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ABSTRACT
Recent national and local science education reform efforts to promote scientific
and hydrologic literacy call for a new vision of science teaching. This is a vision where
the understanding of science concepts is emphasized over the memorization of facts, and
where students are engaged in "inquiry-based" laboratory experiences rather than the
typical "cookbook" laboratory experiences. In order to align with this vision, reformbased instructional practices need to be employed. Two such practices used in the general
education hydrology courses at the University of Arizona are described in the two
manuscripts that make up the bulk of this study. The first manuscript concerns Vee
maps, which support inquiry and conceptual understanding. The second manuscript
discusses the use of Teaching Teams to support inquiry activities in the classroom by
enlisting peer assistants to help the groups during Vee map, or other inquiry-based,
investigations. Taken as a whole, these manuscripts focus on two reform-based
instructional methods that can be used to promote student learning in general education
hydrology.

6

CHAPTER 1. INTRODUCTION
Improved scientific literacy has recently become a national goal for K-12 students
and college level students alike (American Association for the Advancement of Science,
1990; National Research Council, 1996a, 1996b, 1997; National Science Foundation,
1996). The National Science Education Standards (National Research Council, 1996a)

define scientific literacy as "the knowledge and understanding of scientific concepts and
processes required for personal decision making, participation in civic and cultural
affairs, and economic productivity." This definition may be broken down into two
components. The first component of scientific literacy involves a knowledge and
understanding of facts, concepts and theories that are central to all the sciences or specific
to a scientific discipline. The second component involves the knowledge and
understanding of the processes of science or methods of scientific inquiry.
This thesis is particularly concerned with promoting scientific and hydrologic literacy
in students taking general education hydrology courses at the University of Arizona.
Hydrologic literacy can be thought of as a subset of scientific literacy in which the
methods of inquiry used in the sciences, and hydrologic sciences in particular, are still
emphasized but primarily in the context of developing an understanding of critical
hydrologic concepts. The National Science Foundation Science and Technology Center
for Sustainability of Semi-arid Hydrology and Riparian Areas (SAHRA) located at the
University of Arizona has been at the forefront of the hydrologic literacy movement.
Woodard (2002), representing SAHRA, states that "Improving hydrologic literacy
enables people to use scientific principles and processes in making personal decisions and

7

to participate in discussions of hydrologic issues that affect society. Necessary skills
include solving problems creatively, thinking critically, working cooperatively, and using
technology effectively." Woodard (2002) defines hydrologic literacy as encompassing
the following competency areas: 1) processes and components of the water cycle, 2)
water is essential to life, 3) natural effects of water on the environment, 4) human impact
on quality and quantity of water, 5) water contributing to quality of human life, 6) water
resource systems and distribution, and 7) conversions, estimation, critical analysis.
In order to promote scientific and hydrologic literacy, a new vision of science
teaching is required. This vision is presented not only in recent science education reform
documents but is also reflected in the University of Arizona's new General Education
Guidelines for Natural Science courses (University of Arizona, 2002). This is a vision
where, among others things, the understanding of science concepts is emphasized over
the memorization of facts, and where students are engaged in the methods of inquiry used
in the sciences, including designing their own experiments, rather than simply following
directions prescribed by instructors. It requires a more student-centered approach than is
typically used in science classrooms and requires an "inquiry-based" approach to
teaching and learning science.
Achieving this vision comes with its challenges. First, teaching for conceptual
understanding and to develop students' understandings and abilities to inquire
scientifically requires a significant amount of class time and instructional support. The
UA's new General Education Structure forced four-credit laboratory-based general
education science classes to cut back to three-credits, without the inclusion of designated
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laboratory time. This change, coupled with a cut in the amount of Graduate Teaching
Assistant (GTA) support for these classes, presents a very real challenge when trying to
implement science education reform visions. Second, professors are used to teaching in
traditional modes (lecture, "cookbook" laboratory activities) and often do not have a
sufficient grasp of the "inquiry" idea to be able to design and implement new teaching
strategies to support it.
This thesis describes two reform-based instructional approaches that were used in the
general education hydrology classes to overcome these obstacles in order to promote
student understanding of hydrologic concepts and support the use of hands-on, inquirybased activities in the classroom. The approaches are described in detail in the two
manuscripts appended to this thesis. The first manuscript (Appendix A: "Using an
alternative report format in undergraduate hydrology laboratories", Luft, J.A.,

