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I.
This course will focus on:  the use of new technologies to teach about the environment, current issues and trends in environmental education; the development, implementation, and assessment of new technologies; and effective instructional strategies to teach key environmental principles and concepts...
II.
The purpose of this course is to provide you with:

1.
a theoretical and conceptual framework that

.
addresses the current goals of environmental education,

.
identifies characteristics of exemplary programs, and

.
examines curricular/instructional alternatives.

2. knowledge and the skills to use the following technologies in formal and informal    

settings



Internet based data visualization tools (DVTs)




G.P.S.



G.I.S.




Probeware data collection




Use of selected websites

III.
After completing this course, you should be able to:

1.
Present and defend a philosophy for teaching environmental education
2.
Use advanced technologies that focus upon the acquisition of process skills and conceptual change/development.

3.
Compare and evaluate the major curricular alternatives for environmental education
4.
Apply your knowledge of environmental issues to instructional strategies for teaching environmental education.

5. Assess your effectiveness as an environmental educator.

6. Use the Internet to enhance your teaching about the environment
IV.
Course Readings:

1.
Selected journal articles, laboratory guides, and curriculum/reference materials.

2.
Selected Chapters from The Case for Constructivist Classrooms by Brooks and Brooks.


(The intro and chapters 1 & 2 are available free on the Web)
V.
Professional Development (beyond the scope of this course)

1.
It is recommended that you join the National Science Teachers Association (NSTA) at the special student membership rate ($34/yr.).  Be sure to mark the Journal for the level you teach.  You may also want to participate in the local student chapter of NSTA.
2. You may also wish to subscribe to the Journal of Environmental Education and participate in the local chapter activities.
3.
An outstanding resource for teacher demonstrations is:

Liem, T.L. (1987).  Invitations to Science Inquiry (2nd Ed.). ($60) see amazon.com

VI.
Attendance:

Your promptness and active participation is expected at every class.  Each anticipated absence must be discussed with the instructor in advance.  Each unanticipated absence must be discussed with the instructor immediately upon return to class.
VII.
Instructor Availability:

Office hours are Tuesday, Wednesday and Thursday afternoons.  I am also usually available to students whenever I am in the building.  If you come by and I am not in my office, please leave a message.  The best way to reach me is by email.
VIII.
Course Projects 
All material submitted for grading must be neatly typed or handwritten in ink on standard sized paper with clean margins with careful attention given to grammatical conventions.  Please discuss with me at least 2 days in advance any problems you will have meeting a due date.  If this is not done, ten percent will be subtracted from the grade received for each day the material is late.
3/03
Working in a team of two develop, conduct and present to the class the design and 
results of an extended (1-2 week) probeware experiment.  (30 points)
3/03   After attending Project Wild or Aquatic Wild, prepare a two page paper describing a technology-rich modification of these workshops/  (20 points)

4/07    Graduate students select from and then lead a class discussion and activity on:

GPS, G.I.S., the USGS or NOAA websites, Homes of our own simulation.  (30 points)
Undergraduate students select one of the objectives from the NC Standard Course of Study, find the most interactive website for teaching this objective and then lead the class in and hands-on experience with this site.  (30 points)

4/14
3-hour field experience elective.  You will be able to choose from a wide range of experiences designed to enrich your experiences in a non-traditional science setting.  Such activities may include serving as a science fair judge, attending a conference, assisting a park ranger or school during a science field trip, assisting with the UNCW Science Olympics etc.  This assignment must be approved by submitting a description of what you are planning to do and the time involved.  After completion of the three-hour elective you must submit a one-page description of what you did, including reflections on the impact of the project on you and the participating students.  (10 points)
4/21

Prepare a short paper (2 pages) on your view of the Ideal Environmental Education classroom.  This should include both the curriculum focus and what the students would be doing.  (20 points)

X.
Grading Procedure:

During this course, it will be possible to earn a total of 280 points.  Your final letter grade will be determined as follows:





