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STEMTEC is the Massachusetts Collaborative for Excellence in Teacher Preparation. The first step in
preparing future teachers is to have them experience effective teaching in college science and
mathematics courses. The Science, Technology, Engineering, and Mathematics Teacher Education
Collaborative (STEMTEC) summer institutes familiarized 150 faculty members with a variety of
teaching strategies recommended in the National Science Teaching Standards. These faculty
incorporated the techniques into one or more of their courses during subsequent academic years, and
many of them reported on their progress during a research conference, “Pathways to Change,” which
STEMTEC sponsored in the summer of 2000. Eleven papers, based on these conference reports, are
included in this volume.

STEMTEC: A Brief Overview

STEMTEC (Science, Technology, Engineering, and Mathematics Teacher Education
Collaborative) is the Massachusetts Collaborative for Excellence in Teacher Preparation (CETP),
funded by the National Science Foundation in 1997. During a seven-year period starting in 1992,
the Division of Undergraduate Education (DUE) established twenty CETP sites around the nation
with the purpose of drawing more and better qualified undergraduates into K-12 science and
mathematics teaching. Although each CETP program has this common goal, the sites differ in
emphasis and approach.

STEMTEC initiated a comprehensive effort to improve the quality of teaching by science
and mathematics faculty as a stimulus for undergraduates to consider careers in K-12 teaching.
We reasoned that students would become more interested in these subjects, and also in teaching,
if their own college professors were aware of good pedagogical practices, especially those
recommended by the National Science Teaching Standards [1]. Numerous studies published
between 1986 and 1997 show that good students are leaving science, mathematics, and
engineering majors because of poor teaching, especially in introductory courses [2,3]. Teaching
techniques in these courses typically emphasize memorization, coverage, and competition,
whereas the recommendations for effective teaching and learning call for greater emphasis on the
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2 C. D’AVANZO and R F. YURETICH
process of science, inquiry, and cooperative learning [1,4,5,6]. Many college professors were
unaware of these recommendations, or of the research upon which they are based.

As a group, university science professors are notoriously resistant to changing how and
what they teach. In our STEMTEC video, How Change Happens: Breaking the Teach As You
Were Taught Cycle in Science and Math, Dean Linda Slakey of the University of Massachusetts
(UMass) Amherst says that getting university science and mathematics faculty to focus on
teaching improvement is often * ... like herding cats. We hire them because they are good at what
they do...” referring primarily to their ability to do research in their respective academic
disciplines. In addition, most college faculty have had little or no training in pedagogy and
theories of cognition or in the principles and methods of evaluation. So we designed a very
ambitious program of summer institutes, follow-up sessions, and implementation, to familiarize
college faculty with these aspects of teaching.

The faculty development aspect of STEMTEC has involved nearly 25% of the college
science and mathematics faculty in the original eight-college collaborative (Ambherst College,
Greenfield Community College, Hampshire College, Holyoke Community College, Mount
Holyoke College, Smith College, Springfield Technical Community College, and the University
of Massachusetts Amherst). Over three years, we ran summer institutes for eighty faculty
members in biology, chemistry, geology, physics, and mathematics who contracted to redesign at
least one of their courses using the principles learned at the institute. The faculty were organized
into teams by discipline to investigate common themes that could be pursued in redesigning
undergraduate courses. Each team included two K-12 teachers who served as pedagogical experts
in assisting the college faculty in their task. The collaborative expanded in 1999 and 2000 to
include faculty from other colleges throughout Massachusetts where teacher training was
emphasized. Participation from fifteen additional colleges increased the number of faculty who
have taken our workshops to 150.

“Pathways to Change” is an important outcome of these STEMTEC institutes. In place of
a follow-up institute for our original participants in the summer of 2000, we conceived the idea of
a model research conference, where faculty members could showcase their accomplishments
under the STEMTEC program. These include the redesign of undergraduate courses, new
assessment strategies, and mechanisms for bringing students into K-12 classrooms and other
teaching settings. This conference featured STEMTEC college and K-12 faculty from a wide
range of disciplines and institutions who gave presentations and were discussion leadérs. Several
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of the presenters prepared manuscripts based on their contribution, and these constitute the

proceedings of “Pathways to Change,” the first part of this journal volume.

STEMTEC Course Redesign and Recommended Pedagogical Practices

The authors in this collection of papers refer to particular pedagogical practices
advocated during the STEMTEC institutes, such as Problem Based Learning (PBL), alternative
assessment (e.g., “the pyramid exam”), and K-16 collaborations. To put these references in
context, we describe relevant aspects of the summer program.

During the summer institutes, we invited session leaders who were well known for their
ability to introduce college faculty to current research in teaching and learning, and demonstrate
practical applications to the college classroom. These facilitators focused on several components
of student-active methods that are discussed in the articles that follow. Some terms and concepts
that the authors mention are explained more fully below.

* Cooperative Learning is characterized by both group and individual accountability. Group
members are responsible for their own learning and that of the entire group. Groups are small
(typically 3-5), teamwork skills are emphasized, and members share group roles with
frequent processing of group effectiveness.

Positive Interdependence — students work together to accomplish a task in which success

depends on participation by each person.

Informal Groups — these are typically used to break up a lecture and in large classes;

students are not assigned specific roles and structure is minimal; can be ad hoc, as in

“think-pair-share.”

Formal Groups - students assume specific roles (e.g., facilitator, skeptic, recorder,

reporter).

Problem Based Learning (PBL) — PBL was developed by medical schools in the 1950’s

and has been adapted for a variety of teaching situations. Students are given a problem or

a puzzle “cold” (such as the symptoms of an ill patient) and work together in formal
groups to discuss what is known, develop possible hypotheses about the problem, and
work together to find and synthesize information needed to solve it.

e Alternative Assessment refers to modifications or replacements for the traditional, in-class
individual exam as a way of measuring student performance.

Pyramid Exam — This exam was developed at Smith College [7] in order for students

in calculus classes to work both alone and in cooperative groups on realistic, very
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challenging questions for a test. The process builds on itself (is a “pyramid”) and
allows students to work alone and in groups on the same test over several days.
STEMTEC faculty have modified the exam for students in large classes as a one-hour
“two step” exam. In this modification, students take the test alone and hand it in;
they then work in informal groups with other students and retake the test either as a
group or individually. Other variants include giving students a chance to reason
through their incorrect answers after the exam and to explain why their answers were
wrong (and the correct answer was right).

¢ Evaluation is used primarily to refer to feedback from students on the impact of teaching
methods or their learning experiences.

Formative evaluation — looks at the course (or project) all along the way and its
purpose is to give ongoing diagnosis and feedback so that professors can change their
teaching if needed. It is diagnostic, non-judgmental, private, often anonymous, and
specific [8].
Summative evaluation — this is the familiar end-of-semester course evaluation,
usually done in a multiple-choice format.

¢ Instructional technology refers primarily to computer-based methods to enhance learning and
the classroom environment. This includes presentation software, web-based instructional
tools and electronic classroom communication systems.

Classtalk - this is a classroom technology that allows students to electronically
register answers to questions posed in class and immediately displays the classes’
responses on histograms displayed in front of the classroom. Classtalk gives faculty
and students quick feedback to questions designed to uncover fundamental
misconceptions and lack of understanding. A wireless version of this technology,
called the Personal Response System (PRS) is now being introduced into some
courses.

OWL - On-line Web-based Learning is a way that students can complete quizzes
and homework assignments interactively. The usual application is to have students
complete a series of multiple-choice questions about a topic in the reading or
discussed in class. OWL is set up so that if a student picks the wrong answer, the
question is re-phrased, with new choices. The design helps ensure that students
answering correctly will understand the reasoning behind their answer.
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e Teaching experiences involve making the student an instructor on some level. The preferred
mode is to have students teach in K-12 classroom settings in order to have a real taste of what
the profession is all about.

The “Pathways to Change” Papers

The eleven articles that follow were all presented as oral contributions during our first
“Pathways to Change” conference in June 2000. They are grouped by discipline, so that readers
can find teaching and learning accomplishments aligned with their own areas more easily. Within
each discipline, the papers are grouped alphabetically by senior author. Although most of the
articles discuss specific courses and the changes in teaching and learning that have occurred
within them, a few deal with more general methods that are helpful in improving science and
mathematics education or the preparation of prospective teachers. The following table will help in
finding the pedagogical practices highlighted in the articles:

Discipline Author Cooperative | Alternative | Evaluation Instructional | Teaching
Learning Assessment Technology Experiences
Biology Bruno PBL
Biology Kunkel Projects Writing Web
Biology Prattis K-12
Biology Rapoport Formative, K-12
Summative
Chemistry Tyson Groups Pyramid Summative K-12
Exams
Writing
Engineering | Ganz Groups Pyramid Summative | Interactive
Projects Quizzes Web
Mathematics | Connors Groups Projects Presentation
Mathematics | Peelle Groups Various Computers
Mathematics | Eisenberg | Groups Pyramid Summative | Mathematica
Exams
Physics Mullin Groups Pyramid PRS Student TA
Exams Website
Projects,
Essays
Physics Rabin Groups Pyramid Summative | Classtalk
Exams OWL
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The Impact of STEMTEC on the Teaching of Science and Mathematics

These articles represent a small number of faculty members who changed their teaching
as a result of the STEMTEC program. Many more were evaluated through case studies, student
surveys, faculty surveys, and classroom observations. Detailed description of the substantial
evaluation findings is beyond the scope of this introduction, but we include some highlights.

Case studies of several STEMTEC courses document numerous improvements in courses
taught by faculty who had taken STEMTEC workshops [9]. These changes include increased
class attendance, interest in the subject matter, greater confidence in their ability to be successful
in technical courses, better understanding of the process of science, and increased interest in K-12
teaching. Student survey data show that students still spent a significant amount of time listening
and taking notes in STEMTEC courses, but interaction among the students, and between the class
and the instructor, increased noticeably. The following activities were also reported as taking
place “about half the time”: 1) working in small groups or pairs; 2) solving problems or
answering open-ended questions during class; and, 3) giving formative feedback to the instructor.
STEMTEC students were more likely to be interested in taking more science and math courses,
they liked the subject matter more, and they agreed that hands-on activities should come before
introduction of new vocabulary [10].

We have made a good start in improving the teaching and learning in a wide variety of
science, mathematics, and engineering courses within our Collaborative. We are now in the
process of using the courses that have been most successful in their changes as a nucleus of

choices recommended for students who wish to be future science or math teachers. |
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IT’S FUN, BUT IS IT SCIENCE? GOALS AND STRATEGIES IN A PROBLEM-
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M.S. BRUNO and C.D. JARVIS
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Amherst, MA 01002

mbruno@hampshire.edu, cjarvis@hampshire.edu

All students at Hampshire College must complete a science requirement in which they demonstrate
their understanding of how science is done, examine the work of science in larger contexts, and
communicate their ideas effectively. Human Biology: Selected Topics in Medicine is one of 18-20
freshman seminars designed to move students toward completing this requirement. Students work in
cooperative groups of 4-6 people to solve actual medical cases about which they receive information
progressively. Students assign themselves homework tasks to bring information back for group
deliberation. The goal is for case teams to work cooperatively to develop a differential diagnosis and
recommend treatment. Students write detailed individual final case reports. Changes observed in
student work over six years of developing this course include: increased motivation to pursue work in
depth, more effective participation on case teams, increase in critical examination of evidence, and more
fully developed arguments in final written reports.

As part of a larger study of eighteen introductory science courses in two institutions, several types of
pre- and post-course assessments were used to evaluate how teaching approaches might have influenced
students’ attitudes about science, their ability to learn science, and their understanding of how scientific
knowledge is developed [1]. Preliminary results from interviews and Likert-scale measures suggest
improvements in the development of some students’ views of epistemology and in the importance of
cooperative group work in facilitating that development.

Introduction
When Hampshire College was founded in 1965, its mission was to experiment with

structural reforms of teaching, curriculum, and institutional design [2]. Faculty were expected to
create new course structures that encouraged students to ask questions about what they wanted to
learn about and what they were taught [3]. The science curriculum that evolved incorporates
active learning strategies in courses and projects throughout the curriculum, starting in the first
year [4].

All Hampshire students are introduced to science in small freshman seminars in which
they engage in laboratory, field, or literature investigations. To complete the science
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10 M.S. BRUNO and C.D. JARVIS
requirement, students must demonstrate they have satisfied five criteria [5] that can be
summarized as follows:

o Engage in scientific inquiry and develop a sense of ownership for their work

. Recognize and ask good scientific questions, assess the quality of experimental
design, and examine relationships between data and conclusions

. Use quantitative information intelligently

. See the work of science in larger contexts

. Communicate ideas effectively orally and in writing

Students can't achieve these goals without learning and applying content and
understanding the conceptual framework of their work. The "science" of the science
requirement asks for more depth of understanding and a better ability to use information
intelligently and analytically, than does a science requirement based on completing a class in
which a certain amount of material about a subject in science has been covered. Students
take science classes and they learn content, but that alone will not suffice. The challenge for
faculty is to design courses that help students achieve these goals and to be able to recognize
when students have succeeded.

College science faculty are not, typically, conversant with current literature on learning
theory and teaching strategies. We design courses based on knowledge of our disciplines and on
how they have been taught before. We may incorporate teaching strategies that worked for us as
students or new ones that we heard about informally, but rarely do we search the education
literature for ideas. This paper outlines the evolution of Human Biology over the past six years as
we, along with other Hampshire faculty, attended Science, Technology, Engineering and
Mathematics Teacher Education Collaborative (STEMTEC) institutes (supported by the National
Science Foundation [NSF]), Project Kaleidoscope conferences, and a series of workshops at
Hampshire College funded by the NSF Institutional Reform program (IR) and the Howard
Hughes Medical Institute (HHMI). Through work with K-12 teachers, college science faculty,
and educators from other institutions, we were introduced to strategies designed to promote active
learning in science classes.