Tollefson, S.J., and Roehrig, G.H. (2001)) is a published article that describes the use of
Vee maps in the old laboratory-based version of the hydrology general education course,
HWR 101a: Water and the Environment. A Vee map is a graphic organizer that can be
used to guide students in, and help them make sense of, their laboratory work. The
article explains how the Vee map approach provides a more student-centered and inquirybased laboratory experience than the traditional laboratory approach because it requires
students to reflect on their prior knowledge, design and conduct their own experiments,
and reflect on their results in order to develop new conceptual knowledge. The Vee maps
themselves also serve as an alternative to the traditional graded laboratory report format.
An example of a completed student Vee map is shown in Appendix A-1. The second
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manuscript (Appendix B: "The teaching teams program: A "just-in-time" model for
peer assistance" Larson, H.P., Mencke, R., Tollefson, S.J., Harrison, E., and Berman E.

(2001)) is a published book chapter that discusses the use of Teaching Teams in
providing extra support to students in large general education courses. Teaching Teams
include undergraduate peer assistants, or preceptors, who are available to help students
develop conceptual understandings as well as help support the instructor and GTAs in
implementing inquiry-based activities in the classroom. While this manuscript is general
in its discussion of the Teaching Teams Model and its programmatic outcomes, I discuss
my experience using teaching teams in the general education hydrology courses (HWR

201: Water Science and the Environment and HWR 202: The Water Cycle). Together,
these two manuscripts describe reform-based practices that can be used to improve
students' understandings of hydrologic concepts and the methods of inquiry used in the
sciences.
1.1. Role of the Researcher
Data presented in this thesis were acquired and analyzed primarily by the author. The

Vee map study, (Appendix A), was conducted by me during my teaching assistantship in
the general education hydrology course, HWR 101a: Water and the Environment. I
designed the Vee map activity, implemented it in the classroom, designed the assessment
instrument, collected and analyzed the data, and wrote various reports of my findings.
My co-authors, Dr. J.A. Luft and fellow graduate student G.H. Roehrig, were primarily
responsible for reviewing, restructuring, and adding some background material and
insights to my work in order to prepare it for publication in the Journal of Geoscience

10

Education. I assisted in multiple revisions of the manuscript before its final submittal to
the journal. The Teaching Teams Program manuscript, (Appendix B), was written during
my three-year term with the Department of Lunar and Planetary Sciences (the department
housing the Teaching Teams Program) as the Graduate Research Assistant responsible
for program assessment and evaluation. I, along with Dr. E. Berman of the Assessment
and Enrollment Research Office at the University of Arizona, designed all assessment
instruments. I collected and analyzed all the data and wrote various evaluation reports
summarizing the findings. Dr. E. Berman reviewed and edited these reports. Portions of
these reports were given to Dr. H.P. Larson and used intact in the assessment section of
the manuscript. Dr. H.P. Larson and Mr. R. Mencke were primarily responsible for
preparing the manuscript, while I, and the co-authors, assisted in manuscript review and
revision.