A-
=
92-93





B+
=
89-91





B
=
86-88





B-
=
84-85





C+
=
82-83





C
=
78-81





C-
=
76-77





D+
=
74-75





D
=
66-73





D-
=
64-65

Summary of assignments and possible points
Quiz no.1 Constructivist Principles

 15

Quiz no 2 DVT River Run
 

 15
Quiz no 3 Ocean View & New R.

 15

Quiz no 3 Using probeware


 15

Probeware research      


 30
Website presentations, GIS, or GPS 

 30
3-hr elective report



 10
Project Wild technology paper 

 20

Ideal EE class paper



 30
Final exam

         
        
           100





           280   possible
Select from one of the following:
Project WILD workshops: 
 

Tuesdays:  February 22 and March 1        4:30-8:00 pm   (EB 162)
Aquatic Project WILD workshops:
 

Friday February 11                  8:30-3:30 pm  (EB 387)
 

Saturday February 12             8:30-3:30 pm   ( Dobo 132)
 

Friday February 25                  8:30-3:30 pm   (EB 387)
 

Saturday February 26             8:30-3:30 pm  (Dobo 132)
EVS 460/560 Class Schedule
Using Advanced Technologies to Teach About the Environment

Spring 2009
1/12

Introduction to EVS 460/560

National Science Education Standards http://www.nap.edu/openbook.php?record_id=4962&page=11
North Carolina Standard Course of Study http://www.dpi.state.nc.us/curriculum/science/scos/
Graduate student assignment planning

Assignment:  Read Intro, chapters 1 and 2 of Brooks and Brooks

1/19
Quiz on Brooks and Brooks (Intro. chapters 1 and 2) http://www.ascd.org/publications/books/199234.aspx

Discussion of Brooks and Brooks


Introduction to River Run DVT http://uncw.edu/riverrun/river-dataRR.htm

Assignment:  Practice using River Run and read http://www.citejournal.org/vol1/iss4/currentissues/science/article1.htm
1/26

River Run worksheet/quiz


Introduction to New River DVT http://www.uncw.edu/riverrun/DWQ/DWQindex.htm

New River DVT Worksheet


Graduate student assignment planning

Assignment:  Practice using Ocean View http://uncw.edu/Oceanview/
2/2

Quiz/worksheet using Ocean View



Introduce and distribute GPS units



Assignment:  Read 





[image: image1.emf]Digital_Micro_Dickers on_Kubasko.pdf


2/9

Using Digital Microscopes



Graduate student project planning



Assignment:  Read TBA

2/16

Introduction to using probeware



Probware specialization training

2/23

Probeware presentations
Probeware research planning

Assignment:  Design and conduct a probeware research project

3/2

Attend Project Wild (sign-up sheet in 223)



Optional probeware workshop (exam prep.)



Work on probeware research projects



Assignment:  Design a technology rich Project Wild Workshop (due 3/03)
3/9

Using the NASA Website—Judy Walker

Lab practical on the use of probeware

Probeware research reports

Assignment:  Practice using the handheld GPS units
3/23

GPS activities using hand held units



Probeware research report continued

Assignment:  Selected reading number 3 on http://people.uncw.edu/huberr/
GiS reading TBA
3/30

Quiz on the use of GPS units



Using Road Kill data guest speaker



Introduction to the use of G.I.S.



Assignment:  Read TBA (GIS readings)

4/6

G.I.S. activities



Using “Homes of our own”

4/13

Using the EPA Air Now website



Using the USGS website



Assignment:  The ideal environmental education center -paper



Prepare NC Course of Study website presentations
4/20

NC Standard Course of Study website presentations



Collect and discuss Ideal EE Classroom paper
4/27

NC Standard Course of Study website presentations



Review for exam

CW5-10/Sys544fal.974

_1356258180.pdf


Digital Microscopes: Enhancing Collaboration and Engagement in 
Science Classrooms with Information Technologies 


Jeremy Dickerson 
East Carolina University 


Dennis Kubasko 
University of North Carolina at Wilmington 


Abstract 


This article describes the implementation of laptop computers and digital, USB-based microscopes 
(Proscopes®) in science classes. This technology integration project took place in a rural school 
district in North Carolina. This school is in a low socio-economic area, with an approximately 60/40 
ratio of Caucasian to non-Caucasian students. Additionally, this school has had a comparably low 
level of access to technology for students and teachers. Traditional science tools (light microscopes) 
were replaced with four sets of a laptops with ProScopes as technology-enhanced collaborative work 
areas. With minimal formal technical training, students adapted and used these technologies to 
examine and explore content in cellular biology and to create electronic lab reports using digital 
images and motion videos captured during activities. The infusion of technologies in this 
instructional environment transformed the learning experiences through the powerful combination 
of science and technology, resulting in enhanced student processes and products. 