Human Biology: Selected Topics in Medicine is a focused, inquiry-based science course
designed to help freshmen develop skills they need to complete the science requirement at
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Hampshire College. A website for the class [6] includes details of the syllabus, instructions for

groups doing casework, and expectations for students. This site also links to sources of medical
cases designed for teaching human biology.

Described here are the structure of the course, changes made in the course over six years,
examples of the kinds of work students did, and approaches used to assess student work. It was
apparent as the course evolved that it was necessary to clarify the extent to which innovations in
the course improved students’ skills, knowledge, and attitudes about science. Preliminary results
of assessments of introductory science courses at Hampshire College have been published or
presented at professional conferences (such as the International Meeting on Science Education in
Cuba, 1999), and we report here some of the findings that apply to this course [1,7,8,9].

The First Two Years
Six years ago, Human Biology was completely redesigned. A presentation made by

M.A. Waterman (at Westview State College in 1995) at a Partners Advancing the Learning of
Mathematics and Science (PALMS) conference—the Massachusetts NSF State Systemic
Initiative—moved us to adapt the Harvard Medical School case-based approach for our
undergraduate class. The first two years we taught the course, 30-35 first-semester college
students worked in problem solving groups of 10-12 on three medical cases. The class met twice
a week for ninety minutes each, and it included students who intended to major in science as well
as students taking the course primarily to satisfy the science requirement.

Human Biology was not intended to be a survey of all human systems. Content in human
biology consisted of material pertinent to the cases studied. We followed closely the approaches
described by Waterman and Maitlin for problem-based teaching of medical cases [10,11], and we
used medical problems based on real cases written for case-based teaching by faculty and staff at
Harvard Medical School [12]. Each group included a faculty member or an undergraduate
teaching assistant who facilitated discussion but did not lecture. After each case was solved,
faculty gave lectures to provide background and depth students might have missed. Each student
then wrote a detailed case report presenting the reasoning and evidence used to develop the
differential diagnosis.

In the Harvard curriculum, cases are said to take 2-4 days to solve. In our class for
freshman, cases were scheduled for six to ten classes (over 3-5 weeks), depending on the
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complexity of the case. Information about each case was presented to students progressively as
needed. Teams organized their discussions around three questions:

) What do we know?
. What do we think we know? (list hypotheses)
° What more do we need to know?

The questions asked in response to “What more do we need to know?” fell into two

categories:
. those that students could look up in resources we provided or recommended
. those that required more information about the patient (history or test results)

Separating questions into these lists helped students understand the difference between
observations and interpretations. As recommended in the literature cited above, we did not
answer questions or provide more information until students had thoroughly pursued material
they could look up or work out themselves. When we did present new information, the cycle was
repeated (Table 1). When all the case teams had narrowed down the final diagnosis with
recommendations for treatment and follow-up, we gave out the final page, which usually
confirmed their conclusions.

Case Approach

Teams receive and read “Page One”
What do we know?
What do we think we know?
What more do we need to know?
Teams assign learning tasks
Individual homework assignments
Report findings to team
Repeat cycle until case is solved

Table 1. Segments of each medical case were presented to
teams who then followed this cycle of activities. The amount of
time spent on each segment depended largely on the complexity
of the case.
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Throughout the case, students completed a variety of writing assignments (Table 2):
some related directly to the case and others were designed to teach students to find and read
analytically, primary research articles. Detailed explanations of these assignments are included in
the class website [6].

Writing Assignments

Case logs

Interim case reports

Final report for each case
Statistics problems
Experimental design analyses
Article summaries and revisions
Final paper

Table 2. Homework assignments provided practice in
finding and reading primary research articles and in
developing background for the case groups.

The case team approach turned out to be a stimulating, challenging, and motivating
experience for students. They spent lots of time in the library with medical texts; they gave
informal presentations to their groups; they held lively discussions in and out of class; and, they
wrote case reports and final papers that were more analytical than one typically sees from first-
semester college students.

As faculty, we still had concerns that some of our goals for students were not being
served. For instance, in previous versions of Human Biology we introduced students early to
analytical reading of primary research articles [13]. In the case-team approach, students had no
opportunities to examine experimental design and start to grapple with simple techniques of data
analysis. We also noticed that although all students in the case teams appeared interested, three
or four in each group were so quiet that we weren’t certain how much they were learning until we
read their final case reports. Conversely, some students tended to take over discussions and
influence other students by their confidence, even if the information they presented wasn’t always
correct. We also found that the lectures we gave at the end of each case did not always answer
questions students had, sometimes rehashed material they already knew, and often included
everything we wanted them to know but feared they had missed. We packed so much
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information into one or two lectures (that we believed were well crafted), we suspected that much
of it wasn’t retained for long.

After the Institutes
As a result of what we learned in these programs and related literature, numerous small but

important changes were made in the structure of Human Biology:

e group size was decreased from 10-12 to 4-6 students per group

e faculty did not sit in with any one group; instead, we listened in and moved
from group to group

e strategies of formal cooperative groups were instituted [14,15]

e students were assigned team roles (facilitator, recorder, skeptic, fact checker,
task manager) and given instructions about how to fill these roles [6]

e the semester started with short small group activities designed to build team
skills and introduce the case solving process [16-20]

® mini lectures were integrated throughout the case in response to questions
being asked, instead of being held at the end

e classes included times for low risk writing [21] to help students focus their
attention on class activities or to articulate questions to ask us in class or
privately

e students submitted short periodic reports on their case work before the final
case reports were due

* feedback was solicited throughout the semester about what was working well
for students and what wasn’t

e peer evaluation of team participation followed the conclusion of each case
(Course Packet/Peer Evaluation Form) [6]

e analysis by the teams of a primary article was substituted for one case

® jigsaw activities were used in which teams of students each learned one part of
a primary article well, and those teams split up so that members of the original
teams taught what they knew to those in their new teams [22]

* assignments focusing on statistical analysis of data presented in the primary
articles were added
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After we instituted these changes, more students took active roles in the groups, and all

students knew they needed to contribute to group research and discussion. Almost immediately,
it was possible for us to identify problems in group dynamics and misconceptions about the
material and to respond to them. Students were very motivated and many did considerable library
work and scheduled team meetings outside of class. When faculty acted as facilitators rather than
leaders of groups, students developed their own strategies to direct their learning. They realized
that they were responsible for making their groups work and that they needed to pull together
information from a variety of sources to construct knowledge to resolve the problem.

Topics students chose for final papers were similar to those students wrote about in
previous versions of the course. However after the changes we made, students’ writing showed
an increased understanding of the structure of primary scientific articles and how to properly cite
resources, and most student papers included detailed discussions of two or three primary research
articles. Sample final paper titles:

e Medical Assessment and Treatment of Pain

e Maternal Cocaine Use and Possible Effects on Perinatal Outcome
e Formation and Metastasis of Malignant Neoplasms

e Contemplating Creatine

e Gene Therapy: How successful is it really?

e Effects of the HIV Virus on Cellular Immunity

e Unemployment as a Risk for Cardiovascular Disease

e Causes, Impact, and Treatment of Polycystic Ovary Syndrome

Example of the Start of a Case

A typical case began by handing out a page that introduced the problem (referred to as
“Page One”). This might be a summary of a patient’s visit to a doctor’s office and the symptoms
the patient reported (medical history). Or, as in the example shown below, Page One might be an
emergency situation that needed to be evaluated medically [23] with recommendations about

what to do next.
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Letitia Dorsi’s Fall
Page One

On the night of October 25, 1992, Letitia Dorsi, a 53-year-old woman, was
returning from dinner with her husband and asked him to double park while
she ran into the drugstore to get toothpaste. On leaving the car and taking
three fast steps, she tripped on a raised corner of concrete and fell flat.

She was holding a cape around her, so when she landed on the cement
sidewalk, her knees, shoulder, and head all hit at once. She was winded and
couldn’t speak for a few minutes. Her glasses were broken, blood was running
down her face, and her knees were scraped and bleeding. But when her
husband helped her up, she insisted she was 0.k and said she had to get home
to prepare a lecture for class tomorrow. Despite her assurances, he drove her
to the home of a doctor friend who lived nearby to see if he thought she
should have stitches.

The doctor said, “The abrasions on your patella aren’t deep, but they should
be cleaned and dressed. The contusions on your head don’t look too bad, and
for cosmetic reasons you may want to get the flap and puncture-type
lacerations stitched. But why are you holding your left arm like that? Given
the brachial neuroplexopathy of your right arm, you’d better have your left
shoulder looked at in the emergency room.”

Students read Page One to themselves and then the team facilitator read it aloud. The
student acting as recorder listed on newsprint, so that all team members could see, what the team
decided they knew, what they thought they knew, and what they needed to know. Typically, case
teams generated 10-15 items for each list. For the case shown above, students in one class listed
(among other things): they knew Ms. Dorsi was 53 years old, married, fell on a sidewalk, and
had some bleeding; they suspected she broke a bone in her arm, had a fainting spell, or had a
concussion; and they asked, “How was she holding her arm? Did she really trip or did she fall for
another reason? What is a brachial neuroplexopathy? Does she have medical insurance?”
Technical terms were introduced early in the case so students could gradually build confidence
using medical texts and dictionaries. Other pieces of information encouraged students to look
beyond the obvious and find out more about the patient’s history. Before class ended, team
members assigned themselves questions from these lists to investigate.
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At the next class, students shared the results of their homework assignments and
constructed new sets of lists. The skeptic or fact checker was responsible for ensuring that
information reported by team members wasn’t accepted unconditionally: “How do you know
that? Couldn’t there be other explanations? Why would that happen?" This role was filled well
by students who were confident about their background in science, but students who didn't think
they knew very much biology often did the best job. Having the job of “fact checker” made it
possible to ask questions the students honestly needed to ask. This process was repeated until the
questions students asked could be answered only by learning more about the patient’s history or
test results. Then students were given “Page Two” (“In the Emergency Room...”) and continued
the process. Students can be seen working on a case about a hyperthyroid patient in a video [24]
that focuses on a number of ways to use student-active teaching strategies in a variety of
disciplines and classroom situations.

Formative Assessment
Students filled out feedback forms throughout the semester about the case process,

content, and writing and library assignments. This feedback was invaluable to us in
understanding what was working well and what mid course changes we could make. Sometimes
when students expressed confusion or frustration, changes weren’t necessary. Such comments
provided openings for reminding students of our expectations of them and how the course
structure was designed to support them. As we gained confidence that the goals were achievable
and the approaches worked, we were better at conveying this to students and they were more
confident about their progress.

Early in the semester, many students expressed concern that they wouldn’t get the
“correct” diagnosis. This provided a good opening to talk about the nature of evidence in actual
medical situations in which the medical practitioner doesn’t have an answer sheet at the end of
the chapter. As they worked through cases, students learned about the importance of considering
a full range of possible solutions and figuring out ways to eliminate those that didn’t fit the
symptoms or test results. We told students that they should avoid jumping at easy answers
because they might miss a more important or subtle diagnosis. In addition, emergency situations,
such as a patient with intense chest pain, required them to respond to possibly life threatening
diagnoses such as myocardial infarction, before calling for tests to eliminate others (e.g.,
esophogeal reflux or muscle strain).
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Often students asked what would happen if they came up with a diagnosis different from

that eventually presented in the case. Our response was that if they could defend that decision
effectively, they would have done a better job than if they happened on the “correct” diagnosis by
luck without having reasons to back it up. Even if they chased down unlikely diagnoses that they
eventually eliminated, they would have learned more biology than if they hadn’t done that, and
our evaluation of their work would reflect that effort and imagination.

Assessment of Student Work and Evaluation of Course Goals
At Hampshire College, students receive one page narrative evaluations of course work

instead of letter grades. At the end of the semester in Human Biology, each student submitted a
portfolio that included all written work and a reflective self-evaluation. Students also submitted
peer evaluations of their contributions to team work [6]. By reviewing the semester’s body of
work for a student, we were able to assess students’ progress in satisfying the five criteria listed
for completing the science requirement.

The NSF and HHMI programs supported evaluations of course innovations. This made it
possible to determine the extent to which the course helped students develop skills needed to
satisfy the Hampshire College science requirement. Outside evaluators developed pre- and post-
course questionnaires, performed in-class observations, and conducted structured interviews with
randomly selected students at the beginning and end of the course. Information was collected
about students’ attitudes and beliefs about science, critical thinking abilities, self-reported gains in
skills, backgrounds in science, and interests in pursuing science further.

Much of this assessment was coordinated, carried out, and reported by Laura Wenk [7]
who worked with an assessment group from Dartmouth College (Evaluation Works, Korey
Associates based in Norwich, Vermont) and one from the School of Cognitive Science at
Hampshire College [25]. Our course was one of eighteen introductory science courses Wenk and
her colleagues studied at two four-year colleges.

We were interested in examining changes in students’ epistomology in science. That is,
what was students’ understanding of the nature of scientific knowledge? More specifically, what
methods did students use to justify decisions and what was their understanding about how
scientific knowledge is constructed? Data about these developmental issues were collected from
students in introductory science classes through three means: pre- and post-semester interviews
with students chosen randomly (faculty did not know which students were being interviewed);
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pre- and post-semester Likert-scale surveys on students’ attitudes and beliefs about science; and,

post-semester Likert-scale student self assessments.

Preliminary results of the Likert-scale surveys showed that for most items on the surveys
students showed positive trends but no significant improvements in their attitudes about science
[8]. Nonetheless, those items that did show significant improvements had to do with greater
appreciation of scientific thinking and greater understanding of the nature of evidence in science.
Wenk reports that significantly more students agreed at the end of the course with statements like
the following: "Even if I forget the facts, I'll still be able to use the thinking skills I've learned in
science"; "I can back up my ideas in science." [8] Students disagreed more strongly with the
statement, "Scientists publish their work in professional journals that are too technical for me to
understand.” In self-assessments, students noted that they felt better able to use scientific
evidence to support their ideas, they could more critically evaluate a primary research article, and
they could make better judgments about science issues reported in the newspaper.