1.2. Review of the Literature
1.2.a. Introduction
One of the most salient goals of scientific literacy is for students to gain an
understanding of the "methods of inquiry" of a discipline (University of Arizona, 2002)
or to develop "an understanding about scientific inquiry and the skills necessary to do
scientific inquiry" (National Research Council, 1996a). The most common
recommendation for achieving this goal is to give students "direct experience with the
methods and processes of inquiry" (National Research Council, 1996b). The National
Science Education Standards (National Research Council, 1996a, p. 23) define inquiry as
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"a multifaceted activity that involves making observations; posing questions; examining
books and other sources of information to see what is already known; planning
investigations; reviewing what is already known in light of experimental evidence; using
tools to gather, analyze, and interpret data; proposing answers, explanations, predictions;
and communicating the results." Therefore, inquiry involves many different abilities and
skills.
Bybee (2000) and Champagne et al. (2000) recognize that there are many
different ways to teach inquiry. Champagne et al. (2000) suggest there are two major
forms of inquiry: scientific inquiry (practiced by scientists to create new knowledge for
the scientific community) and science-related inquiry (practiced by students to gain
conceptual science knowledge and knowledge and abilities in inquiry). Science-related
inquiries may take the form of archival investigations, experiments, or investigations. As
Hodson (1988) points out, not all scientists do laboratory benchwork. Likewise,
Champagne et al. (2000) describe archival investigations as inquiries where students
"gather scientific information from paper, electronic, and other archival sources to make
day-to-day personal, social, and economic decisions... .to evaluate claims" (Champagne
et al., 2000, p. 452).
Experimentation and investigations are the two types of science-related inquiries
that most commonly come to mind when discussing inquiry, because they use empirical
methods including observation, the use of scientific apparatus and measuring instruments,
and data collection. Experimentation is "an inquiry for the purpose of testing a hypothesis
that derives from a scientific theory" (Champagne et al., 2000, p.452) and uses similar

12

methodologies as scientific inquiry, including reporting results in a somewhat formal
manner. Investigations, however, are inquiries not directly related to scientific theories.
The purpose of an investigation is to "develop an understanding of the natural world, of
inquiry, and of abilities to inquire; collect empirical data on which to base personal
social, civic decisions; and evaluate claims" (Champagne et al., 2000, p. 451). While also
conducted in the laboratory, investigations do not have to meet the rigid methodological
requirements of experiments, but only require that the test be fair and unbiased.
Investigations still require scientific reasoning and an understanding of the nature of
scientific inquiry, but they answer questions that are more relevant to the students' lives
while developing conceptual understandings. Investigations are the most in line with
recommendations that have been made for the teaching of science to general education
students (Monaghan 1988; Moore, 1988; Sundberg and Dini, 1993).
Most of the science education reform literature emphasizes teaching inquiry
through laboratory-based experiment or investigation. For example, the University of
Arizona general education guidelines for natural science courses recommend the
inclusion of "some kind of hands-on, inquiry-based laboratory experience, including
designing, generating, and analyzing data, and formulating and testing hypotheses with
scientific rigor" (University of Arizona, 2002). At the same time, most college
laboratory-based activities are not inquiry-based, but rather involve students in following
step-by-step procedures given to them by instructors with the goal of having students
verify an expected outcome. These typical "cookbook" or verification laboratory
activities have come under intense criticism for their lack of cognitive demand and
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inaccurate portrayal of the processes of scientific inquiry (Journet, 1985; Medve and

Pugliese, 1987; Nagalski, 1980; National Research Council, 1997; Pickering, 1985;
Schamel and Ayres, 1992; Sundberg and Moncada, 1994).
It is suggested that laboratory activities should not stress the outcomes of inquiry,
as in traditional methods, but should involve students directly in the processes and
methods involved in inquiry (Nagalski, 1980; National Research Council, 1996b; Sigma
Xi, 1989). Leonard (1989) suggests that investigative or inquiry laboratories are more
student-involved and student —directed, containing less directions and giving the students
more responsibility for determining procedural operations. As such, students will be
required to use higher level cognitive skills and to think about the science concepts that
are involved in their investigations as they draw their own conclusions. The use of the

Vee mapping approach can provide such an inquiry-based learning environment in the
laboratory (Novak, 1979).
Students usually need more time and instructor guidance when they conduct
inquiry-based activities as opposed to traditional laboratory activities (Lunetta, 1998;