  


  


  


Research and history chronicle how science and technology are inextricably bound in both academic settings and 
throughout the natural world (American Association for the Advancement of Science [AAAS], 1989, 1993; 
National Research Council [NRC], 1996). Science and technology educators teach of the hybridization of 
technology and science. Research suggests that differentiating science from technology is becoming increasingly 
difficult (AAAS, 1993), and the two disciplines have become interwoven on many levels. The National Science 
Education Standards state, “The relation of science to technology should be part of [students'] education” (NRC, 
1996, p. 20).  


However, there are times when these disciplines are purposefully separated in public education classrooms. Too 
often, science is taught to students in K-12 science classrooms without exposure, access, and experience with the 
complementary technology tools. In US K-12 school systems, technology is often taught in computer labs without 
a context or clear connection to its relationship with other disciplines.  


The research described in this paper examined the process of teaching and learning both science and technology 
within the same classroom. The paper discusses the process of integrating technology in science classrooms and 
how it was a catalyst for change in the way students experienced content and produced deliverables such as 
laboratory reports. 


Previous Research 


Linking Science Reform Efforts With Technology Integration 


The science education community emphasizes the implementation of inquiry-based instruction in both primary 
and secondary schools.  Reform-driven publications in science education emphasize the importance of inquiry 
both as an instructional method and as a learning framework (AAAS, 1989, 1993, 1998; National Research 
Council, 1996). Teaching science via inquiry involves engaging students in the kinds of processes used by 
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scientists. These processes include asking questions, making hypotheses, designing investigations, grappling with 
data, drawing inferences, redesigning investigations, and building and revising theories (Kubasko, Jones, Tretter, 
& Andre, 2007). 


Science, Technology and Student Engagement  


Hennessy, Deaney, and Ruthren (2006) discussed ways teachers make use of computer-based technologies to 
support the learning of science. According to this study, technology that is carefully integrated with other practical 
activities supports stepwise knowledge building, consolidation, and application. Such applications have 
implications for both curriculum-related science activities and emerging computer-based learning technologies. 
Technology helps students construct links between theories and phenomena by extending the human capacity.  


Chi-Yan and Treagust (2004) suggested that biology educators are increasingly using technology to supplement 
their teaching. A variety of computer technologies have been used over the past two decades to enhance student 
learning of many of the biological sciences in colleges and universities. Computer technology and educational 
software has provided new learning opportunities which can change the look and feel of traditional science 
classrooms. This does not necessarily imply that learning in traditional education is ineffective. However, 
traditional methods sometimes fail to reflect skills and interests of students who have grown up in the digital age. 
Computer-based learning environments are able to provide authenticity and "hands-on" experiences even in areas 
where schools cannot be expected to provide the respective "real" environment for learning (Zumbach, Schmitt, 
Reimann, & Starkloff, 2006). With computers and related peripheral technologies, new, powerful, and challenging 
educational tools can be brought into the classroom, enabling the development and implementation of teaching 
and learning strategies that support many important science skills (e.g., inquiry skill, communication skill; Maor 
& Fraser, 1996).   


According to Schoenfeld-Tacher, Jones, and Persichitte (2001), technology and multimedia can facilitate the 
knowledge-construction process for students by providing an environment in which learning can take place in a 
more natural fashion, by allowing learners to construct links among their prior knowledge and the new concepts 
they are currently learning. This assertion supports research suggesting that science education should include 
both constructivist methodologies and technology integration as a natural part of its ideology.  


