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ESSAY

            O
n a Monday morning in Pittsburgh, 

Pennsylvania, 29 sixth-grade stu-

dents and their teacher conducted 

scientifi c investigations on insect adapta-

tions by remotely controlling an environmen-

tal scanning electron microscope from their 

classroom. Before the session, these stu-

dents gathered and mailed insect specimens 

to the Beckman Institute of the University 

of Illinois at Urbana-Champaign, where the 

electron microscope is physically located. 

Like any principal investigator, their teacher 

submitted a formal proposal to request 

access to the microscope for a classroom 

project (1). The proposal was to participate 

in the Beckman Institute’s Bugscope, http://

bugscope.beckman.illinois.edu, a free edu-

cational technology outreach project, which 

enables kindergarten to 12th grade (K–12) 

and undergraduate students and teachers to 

remotely access and control the microscope 

in real time from their classroom comput-

ers. For the teacher, the educational benefi ts 

to her students included the ability to see 

insect anatomy details too minute for their 

classroom microscopes; the development 

of the skills necessary to acquire their own 

images; and, most important, the oppor-

tunity to chat with scientists and ask them 

questions about insects, electron micros-

copy, and science careers.

There is growing interest in providing 

learning opportunities via the cyberinfra-

structure (2). A National Science Founda-

tion (NSF) report defi ned “cyberlearning” as 

“learning that is mediated by network com-

puting and communication technologies” [p. 

10 in (3)]. The report also suggested that, for 

students and teachers to learn how to author, 

publish, and curate data, they must acquire the 

skills of data scientists (see the fi rst fi gure). 

Bugscope hosted its fi rst session in March 

1999 (4). Since then, there have been 580 

classroom sessions with 415 schools (106 of 

those being repeat participants) during which 

students and teachers have acquired 120,000 

images (5). These sessions represent class-

rooms across K–12 grades and also occur in 

informal settings, such as libraries and muse-

ums, and in institutions of higher education.

Applying to Bugscope has been purposely 

made easy. Classrooms propose their own 

projects, along with a preferred date and time. 

All legitimate proposals are accepted. Class-

rooms can either mail their specimens or use 

those provided by Bugscope. Teachers can 

schedule an interactive practice session to 

become familiar with using 

the microscope remotely. 

Teachers can also review 

archives of previous ses-

sions. A typical session may 

range in length from 30 to 

120 minutes.

Teachers and their stu-

dents are responsible for 

planning their own scien-

tifi c investigations to make 

the most effi cient use of the 

time that they have been 

allocated on the microscope. 

Like professional scientists 

in different fi elds, they have 

an infrastructure of resident 

experts, such as the micros-

copist or an entomologist, to 

assist them in their investigations.

A standard classroom light microscope 

allows a magnifi cation of around 1000×. Bug-

scope, which permits high-resolution imag-

ing at over 20,000×, presents a unique oppor-

tunity for classrooms to collect data while 

discovering and understanding insects. For 

example, second-grade students from Mil-

waukee, Wisconsin, after seeing their speci-

mens at a magnifi cation of up to 10,000×, 

had the chance to “broaden their exposure to 

deeper understanding of the structures insects 

possess and perhaps widen their basic under-

standing of the microscopic world” [p. 31 in 

(6)] (see the second fi gure). 
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Microscopy suite. The microscope is used by remote classrooms, as well as by Beckman research scientists.