Schamel and Ayres, 1992). Lunetta (1988) and Millar and Driver (1987) suggest that
students understand science concepts and construct meanings more consistent with the
scientific community during laboratory investigations through interactions with experts
(the teacher) and through dialogue with peer investigators. Lunetta (1998) also suggests
that scaffolding instruction in response to the learner's development needs is also
important. With only one instructor and one or two GTAs assigned to a class of 60-100
students, it is difficult to adequately support all students during their inquiry-based
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laboratory activities. Using teaching teams can provide the needed support structure by
training preceptors to act as "experts" to help guide students and "scaffold" students
through their inquiries.
1.2.b. Concept Maps and Vee Maps
As discussed in Appendix A, Vee maps, and the concepts maps within them, are
two metacognitive tools that facilitate meaningful learning and the understanding of the
structure of knowledge (Novak, 1990). These techniques are based on the expanding
literature recognizing the role that previously learned knowledge plays in the acquisition
of new knowledge (Ausubel, 1963, 1968; Driver et al., 1994; Fosnot, 1996; Posner et al.,
1982). Based upon Ausubel's (1963, 1968) assimilation theory of cognitive learning,

this literature focuses on the idea that a person's knowledge is made up of concepts
(regularities in events or objects designated by labels) and linkages (propositions)
between concepts which together form a person's cognitive structure (Novak, 1990).
When new information is encountered, it is compared to information in the existing
cognitive structure. When new knowledge is not linked, but is arbitrarily incorporated
into one's existing cognitive structure, it is said to be learned by "rote" and is more easily
forgotten. However, when a person consciously and explicitly ties new knowledge to
relevant concepts or propositions he/she already possesses, the knowledge is learned
more meaningfully (Novak, et al., 1983). Vee maps assist students in learning more
meaningfully because, by laying out their work in a Vee, they are constantly connecting
their existing knowledge (left side of the Vee, including concept map) to the laboratory
experience.

