a piece of
Lexan™ to each student and instructed
them to tape the comers of the Lexan™
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Table 1. Pricing of Materials used by author as reported without sales tax

on 11/20/2010

Material Total Bulk Relative Cost | Consumable Potential J
Cost Per Student or Reusable Suppliers
Material *Indicates
Supplier used by
author
Lexan™ ~$63.00/sheet ~$1.01 Consumable | Home Depot*
48in.x36in. | x2=3126.00 (125 Lowes
Polycarbonate (125 Students) McMaster-Carr
Sheet Students)
Metal $44.70 (Class ~$0.36 Reusable Office Max*
Compass Set of 30 (125 Office Depot
L Units) Students) MisterArt.com |

Table 2. Cost Comparison for Different Dividers as reportied without sales
tax on 11/20/2010.

Type of Cost Per Cost Per Cost Per Potential
Reusable Class Set Student (if | Student (Based Suppliers
Divider (30 units) | Endividually | on Reusing for *Indicates source
Purchased) 125 Total of price in table
. Students)

Metal ~844.70 ~$0.36 Office Max* |
Compass Office Depot
Drafting ~$329.70 ~$2.64 Office Max* J
Compass Office Depot

Carpenter’s | ~$3359.70 | ~526.88 ToolKing.com*
Dividers Sears
h | \\_ Amazon.com

onto a clean page in the
(see Figure 2). Taping down the cor-
ners anchored the plastic to the page so
it remained stationary throughout the
After all students were
equipped with the materials, I
the video of Bill Beaty
holograms(http://www.youtube.com/w
atch?v=XUy8lELWhJg) prior to giving
any additional instructions. The video
is only a few minutes long, but shows a
variety of scratch holograms of varyin;
complexity being shown with sunlight
After viewing the video, my students

activity.

ir notebooks

and his scratch

were enthusiastic and eager to make
their own.

Below the Lexan™ piece, my students
drew the image they wanted to scratch
onto the notebook page. Most wanted
to wy the first initial of their names,
while others wanted to try shapes like
stars and hearts. The students then pro-
ceeded to place the pencil tip of the
compass on a single point of their
image. Then, holding the pencil in
place, I instructed my students to alt
the compass at about a 45 degree angle
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‘Figure 2. Student notebook
setup for scratch hologram

Figure 3. Holding com-
#pass at an angle to
make scratches.

Figure 4. A student-cieat-
@ @cd scraich hologram.

e}
bo
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and make a light scratch across the
Lexan™ with the metal tip of the com-
pass (see Figure 3). Beaty states, “It
helps to tilt the compass so the point
trails across the surface and does not
dig in or chatter. The scratch should be
easily visible, but not extremely deep.
The scratch should be dark and pol-
ished, not white and dusty”
(http://amasci.com/amateur/holo} .himl
, para 3).

I had made a few simple scratch holo-
grams on my own and each had taken
me between 30 and 45 minutes to fin-
ish. Since my class periods are only 40
minutes long, I anticipated that a single
class period was not enough time for
my students to finish properly scratch-
ing their image, so I told them we
would continue the following day.
However, I found that there were a few
students in each class that came to my
room during study hall periods to con-
tinue working, and still others worked
to finish their scratch holograms at
home to show me the following morn-
ing. It was exciting for me to see my
students eager about doing science, as
well as taking ownership of their per-
sonal holograms. We used these com-
pleted examples as demonstrations at
the start of the following class. Those
students that finished helped their
classmates or tried making a second
scratch hologram with the leftover
scraps of Lexan™ T had in the room.

I am fortunate that my room is posi-
tioned adjacent to an exit door opening
to an athletic field. Throughout the
period, we traveled quickly in and out

of the room, testing the scratch holo-
grams in the sunlight, making observa-
tions and comparing the quality of the
images from one to the next. At the end
of the period, all students had complet-
ed their scratch holograms to varying
degrees, and were troubleshooting how
to perfect their techniques. Many side
discussions ensued amongst students
concerning the different types of mate-
rials that may work to produce a simi-
lar image, as well as suggestions of
“painting the plastic black like on the
video to see if more light would be
attracted to it and make it brighter.”