In one of the workshops for science faculty, Wenk outlined current thinking about stages
in adult understanding of how knowledge is constructed (Table 3). Literature reviewed by Wenk
suggested that college seniors are typically at stage four or five and move to stage six after
they've spent time working or in graduate school [8]. Faculty found that this developmental
perspective offered a strong analytical tool for understanding progress in students’ thinking. For
example, before we recognized the existence of intermediate stages, we expected that first-year
students who took one of the inquiry-based courses would jump from believing that knowledge
comes from authorities to using rules of inquiry to understand evidence in context. We were
disappointed if a student who wrote an excellent critique of experimental design and analysis of
data suddenly approached a conflict in the literature by saying, “Well, everyone has his or her

own beliefs, and that’s o.k.”

After Wenk’s workshop, we were able to recognize significant progress in the
development of students' ways of thinking that previously we had regarded as failures to reach
our goals. Science faculty not familiar with the underlying research of stage theory wondered if
these stage descriptions were somewhat arbitrary, but many of the ideas summarized in Table 3
rang true to most faculty who regularly read student papers in science.
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Summary of Adult Developmental Stage Theory

Stage Epistemology and Method of Justifying Decisions
1 Knowledge is certain; authorities have the right answers.
2 Knowledge is certain, but disagreement sometimes exists.
Decide based on what authority tells you.
3 Knowledge is certain in some areas, uncertain in others.

Authorities may disagree because of bias. Decide based
on what feels right.

4 Knowledge is uncertain. Everyone has his or her own
beliefs; some are more logical than others. Decide based
on evidence that supports beliefs.

5 Knowledge is uncertain, but some ideas are supported
better than others. Look at evidence in making decisions.
May need help in evaluating evidence.

6 Knowledge is known within a particular context and is
limited by the perspective of the knower. Decide based
on evidence, using rules of inquiry for that context.
Disagreements may be due to contextual variables that the
student can name and understand.

Table 3. This chart was adapted from Wenk [8] who synthesized ideas from
developmental theorists such as Perry, Belenky, Magolda, King, and Kitchner

Excerpts from one interview reported by Wenk illustrate how interviews can provide
evidence about students’ understanding of the scientific process [1]. One student’s response to
the statement, “Every day, in more and more areas of science, the right answer is known. I look
to experts to tell me what is right. In areas where no right answer is known, I think anyone’s
opinion is as good as another’s” is excerpted in the quotes below from their pre- and post-course

interviews:

Pre-course:

I think I agree with it basically....when there is a right answer that you
know is going to be right and that you have the possibility of getting the answer
wrong, then you just look to someone else to give you the right answer to teach
you how to get the right answer. In areas where no right answer is known, I
think anyone’s opinion is as good as another’s...
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Post-course:

I think they kind of have this thing backwards a bit. I don’t think
that every day in more and more areas of science the right answer is
known.... My mind has really started to change since I've been in school
just about the way things work...It just seems like there are a lot more
factors to it than just being like ‘this is a study that came up with the right
answer and this one says that it came up with the right answer too and so
one of them is right and one of them is wrong’....It’s more like maybe this
study did it differently and maybe they went about it differently and maybe
they were trying to find out something different....

One of the most interesting findings of Wenk’s work is that with no teacher in the group,
students were required to rely on their own research and problem solving skills more. Interviews
with some students suggested that working in small groups without an instructor in the group
helped students develop more sophisticated strategies for coming to decisions than would have
been possible if students worked alone and turned only to faculty for answers. For example, if the
information one student found supported one hypothesis and the information another student on
the same team found rejected that hypothesis, each student needed to justify the diagnosis they
presented with evidence. They couldn’t just say, “One person’s opinion is as good as another’s.”
They needed to dig deeper, compare the information in more detail, re-examine the original
hypothesis, and develop others. Many students who wouldn’t have had the confidence to carry
on this kind of critical discourse with a faculty member did so with other students.

What We Learned

So is this science? We think so. On the basis of Wenk's survey data and her interviews
with students, we are more confident that students in the course are learning science [8]. They
read and evaluate scientific studies to learn how scientists ask questions, design experiments, and
evaluate data. Their summaries of these papers show healthy skepticism as well as an
appreciation of the limitations to designing perfect experiments. The final papers they write for
class demonstrate that they learned and can use content necessary to read and write about
scientific questions with some confidence. What's more, their work shows that as they gain
confidence in what they can do and what they know, they start to understand how much they
don't know, but that doesn't discourage them.
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Is it fun? Excerpts from self-evaluations of four students are typical and sound as though
the students are enjoying the course, even as they are working harder:

"Being faced with the challenge of finding large amounts of information that was

relatively new to me and actually going out and finding it created in me a great

sense of accomplishment."

"I enjoyed the way the class was structured."

"The cases definitely tested my ability to revise and re-think and revise again."

"I must say that I am very proud of my progress."

Is this course perfect? Not even close. But we are much closer to achieving our goals for
students than ever. Changes made in course structure as a result of what we leamed in curriculum
workshops helped us solve our original problems. Students show:

e increased motivation to pursue work in depth
e more active participation in case teams
e deeper critical examination of material gathered from medical texts and journals

e greater development of arguments in case reports

We have learned a lot from colleagues across the country. Resources exist for faculty
who want to learn how to use case-based and problem-based learning in science courses
[15,17,26]. Many faculty write their own cases and publish them in journals and on-line for
others to use [27]. Each year we look forward to working on new cases. We're still having fun,

too. |
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PROJECT- AND GROUP-BASED LEARNING OF JUNIOR WRITING IN
BIOLOGY
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University of Massachusetts Amherst
Ambherst, MA 01004
joe@bio.umass.edu

Writing in Biology, part of the Junior Writing Program, is inherently a project-based learning course.
After a Science, Technology, Engineering, and Mathematics Teacher Education Collaborative
(STEMTEC) workshop, the course was thoroughly revised. Each of six projects was modified to
increase student-active and group participation. Base groups with a balanced experience constitution
are established using voluntary ordering and random assignment. A walk-around during the initial
meeting serves to establish bonding within the base groups. Random groups are used within exercises
to stimulate student interaction and familiarity with ad hoc group cooperation. Digital images of, and
by, students are used to encourage student interaction and name recognition. A website with the entire

course plan is available at an archival site to complement and help elucidate the course.

Introduction

In the University of Massachusetts Amherst Department of Biology, the Junior Writing
Program [1] is a University wide program and a degree requirement for undergraduates, and is
implemented as the course Biol 312: Writing in Biology [2,3,4]. It is assigned to faculty who are
assumed to have their own outlook on what the Junior Writing Program requirements should be.
Indeed, the University has been flexible in allowing each department to define the guidelines for
teaching its own majors the writing skills important to its particular discipline.

In that framework, I have been teaching Writing in Biology at least once a year for the
past twelve years, with the exception of a sabbatical year spent off campus. That twelve years
spanned the development of the World Wide Web and microcomputer resources on campus and
in my department, and these have had a dramatic influence on the ease and direction of teaching
courses. In Spring 1996, I instituted the first use of a home page for my Writing in Biology
course [2], and I then participated in the Science, Technology, Engineering, and Mathematics
Teacher Education Collaborative (STEMTEC) [5] Cycle II workshop in the summer of 1998.
STEMTEC has had a fundamental and far reaching influence on my teaching approach to this
course, and perhaps also on my teaching style in general. I must preface this endorsement of
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STEMTEC with the warning that I was an early convert to using computers in education,
including early attempts to use the University Computing Facilities to teach biometry using the
APL language with the teletype terminals available to us in the 1980s. Thus, some of my efforts
to implement and encourage my students to use computers is wedded to my own career-long use
of and devotion to mathematical approaches and computer implementations of data collection and
analysis. For a scientist, that cannot be bad, in my eyes. Whether my degree of emphasis on
computer technology for undergraduate education is appropriate, is itself debatable.

Using strategy I learned in STEMTEC, I derived very practical methodology for
implementing group-oriented learning as well as project-based learning approaches. This
methodology fit in very well with my earlier feelings that the most intense learning experiences
were those with hands-on contact on a learning focus. On the other hand, my earliest teaching
approach was wedded to my college and graduate learning experiences, where the majority of my
professors spent their class time lecturing. The incongruity between how I had best learned as an
undergraduate—"hands-on" experience—and how I was teaching my students continued to
perplex me until I attended a STEM colloquium on teaching methods (spring of 1998). A talk
entitled, “Teaching Human Biology through Medical Cases,” by Dr. Merle Bruno caught my
attention. This peek at an enlightened approach led to my participation in STEMTEC Cycle II in
the summer of 1998.

In this paper, I will describe how the Writing in Biology course has developed with the
aim of making its methodology available to others teaching similar courses. It is sometimes hard
to imagine students learning without the inspiration of their professor at the head of the class.
This description of my progress in teaching Writing in Biology is an attempt to redefine my own
role as director in a classroom and whose students are involved in managing their own learning

experience.

Materials and Methods

The methods used in teaching Biol 312 (Table I) can be precisely described if not
precisely applied. I will discuss each method to explain its utility and implementation in the
course. Some of the methods were acquired during the STEMTEC Cycle II workshops and some
were developed through an evolutionary process in the classroom.
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Table I. Methods used in teaching Biology 312:Writing in Biology
Six formal student projects (60% of grade).

'E-mail 3 then me!' to encourage student-student interaction.
|

One-minute essays e-mailed to instructor.

Laboratories are used to complement the projects:
A. Careers Day held along with Vita/Résumé project.

B. Excel workshop associated with Technical Report project.
C. Library and Informational Database searching.

Overall focus on student ownership of a “Term Project.”

Terminal symposium of student projects.

Peer comments and grading of Term Project talk.

Students develop Rubric for grading projects.

Six Formal Student Projects

The learning experience in Writing in Biology revolves around six formal projects (Table
I) which represent 60% of the student’s final grade. Completing the six projects involves the
core communication skills that I decided need to be developed to an acceptable level of
proficiency in any student who wants to be considered a modern biologist. These are described
below. Students are given sufficient time (at least two weeks) to finish each project and in most
instances, have the opportunity to resubmit it once and get re-graded. The new grade is averaged
with the old, therefore pressure exists to get it right the first time. Also, the right to redo a project
is absolute only if the project is submitted on time, thereafter it becomes negotiable.



28 J.G. KUNKEL

Table II. Six Formal Projects of Writing in Biology
Project Special rules
Centered Abstract Hard copy, electronic, and redoable
Curriculum Vitae Hard copy, electronic, and redoable
Technical Report Electronic only, and redoable
Annotated Bibliography Electronic only, and redoable
Popular Essay Electronic only, and redoable
Poster / Talk Poster or talk, one time only

The Centered Abstract - This project is used as a method of introducing the student to the concept
of being in total control of a finished writing product which must fit in the constraints specified
by a conference at which they will be presenting their ideas. They are given basic guidelines to
follow: (1) sources of subject matter (Scientific American, New York Times, or Science Times
essays on biological subjects for the past six months); (2) instructions on placement of the
abstract within a prescribed space on an 8-1/2" x 11" page; (3) instructions on required and
optional formatting; (4) must be turned in as hard copy in the specified format and as an
attachment or insert to e-mail in a limited number of formats (flat text, RTF attachment, URL

pointer).

Curriculum Vitae - Students are made authors of their self descriptions. This allows students to
describe themselves in their own best light. It produces a document which they may find difficult
to assemble at a later time under pressure. At this time, they can begin defining a look back on
their careers and assemble information which will be a foundation for their future. This project
must be turned in as a hard copy and as an attachment or insert to e-mail in a limited number of
formats (flat text, RTF attachment, URL pointer).

Technical Report - Every science student has been called upon at least once to produce a lab
report, yet it is rare that one gets to spend time on the format of an ideal form of such a
document. The skills learned in this process could have major consequences for the professional
advancement of students in their disciplines. Students who are doing independent study in a
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university lab are encouraged to use this Technical Report project to develop their final report for

their independent study. This project must be submitted in an electronic form with one or more
of a limited number of formats (RTF attachment, URL pointer).

Annotated Bibliography - Writing without intellectual rigor is worthless. In this project, students
learn to use modern library resources including on-line catalogs and reference gathering from
databases such as Medline and Web-of-Science. The difference between a core reference from a
refereed journal and a URL from the World Wide Web is defined. Electronic processing of
searched for information must be performed to bring it together into a consistent format of a
bibliography. Capturing essential information from a reference in an annotation limited to two
sentences develops the skill of interpretation and summarization. This project must be submitted
in an electronic form with one or more of a limited number of formats (RTF attachment, URL

pointer).

Popular Essay - While scientists need to be able to understand technical information, professional
scientists also need to be able to communicate their expertise to the public. The popular essay
allows students to translate, for popular consumption, their expertise gleaned from reading
technical journals and analyzing graphs and charts. If students truly understand their subject, they
will easily convey it in plain language understood by the layman. This project must be submitted
in an electronic form with one or more of a limited number of formats (RTF attachment, URL
pointer).

Poster/Talk - Written and spoken communication are quite different and require separate skills.
In this project, the students learn how to present their topic to fellow students either as five
minute talks (+ three minute discussion) to the entire class or as posters which they explain to a
small audience in a simulated poster session setting. This project includes an abstract that must
be submitted electronically by a deadline. It must be presented live at a symposium session
scheduled at the end of the term using either the physical poster with a presenter or a five minute
talk format using overhead and/or PowerPoint projections. The students grade all the
presentations according to a rubric which they have helped produce. The students also vote for a
single top presentation that has no bearing on the final grade.