15

Vee maps are useful not only in helping students understand science concepts
more meaningfully, they help students understand how scientific knowledge is
constructed (Novak, 1979; Novak and Gowin, 1984). Vee maps require students to ask
questions, design, conduct, and evaluate their own science investigations instead of
follow step-by-step procedures laid out to them by the teacher. Therefore, Vee maps
support national science education reform efforts to engage students in science inquiry by
helping them to develop their abilities to inquire and understand the processes of inquiry.
While Vee maps have been used in a variety of applications including
instructional planning and evaluation, and interviews (Novak and Gowin 1984; Ault et
al., 1984), they are particularly well-suited for helping students understand laboratory
work (Novak, 1979; Tamir, 1989). Many studies have been conducted on the use of
concept maps in science, but relatively few studies have been conducted on the use of
Vee mapping in the laboratory. The Vee map research that has been done centers on
junior high to college-age students and primarily reports student success with the
technique and increased achievement or improved attitudes toward science.
In their first comprehensive study utilizing concept and Vee mapping, Novak et
al. (1983) found that 7 th and 8 th grade junior high students could acquire an understanding
of the concept mapping and Vee mapping methods and apply them in their regular junior
high school science work. The groups of students who used Vee maps out-performed the
groups that did not use Vee maps on Novak's measure of problem solving. It was also
found that 7 th grade students scored better on their Vee maps than the 8 th graders.
Possible reasons given for this finding were the nature of the subject matter (life science
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vs. physical science) and/or the longer length of experience the 7 th graders had with Vee
mapping (eight months vs. five months). Overall, Novak et al. found that students' skills
in using concept and Vee maps continued to improve overtime but that it was not easy to
move junior high students, who have become adapted to primarily rote learning, into
meaningful learning strategies.
Soyibo (1991) used Vee maps with 10 th grade biology students in Nigeria and
found they significantly improved performance in genetics. In their study involving
black inner city high school students, however, Lehman et al. (1985), found no
significant difference in biology achievement between groups that used concept and Vee
maps and those who didn't. The researchers attributed this finding to similarities
between the experimental and control treatments, the difficulty of the achievement
instrument, and the subjects' and teachers' unfamiliarity with the new techniques.
Later, Esiobu and Soyibo (1995) built on the work of Soyibo (1991) and took
Lehman et al.'s (1985) factors into consideration when designing their study involving
the use of Vee maps under three different learning conditions: cooperative, cooperativecompetitive, and individualistic, whole class learning. In this study, 10 th grade biology
students in Nigeria were placed in one of the three learning environments and taught units
on ecology and genetics either using concept maps and Vee maps, or using the lecture
method. Results showed that, on tests of achievement in those subjects, the students who
used concept maps and Vee maps in all three learning conditions outperformed the
students who did not use these heuristics under the same learning conditions.
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Finally, Roberts-Taylor (1985) used concept maps and Vee maps with her
sections of college biology and found that her students scored better on objective course
exams and developed improved attitudes about biology and biological laboratory work.
While none of the studies address how well students understand how scientific
knowledge is constructed or if students' inquiry skills improve, they do indicate that Vee
maps have the potential for improving student attitudes toward science and for improving
their understandings of science concepts.
1.2.c. Learning Improvement Programs and Peer Assistance
The Teaching Teams Program (TTP), as discussed in Appendix B, is a learning
improvement program whose central feature is the use of undergraduate peer assistants,
or preceptors, in general education classes. Educational research shows that the design of
the TIP should maximize student learning and success.
In the Association for the Study of Higher Education report on Raising Academic
Standards, Keimig (1983) describes four types of learning improvement programs that
may be found on college campuses. She places these programs in a hierarchy based on
their potential impact for improving learning and instructional change, including how
comprehensive the support services are to students personal learning needs and how
institutionalized they are in the academic mainstream of the college or university. Her
hierarchy, from low potential impact to high potential impact, consists of: Level I
programs (isolated courses in remedial skills), Level II programs (learning assistance to
individuals, usually by tutoring them directly in their coursework), Level III programs
(course-related learning services for certain course objectives, usually referred to as
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supplemental instruction), and Level IV programs (comprehensive programs that provide
personalized course and instructional support activities into the basic structure of the
class). While Level III (supplemental instruction) programs involving peer teaching have
been shown to produce increased student achievement and retention (Martin et al., 1983;
Martin and Arendale, 1994; Noel et al., 1985; Noel and Levitz, 1982), Level IV programs
are the most likely to improve student learning since they utilize instructional practices,
learning theory, and the results of practical experiences of what works best for given
students in a given class (Keimig, 1983; Newton, 1982).
The TTP can be characterized as a Level IV program because preceptors provide
support to students directly in the classroom and outside the classroom. In addition, TTP
faculty work closely with campus teaching and learning centers to incorporate the latest
and most effective instructional strategies into their courses in order to maximize student
learning (Berman et al., 1997). The use of collaborative learning activities in TTP classes
and the one-on-one interaction that faculty have with undergraduates (preceptors) have
also been found to be factors contributing highly to student success (Astin, 1993).
The use of peer-assistants in the classroom dates back to the nineteenth century
(Topping, 1998; Whitman, 1988). However, peer-assisted learning (PAL) is not as
common as it once was. Newcomb (1962), Tyler (1975), and Wrigley (1973) claim that
the failure to use peer assistants is a waste of a powerful and cost-effective resource. At
the college level, faculty have used PAL approaches in order to provide more
personalized and individualized instruction, more active learning experiences to students
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in large lecture classes, and to cut down on their own teaching workloads (Churchill and
John, 1958; Goldschmid, 1970; Topping, 1998).
Whitman (1988) outlines two main categories of peer-assistants: "near-peers"
who are more advanced than the learners but are close to their level of education and "copeers" who are at the same level as the learners and the role of teacher and learner are
interchangeable. "Near peers" include undergraduate teaching assistants (UTAs), tutors,
and counselors. UTAs are usually students who have successfully completed the course
and who actively assist in a particular class as, for example, team leaders for in-class or
out-of-class activities or discussions. Tutors have also completed the course but assist
students on a one-on-one basis usually outside of the classroom and are not attached to
the particular course. Counselors are not affiliated with specific courses, but rather tutor
students in more general skills or provide counseling and advisement. "Co-peer"
teaching includes partnerships, where students switch roles as teacher and learner, and
work groups, where students work together to help each other achieve a common goal.
Preceptors in the TTP are a unique form of the "near peer" that is not discussed in
the literature. Preceptors may be classified as tutors or counselors because they provide
course content and, sometimes, general skills assistance (e.g. writing, math) to students
outside of class. They are also UTAs who are attached to a specific course but, unlike
Whitman's definition of the UTA, most preceptors have not previously taken the course.
Preceptors who are taking the course alongside the learners may actually provide the
most beneficial assistance to students. Studies have found that peer teachers who have
most recently learned a skill themselves can better identify problems students may have
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and can better match the teaching level to the level of the students (Romer, 1988;
Schwenk and Whitman, 1984). For example, Schwenk and Whitman (1984) point out
that medical school faculty may have a more difficult time teaching a medical procedure
to residents because they are "unconsciously competent" while peer residents, who have
just recently learned the procedure, are "consciously competent" and still have to think
through the steps of the process so they teach it more clearly.
Research has shown that students not only benefit from the assistance of their
peer teachers (Goldschmid, 1970; Maas and Pressler, 1973; Mayhew & Ford, 1971) , but
that the peer teachers benefit as well. There is much support for the idea that the best way
to learn is to teach (Gartner et al., 1971; Martin, 1981; Wagner, 1982). Peer teachers
have been shown to benefit by developing a deeper understanding of the course material
by preparing (Gartner, et al., 1971) and teaching it to others (Annis, 1983; Bargh &
Schul, 1980; Durling & Schick, 1976). Bargh & Schul, (1980) and Benware & Deci,
(1984) found that different cognitive processes are involved when students learn material