Microscopy and cellular biology are linked together, sharing many similar concepts and methods used during 
instruction. Microscopy is the technique for producing visible images of structures or details too small to be seen 
by the human eye, thus demanding the use of magnification technologies. Naturally, microscopy has evolved with 
the development of the microscope and now continues that evolution through information technologies. The 
development of microscopy revolutionized biology and remains an essential tool in science and in biology/science 
education, with great implications for the future of the bio-tech industry in the United States. 


The limitations of the light microscope have been the focus of several research studies. Computerized 
magnification systems and video-based virtual experiences have been studied in the attempt to improve areas 
such as the ease of viewing, interactivity, and improvement of group learning activities within the context of 
science education. Downing (1995) noted the size of the ocular as an inhibitor to communication and other 
dynamics within group learning situations and suggested the use of magnified images on video screens. In the 
Harris et al. (2001) study of the replacement of light and stereo microscopes with a virtual imaging system, digital 
virtual experiences largely occurred in science coursework at the university level, with little exposure to these 
technologies prior to college. Dee et al., (2003) stated that a comparison of virtual slides to traditional microscopy 
demonstrated that information technologies improved the identification of cellular structures by learners. Further 
information from the study indicates that the quality of the digital images is often superior to those prepared by 
the learners in a lab setting when viewed in a traditional manner.  


“Show and Tell” Teaching 


The science teacher involved in this project felt encumbered and unequipped by the lack of technology at her 
disposal, thereby resulting in a high quantity of “lecture and listen” instructional scenarios. The stand-and-deliver 
method is often referred to as the expository approach to instruction, in which the teacher spends most of the time 
giving verbal explanations while the students listen and write notes. According to Wekesa, Kibose, and Ndirango 
(2006), inadequate and limited teaching methods tend to negatively affect the learners’ knowledge and 
dispositions of scientific concepts and associated methods.  
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Schönborn and Anderson (2006) suggested that a large number of static and dynamic multimedia technologies fill 
the educational resource market at an exponential rate. However, due to inadequate funding and other laboratory 
or resource restraints, teachers must often employ the “show-and-tell” approach in their classes, using outdated 
materials that may be inadequate in nature or quantity. This often forces students into a passive or receptive role 
in the science classroom. Linn (1998) suggested that students will acquire knowledge in such situations, but it will 
be mostly fragmentary, not integrated into a larger mental model characteristic of active, hands-on learning.  


Participants and Setting 


This project took place in biology classes of a rural school district in southeast North Carolina. This district is 
primarily in a low socioeconomic area, with an approximately 60/40 ratio of Caucasian and non-Caucasian 
students. The schools were chosen due to geographical location, diversity in student population, and limited 
access to appropriate technology. Fifty-five students across three classes were observed for this study. 


The North Carolina science curriculum deals with understanding cellular biology through microscopy 
applications. As stated in the North Carolina Standard Course of Study Competency Goal 2, “The learner will 
develop an understanding of the physical, chemical and cellular basis of life” (North Carolina Department of 
Public Instruction, 2004). This area of the curriculum provided an excellent opportunity to infuse the digital 
microscopes in order to both benefit the students and provide a suitable avenue for the observational research 
needed for this endeavor. 


The classes selected for the project were based on convenience and willingness of the teachers to integrate 
technology in their teaching of microscopy and cellular biology. There are obvious limitations in research 
conducted with the use of convenience samples and populations. However, the integration and substitution of 
newer technologies applied in this research setting was a purposeful and calculated response designed for the 
teachers, students, and content area within this district. Perhaps most importantly, the setting (underequipped 
science education classes) can be widely generalized to science education classes in settings across the U.S. and 
many other countries throughout the world.  


After analyzing the science curriculum, meeting with the teacher, and observing selected classes, the researchers 
determined that there was a need, an interest, and a willingness to embrace and field test the integration of new 
technologies despite the lack of technology within the school. This environment appeared to be a natural fit to 
explore emerging technologies and their effects on students’ performance and products.  


Focus Questions 


The primary interests in this project were to determine the following: 


How can information technologies be effectively integrated in the process of teaching and learning 
microscopy and cellular biology? 
In technology-poor school environments, what are the consequences of replacing/substituting traditional 
equipment and educational methodologies with technology-rich tools and approaches?  