Ad Hoc Assigned Projects

Class assignments are meant to be completed in a short prescribed time, perhaps within
the laboratory period in which they were assigned. They involve immediate hands-on learning or
cooperation within a group to accomplish the task assigned. When they are to be graded, students
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must have a tangible result that can be assigned a grade. The immediate objective of the

assignment may be trivial, while the skills learned through the process of group activity,
cooperation, and communication may be the ultimate objective of the assignment. The types of
ad hoc assignments include one-minute essays and random-group activities.

One-minute essays e-mailed - The availability of student computer stations in the University
Microcomputer Labs and Biological Computer Resource Center (BCRC) [6] allow one to stop a
learning segment and inject a one-minute essay which is e-mailed directly to the instructor. In
another version, the minute essay is e-mailed to another student who then must respond with
commentary or criticism.

Random group activities - In order to allow for variety in student interaction, several ad hoc
group assemblages were used. Several methods of ad hoc grouping were used including, nearest
neighbor pairs, nearest birthday pairing, and jigsaw grouping (a disassembly of the base groups
sending delegates to select focus groups). The objective is a greater mixture of interactions
between more students in the class. Typically, the groups created were assigned a task that
required or would be aided by cooperation within the group.

Walk-around - During the initial meeting of the class, there is often little concrete to do that falls
within the project-based nature of the course since no projects are yet established [7]. In getting
the students acquainted with their base group, as well as group dynamics, a standard walk-around
student activity was devised. The students, in their base groups, first walk around five to six
stations, each with an initially large blank poster with a controversial question posed. The group
discusses the question and adds some written response to the sheet using a colored marking pen.
After five minutes at each station, the groups rotate to another station. The class is next
randomized into six different groups who go to one of the stations and evaluate the responses the
base groups had added to the posters. Then, a representative from each group presents the
conclusions of the poster. This walk-around activity gives the base group and the class as a
whole an opportunity to converse and get to know each other in a semi-relaxed atmosphere. The
leader or designee takes time during the rotations to take pictures of students and their groups for
use in other class projects

Course Home Page, E-mail List, Calendar of Events, Syllabus and Notes

It became efficient to present this course in this format because of the availability of easy
communication over the Internet as well as the promulgation and availability of computers and
software for communication. The convenience of having supportive documents and instructions
on-line and being able to communicate in multiple ways (instructor < student <> student) allows
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for a different dynamic in the learning process. The work of the classroom extends to wherever

there is a computer terminal on the Internet.

By 1996, the Department of Biology had made an investment in a computer resource
center, the BCRC, which included an electronic classroom with 25 computerized student
stations. In addition, a SPARCstation 20 was provided to serve as a server to integrate the lab
with other ancillary equipment, such as printers, slide and flatbed scanners, and cameras. The
SPARCstation also provided a powerful Unix box separate from the department's workhorse that
could be used as a web server devoted to teaching projects. This investment was a conscious
commitment by a department to embrace the electronic aids to teaching.

In addition, a full-time faculty position was funded to provide an education professional
whose research interests and expertise lay in the application of technology to teaching. Without
the foregoing commitments of the Biology Department, I would have found it difficult to make
the changes in my teaching approach that are listed here.

Even with all the physical support by the University and the Biology Department,
establishing an effective course delivery would be difficult if aspects of its delivery were not
made routine for the student as well as the instructor. For that, we biologists are indebted to the
director of the BCRC. He adopted and managed a system of software that provided a uniform
Internet interface for all Biology Department course offerings (whether it was used or not). Links
to a course syllabus and a course e-mail list make information and communication about the
course available to the student at a click of the mouse. A calendar of events with hyperlinks to
the project descriptions allows students to know more precisely what is expected of them to make
progress. Workshops are scheduled to help faculty make use of the internet utilities available to
them.

These improvements in teaching technology do not happen without support from a
committed administration. One can not underestimate the importance of a department chair and
college dean who manifest their commitment to improved teaching technology in an enlightened
way.

Base Group Implementation
Students were randomly distributed according to expertise into base groups, four students
to a group. This was accomplished by first asking students to divide into three levels of
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experience in information technology (IT) methods, including word processing, spreadsheet
analysis, and Internet skills. Then these groups were placed in a long line that counted off 1-6.
This created six groups, each having high to low IT skilled members. The base groups would
provide a nucleus within which group cooperation and individual roles could be practiced.
Leader, recorder, skeptic, and reporter roles provide each group with the opportunity to cooperate
in carrying out class assignments in which division of labor would benefit the group as a whole.

A Blacklist Errors Document Establishes a Professional Code Not to be Violated

To be a professional biologist, major errors in communication should be avoided.
Highest on that list is plagiarism, a professional form of cheating. However, the concept of
plagiarism is presented in its professional context where scientists need to preface their own
contributions with the citation of ideas contributed by their science forebears. Professionals must
be able to reflexly recognize when ideas they are presenting are not their own and give proper
credit to the authors. Thus, one avoids being labeled a plagiarist by using the research tools of the
library to ensure respect of past contributors. Second on the communication blacklist are
grammatical and spelling errors that lower respect for the communicator. A list of these key
errors 1s posted and each error committed in an assignment or project is an immediate reason for
grading down the student's work and reinforcing the elimination of that erroneous behavior.

Digital Images of Students Increase Student Identification

On the first day of the semester, digital images are taken of each student. The images are
used to improve greater cohesiveness in the class. Teacher identification of the students is
improved. The images are posted on the class web page, used in a group identification
assignment, and are available for the students to enhance their own web pages.

“E-mail 3 then me!” to Encourage Student-Student Interaction

An e-mail list for the entire class as well as individual addresses for each student are
listed and students are encouraged to e-mail the entire class and one another when they run into
problems. Many students will reflexly e-mail the instructor for answers to questions. In an
environment where e-mailing is encouraged, this can result in an overwhelming number of e-
mails to be answered by the instructor. To encourage a more even distribution of e-mailing
within the class, the “E-mail 3 then me” rule was established. This rule suggests that the
students should address routine informational questions to at least three other class (or world)
members before they e-mail the instructor. Points are given for posing and answering substantive
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questions to the entire class through the class e-mail list. These are awarded as bonus points at
the end of the semester.

Mini-Lectures

In breaking out of the traditional hour-long lecture format of traditional university
courses, the “lecture” and “lab” meetings of the course are broken into short mini-lecture
segments. These mini-lectures are interwoven with evaluation and student-active segments in
which the learning of the mini-lecture is consolidated by an assignment that practices the new
skills.

Case-Based Organization

In a case-based approach, one supplies a rich problem plus the tools to solve the problem,
to either individual or groups of students. The objective of this approach is to get students to be
reflective of their current stage of development and to learn to choose the proper tools and use
them in solving a problem they might run into in their chosen professions [8]. It is a teaching
method being used in professional schools to get students involved in an approach as they might
apply it in the real world [9]. Application of case-based methods to undergraduate science
education is less common [10].

I have used the Goldenrod Gall case [11,12] as a theme in one laboratory to create the
rich fabric for students to investigate. This particular case-based example requires a wet/dry lab
learning facility that allows the students to manipulate biological material and simultaneously
record observations on computer terminals.

Most university wide computer classrooms are not designed to accommodate this type of
special learning experience. This is a reason for designing computer classrooms at the
departmental level (here, the Department of Biology) so that the peculiar requirements of a
discipline may be accommodated during the planning stage.

Laboratories Complement Projects in Tool and Skill Development

The six formal projects are rich in detail as projects in themselves, and need explanation
and help to be properly approached by the students. The projects can be enriched by independent
exercises that are assigned in laboratories run in parallel with the projects. For example, a
Careers Day was held at the time of a Vita/Résumé project; and, an Excel workshop was held
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paralleling the need of such tools for the Technical Report project. The primary concern remains
the development of critical skills in each student.

It is hoped that the assignments and enrichment exercises will develop a professional
sense of differences in value of: (1) primary references from peer reviewed journals; (2)
reviews of the field by experts in their field; and, (3) reviews by professional writer
commentators; (4) commentary obtained in non-peer reviewed URLs.

Students Develop Rubrics

The basis for grading of two of the six formal projects is discussed and modified by the
students using random small groups. A student-developed rubric establishes what is expected and
what would constitute loss of credit for the two projects at a time when the students should be
preparing to carry out the project. Owning the rubric allows students to focus on the faimess of
various reasons for loss of credit and focus on the objectives of the project.

Student Ownership of Term Project

While an atmosphere of availability of support for all types of technical issues is
encouraged, each student is expected to become the local expert in their Term Project.
Ownership of that project is used as a confidence building tool. Students are encouraged to speak
about their projects at several points in the semester to develop their ownership of the topic. Any
duplication of projects is turned into pressure to differentiate the approach taken by the
superficially similar topics.

Terminal Symposium During which Students Share their Term Project in a
Presentation

A symposium is prepared at the end of the semester in which students provide a final
abstract on their term project and give a 5-minute talk with additional minutes for questions and
discussion. A student photographer takes digital images of the proceedings to give the students
an image of how they appeared on stage and to apply a level of pressure on their performance.
When there is not enough time to present all projects as talks, the overflow is allowed to use a
poster session format.

Peer Comments and Grading of Term Project Talk
Students participate in the grading of the abstract and oral part of the Term Project talk.
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This is one of the formal projects for which the students helped to develop the rubric. The

preparation of the rubric allows them to contribute more effectively to the grading process.

Results

The content of Writing in Biology has changed in the twelve years that it has been offered
in this format (Table III). While it was always a project-based learning experience, the way
Writing in Biology is taught has changed dramatically. Initially, a large amount of time was spent
in the traditional mode of expert-professor transferring information to tabulae rasae students. I
now recognize that most of that lecture time and “expert vs. empty-vessel to be filled” attitude
was a misuse of time. While students in project-based learning regimes benefit from being
overseen by an expert [13], the majority of students can rarely retain and digest the material
provided in long lectures by such an expert. Now, more emphasis is put on students experiencing
hands-on solutions to their own communication problems, using the information resources that
are available and only one of which is a professor. Communication among the students is
encouraged by the formation of formal and informal groups whose objective is to cooperate and
communicate. Tools, similar to the ones they might use to solve problems, are provided and they
have instructions, group partners, and local experts to consult in how to use the tools. All
students can advance at their own pace using the available resources, but all students are also
judged against minimal standards specified in the Blacklist Errors document.

The major global factor in the change of approach to teaching Writing in Biology has
been the increased availability of IT; in particular, the personal computer, the Internet, and e-
mail. These tools have allowed the teacher to expand the experiences that can be presented to the
student in a learning environment. Before, communication was hampered by the need for face-to-
face communication or often through scribbled handwriting. Digital personal computers provided
a way of recording and transmitting, first by printed output, then by e-mail and finally by
attachments of digital documents, including images, to e-mail. The Internet allows lecture notes
to be provided on-line. In addition, the introduction of the Hypertext Markup Language (HTML)
allows 'hyperlinks' within the notes to provide further enrichment of the lecture material by rapid
(one mouse click) linkage to ancillary information. This ancillary material may be developed
locally by the instructor or may be available on the web (e.g., the U.S. government has financed
the free availability of bibliographic, genomic, and taxonomic databases via the Entrez search
engine). Teaching students how to access this rich resource which is expanding every week, is
empowering them to join the new IT century. Not teaching them to access this resource may lead
to a new level of illiteracy, information age illiteracy.
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While global factors establish the limits of what is possible, often local factors limit what

can be accomplished. The major local factors in the changes introduced in Writing in Biology
have been the institution of the Microcomputer Resource Facilities by the University Office of
Information Technology (OIT), the development of the Biological Computer Resource Center
(BCRC) by the Biology Department, the hiring of support staff, the progressive ethernet wiring of
our department and campus, and institution of the STEMTEC organization. IT started in earnest
in the Biology Department in 1988 when our then departmental electronics specialist, George
Drake, was encouraged by our forward looking Dean Fred Byron to install ethernet wiring in our
building, the Morrill Science Center. At that time, Chris Woodcock and I were bemused by our
new ability to e-mail each other and George from our desktop computers. We were more
impressed with being able to store data and access it on a disc drive attached to our Unix based
minicomputer which was a floor away from my office computer. It was challenging to take
advantage of the subsequent exponential increase in resources that were made available by these

foregoing factors.

Table III. History of significant facts and actions contributing to the evolution of Biol 312:
Writing in Biology (as taught by JGK)

Prehistory and | The Biology Department is wired with ethernet. Faculty gets e-mail.

Infrastructure
1988 University establishes PC based lab classrooms.
Writing in Zoology under JGK begins using the University PC classrooms.
1994 Necessary | 11, ward Hughes Foundation funds a Macintosh based Biological Computer
commitment
of funds Resource Center (BCRC).

1995 | Individual effort JGK learns HTML programming, as well as the Macintosh platform.

1996 | New Investment | JGK uses HTML to establish the first website for Writing in Biology .

A director of the BCRC was hired with Biology faculty member status. -

Providing Tools ] BCRC director implements a home page for every biology course.

el STEMTEC Program is established to stimulate teaching improvements in
science and technology.
Synergy JGK nparticipates in the STEMTEC Cycle II workshop.
1998

JGK implements group- and project based approaches to Biol 312.

