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Abgtract. The images produced by the scanning eectron microscope ae a powerful tool for introducing
school sudents to the role of microscopy in science. A joint project between the CSIRO in Audrdia and
the Western Pennsylvania School for the Dedef in the USA has been carried out to image and andyse har
samples. This project introduced students to the eectron microscope as well as the scientific disciplines of
expaiment planning, sample collection, sample preparation, imaging and andyss The use of emal and
the world wide web was cudd to successully planning and carrying out this project which involved
collaboration acrass two cortinents.

Introduction

The ability to observe familiar objects with a resolution that exceeds capabilities of the human eye
provides an exciting science experience for sudents [1,2]. The objective of the project was to introduce
dudents to the dectron microscopy technique as wdl as to the soentific disciplines of planning
experiments, preparing samples, gathering data and andysing results. This objective was achieved through
a project to image and andyse a sample of har from each sudent in the fifth grade class & the Western
Pennsylvania Schoal for the Deaf in Fittsourgh, USA. The sudents who participated in the project range
in ages from 10 to 12 years and have vaying degress of hearing imparment from hard of hearing to
profoundly desf. All of the eectron microscopy was carried out a the CSIRO Radiophysics Laboratory of
the Tdecommunications and Indugtrid Physcs Divison in Sydney, Audrdia

The text and grgphicd nature of the world wide web has proved a ussful tool in communicating between
the stientist and the teachers and students [3]. The dudents were able to view photogrgphs of the scanning
electron microscope equipment as well as dectron microgrgphs of a variety of samples by accessng
images placed on the world wide web. The use of emall endbled the entire project to be planned and
caried out without any voice communication. The physcd and tempord separation has dso provided an
additiona lesson in the use of modern communications to underteke collaborative scientific work.  The
project was carried out as pat of a unit entitted “Microworlds’ over a 9 week period. During this unit the
students had a science lesson of 90 minutes each day.

Sample Preparation

The sudents were involved in the sample collection as a drand of har was taken from each sudent and
adso from the teachers. The importance of tracking the samples for identification in the imaging and data
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andyss phase was emphasised as eech har sample was carefully atached to cards and labdled with the
names of the sudents. The samples were carefully packed and posted to Audrdia

Smdl pieces ranging from 5 mm to 20 mm in length were cut from each of the hair samples and fixed to
an adhesive carbon tape and then atached to two eectron microscope specimen subs  An identification
letter was engraved onto the carbon tape to preserve the hair identification. As har samples are non
conducting they may pose imaging difficulties due to charging under the dectron beam [4]. To overcome
this problen a thin layer of gold was sputter coated on the har samples. This ensures a thin even
conducting coating which presarves the underlying sructure of the har. Throughout this period frequent
correspondence by emal maintained to enable the imaging to be scheduled and to fadlitate monitoring the
datus of the project.

Imaging

The samples were placed in a LEO 440 scanning eectron microscope [5]. The dectron optics were
configured for low magnification imaging and the reference marks were locaied to enable each hair to be
identified and imaged. The vaious har samples were imaged under the same beam conditions. This
comprised a beam energy of 40 kV, beam current of 200 pA and working distance of 15 mm. The images
were acquired usng a secondary dectron detector and digitdly dtored as tiff files on the microscope
computer with a resolution of 1024 x 768 pixds. An image of each har sample was taken a a
magnification of 500 times, which corresponds to a fidd of view of 242 x 181 nm. This magnificaion
was chosen as it endbled the morphology of the har to be dudied in detal as wdl as fadlitating a
measurement of the hair diameter. The microscope was adjugted to ensure tha the magnification was the
same for each har imaged in order to alow direct comparison of the images by the sudents Examples of
two of the images acquired are shown in Fg. 1.

Fig. 1. Scanning dectron microscope images of har from two dudents a the Wedern Pennsylvania
Schooal for the Deef.

To enaure immediate communication of the eectron microscope images to the sudents a lower resolution
image of each hair sample was placed on the world wide web. A separate computer was available for eech
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of the sudents and s0 a the next science lesson they were able to arrange their computers and download
the hair images for comparison and further andysis.

The visud impact of the microscope images was immediate as the students were fascinated by the qudlity
and resolution of the images They used American Sign Languege to destribe the shape, Sze and texture
of their hair to eech other. The students were able to directly compare the microscopic differences in their
hair with the macroscopic differences they obsarved. As the magnification of each of the images was the
same the dudents were adle to make both quditaive and quantitative comparisons with their felow
dudents. All of the minute detalls of the har samples were visble which prompted the sudents to rase a
number of quedtions reaing to microscopy, genetics and biology. The sStudents were interested in
differences in the har images between genders, across age ranges and within families. They dso explored
any potentid links between hair colour and hair diameter and were curious about the lack of colour in the
images obtained from the e ectron microscope.

Analyss

A scde bar was digitdly inserted into each of the images 0 the students could use a ruler to messure and
then cdculate the diameter of ther har. The fidd Sze of the images was ds0 used to endble the sudents
to check ther cdculdgions This provided important lessons in dimendond scding and  megnitude
comparison as wel as the units of messure used in science. The meesured data from eech image was
collated to produce a column graph of the hair diameter asshown in Hg. 2.
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Fig. 2. Column graph of hair diameter from sudents at the Western Pennsylvania Schoal for the Dedf.
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The andyss of the hair samples continued with emall didogue between the sudents and teachers and the
sientig. A high reolution laser printed hardcopy image was produced for each har sample usng the
origind high resolution images from the eectron microscope. These high resolution images together with
the graphs were posted to the school so that the students would have their own copy of the dectron
microscope image of thar har. The dudents were adso adle to check ther observations with the
measurements and caculaions made by the scientid. The har diameter ranged from 39 im to 112 im
with an average thickness of 68 im and a standard deviation of 20 im.

Two grgphs were produced udng different units. The fird was in microns to introduce the S units of
meesure commonly usad in microscopy. The sscond column grgph was in thousandths of an inch o that
the dudents could comprehend the diameter of thear har in a familiar unit and dso to dlow an
gopreciaion of the relaive sze of a micron. These units are commonly used in various areas of science
and technology. As a result the dudents were able to comprehend the Sze of other specimens sudied
during the “Microworlds’ science unit rdative to the diameter of ther own har. The sudents had meade
predictions about their hair diameter in millimetres by naked eye obsarvations and usng a 3 times opticd
lens. They made some useful relative Sze measurements but appreciated the difficulty of meking accurate
measurements without a more powerful microscope.

ummary

The use of images acquired in the dectron microscope has proved an invauable resource for teaching
science to school sudents. The choice of imaging the har samples from the students themsdaves has been
paticularly effective in mativating interest and excditement in the sdence project. The students were able
to easly reate to the images and observe and compare both microscopic and macroscopic features. The
images have enabled the dudents to gain an underdanding of the rdative dze of the sdentific units of
messure and how to use these units for comparaive purposes. The project provided an effective
introduction to the scanning dectron microscope and microscopy in generd. It has dso provided practicd
exerdses in collecting samples, generating data and anadlysng results. The use of emal and the world wide
web has enabled the project to be successfully carried out as a collaborative effort spanning two continents
and nine time zones Adde from the purdy scettific gods the sudents learned to apprecigte and
undergand the differences and unique characteristics of others and that students, teachers and scientids are
al pat of a community that ams to increase knowledge and underganding. It has been a rewarding and
educationd experience for dl involved and it is proposed to run the project again in the future,
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