Conditions Prior to Technology Integration 


The classroom conditions were centered around traditional light microscopes being used with teacher-led 
instruction. The light microscopes were aged, heavy, and had obvious signs of wear and tear due to many years of 
student use. Some showed signs of age and use such as low luminescence scratched lenses, and limited field of 
view. The teacher had been told that the schools could not afford replacements and the teachers had to do “the 
best” with what they had in their classrooms.  


The instructional conditions consisted of teachers providing lectures on science content, then allowing the 
students the opportunity to “take turns” in small groups looking at samples of cells through the light microscopes. 
Only one student could look through the eyepiece of the traditional microscope at a time, and there was little 
reliability as to what was seen due to the single eyepiece design. After looking at samples, the students would 
sketch and diagram on a paper handout what they had seen. Afterwards, students were asked to make a poster 
using their handwritten lab reports and sketches.  
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Prior to the treatment teachers welcomed technology tools and were willing to participate in technology 
integration, with the hope of improving student learning, but had few due to school conditions. 


Through interviews with teachers and analysis of the situation the researchers were able to identify the following 
problems: 


The available technology was hindering the instructional design and delivery.  
There was a disconnect between students learning technology and students using technology as a tool to 
learn science.  
Student work products did not incorporate 21st-century technology skills.  


  


Figure 1.  Images of Vernier ProScope®. Left image retrieved with permission from Vernier Web site 
(http://www.vernier.com/labequipment/proscope.html). 


  


Action 


Using several areas of justification for use of microcomputer based technologies discussed by Leonard (1992), the 
researchers selected the Vernier ProScope  digital microscope kits for implementation in several local science 
classrooms (Figure 1). These areas of justification would serve as a guide in the adoption and analysis of these 
tools and their overall usefulness in the technology integration process. Areas for consideration included 


Economic use of laboratory facilities and materials.  
More efficient use of instructional time.  
Increased interactivity.  
Ability of the technology to provide more concrete representations of abstract concepts.  
The ability to interact with phenomena characteristic of a science classroom. 


When connected to a microcomputer, these units replaced the use of standard light/electric microscopes 
frequently found in science classrooms. Four microscopes were purchased with grant funding. These units were 
used with four existing laptops, which were accessible for use by the researchers via the sponsoring university of 
employment. As a point of clarification, the laptops used in this project were 4 years old and could be described as 
“average” laptops with configurations common to most consumer-grade laptops running Microsoft Windows and 
Microsoft Office in the condition of laptops of this approximate age.  


Prior to the digital microscope technology integration, students were observed receiving instruction on science 
content and using traditional microscopes with prepared slides. After observing samples using traditional 
microscopes, students were asked to produce a written lab report with diagrams individually drawn from their 
memory of images seen through the eyepiece. Students completed laboratory reports describing their learning 
experience using the tools that were available – pencils, paper, and poster board while using handwritten reports 
and sketches.  
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The process of integrating the technologies (laptops and ProScopes) as a replacement for the traditional tools was 
straightforward. After discussing and planning sessions with the teachers, the researchers brought the laptops and 
digital microscopes into the classrooms during sessions when the students would have normally used traditional 
light/electric microscopes. The researchers substituted the traditional microscopes for the laptops and ProScopes 
(see Figure 2), creating microcomputer workstations where students would work as a team. The technologies were 
used in three different 90-minute classes. 


  


Figure 2.  Example of workstation and close-up of computer screen. 


  


During the technology integration sessions, the students received a brief oral lecture on science content focused 
around what they would be looking at in their field samples. The students were given less than 5 minutes of 
instructions concerning the digital microscopes and associated operating directions. Next, the students were 
asked to observe field samples (pond water, tree bark, tissue samples, etc.) in a small dish using the digital 
microscopes. During these observations, the students were asked to investigate each sample, but because they 
were using the digital microscopes and the laptops, they would not individually observe the samples with “one set 
of eyes at a time” as they would when using traditional microscopes. Integrating the digital microscopes allowed 
for teams of students to visually examine each of the samples (see Figure 3). 


  


 
Student sitting at laptop connected to digital microscope 


 
Screen-shot of digital microscope software interface  
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Figure 3.  Students examining sample with ProScope during laboratory activity. 