SARIS report finds 65-70% of UMass Amherst students use computers.
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Many new as well as older professors found it difficult to take advantage of these

opportunities given the pressures to maintain expertise in their own research specialties. The
recognition of this fact by the Biology Department led to hiring a professional director of the
BCRC in 1996 to implement mechanisms which would help the faculty include IT methodology
in their teaching. The current director was identified by a committee, cognizant of our growing
need for expertise in the areas of IT, instructional technology, and instructional software.
Without the thoughtfully constructed resource that our BCRC director provides, I am sure that
progress in transforming the teaching of biology at our university would be considerably less
advanced. Unfortunately, the decisions for designing and acquiring the BCRC facility were
carried out while I was on sabbatical and the committee went entirely with Macintosh computers.
This required that I, a dedicated PC user, learn the then substantial differences involved in using
the new computers. In the ensuing years, the differences in software and file compatibility have
decreased and divisive pressures on the students (who are also mainly PC owners) have subsided.
This is a familiar story, and a reason it often takes substantially greater effort to innovate
techniques. Reduction to routine practice often takes several years. In that respect, the IT and
teaching technology advances need to be encouraged by an understanding administration that
values the efforts put in these new directions.

The implementation of Writing in Biology evolved over several years. In the initial years,
1988-93, the availability of microcomputers or word processors was not universal among
students, particularly students at a state university, drawn from all economic levels. Only a few
public microcomputer labs of about twenty computers were available for a population of over
20,000 students. Personal computers were not yet an essential part of each student's personal
property on campus and the few that had computers were not yet connected to the Internet, itself a
new concept on campus.

When I started using the University Microcomputer Labs for teaching skills in Writing in
Zoology, 1 considered the use of the microcomputers an optional enrichment and did not feel
comfortable in absolutely requiring students to hand in all their writing projects typed or printed.
That meant teaching Writing in Zoology involved the pain of reading often horribly handwritten
assignments. Two classes of students developed, those with and those without easy access to a
microcomputer and printer. This contrasts with the subsequent gradual development of easy
access to university-wide microcomputer facilities with ancillary printer output capabilities.

It is interesting how back then, the perceived major controversy over who would pay for
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all that paper was resolved. It was remarkably decided that the cost of a few reams of paper was
less important than encouraging the use of the new technology. "If you make it next to free, they
will come!" It is (was) an important transition to the paperless society. Making this technology
easily available to the students enabled me to require students to submit writing assignments
printed and, more recently, as attachments to their e-mail or posted on their personal web pages.
Each step moves closer to the paperless and minimal energy use society which is making our
country more productive. Receiving their digital homework allows me to use spell checkers and
grammar checkers to filter the assignments prior to reading them for intellectual content. What a
difference twelve years has made!!

The technology, of course, has gone through its own painful development. Early e-mail
utilities did not have convenient editors with spell-checking capabilities and this led to a decline
in grammar and spelling skills since everyone was supposed to accept the poor construction that
attended the new way of communication. Advances in e-mail utilities now allow me to demand
the same careful preparation of e-mail messages as I demand for essays.

STEMTEC Contribution

By far the greatest change in the format of the Writing in Biology course was
implemented after I took the STEMTEC Cycle II workshop in the summer of 1998. Previously,
I did not use grouping of students at all in my teaching of this course. The approaches introduced
by the workshop resulted in introducing base groups, random groups and jigsaw groups as ways
of introducing cooperation, organizational role play, and communication between students. Prior
to my STEMTEC experience, grading was dependent solely on six formal projects. After
STEMTEC, I implemented new features such as graded ad hoc class assignments which both
engaged the students and gave them a reason for coming to class. Most of student work on
formal projects could still be completed by using the already implemented on-line descriptions of
the projects. To encourage students to come to workshops which I designed to enrich their
formal project implementation, I linked the workshop with the project using grading. I linked
related workshops with projects; i.e., participation in a committee based career search was linked
with their formal CV preparation project. I linked a spreadsheet workshop to parallel their formal
Technical Report project in order to provide the skills for accomplishing their formal project.
However, it was the short, graded, ad hoc assignments during the workshops that required their
attendance to carry out if they valued the 40% of their grade dependant on class assignments.
Thus, it was an unanticipated combination of student active exercises plus ad hoc testing that had
a positive effect on class attendance.
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Grading the Project- and Group-Based Course

Some of the formal projects and ad hoc assignments fall into the traditional grading
scheme of quality points given for how close one comes to the ideal response described in a
rubric for the project. Before STEMTEC, the rubrics were loosely defined by the instructor and
sometimes not well explained to the student. By involving the student in assignments in which
they constructed, modified, and presented proposals for modifying a project rubric, through
interactions within a small group, both student and instructor became more cognizant of the
objectives of the projects and what were legitimate bases for grading. However, it is in general
harder to grade the various ad hoc assignments that are spawned during the class periods.
Rubrics for these assignments cannot be spelled out too completely since there is often only a
short time given for their completion (e.g., a one-minute essay on a subject to be transmitted
immediately by e-mail to the instructor). Deadlines for submission are often not met and some
credence must be given to the reasons for tardiness as well as credit given to those who meet the
deadlines. In addition, many of the class assignments use groups to accomplish the goals. How
does one gauge the performance of individuals within the group? When a group with a missing
member during a given week carries out an assignment, does the entire group benefit or suffer
from the assigned grade? These problems often need to be dealt with in a very individual way
that may cause some questions from students.

Advantages of the Web Page Based Course

In the past, one's image of progress in the development of a course was almost totally
based on memory and perhaps notes about how things went that semester and one’s grade book.
Now, biology course web pages are routinely archived each year by the BCRC director providing
a detailed history of the electronic course material [2,3,4], and, if designed into the site by the
instructor, includes examples of student work [14]. Previous years' results can be a basis for
current course projects. Students can view the results of prior classes. Archived pages make
updating easier for the instructor and attention can be given to enrichment in succeeding
semesters. Instructor-archived assignments and course web pages at critical times during the
semester can be a record of student progress within the semester and can help in initial grading, as
well as resolution of controversies at the end of the semester. At some point, when enough years
of archived courses are accumulated, this archive could be a subject of study by educational
research specialists on the effectiveness of various teaching approaches. In fact, the problem of
evaluation of the effectiveness of teaching innovations and technology is one of the most vexing
problems in educational funding.
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The Future of Writing in Biology

I hope that Writing in Biology will persevere in its student centered objective of
producing biologists who are well trained in communicating with their fellow biologists and the
world in general. Accomplishing this objective will require the continued cooperation of faculty,
administration, and taxpayers to keep our technology close to the forefront of IT. This is
particularly challenging in an atmosphere of pressure to reduce taxes without reducing
educational services. The electorate must understand that you rarely get more than you pay for.
The Howard Hughes Foundation grants that were used to enrich our biology educational
environment carried a stipulation that the University carry on some of the innovations that were
funded by this charitable trust. This means that some of the burden of maintaining our new IT
facilities and educational approaches will fall upon the federal and state taxpayer or tuition payer.
Unfortunately, too much attention is being paid to glorifying individual teachers who expend
superhuman effort for their students. As admirable as these individuals are, education cannot
depend upon having such great teachers of extraordinary dedication. In fact, given the low wages
that teachers are generally paid, we must be able to use teachers of average intelligence and
dedication to carry out the majority of our educational goals. Science suggests that there are
methods which, when applied correctly, should give us a desired result. Writing in Biology,
taught using the formula presented here, is an attempt to allow the students to learn their needed
skills in a learning environment that is optimized for their success. Since the majority of work
expended in the learning process is by the student, we should be able to design and apply a
teaching methodology which allows the students to learn at an optimal rate. We become
engineers of the learning process, applying good organizational skills to keep the learning
environment well stocked with the correct learning tools and opportunities for our students. This
may be a big difference from how we originally envisioned passing on our interests to our
students (overwhelming them with our intellect), but we must come to the realization that the old
forced feeding approach has not been working well and a new direction is called for. Using the
formula provided here, we use the old trick of convincing the student that their learning was their
own idea. I know that I learn best that way.

The future for any course should include experimentation with new features. Given the
importance of IT and computers in modern society and the recent development of Learning Goals
by the Biology Department which include teaching more math skills [15], I am experimenting
with adding a project or exercise to the Writing in Biology course which uses the new, free,
computer programming language, J [16]. I am hoping that it would at least be useful to give our
students a taste of what using a modern computer language is like and give them a chance to learn
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how to communicate with or to their own computer.

Application of this Model to Other Courses

Aspects of the Writing in Biology model as taught by me certainly could be extended to
sections taught by other biology instructors as well as Junior Writing Program courses taught in
other science disciplines. Many of the techniques and problems described are not in any way
limited to the discipline of biology. In fact, a collaboration of several science faculties teaching
the Junior Writing Program course might benefit from consolidation of effort and sharing of
resources.

Application of this model to teaching of other subjects is under development by this
author. One obvious application is to a laboratory course that is also inherently project- and
group-based. Combining the Technical Report and the Poster/Talk projects into the traditional
lab report aspect of a laboratory course are natural progressions that are under way. Insertion of
ad hoc assignments would improve lab group member tardiness and absences. Given the usual
time constraints in labs, some aspects of group organizational improvements in e-mail
communication could make the laboratory experience more positive for students. Clearly, the
benefits of having all protocols and informative hyperlinks organized within a course website is

applicable to any laboratory course. |
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A college and middle school student teaching collaboration was developed to interest more college
students in teaching K-12 science, to enhance diversity among K-16 teaching faculties, and to inspire
the K-12 students to expand their knowledge beyond their classroom curriculum. To assess our results,
we used a modified Likert survey instrument and self-reflective analysis in middle school and college
students, respectively. Overall, middle school students expressed satisfaction in the science learning in
which they participated. In addition, college students reported that they learned specific content when
made responsible for teaching material to younger students. Collaborative projects such as this one may
positively impact attitudes towards math and science learning among middle school students. Research
suggests that middle school girls who have positive experiences in math and science classes select
further training and career options in these areas. Similarly, college students reported increased interest
in K-12 teaching. Collaborative project based learning could be successfully modified by other
educators for use in alternative or mainstream educational settings.

Introduction

The identification, study, and education of gifted and talented students have progressed
to become more inclusive over time. Gifted and talented students are those who exhibit marked
intellectual ability, control and commitment, all of which may be modified by individual
subjective experience [1,2,3]. Gifted and talented individuals have traditionally been less likely
to be identified in minority populations and/or in lower income populations [2,4]. Institutional
teaching strategies combining gifted and talented special education has included both
heterogeneous (mixed ability and inclusion) and homogeneous (peer grouping educational
interactions) groups, depending on curricular goals, individual plans, and community educational
philosophies [1,5], any of which may influence academic progress.

One of the common myths associated with gifted students is that they can succeed on
their own. In reality, they need guidance to help them develop their potential. One way in which
students come to view learning as important and share its excitement is by exploring new
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experiences. Working across disciplines provides a way of exploring new areas while providing
a familiar framework that may allow some students to relate knowledge to more comfortable and
familiar topics. Creative tasks are considered to be useful when working with gifted students for
whom this capacity has been thought to be particularly well developed [1,6]. It has also been
suggested that college students more easily develop structured knowledge capacities when they
are active, collaborative constructors of their own process of learning; ultimately, such activities
may change scientific practices [7]. Inquiry-based teaching practices vary between institutions
and individuals, but typically include the following features: 1) students are involved in complex,
realistic problems; 2) students gather, analyze, and interpret their own data, learning technical
and cognitive skills, attitudes, and intellectual maturity through this process; 3) students are
asked to reflect on their own individual learning processes; and, 4) students begin to understand
the benefits and constraints of scientific and mathematical practices as they construct knowledge

in a given area [7].

Accordingly, college students from three undergraduate natural and cognitive sciences
college classes visited and team taught, using active project participation, middle school gifted
and talented students in sixth, seventh, and eighth grade classes over the course of eighteen
months. The effect of this intervention was evaluated using qualitative data obtained from short
questionnaires administered to the middle school students and from self-reflective commentary
from collegiate students following their participation in the teaching exercises and at the
conclusion of the college courses. This collaboration was a way to interest more college students
in teaching K-12 science, to engage the college and middle school students more in their own
learning, and to assist in fulfilling the stated goals of the Science, Technology, Engineering, and
Mathematics Teaching Education Collaborative (STEMTEC) program. Those goals included the
following items: 1) to increase the numbers of undergraduate liberal arts students who consider
teaching as a potential career; 2) to facilitate representation of minority students among those
who might consider science, mathematics and education careers; 3) to gain exposure of college
and university faculty to teaching practices commonly implemented within the context of K-12
education; and, 4) to address content curricular framework requirements mandated by recent
Massachusetts Board of Education Educational Reform legislation and their effect on K-12
classrooms.

Institutional Characteristics
Undergraduate institution: College students participating in this collaboration were
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drawn from a selective baccalaureate—granting private liberal arts college that features a
multidisciplinary curriculum and emphasizes nontraditional modes of instruction and student
evaluation. Students participating in this collaboration were predominantly female and were
white, with the exception of one African-American male matriculant, and were early in their

academic career (Table 1).

Middle School institution: Middle school students who participated in this collaboration
came from one of two middle schools in a city of 56,000 residents. This school educates 1,050
students equally distributed among grades 6, 7, and 8. Nearly half of the diverse student body
qualifies for free or reduced lunch (40.1% free, 8.6% reduced). The ethnic composition of the
students is: 75% White, 20% Hispanic, 3.4% Black, 1.5% Asian/Pacific Island, and .5%
American Indian/Alaskan. The primary languages of the students are: 84.1% English; 11.2%
Spanish; 2.3% Russian; 1.5% Polish; .2% Portuguese; and Chinese, Greek, Italian, Ukranian,
Vietnamese, and Urdu at .1% each.

The middle school students who interacted with the college students in this study came
from Bellamy’s Resources for Enrichment and Advancement in Chicopee (REACH) Program.
The REACH course curriculum revolves around interdisciplinary problem-solving activities with
the major topics changing several times a year (Table 1). Different topics are selected on a
yearly basis. Students must demonstrate that they possess, and are willing to use, advanced
academic talents to qualify for this program. Approximately 6% of the school’s student
population participates in the REACH program. Based on Renzulli’s model of giftedness,
REACH students must show potential through above-average intelligence, creativity, and task
commitment. These characteristics are determined by a combination of scores on national
achievement tests (such as IOWA, CAT) in reading comprehension and math concepts,
teacher/parent/student recommendation, a cognitive skills index, and report card grades.
REACH students meet in small groups (up to fifteen students) consisting only of gifted and
talented student classmates for 45 minutes daily, and then spend the remainder of the school day
with other middle school students as members of their more traditional classes. Participation in
the program is optional for the invited sixth, seventh, and eighth grade students.