with the intent to teach it, compared to being tested on it. Results of these studies showed
that students who studied in order to teach the material scored higher on an achievement
test and a test of conceptual understanding, respectively. In addition to improved
understanding of course material, Goldschmid and Goldschmid (1976) found that peer
teaching resulted in an increase in self-esteem and motivation to learn in peer tutors.
UTAs also benefit by working closely with faculty, getting to know them better, and by

gaining satisfaction simply from helping other students (Romer, 1988).
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CHAPTER 2. PRESENT STUDY
The methods, results, and conclusions of the studies are presented in the papers
appended to this thesis. The following is a summary of the most important findings of the
studies. Since the second manuscript focuses on the use and evaluation of Teaching
Teams at the program level, I will include a brief discussion of teaching teams in the
general education hydrology courses.
2.1. Discussion and Conclusions: Appendix A
This manuscript, entitled "Using an alternative report format in undergraduate
hydrology laboratories" was co-authored by myself, a fellow graduate student, Gillian H.

Roehrig, and Dr. Julie Lull of the University of Arizona. This manuscript was published
by the National Association of Geoscience Teachers and appears in Journal of
Geoscience Education, v. 49, no. 5, November, 2001, p.454-460. An example of a

completed student Vee Map is shown in Appendix A-1.
This article describes an alternative method for engaging students in laboratory work
and in writing laboratory reports. Specifically, it describes the use of Vee maps in an
undergraduate hydrology course for nonscience majors. Background information is
given about Vee maps and their potential for enhancing student learning of science
concepts and their understanding of their laboratory experiences. The article also
describes the use of Vee maps in the hydrology classroom, including how they were
graded, and shares students' opinions of the laboratory guided by the Vee mapping
method compared to those guided by the traditional laboratory format.
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While previous studies of concept and Vee mapping involved measures of student
achievement of science concepts, this study was unique in that it examined student
perceptions of the inquiry aspects of the Vee map approach (designing their own
experiments, generating and analyzing data, formulating conclusions) as well as their
perceptions about how much thinking and learning they did during their Vee map
experience compared to during their traditional lab experiences. In this study, we found
that, with some guidance, liberal arts college students were able to successfully create a
concept map and complete a laboratory investigation using a Vee map format. Students
liked 1) designing their own experiments rather than being given step-by-step
instructions, 2) making their own data table and graphs to represent their data, and 3)
drawing their own conclusions. Students felt that they did more thinking and that they
learned more, including making more connections between science concepts, than when
they completed traditional laboratory reports. Overall, students liked using the Vee map
format better than the traditional laboratory format and wanted to use Vee maps in future
laboratory investigations.
While students were quite successful at Vee mapping, they did have to be heavily
guided as they designed their experiments. One reason for this was the short time span in
which students had to complete the Vee map (one, 3-hour lab period). Another reason
was that students were used to following step-by-step procedures in their laboratory work
in this class and in their other science classes. They were simply not accustomed to
thinking for themselves and they did not have much prior experience in designing their
own investigations. Nonetheless, students indicated on the questionnaires that they liked
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designing their own experiments. They felt the more they used Vee maps, the easier it
would be for them to complete them. This idea is also supported by my experience, not
mentioned in the article, when I had one of the classes (15 students) complete a second