  


Beyond working together to examine field samples using the digital microscopes, students were asked to use the 
software on the laptop computers to take digital still and motion images of the observed samples (see Figure 4). 
This added ProScope feature promoted students’ interactions with the samples through using the technology in a 
hands-on manner, as opposed to observing only. Students discussed what they were seeing on the computer 
screens with their classmates and took digital images when they saw exemplary examples. The researchers and 
teacher would walk around the room, giving appropriate guidance where needed.  


  


Figure 4.  Digital images taken by students. 


  


After they worked together to analyze the field samples, students were asked to develop lab reports using the 
digital images they had collected. The images were saved and stored on the laptops. The students were asked to 


 


 


Magnified cell sample captured by student using 
digital microscope: Example 1 


 


 


Magnified cell sample captured by student using 
digital microscope: Example 2 
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use the same laptops they used with the digital microscopes during the examination of the samples and to 
complete the laboratory reports electronically using Microsoft PowerPoint. Afterwards, the students presented 
their reports along with their electronic “evidences” in the form of digital stills and motion videos captured 
throughout their lab event in the form of a group PowerPoint presentation. The technology connected the 
observations of field samples to the lab reports as each group of students used the same computer to do both parts 
of the assignment. 


Surprisingly, a minimal amount of training was needed for computer hardware and software operations. Students 
were given “just-in-time” assistance on an as-needed basis while they used the Proscopes and created their 
presentations. The lack of formal instruction was purposeful, allowing the teachers and researchers to observe the 
students as they used the equipment either through intuition or through prior exposure or experience. With little 
assistance, the students took the laboratory results and focused on using PowerPoint to begin creating their 
reports and presentations. As explained earlier, one brief session of technical training per student group was 
provided. Without exception, the students were able to manipulate the digital microscopes, manage their files, 
and create their multimedia presentations – all in a group collaborative.  


Students developed their electronic laboratory report (PowerPoint presentation) and had little/no problem 
importing saved images or motion videos captured with the ProScope onto the computers. The electronic reports 
yielded projects that appeared markedly different from the paper-and-pencil reports created by the same students 
when they did not have access to the technologies.  


Figure 5 shows examples of work products from the same class of students, both with and without the use of the 
laptops and digital microscopes. These examples were typical of the differences in work products observed by the 
researchers and the teachers throughout all of sessions in which the information technologies were used in place 
of the traditional equipment. After each group of students was given the opportunity to create electronic lab 
reports, their work was saved by the teacher on a removable flash drive for display on the teacher station 
computer, which was connected to an overhead projector powered projector system.  


  


 


Digital Lab Report 
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Figure 5.  Examples of two student lab reports: Traditional and  
technology enhanced (same group of students using different tools). 


  


Reflections 


There have been many studies focusing on the attempt to measure the impact of technology on student 
achievement. In doing so, it is important to discuss several ways in which achievement can be described. It is 
popular (and often accurate) to measure the “success” of technology integration by how well students learn 
specific content. This is usually a process of taking two similar groups, pretesting content knowledge, integrating 
technology with one group, then posttesting content knowledge. Inferences must be made  about the helpful, 
diminutive, or even harmful effects of technology integration in an instructional situation. Not surprisingly, most 
of the studies report higher achievements and better attitudes toward science and computers when computer-
based approaches are introduced in the classroom (Dori & Bamea, 1997).  


However, there have been unexpected results, such as the Dawson, Skinner, and Zeitlin, (2003) study suggesting 
that technology integration possibly had a negative influence on the learning environment. Escalada and  Zollman 
(1997) demonstrated in their study the effects on student learning and attitudes of using interactive digital video 
in the physics classroom, showing that interactive video materials are appropriate for the activity-based 
environment used in the course on concepts of physics. Such studies further support the idea that technology has 
the potential to enable science educators to effectively explore and conduct activities that incorporate technologies 
to introduce active learning processes into their classroom.  