Structure of the Collaboration
Prior to the beginning of the first collaborative series, the authors met several times to
plan and coordinate discussion topics and to determine specific evaluative goals and methods for
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each class. In addition, specific collaborative topics were selected by the authors to serve as
study and teaching topics for both middle school and undergraduate student participants, within
the overall context of each respective course or curriculum. The topics were chosen to
complement course or module content curricular goals within each student group (Table 1). As
this was the first time that this type of collaboration had been developed between these two
institutions, there were also individual visits made to each respective institution by each faculty
member prior to the start of the academic year. These visits served to confirm scheduling details

and to provide assurance of administrative support for implementing this collaboration.

Experience # 1: First and second year undergraduate college student participants were
matriculants in three courses. The first course was an interdisciplinary, 100-level introductory
course entitled, Animals in Human Societies: Relationships, Bioethics, and Welfare which
examined the role of animals in Western and non-Western human societies through their literary,
spiritual, artistic, and scientific representations. Each college student was required to work in a
small teaching group (chosen based on topical interest, and in the case of very popular topics, by
lottery) to develop a project, presentation or actual experiment that would involve the middle
school students in inquiry-based activity. The overall goals of this seminar were to introduce
early college students to selected scientific areas using an interdisciplinary approach and to foster
improved communication and scientific literacy. College student goals were varied and included
interest in learning more about selected subjects, to fulfill a desire to become engaged in pre-
professional curriculum prerequisite, and to complete college-wide science distribution
requirements. Many of the student matriculants in this course were not planning to major or

concentrate in a scientific discipline.

College student teaching groups focused on the ocean, and specifically, the role of
animals in human activities that might be associated with marine or aquatic environments. The
topic assignments that the college students developed are listed in Table 1 and included: 1)
Physical sciences - pH Laboratory, in which college students conducted a self-designed, in-class
experiment with middle school students using a pH meter to examine predicted and actual pH
values among different water sources, such as pond water, rain water, and tap water from the
middle school classroom; 2) Health and Medicine - ocean-based substances and foods used to
maintain human health or conversely could have been disturbed by environmental pollution; 3)
Animal Communication - classical great ape studies of sign language and communication, and
dolphin cognition and communication, whereby small groups of middle school students also
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tested their non-verbal communication skills by finding alternative ways to convey a concept or
object among their group members; and, 4) Humanities, Arts and Political - a project with the
specific goal of providing information that might allow the younger students to formulate an
opinion about several potentially controversial and interesting topics. This student teaching
group, the most interdisciplinary of the series, focused on the presence and representation of
oceanic animals through the writings of Rachel Carson, followed by playing examples of
humpbacked whale song. They also discussed concepts of animal welfare versus animal rights
through examples such as the benefits and consequences of maintaining captive animal
populations in aquariums and zoos and contrasting veganism/vegetarianism with animal product
use and consumption. Animal political representations were depicted through the use of cartoon
images and in political symbolism, such as the Democratic and Republican parties. Middle
school students participated by drawing an animal or a species with special significance to them
and that might be similarly represented in prose, sound or writing, or politics.

The college class focus on marine biology/oceanography paralleled the first gifted and
talented middle school curricular module, "Under the Sea." Middle school students participated
in a variety of activities to enhance their research of this topic. They designed two-dimensional
models of various sea life to surround them in the classroom. The students in eighth grade
created a coral reef that covered the entire back wall of the classroom. One seventh grade class
specialized in large sea creatures (such as whales and dolphins), which graced the side walls.
The other seventh grade class researched deep-sea creatures, which covered the front of the
room. The sixth graders each chose a specific fish and produced a three-dimensional model,
which hung from the ceiling. The head of an aquarium company held a special assembly for the
REACH students so they could experience different types of sea life including samples of shells,
coral, the skeleton of a blowfish, and a preserved sand shark. Similarly, the state police diving
team also brought their equipment so students could see how rescues are made in water.

Informal learning opportunities were also made available to the middle school students
and were financially supported by this collaboration. Middle school student classes visited
Hampshire College and participated in an on-campus college introductory, problem-based
learning class. They toured the campus, participated in a college level problem-based learning
problem, discussed college preparation with the director of admissions, and visited the Pratt
Museum of Ambherst College, where they were engaged in a natural history "puzzle" hunt. In the
middle school classroom, a marine aquarium that was stocked with several marine fish species
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and maintained by a professional marine aquarium service was also supported through this
collaboration. Its presence became an additional focus of the "Under the Sea” module that the
middle school students completed, added a living component with opportunities for observation,
analysis, and data collection in marine science, and illustrated the habitat and marine ecosystem
that the middle school students were concurrently studying. Pre- and post-field trip evaluations
were obtained by the middle school faculty member from the middle school students who visited

the campuses, many of whom had never been on a college campus prior to this visit.

Collegiate groups in the first teaching series met outside of class times to develop their
project with the support of a student peer facilitator who was also matriculated in the class. This
student was a more advanced student class participant: she had completed all major distribution
requirements and had proceeded into her major field of study. STEMTEC programmatic funding
support provided stipend and expense monies; the peer mentor student usually provided
transportation for herself, and college study group members. College students visited the middle
school classroom once and gave presentations and/or led exercises for two successive middle
school classes (Table 1). The college student presenters, and both faculty members, had a brief
classroom meeting to discuss the experience with them at the conclusion of each session. This
was followed by a longer meeting in which the students, peer facilitator, and college faculty
member reviewed the experience with college participants and discussed their perceptions of the
presentation experience and preparation period, in conveying interest and information to middle
school students in a format that they could understand, and in the overall teaching experience. In
addition, each college student group made formal midterm poster presentations of their
experiences in the classroom for their classmates and the middle school faculty member.

These presentations were also evaluated as a component of each college student’s
individual academic class evaluation portfolio, a standard institutional method of evaluation in
lieu of grade assignment. Students were evaluated by the college faculty member for teaching
projects, using the following criteria: originality of presentation; knowledge content and
literature cited; analysis, integration, and communication of scientific and interdisciplinary
knowledge; and, their ability to interact with middle school students in an active way. The
middle school faculty member provided additional insight about their activities within the
classroom, but was not responsible for an overall academic evaluation for the undergraduate
students. The college student who served as a peer facilitator was also evaluated as a course
matriculant; both faculty members in the collaboration evaluated her activities as peer facilitator.
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College students had the opportunity to comment anonymously on their experiences in
the classroom as a part of their overall class evaluation at the end of the semester. They were
also able to convey their thoughts as a component of their self-reflective goal-setting assessment
essay that was submitted as a part of the course portfolio. To assess the effect of these sessions
on the attitudes that middle school students held towards science and college student teaching
sessions, a short survey was developed by the middle school faculty member and was
administered to the middle school students participating in the first series of college student
teaching visits. This survey asked them to indicate what items they learned, what they liked and
disliked in the college student presentations, and provided a space for free writing of any
additional comments that they might wish to make. Generally, middle school students received
the surveys within one week of their college student teaching experience and completed them
during a classroom period.

Experience #2: Based on comments obtained from undergraduate students in their post-
presentation meetings and self reflective portfolio essays, and from middle school students
through informal surveys given after each teaching project in the Teaching Experience # 1, the
second and third series of college student class visit procedures and schedules were modified
(Table 1). First year and transfer college students were drawn from a Natural and Cognitive
Sciences course, The Neurobiology of Learning and Memory, a seminar and laboratory course
whose goal was to understand and develop expertise in the biological mechanisms underlying
learning and memory in vertebrates through study of texts and primary journal articles. College
students worked with sixth grade middle school students who were very interested in finding out
more about how people and animals learn. Middle school students participated in the
collaboration as part of the regularly scheduled class. College student participants were
volunteers and their performance in this area was incorporated into their course evaluation. In
their presentations, two groups of college students ran experiments using two animal behavioral
assays in class with middle school students. The college students also presented data from their
own experiments using these assays to the middle school students. A representative of the
second student group ran the Weschler Digit Span Memory Test, a standard psychological
instrument used to assess human memory and cognitive function, with middle school student
participation. Each middle school student group had an opportunity to experience both types of
learning experiments. Student feedback and assessment was performed for each group as
previously discussed with the following modification: middle school students received a
modified formal formative assessment survey instrument, Science Laboratory Environment



50 S. PRATTIS and 1. CZERWIEC

Inventory (SLEI) [8] (Figure 1) to determine the effect of this intervention on their view of
science learning. In a manner similar to those held at the conclusion of each first series visit,
there was a meeting in which college students participating in the study discussed their
perceptions with us of the experience that they had just had in preparing the material, conveying
their thoughts, and working with the middle school students, and their overall teaching

experience.

Experience # 3: A single, afterschool workshop was developed by college student
volunteers featuring active field investigation of environmental microbiology in samples
collected on the middle school campus. College students were matriculants in a first year course,
Cellular Pathology: Bacteria and Viruses, which consisted of a classroom and laboratory
format. Most students were in the second semester of their first collegiate year. The focal areas
studied in this course were: 1) Environmental microbiology, featuring an individually designed
laboratory project examining differences in microbial flora between varied sites on the
Hampshire College campus; 2) Food-borne enteric and neural diseases which focused on
significant diseases such as E. coli enteritis, Salmonellosis and Listeriosis, with a second
investigative student project; and, 3) Retrovirology, with special emphasis on human
immunodeficiency virus, feline immunodeficiency virus, and simian immunodeficiency virus as
animal models of infectious disease, and including examination of the secondary complications
of these diseases. Middle school students were drawn from a single middle school classroom
module, Introduction of Microbiology, and consisted of sixth through eighth grade gifted and
talented children. Participation in the middle school afterschool workshop was voluntary for
both college and middle school student populations.

The college students developed a workshop module that paralleled their experiences in
the laboratory and field. After personal introductions, the college students gave a scientific
poster presentation to the middle school workshop class illustrating their group work on each
respective project that was performed on the college campus. They also showed middle school
students bacterial specimens on culture plates originating from college laboratory experiments
that had been used to identify previously not well-characterized environmental bacterial samples.
College student teachers also demonstrated how the plates were streaked with bacteria and
examined glass slides containing fixed, Gram-stained bacterial specimens while explaining
differences between Gram-negative and Gram-positive bacteria. Environmental sampling and

differential staining of local soil and water sites at the middle school was then executed as a
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group led by the college students. The middle school students rotated through individual
stations in the classroom that allowed them to process their samples, fix, stain, and observe
bacterial populations on microscope slides using a hand-held microscope, and more closely,
using video light microscopy. At the conclusion of the afterschool workshop, the college students
met with the middle school and college faculty members to discuss their experiences and to give
feedback for future workshop development of this type. College students were evaluated as
noted earlier, while middle school students were queried by the middle school faculty member in
subsequent classes to determine their attitude, and enthusiasm, towards science learning

stemming from their involvement in the workshop.

Collegiate Outcomes

Experience # 1: Most college students participating in the teaching exercises met all
course expectations, and their own varied goals in matriculating into the class. Most also
completed Division I examinations in Natural Sciences, a prerequisite to advancing through the
Hampshire College academic program. Several college students expressed increased interest in
teaching as a career and felt that their participation in this experience facilitated their exposure to
the field. All students reported that they understood the content that they presented, and that they
had greater ease of scientific communication.

Experience # 2: There were fewer college students participating in the second teaching
series. Eligible student volunteers also completed Division I examinations in Cognitive Science.
Decreased participation may be attributed to the voluntary status of the teaching project, which
required additional time, intellectual effort, and travel. All participating students provided
commentary that they were more effective learners once they became responsible for conveying

information to middle school students.

Experience # 3: Participation in the third teaching experience, an afterschool workshop,
also assisted students in completing their Division I examination in Natural Science. This
experience also appeared to increase their experience in leading field and laboratory
experiments.

Overall, collegiate students reported that they had fun teaching in the middle school
classroom. They were impressed by the energy, attentiveness, and range of questions that they
received from the younger students, and their previous experience in independent project
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execution gained through their participation in the REACH program. Some of the first-year
undergraduate students reported that it was difficult for them to gather, and condense, their topic
information into a format that could be easily conveyed to their audience. In some cases, their
presentation was the first time that they had had an opportunity to present to a large group of
students since beginning their undergraduate education. However, college students were
impressed with how much better they felt that they had learned the teaching presentation
material. They attributed this outcome to discussing it with other group members, interpreting
data and associated information, and communicating to a group of middle school students
concepts and attitudes that college students thought might be difficult to understand. While there
was no attempt to specifically teach students “how” to teach, our goal was to provide
opportunities for college and middle school students to learn using active collaboration, and to
generate enthusiasm about science in an educational setting. Based on comments from these
college students, it seems that these goals were achieved. In their final class evaluations,
students in all teaching experiences commented that the experience of working in groups, and
teaching the middle school students, was one of the highlights of their semester in the class.

Middle School Outcomes

Experience # 1: Middle school students enjoyed having college students come into their
classrooms, and they became excited about learning scientific and interdisciplinary concepts.
Their experiences may provide an initial exposure to college as an education goal for some
middle school students who may have been socioeconomically disadvantaged or have
experienced home environments where family members had limited educational background and
opportunities. We also observed that middle school gifted and talented students participating in
this teaching series experienced enhanced self-esteem and goal setting, realizing that it may be
“ok” to be “smart” as a way of demonstrating interest and intelligence among a peer group. This
may be particularly important in school settings where gifted and talented students progress
through academic programs in classes with student peers of widely varying intellect and ability.