Vee map that same semester. These students were more comfortable with the concept
map and Vee map approach by the time they completed the second Vee map. They also
needed less guidance in developing their second investigation. Therefore, as students
complete additional Vee mapping exercises, they will most likely become more skilled at
using the concept and Vee mapping techniques and improve their inquiry skills. This
finding is in agreement with the conclusions made by Novak et al. (1983).
Lastly, this study stresses the importance for teachers to be familiar and
comfortable with the Vee mapping approach before they use Vee maps in the classroom.
This idea supports the findings of Lehman et al. (1985), who believed that teachers'
unfamiliarity with the approach may have contributed to the approach's ineffectiveness in
producing improved science achievement. Indeed, Soyibo & Esiobu's (1995) study
involved teachers who were more extensively trained and experienced in the Vee
mapping technique, which they believe contributed to its success. Our experience has
also shown that familiarity with the approach is essential, not only in designing
appropriate focus questions for the Vee map investigations, but also in assisting students
as they carry out their investigations.
Familiarity with the Vee map approach will help teachers recognize that some
laboratory investigations are well-suited to the Vee map approach but some are not.
First, students need to have enough time to complete their Vee map investigations, which
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often take longer than traditional laboratory activities since students need time to plan
their investigations as well as carry out the hands-on portion. In our study, even with a
three-hour block of laboratory time, students were rushed to complete their laboratory
work and did not have time to complete a post-concept map. It may be advantageous to
have Vee map investigations span over two or more class periods, especially if these
activities are done in a 3 hour per week, three credit class. Second, and most importantly,
Vee map investigations need to be fashioned to emphasize conceptual knowledge that can
be found through an inquiry and the investigation must be designed so that there can be
multiple solutions. We have found that designing an appropriate focus question to
encompass these goals is the most difficult part of designing laboratory work using a Vee
map approach.