The next day, 1 asked my students a
simple question: “What happened to

‘make their holograms work?” 1 wrote

this on the board and began the class by
having them answer this question inde-
pendently in their journals for the first
few minutes. My students understand
very well that free writing in their jour-
nals is a risk-free process, so I found
that very few students tried to proceed
without attempting to write some
explanation. I can foresee many more
students not attempting to write or even
guess if a teacher has not established
that routine in their own classroom.

Next, I had them break out into small
groups of 3 or 4. I allowed only a few
minutes for this to keep pacing of the
class period. Students discussed their
reasons with each other, sharing what
they wrote down. It was interesting to
circulate throughout the groups listen-
ing to the various evidences and infer-
ences being argued. Some students
would only argue what they saw, while
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others tried to extrapolate based on dis-
cussions we had previously had in pre-
ceding classes. 1 did not interfere, or
question in any of these groups, but
merely made them mindful of the time
limit that I had set.

Finally, I told each group to take a
whiteboard and dry erase markers and
sketch out how they believed the
scratch holograms worked. 1 have
found whiteboarding to be a tremen-
dous instructional tool when employed
in the classroom as “the whiteboards
create an atmosphere in the classroom
where ideas -are student-generated,
leading to- students constructing their
own evidence-based knowledge”
(Henry, et al., 2006, 51). T gave each
group a limited time of six minutes to
accomplish this task, but ended up giv-
ing an additional four minutes as many
students were eager to take part in the
board’s construction (see Figure 5).

Once they finished, we sat as a class in
a large circle, while each group pre-
sented their whiteboards. 1 facilitated
the discussion, using a “Socratic” line
of questioning in order to differentiate
between observations and inferences
derived from the phenomena. We high-
lighted common ideas on each of the
boards, and focused on subtle differ-
ences that made some boards more
descriptive than others. As the discus-
sion ensued, a few students began try-
ing to add additional elements to their
boards, which “can be easily modified
as students' ideas emerge and are
refined through discussion” (Henry, et
al., 2006, p.52). The answers varied

from group to group, but the ideas of
“reflected light,“ “light refracted from
the scratches,” and “light bouncing
from the scratches to my eyes” were
the most common pervading ideas
from group to group and from class to
class.

As Arons states, “relatively few stu-
dents hold a conception of light as a
physical effect existing apart from its
sources and effects. Light illuminates
objects so that they are seen, but the act
of seeing is nat explicitly associated
with the arrival of light at the eye of
the observer” (2007, p263). Therefore,
I deemed it important to discem pre-
conceptions that my students had about
the nature of light that may or may not
affect their inferences about their
observations. I facilitated the discus-
sion to have my students make judg-
ments on what inferences had the most
support to explain what they observed.
Our class discussions seemed to dwell
on phenomena that my students
observed, specifically the fact that the
image seemed o maove as they
changed their position brought up a lot
of discussion, as well as how the image
seemed to flip and produce z pseudo-
scopic image when you orented the
Lexan™ upside down. .This was
demonstrated on the video (Beaty) and
was a point that fascinated my students
when they were able to recrzsate the
effect with their own scratch holo-
grams.

Considerations
As with many lessons, waile well
planned and execoted, 1 would be
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Figure 5. Student white-
board example reflecting
ideas about scratch
holograms.

remiss to say that it went
perfectly. Since each stu-
dent was creating their own
individual product, each stu-
dent could take individual g
ownership of the finished
product. However, this also
meant there were a variety
of problems that needed to
be examined if a student’s scratch hologram did not come out successfully. I found
that if students failed to produce a holographic image in their abrasions this was

primarily due to two reasons, both of which related to how the scratches were
made.