An illustration of live chat interaction. Students take control not only 
of the microscope but also of posing questions to experts (2010-106 
session). Responses are intentionally made accessible for students in 
different grades. P
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A recent report outlines a goal 
to prepare 100,000 trained middle 
and high school science, tech-
nology, engineering, and math-
ematics teachers by 2020 (7). 
Rather than just delivering con-
tent, undergraduate educators are 
being urged to address ways in 
which students and future teach-
ers are prepared to gather and 
interpret scientifi c evidence and 
participate in scientifi c discourse 
(8). Projects like Bugscope in 
teacher education programs have 
the potential to increase relevant 
and meaningful uses of technol-
ogy in K–12 classrooms. For 
example, in a typical Bugscope 
session in a science methods class, 
preservice teachers bring their 
own specimens to class (dupli-
cate specimens are mailed to 
Beckman), make a drawing of the insect, and 
write questions they have regarding it. Next, 
their instructor models the use of Bugscope 
and trains the preservice teachers to use the 
microscope themselves. Throughout train-
ing, the class communicates via chat with the 
Bugscope experts. These preservice teach-
ers also compare their drawings to images 
they acquired via Bugscope. Finally, pre-
service teachers are asked to design ways in 
which this experience can be implemented in 
a K–12 classroom, to explain how it contrib-
utes to inquiry and content knowledge, and to 
discuss how to manage their own sessions.

Thirty Bugscope sessions in teacher edu-
cation programs at Marquette University and 
California State University, East Bay, over the 
past 10 years (involving 870 students) have 

modeled strategies for use of technology to 
foster inquiry in a dynamic, real-time com-
munity of learners by contextualizing sci-
ence content. The preservice teachers can ask 
and receive immediate answers to their ques-
tions (such as “Why are there ‘hairs’ on the 
insect?”) immediately from experts. These 
sessions allow future teachers to experience 
planning the integration of technology as 
they engage in it fi rsthand. From these expe-
riences, preservice teachers have devised 
ways to use Bugscope to identify misconcep-
tions and to infuse science across the curricu-
lum. For example, its use in teacher education 
programs demonstrates that benefi ts include 
encouraging student engagement in scientifi c 
behaviors and dialogues, exposing students 
to scientists and scientifi c careers, creating 
ownership among students in learning about 
insects, building a relevant context within 
which to learn and apply scientifi c language, 
modeling data collection using an advanced 
scientifi c instrument, and providing applica-
tions that meet national and state science edu-
cation content standards.

Seven recent graduates from two teacher 
education programs have implemented Bug-
scope sessions into their curricula. Some 
used the Bugscope session to stimulate stu-
dent inquiry skills, while others had students 
create accurate insect sculptures based on the 
images they collected. In some classrooms, 
they guided students to use content and infor-
mation from the chat transcripts to incorpo-
rate proper terminology into their writing. 
These sessions occurred during the regular 
school year and in summer school classes 
aimed at urban youth (see the third fi gure). 

Reflecting on their preservice teacher 

education courses, two educators summa-
rized what is exciting, engaging, and unique 
about Bugscope:

 “My students, who experience pov-

erty, violence, and challenging living 

environments, had the opportunity to 

control a $600,000 environmental scan-

ning electron microscope. They chatted 

directly with scientists …. Most students 

learn the functions of insects by look-

ing at pictures or drawings in a textbook. 

However, my fi fth graders observed their 

own once-living specimens.”

 “The power of Bugscope to trans-

form science education cannot be under-

estimated. At a time when science has 

become merely an addendum to Math and 

Language-Arts curriculum in most pub-

lic schools, Bugscope provides a powerful 

and instantaneous revitalization to a dying 

art … that of personally engaging and con-

necting students to the wonders of scien-

tifi c inquiry and exploration.”

In successful online learning environ-
ments, students learn from engagement in 
scientific processes by challenging what 
they know in order to add to their under-
standing of how the world works (9). Bug-
scope is a sustainable and scalable model for 
classrooms nationwide to conduct their own 
scientifi c investigations.
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Questions asked while acquiring an image. An image acquired 
during a fi fth-grade classroom session facilitated by a graduate of 
the preservice teacher education program at Marquette University 
(2009-154 session). Students viewed a loose wing scale on the 
antenna of a yellow butterfl y (358×). While the image was present 
on the screen, questions were posed to experts, such as, “What is 
the purpose of an antenna?” and “What does it take to be you guys? 
What type of classes do you take?”
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