Experience # 2, 3: Middle school students were introduced to the behavioral sciences
and to concepts of humane handling and care of animals in laboratory and field experiments,
with the realization that advancing knowledge in this area benefits all species. The SLEI
questionnaire responses suggested that middle school sixth grade students were enthusiastic
about the presence of college student teachers. Eighty percent (8/10 students) of middle school
students chose a highly positive response to the statement, "I enjoy working with older students."
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Most students (9/10 students) most enjoyed working with animal behavior and maze
testing. The one student who preferred the Weschler Digit Span Memory Test also noted that it
was sometimes harder for her to memorize numbers with distractions, but that she wanted to have
more time to pursue the "memory game" with the college students. When queried, middle school
students requested additional animal studies, picture games, and other experiments. Afterschool
workshop participants also had a robust and positive experience, featuring guided field
experience, and direct comparison of their data to that obtained earlier by college students.

There were few areas in the presentations that the students disliked or commented on. In
most cases, comments addressed sentence syntax or structure, and indicated that they should be
easier for them to understand the questions for which they were being asked to provide a
response. Younger middle school students had a more difficult time providing in-depth
responses to the instrument, and questions were answered more superficially.

Specific middle school student comments were as follows:

. "I learned about how different people, religions, cultures, and countries view
animals";

" I liked listening to the whale sounds on the tape";

" I'learned a lot about Hinduism and about Sea World and caged animals";

"[I learned] the relationship between real life animals and characters";

" I learned about how animals can be represented by artistic symbolism. I also
learned that there are many books written about animals...because I thought that
it was interesting. I never realized before that animals can be so important to so
many people in other countries, and I thin(k) that we take for granted how good
we have it and don't really realize how we a(re) hurting the animals and their

environment";

. " I learned their are many different kinds of pollutants, and that it could make a
big difference just to recycle one thing";

° " Since I already knew about the communicating chimpanzees, I learned a lot

about the dolphins. I learned how they used echo-location to find their way
around the ocean. I find it also pretty amazing how they can point out objects to
one another efficiently [without verbal communication]... I liked how they had a
little experiment ready to give us an idea of how dolphins describe objects."

Overall, there were very few items that the middle school students disliked; there were
critical comments about the amount of time that the college students were available (too short),
their physical appearance in some instances, about some hands-on activities that they did not
enjoy, such as drawing, or about not having enough hands-on activity in the presentation.
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Discussion
There were several benefits of this collaboration. Middle school students benefited by

learning directly about undergraduate study. The college students who worked with middle
school students were interested in them, and this attitude and positive interaction might help
middle school students who were involved in the project to view college education in a positive
light. Having the benefit of student teachers that were closer to their age may be important as a
means of making education seem more attainable. Participating in a “cool” project that involved
college students was also a positive social motivating factor among middle school students. This
is an especially important factor in the socialization of gifted and talented students who
sometimes must project an effect that de-emphasizes their natural attributes if they are not
congruent with the values of the environment in which they live and study [3]. Cooperative
learning also reinforces self-esteem in a positive fashion for these students [4,5,9,10,11]. Finally,
middle school students had an opportunity to perform experiments, create knowledge, formulate
opinions, and critically evaluate their view about potentially controversial topics [1,4,6,7,12-15].
These types of activities may be especially important in educating middle school girls [9,10,15-
19]. Previous studies have documented that using problem solving science inquiry coupled with
positive social experiences in math and sciences have a long lasting impact [15,17,18,19].
Further, future course selection, continued participation in science and mathematics education,
and selection of careers in these areas by adult women are positively affected by experiences in
this middle school developmental period. It is possible that other students will also gain from

exposure to these types of experiences.

College students were able to work in groups and create experimental approaches to
illustrate topical areas of interest. They also experienced the cognitive, and experiential, effort
involved in teaching. An emphasis using inquiry-based pedagogy that involves students as being
responsible, active constructors of their own learning has been shown to be effective in educating
community and liberal arts college students [7,12]. Students also benefited by working with
middle school students in that they received significant support and positive feedback from their
work from these younger students.

Producing a developmental-, age-, and grade—appropriate assessment instrument or
rubric for evaluating changes in student content knowledge that would reflect this type of
intervention would be helpful in assessing this type of collaboration. The SLEI was originally
developed to assess student cohesiveness, open-endedness, integration, rule clarity, and material
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environment in high school biology students [8], and could be further adjusted or replaced
with another instrument to more precisely assess student academic progress. Cost recovery for
anticipated expenses is crucial. The challenges that we experienced in developing this series of
collaborative teaching experiences involved the following: 1) incorporating middle school block
scheduling and transportation into college class scheduling periods, and maintaining commitment
from college students to perform additional independent work outside of class contact hours; 2)
obtaining funding and transportation for middle school student trips to college campuses, as well
as college student and equipment transportation to the middle school; 3) developing
administrative support, such as obtaining a bus and driver, parent volunteers, food for students on
the trip, and provision of substitute teaching staffing for middle school faculty, with appropriate
release and insurance form signature; and, 4) maintaining informed consent, with parental
knowledge of this program, as well as a restriction on information technology use among

students whom are minors.

Advance planning to serve curricular and content-specific course requirements for
undergraduate faculty, and state-mandated curricular requirements for middle school faculty, are
important and will assist in developing a fluid, interlocking teaching and learning experience for
the respective student populations. Curricular change and implementation is not always easily
anticipated, or accepted, by students or faculty. In Massachusetts, educational reform has
resulted in the development of testing strategies, such as the Massachusetts Comprehensive
Assessment System (MCAS), and curricular frameworks that require exposure of middle school
students to proscribed content areas [13,14], which may occur at the expense of opportunities to
engage in unstructured time or creative enterprise. MCAS testing will determine whether
students graduate from the public educational system. Testing may also modify the extent of
student preparation for further academic study. While standardized testing pressure is in many
cases lessened on college campuses, there are still important areas of knowledge and content
students need to know. However, there is more flexibility in developing means to address both
content, and process of learning in college and in this particular institution. It may also be that
college students participating in alternative, nontraditional classes are better able to integrate
interdisciplinary content areas as a consequence of the emphases specific to this style of
education. Inquiry of this type may benefit learners of all abilities and could be implemented in
mainstream educational settings and student populations.
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Conclusion

This was a positive experience for middle school and college students who were engaged
in this project. Involvement of nontraditional college students and gifted and talented middle
school students provided a unique setting in which to develop this initial project. One future
goal is to introduce further refinements to allow comparative and quantitative analysis of
educational outcomes. A collaboration of this kind may also be used as one component of a
curricular program to address state and national educational learning standards [13,14]. These
standards include “common core” breadth requirements spanning science, mathematics, and the
humanities; science inquiry methods (making observations, generating a study question,
gathering data using complex tools, analyzing results, communicating scientific ideas and
demonstrating knowledge and understanding); and, specific subject content, such as
microbiology, organ systems, population and ecosystems, and others. As a result of our
experience, we anticipate that other educators in many different educational settings could

successfully modify this form of project-based learning for use in their own classes. u
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TABLE 1: A SUMMARY OF TEACHING CO BORATIVE PROJECT ORGANIZATION
ORGANIZATIONAL TEACHING TEACHING TEACHING
VARIABLES EXPERIENCE EXPERIENCE EXPERIENCE
#1 #2 #3
. Marine Biology & Neurobiology: Cell Pathology:
College Subject Aquatic ’ Learning and Bacteria andgy
Habitat/Environmental Memory Viruses
Science
16/ 16 total 4 /17 total 3 /3 total
# College Students matriculants; matriculants; matriculants;
Required Participation Voluntary Voluntary
Participation Participation
. Under the Sea How Learning Genetic
Middle School Occurs Engineering
Subject Content
# Middle School 20 students; 8" grade 13 students; 6" grade 13 students; 6", 7"
only only ,and 8" grade
Students
Overall Theme & ixploring Hgman_& . Memory Testing En.virot?memal
nimal relationships in Microbiology
Organization Aquatic Environments
Teaching Group Teaching Group
Teaching Group visits visits to MS: visit to MS:
to MS: 1: Introductions 1:Afterschool
1: Animal 2: Experimental visit Group
Communication a: Maze testing a: Introductions
2: Health and b: Weschler b: Poster Talks
Medicine test c: Field & wet
3: Physical Sciences - lab
pH
4: Humanities/Arts/
Politics
Yes: Junior Student No No
Student Peer and class matriculant
Facilitator Present with completed science
distribution
requirements
Middle School Yes: Undergraduate No No
colleges
Field Trip Natural History
Museum
.. 1998 Fall Semester 1999 Fall Semester 2000 Spring
Timing

Semester
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FIGURE 1
MODIFIED SCIENCE LABORATORY ENVIRONMENT INVENTORY (SLEI) ASSESSMENT
TEST
Name Class Date
Almost Never Seldom Sometimes  Often Very Often
1. I get on well with students in this class.
2. Ican follow my own interests in class.
3. My class has clear rules to guide my activities.
4. Ican develop my own rules to guide my activities.
5. Thave little chance to get to know other students in this class.
6. Iam required to solve a given problem by myself.
7. My class is informal.
8. My classmates and I work together to solve problems.
9. Our problems are important to other people.
10. I can depend on other students for help during my class.
11. I work cooperatively in classroom sessions.
12. Idecide the best way to proceed during class
problem-solving sessions.
13. My problem-solving work is related to my ideas about science
and technology.
14. I enjoy working with older students.
15. Ifeel that I have learned about science and mathematics
through my work with college students.
16. Working with college students helped me to learn more about science
and/or mathematics.
17. Ican use what I learned from college students about science, technology,

and mathematics outside of my classes.

Short Answer Questions:

18.

19.

20.

21.

22.

23.

The topic that we studied that I enjoyed the most was:

The topic that we studied that I enjoyed the least was:

What did you learn from working with the college students?

Can you describe what you did together with the other students?

What would you like to have more time to do with the college students?

Do you have any suggestions for future activities?
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THE STCC SCIENCE TEACHING INTERN PROJECT

N. RAPOPORT
Springfield Technical Community College, Springfield, MA 01105
rapoport@stcc.mass.edu

The Springfield Technical Community College (STCC) Science Teaching Intern Project was
implemented as a pilot study to give community college students an opportunity to experience science
teaching. At the same time, it provided seventh graders in inner city middle schools opportunities to
interact with college students and to take advantage of science resources not usually available to them.
Interns attended weekly meetings and participated in an all-day science field trip at the college. Most
participants also made observations in a middle school science classroom and presented a science
activity in the classroom. Not only did the project provide a partnership between STCC and two
Springfield public schools, but it also involved interaction with the University of Massachusetts School
of Education, since a doctoral candidate provided expertise in education methodology and in evaluation
of the project. The project was evaluated by the interns, the two K-12 teachers, the seventh graders, and
by the doctoral candidate. There was clear enthusiasm for the project provided by all the sources. The
conversion of this project into a one-credit course is currently under development.

Introduction

It appears that the science community often does not place serious value on science
teaching. According to K. Davis, positions outside of the traditional academic research setting
are not valued and are often considered "dead-end jobs" occupied by "science drop-outs."[1] At
the same time, science teacher shortages commonly lead to the assignment of middle school
teachers and high school teachers to inappropriate subject areas [2]. Therefore, undergraduate
science students do not often get a positive view of K-12 teaching from science faculty but there
is still a great need for science teachers who are well trained in their disciplines. To help fill this
growing need, it seems possible that exposing undergraduate science students to teaching
opportunities might increase the likelihood that a teaching career will be pursued. The
Springfield Technical Community College (STCC) Science Teaching Interns Project was devised
as a means to test this idea by exposing students enrolled in biology courses at STCC to teaching
opportunities. In addition, discussions on teaching methodology and peer-group interactions were
provided. There were two different types of teaching experiences: one in a middle school

classroom and the other at a field trip day at STCC. The teaching interns in the program were
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required to attend weekly meetings. To be certain that the interns participating in the project had

an adequate knowledge base, they had to have completed at least an introductory biology course.

Brenda Capobianco was asked to serve as a consultant for the project. Not only is she a
knowledgeable doctoral candidate, but she is also a fourteen-year veteran teacher. She gave a
presentation to the interns on what to expect during classroom visitation and on how to prepare
for "teaching” an activity. She also helped with the evaluation of the project. At the interns'

request, she was present for the field trip day at STCC to evaluate the teaching activities.

Description of the Project

The STCC Science Teaching Intern Project was developed during Fall 1998 for
implementation in the Spring 1999 Semester. A preliminary proposal was presented to the science
coordinator of the Springfield Public School Department. She was enthusiastic and with her help,
two seventh grade teachers in two different middle schools were recruited to participate and to

provide teaching expertise for the teaching interns.

Most of the interns observed a middle school seventh grade science class taught by one of
the participating teachers. They also had an opportunity, under the supervision of the teacher, to
present an activity or lesson to the same class. In addition to the teaching activities, the interns in
the program were required to attend weekly meetings. These meetings were used to prepare for
both observation visits and "teaching" visits to the middle schools, as well as the STCC field trip
portion of the project. One week they viewed and critiqued a video of classroom teaching by a
number of practice teachers. Another time, Brenda Capobianco was a guest presenter. Several
meetings included the two middle school teachers who were involved in the project. The interns
seemed genuinely glad to get together each week and they were certainly supportive of one

another.