First, students would make too few scratches. Just as in a digital image that is
blurry due to lack of pixels, two few scratches resulted in an image without detail
that appeared as described by one of my students as “a white smear.” In some
cases, students were able to go back and make additional scratches to represent the
points on their images and have better results in producing their images. Other
times, students made scratches that were too deep. In this case, the light reflect-
ing from the surface would bend at different angles, disrupting the phase relation-
ship of the light waves necessary to produce the image. I found students did this

Figure 6. An unclear

fl image due to
scratches made too

deep in the plastic.
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most often if they pointed their com-
pass points directly into the Lexan™ ,
rather than at an angle, or if students
did not clearly see a scratch, in which
case they would retrace the scratch
over and over again (see Figure 6). The
holograms that were the most clear and
detailed consisted of many fine scratch-
es over the surface of the glass.

Other issues usually stemmed from a
failure of the equipment. The success
of the image transcription into scratch-
es is dependent on producing scratches
that directly relate to specific points on
the image being transcribed. M a stu-
dent did not anchor down the Lexan™
securely to the notebook, the distance
between the image and«the abrasion
could change if the Lexan™ slid, thus
causing scratches to be made that did
not coordinate with the image and pro-
ducing the “white smear" effect as was
the case when the phase relationship
was lost when the scratches were too
few or too deep. On the other hand, if
the compass was not secure at its pivot
point, or the pencil too loose, students
often tried to compensate by making
deeper scratches, or the over stretched
scratches produced a distorted image,
elongated similarly to looking at the
image as if it were in a funhouse mirror.

Beaty makes a point of addressing each
of the issues we had, as well as differ-
ent problems that may arise when cre-
ating a scratch hologram in the
Frequently-Asked Questions link on
the site (http://amasci.com/amateur/
holohint.html). T found this extremely

helpful to read over prior to the lesson,
so that I could anticipate errors that stu-
dents may be making. It was very user-
friendly as the page is laid out in a typ-
ical FAQ section, with responses to
questions he has received concerning
scratch holography since first posting
his technique on the internet.

While I did not carty out the activity on
days that prevented my class from trav-
eling outside, a bleak or cloudy day
could hinder the viewing of the holo-
gram. Adverse weather conditions are
something to be considered in imple-
menting this activity. 1 suggest viewing
scratch holograms cutside in the sun-
shine. However, they may be viewed
with some difficulty in a nearly dark
room using a nearly point source of
white light. I have been able 1o view
scratch holograms 1 have made using &
strong flashlight or spotlight in a class-
room with blackened windows and as
minimal interior and exterior sources of
light as possible. This may be a pre-
ferred option of teachers that do not
have simple access to going outside
during the school day, but it does pose
safety or classrcom management con-
cerns considering the logistics of indi-
vidual classroorms and populations.

I do not suggest directing middle
school students to Beaty’s website to
carry out the activity on their own.
While the site may be school appropri-
ate, it links to public forums that may
not be appropriate or may have less
controlled content. The step-by-step
method of producing a scratch holo-
gram is detailed and accompanied by
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illustrations, but the specific scientific
concepts discussed behind scratch
holography are beyond the reading
capability of most middle school aged
children. I found that the site is better
served as a resource for the teacher as
an instructional tool. If a teacher was
so inclined to have their students
research the subject on their own, other
online resources are available on the
subject, but none as complete as
Beaty’s site. However, the instructional
video from the Fort Worth Museum of
Science and History is very topic-
focused and presented at the level of a
middle school student (http://www.
youtube.com/watch?7v=0ukoSoixijg).

Conclusion

Scratch holography provides an engag-
ing and enriching opportunity for chil-
dren of any age to practice science in a
very tactile and real way. When used in
combination with techniques of white-
boarding and phenomenological ques-
tioning, it allows for a broadening of
student understanding of the connec-
tion of matter and light, consistent with
both New York State and National
Science Standards. Scratch holography
proves effective in producing an eco-
nomic product in its employment for
individual student ownership with
broad application so as to be used as an
interdisciplinary  project. Using
Science Hobbyist (http://amasci.comy
amateur/holol.html) as a primary
resource, interested teachers can
employ such an activity in their own
classrooms as a unifying concept
between matter and energy, and as a
real world application.
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