Leonard (1992) discussed areas of consideration for the use of computer-based technology in science education. 
Several of these areas germane to our observations included (a) economic use of laboratory facilities and 
materials; (b) more efficient use of instructional time; (c) increased interactivity; (d) ability of the technology to 
provide more concrete representations of abstract concepts; and (e) the ability to interact with phenomena 
characteristic of a science classroom. These areas provided a basis for analysis in determining the success of this 
project. 


Interactivity and Collaboration 


 


Pencil-and-Paper Lab Report 
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The researchers attempted to understand how the use of new technologies could be effectively integrated into 
cellular biology and microscopy lessons. The review of literature suggested that successful technology integration 
in science education often includes opportunities for increased hands-on activities, collaboration, and interactivity 
among the technology and the learners. Keeping this in mind, the researchers and teacher decided to use the 
naturally collaborative setting of the digital microscope and laptop as an opportunity to redesign the field sample 
analysis into a more collaborative activity than has been traditionally conceived. Interactivity via group-analysis 
was heightened by having students use the software associated with the digital microscopes to capture digital still 
and motion video of their observations. Collaboration was improved by having the students work in teams during 
the development of their electronic lab reports.  


Change in Process, Change in Product 


The researchers found several major implications resulting from integrating digital microscopes and laptops into 
the lesson. Having observed the same lesson without the use of these technologies, the lessons now appeared to 
come “alive” with activity and student engagement. Students were observed to be enthusiastic about getting to use 
the new technologies. Comments from students to the teachers included 


“Can we use these microscopes again next class?”  
“Let me show you the movie I made of the organisms moving across the screen!”  
“Can I bring in some other field samples to see what they look like too?”  


These quotes from the students to the teachers are indicative of the engagement and excitement generated by the 
use of these technologies. Students were engaged in critical discussions about the cellular content. These 
technologies created an active learning environment uncharacteristic of the traditional scenarios where students 
would be sitting quietly at their desks handwriting lab reports or sketching pictures of cells with a pencil. There 
was also a degree of modernization with the electronic products prepared by the students. The incorporation of 
21st-century technology skills was evident in their work products. Without exception, the adaptability of students 
to the new technologies with little training was amazing to observe. These students created products that were 
more technologically sophisticated than their previous written paper-and-pencil products. Figure 6 displays other 
digital images captured by students. 


  


Figure 6. Additional examples of digital images captured by students and used in electronic lab reports. 


  


After gaining access to the digital microscopes, the laptops and the associated software for capturing images, 
students exhibited diverse skills and abilities in their use of information technologies. The speed and fluency of 
these students in the use of technology with minimal assistance and great excitement was staggering for the 
researchers. Even though many of these students were of low socioeconomic status and did not have computers in 
their classrooms or homes to use, their performance on this project was not impeded. 
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Economically, the combined cost of the digital microscopes and laptops were very reasonable – especially when 
the laptop could be used to perform a myriad of other academic endeavors. A digital microscope as used in this 
experiment with a suitable laptop could be obtained for less than $1,000. Instructional time could be increased 
through a higher level of student engagement and time on task. Interactivity was observed during student 
collaboration via the ability to “co-analyze” and diagram the cellular characteristics found in the field samples 
while working with the microscopes in teams. The technology was not able to necessarily provide more concrete 
representations of cells, but it did provide a higher quality representation with the high quality digital displays of 
the cells on the laptop monitors. Lastly, by allowing students to capture digital stills and motion video of the cells 
and the organisms in the field samples, the newer technologies allowed the students to interact with phenomena 
characteristic of microscopy and cellular biology education curricula. 


Conclusion 


This project allowed the researchers to implement, observe, and describe the integration of modern technologies 
as they replaced older technologies within the context of science education. Observing technology enrich and 
transform the educational endeavor was a meaningful process for the researchers and classroom teachers. This 
project reflected how technology can positively alter the learning environment. As opposed to distracting, 
inhibiting, and confusing the user as many newer technologies do, the digital microscope is a technology that 
engages users. This technology affordably enhances opportunities in science education through interactions with 
digital images and multimedia in interesting ways. In future studies, we plan to replicate this project to further 
understand how the technologies can affect the level of student achievement. Additionally, we plan on 
experiments measuring the way these technologies compare with traditional science tools in content and 
knowledge acquisition. 
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