At the end of the semester, the two participating teachers and their classes, a total of
about fifty seventh graders, were invited for an all-day field trip to the Department of Biological

Sciences at STCC. The interns organized four 50-minute activities for the day. Two activities
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were prepared by just one intern, and two were prepared by a pair of interns. These activities
were presented four different times throughout the day in order for the guests to experience all
four activities. The activities included, “The Invisible World,” “Exploration into Galls,” “A Look
at Genetic Engineering,” and a “Nature Study.” Each planned activity was reviewed in detail with
the teachers. In addition to the four activities, visiting seventh graders were treated to pizza for
lunch and a discussion/evaluation period at the end of the day. When the seventh graders were
gone, the interns spent time reflecting on the day and receiving constructive suggestions and

praise from the evaluator.

Project evaluation was provided several different ways. The teaching interns completed
questionnaires at the beginning and after completion of the project. They also shared their views
freely with the evaluator. The two K-12 teachers each wrote some comments shortly after the
field trip to STCC. At the end of the field trip day, the seventh graders were asked to write three
things they learned, two things that surprised them and one remaining question. They also
participated in a group discussion with other students and one of the interns. Finally, the evaluator

provided comments on the project.

Project Evaluation and Analysis

An intern questionnaire was administered on the first formal meeting day to learn about
the interns' attitudes toward science and toward teaching as a possible career choice. Table 1
shows the specific questions, both individual and overall averages for each question and the
average score for each student. It should be noted that one question, number 5, is written as a

negative question.
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Table 1 Intern questionnaire to determine intern attitude to science and to teaching. A "'1" indicates strong agreement with
the question and a "'5" indicates strong disagreement with the question.

Question Intern 1 Intern 2 Intern 3 Intern 4 Intern § Intern 6 Overall
Average |
1. 1 enjoy doing science 2 1 1 1 1 1 1.2
experiments.
2. I can solve problems. 2 3 1 2 2 1 1.8
3. What I am learning in
science will be useful to me 2 1 1 1 2 1 13
outside of school.
4. I think about things I learn
in science class when I'm 1 1 1 1 1 1 1.0

not in school.
5. I do not want to take

anymore science classes 4 5 5 5 3 5 4.5
than I have to take.

6. Reading science is more fun 3 1 1 1 2 1 1.5
than it used to be.

7. I enjoy working with 1 1 2 2 1 1 1.8
children.

8. I am likely to pursue 1 2 3 2 3 1 20

teaching as a career.
9. I am looking forward to

working with a middle 1 1 2 2 1 1 13
school teacher.
10. I feel confident about going 2 1 2 2 1 1 15

out to a middle school.

Average score of the ten items for each intern after converting question 5 responses to a positive statement format.
Intern 1 Intern 2 Intern 3 Intern 4 Intern 5 Intern 6
1.7 1.3 1.5 1.5 1.7 1.0

Analysis: The six interns appear to vary little in their average scores for the ten questions. It is
clear that they all enjoy science and feel enthusiastic about being able to interact with the seventh
graders. With the exception of two individual responses, it can be said that the interns agreed
(often strongly) with the statements related to science attitude. Two interns indicated that they
were undecided about the likelihood of pursuing a teaching career. The other four were likely to
pursue teaching as a career. Average scores of 1-1.7 indicate that the interns had a positive
attitude about science and teaching. It should be pointed out that question 5 was the only question
which was written in a negative question format and therefore, a score of "5" actually indicated a
strong desire to take more science courses. Before computing the average score of the ten items
for each student, question 5 responses were converted to a positive statement format.

A teaching experience questionnaire was completed by the teaching-interns during the
discussion period that followed the field trip at STCC. The purpose of the questionnaire was to
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obtain personal demographic information as well as final views on the project. The questions that

followed the demographic information section allowed for open-ended responses.

Six interns participated in the project, five females and one male. Half of the participants
identified themselves as White (Non-Hispanic) while the others described themselves as African-
American, Native American, or “Other.” The group, on average, was between 25 to 34 years of
age. All but one of the students were full-time and had declared a major at STCC.

Interns reported peer support as positive, constructive, and informative.

“They were great! 1 learned so much from our constructive criticism and
interactions.”

“I enjoyed observing their different styles of teaching.”

Teaching interns stated their interactions with the middle school teachers were
resourceful, informative, and helpful. The teachers served as good role models and provided
structure to individual lessons and ideas. The experience for some students allowed them to
acquire a greater appreciation for and awareness of teachers and their abilities.

“She was consistent and displayed good skills in how she was able to get the attention
needed from her students.”

“Teachers are SAINTS!... Teaching is a huge job.”

Interns were also appreciative of the project coordinator's work and involvement in the
project. They found her to be supportive and appreciated her patience, flexibility, and guidance.
They attributed the success of their own experiences to her efforts in making the program a
productive one. One student indicated communication problems due to busy schedules.

“She fed us, she fed us pieces of education - she put us in touch with great people.”

“She was very patient and supportive.”

In addition, the interns were all extremely enthusiastic about the participation of the
evaluator/guest presenter. They felt that she provided them with useful techniques, as well as
productive criticism of their teaching.
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“She is a person who I inspire to be. She seems so natural and so positive when
talking about the children. Ihope I grow to become the kind of teacher she is. I need a
mentor and I like her personality best.”

“She has a personality that is just so beautiful that she is just a joy to talk to, or just
share any situation you may have.”

The interns made a number of suggestions for improving the project for the following

year. All but one intern would have preferred credit towards graduation to a stipend. There was a

general sentiment that the project required a lot of work and that starting the project earlier in the

year and delaying the field trip experience until several weeks after final exams would have been

helpful. Several of the interns desired more interaction with the K-12 teachers.

*“Start a lot earlier in the year.”

“Make this worth a credit towards graduation.”

“Conduct the field trip a couple of weeks after finals.”

“More interactions with teacher.”

“Expose middle school students to classes in different disciplines.”

The K-12 teachers were given a fairly open-ended evaluation form on the day of the field

trip to send in at their convenience. Sample comments follow.

“The interns chosen for the project were very knowledgeable, enthusiastic, creative,
organized, and excellent candidates for future science teachers.”

“It was definitely a pleasure having them observe and teach in my classroom.”

“The only thing I would suggest is to have the interns observe and teach a couple more
times before the culminating field trip at STCC.”

“This program was a wonderful way to get my students interested in science and
scientific careers.”

“I feel bad that so few of my students got to experience the excitement and enthusiasm
I felt running through my students after the trip.”

Both K-12 teachers indicated that they felt the project was a great success and were very

enthusiastic about their interactions with the interns. It was suggested that it would be beneficial
to have the interns observe and teach more times in the middle schools before the field trip. It was
also suggested that it would be nice to involve more than one class of students from each school.
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The visiting seventh graders were brought together at the end of the field trip experience

into four circles for the purpose of reflecting on the day at STCC through the use of the “3-2-1

exercise.” Each circle had one of the interns or a team of interns to facilitate. One of the K-12

teachers joined a circle and the other opted to watch. The students were each given a large index

card and asked to write three things they learned, two things that surprised them, and one question

that remained. There was a little confusion and some groups produced three surprises and two
things they learned. These responses were shared in the circle before they were collected.

“I hope that you and the other teachers can let us come again. “

“Three things that surprised me today were, glow in the dark bacteria, gall flies only
live for two weeks, and the bacteria in the invisible world.”

“I learned three things today and they were, DNA is placed in a gel, one maple tree
makes 1 fourteen quarts of maple syrup, and there are animals that live two weeks.”

“One question I have is ....how they make STCC so beautiful?”

It is clear from the student responses to the 3,2,1 exercise that aspects of all four activities
stayed with them throughout the day. Some clearly indicated a desire to visit again.

Brenda Capobianco, evaluator for the project, provided a write-up on the classroom
observations she made on the field trip day as well as her observations from the discussion
session at the end of the day. Some of her comments appear below.

“Students conveyed a heightened awareness of and appreciation for teaching. They
did not realize the amount of time and energy required to teach one lesson multiple
times within a day. They felt proud of their accomplishments and recognized the
assistance they received in making it successful.”

“When asked, “if you were to do it over again what would you do differently?”” most
of the students stated that they would talk less, make it more hands-on, and try to
answer most student questions. There was a growing awareness of what they were
doing when they were teaching.”

Analysis: The evaluator felt that the program succeeded in giving the interns an
appreciation for teaching. She also indicated that they had gained an understanding of the
approach they would take to teaching in the future.
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Experiences that Supported the Project Goals

The goals of the project were listed in the original proposal, which was presented to the
Springfield School Department. Project experiences have supported all of these goals. Table 3
lists both the original project goals and the experiences that supported these goals.

Table 2 Project goals and experiences which supported these goals

Goal 1

To provide an opportunity for students, enrolled in courses in the STCC Biology Department,
to experience interaction with middle school children in an instructional capacity.

Supporting experiences
and observations

. "Teaching" an activity in a seventh grade classroom
. "Teaching" one of the four activities (four times) on the field trip day

Goal 2

To expose STCC students to information on teaching middle school-aged children.

Supporting experiences | ®*  Watching and discussing a video showing practice teaching
and observations ®=  Guest lecture from Brenda Capobianco
- Seventh grade science textbooks and teaching journals were made available
. Meetings with K-12 teachers
Goal 3 To allow STCC students to create meaningful science activities and to be the instructors of the

activities.

Supporting experiences
and observations

. Interns created their own science activities for both teaching experiences

Goal 4

To interest talented STCC students in becoming teachers in the future.

Supporting experiences
and observations

* It appears that the project reinforced the desire of four of the interns to become teachers and
may have influenced one to head in that direction

Goal 5

To provide middle school children in the Springfield Public School System with science
enrichment.

Supporting experiences
and observations

®  Classroom activities presented by interns
. All day field trip to the STCC Biology Department

Goal 6

To introduce middle school children in the Springfield Public School System to a college
campus facilities.

Supporting experiences
and observations

*  All day field trip to the STCC Biology Department

Goal 7

To provide STCC students with the opportunity to interact with Springfield public school
teachers.

Supporting experiences
and observations

Two meetings at STCC

Classroom observations

Visits to the classroom with the purpose of "teaching" an activity
- The field trip to STCC

Goal 8

To view this project as a pilot for a possible one-credit course, since NSF funding will not
always be available.

Supporting experiences
and observations

An application to make this program a one-credit course will be filed with STCC Curriculum
Committee

All eight of

the original goals of the STCC Science Teaching Intern Project were

supported by the experience. It was difficult to assess how successfully Goal 4, “to interest

talented STCC students in becoming teachers in the future,” was attained. Four of the interns
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were very committed to pursuing teaching as a career before becoming involved with the project
and these four students remained committed at the end of the project. There were two undecided
interns. By the end of the project, one of these students was more favorably inclined to teach and
the other decided to continue his goal of pursuing a career in biotechnology.

Conclusion

There is very little attempt to integrate a K-12 teaching component into courses in the
Department of Biological Sciences at STCC. The STCC Science Teaching Intern Project was
designed to provide an opportunity for students, enrolled in various courses in the department, to
experience science teaching and perhaps be more inclined to seek a career in teaching in the
future. Although it cannot be stated that the program definitely increased the likelihood of future
teaching with this small group of students, the evaluation statements from all involved parties
were very positive. Statements from the interns such as the two that follow seem to indicate that
the experience encouraged interest in teaching.

“YES! I can do this! I really love getting back more than I put in - and I did! What a
great investment, my future and theirs.”

“The kids were wonderful. They opened my eyes to a different world. They are so
bright and I can't wait to be more involved with them.”

The fact that the project provided multiple levels of connections—middle school teachers
and students, community college instructors and students, and the School of Education of a major
university—may be somewhat unique. All of these levels were necessary for the success of the
project. The opportunity to work with a graduate student/veteran teacher worked well. It proved
to be an excellent way of providing methodology and expertise for the STCC students. The
opportunity for the interns to interact with classroom teachers gave them a view of real-life
teaching. The interactions with the seventh graders was a critical part of the program. The intern
questionnaires clearly show the importance of the peer group that the project provided.

This project was undertaken as a pilot study that may lead to a one-credit course for
students to explore teaching science. Conversion to a one-credit course is currently under

development. B
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In 1999 and 2000 Chemistry 312: Analytical Chemistry for non-chemistry science majors (taken in

the junior or senior year), was revised as a result of the instructor’s involvements in the Center for

Excellence in Teacher Preparation project and an NSF equipment grant. Changes included the

introduction of a K-12 teaching requirement, more emphasis on co-operative learning and on inquiry-

based exercises. These latter two pedagogical practices had more impact on the laboratory activities

than on the classroom activities. Students in the laboratory were assigned defined roles in the groups

and all groups undertook a three-week research project. Students’ responses to the teaching

requirement were (with a few exceptions in a class of over forty) positive, and several students

identified themselves as future teachers. Responses to the group work associated with the laboratory

and several homework exercises were less uniformly positive, with a significant number of students

articulating a concern that their grades were compromised by the presence of weaker students in the

groups. The grades awarded, the overall percentages and the exam scores of the students were
compared for the years 1998, 1999, and 2000. There was a significant improvement in the overall
percentages (and the exam scores) between 1998 and 1999, and between 1998 and 2000. Had the
thresholds for the awarding of letter grades not been increased for 2000, there would have been 31 A’s

awarded to the 44 students who completed the course.

Introduction

Chemistry 312: Analytical Chemistry is a one-semester course for non-chemistry science

majors. It is populated by a mix of seniors and juniors from several science disciplines,

predominantly biochemistry. The detailed breakdown of the student years and majors is given in

Table 1. The course is offered every spring, is worth four credits, and consists formally of three

(50-minute) lectures and one (4-hour) lab per week. I have taught the course four times: 1992,
1998, 1999, and 2000. In Spring 1996, I taught the lecture section only. There are 35-45

students. I have three to four graduate student TA’s to help with the lab sections.
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The National Science Foundation (NSF) Collaborative for Excellence in Teacher

Preparation (CETP) based at the University of Massachusetts Amherst is known locally by the
acronym STEMTEC (Science, Technology, Engineering, and Mathematics Teache<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>