2.2. Discussion and Conclusions: Appendix B
This manuscript, entitled "The teaching teams program: A just-in-time' model for
peer assistance" was co-authored by myself, Mr. R. Mencke, and Drs. H.P. Larson, E.
Harrison, and E. Berman of the University of Arizona. This manuscript was published in
2001 by the Anker Publishing Company, Inc. and appears as Chapter 5, in a book entitled
"Student-Assisted Teaching: A Guide to Faculty-Student Teamwork" edited by Judith
Miller, James Groccia, and Marilyn Miller, p. 27-33.
This manuscript describes a peer-assistance program in place at the University of
Arizona called the Teaching Teams Program (TIP). In this program, faculty, graduate
teaching assistants (GTAs), and preceptors (undergraduate peer assistants) work together
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to provide a supportive, student-oriented environment for undergraduate students,
particularly in first and second year general education courses. The manuscript describes
the Teaching Teams model, how it is administered, and the level of participation in the
program. It also describes program evaluation results from the first year of the program,
including participant satisfaction and formative insight into the initial acceptance of the
teaching teams, the mechanics of implementing them, and the problem areas that need
attention as the program evolves.
The major finding of this study was that preceptors can be successfully recruited and
used to help achieve smaller student-to-support ratios and to help achieve the goals of the
University's general education program. In the Teaching Teams program, preceptors are
not required to have taken the course before and are not required to have prior experience
with the course material. Instead, they may be concurrently enrolled in the same course
in which they are completing their preceptorship. Preceptors are able to fulfill their roles
as peer assistants by attending teaching and learning workshops, by working on
assignments at an accelerated schedule ("just-in-time" preparation), and by seeking the
help of the faculty and GTAs if they have questions. Recruiting conscientious,
concurrently enrolled students, rather than strictly those who have completed the course
before and choose to come back to preceptor) allows there to be teaching teams support
at a ratio of about 10:1 in classes of over 100 students.
We found preceptors to be instrumental in assisting faculty and GTAs with providing
more active learning environments for students in large general education courses, for
instance, by acting as team leaders for small-group collaborative learning activities and
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small in-class group discussions, and as assistants for hands-on research projects in
science classes. Preceptors helped students improve their writing by acting as peer
reviewers. They also served as extra resources to help students understand the course
material better by meeting with students outside of class at office hours and by holding
exam review sessions. As an extra student resource, preceptors helped faculty better
achieve the goals envisioned for the general education program.
While the participants in the program were generally satisfied with their experiences,
there were a few formative findings worth mentioning. Some faculty expressed concern
over their abilities to identify and recruit suitable preceptors, especially from freshmen
who often turned out to be lacking in responsibility or in sufficient writing or math skills.
These faculty were going to be more selective in their future recruiting and would try to
recruit at least some experienced preceptors to help mentor the new ones.
Another area of concern was in the actual amount of contact students reported having
with preceptors. While about half the classes integrated preceptors extensively into the
classroom or course structure, the other half did not. Faculty usually recognized when
there was little or no student interaction with the preceptors and wanted to find ways to
increase student-preceptor contact time. Since the students who did have regular contact
with preceptors reported that the preceptors contributed a moderate to exceptional
amount in their learning of the course material, faculty are making efforts to incorporate
them more productively. The challenge is in figuring out the best ways to incorporate
preceptors into their courses (e.g. designing new assignments or in-class activities that
would require preceptor interaction).
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Lastly, the GTAs' opinions about the program were mixed. Some GTAs embraced
the idea of mentoring preceptors, of having preceptors help out in the class, and of
preceptors assisting them with their duties. However, some felt very strongly that
preceptors were not knowledgeable, or responsible, enough to provide assistance to
students. They feared that students did not understand the difference between the role of
the preceptor and the role of the GTA. Some also believed that the preceptors gained an
unfair advantage in the class since they received more help from faculty and GTAs than
other students, even though all students had the opportunity to become preceptors or to
visit faculty at office hours for assistance. Although not mentioned in this manuscript,
GTAs who voiced these concerns often reported less productive teaching teams.

2.2.a. Discussion of Teaching Teams in General Education Hydrology

This manuscript gives a very general description of the Teaching Teams Program and
of its assessment results. It does not, however, address the use of teaching teams in the
general education hydrology courses. In 1997, when there was a laboratory component
of the course and Vee maps were used, the Teaching Teams Program did not exist so we
did not use preceptors. The TTP began in 1998, shortly after the UA switched to the new
general education structure which eliminated the four-credit science courses with
attached laboratory sections and replaced them with three-credit natural science courses.
It was because of the general education guideline to include hands-on, inquiry-based
activities within the regular lecture-based class and to include more student writing in the
courses that we tried the Teaching Teams Model in the general education hydrology
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courses. With about 60 students enrolled in the hydrology classes each semester and only
one, or perhaps two, Graduate Teaching Assistants (GTAs), we thought preceptors could
be a helpful extra resource for students especially during in-class activities and for the
term papers.
We used preceptors in the Spring 2001 semester of HWR 202: The Water Cycle (59
students enrolled) and Fall 2001 semester of HWR 201: Water Science and the
Environment (40 students enrolled). We had Teaching Teams Program personnel give a
presentation of the program and then I explained the preceptor duties for this course:
consult with the instructor and GTA as needed and complete assignments in advance of
the due date, assist students in class during inquiry activity days, peer review/proofread
students papers, and hold offi ce hours. In Spring 2001, five students volunteered and
were accepted as preceptors for the course. One preceptor had taken the course
previously and took a more active role. The other four preceptors were concurrently
enrolled in the course, with two using their preceptorships to fulfill their honors contracts.
In Fall 2001, only two students volunteered to be preceptors: one was the experienced
preceptor from the previous semester and the other was one of the concurrently enrolled
preceptors from the previous semester who needed to make up an "Incomplete" grade she
had taken in the course the year before. Since I (as the GTA) was responsible for
teaching the in-class activities in which the preceptors would be assisting and grading all
student work, including the papers, I was in charge of training and overseeing the
preceptors.
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While the preceptors were all very intelligent, incorporating their assistance into the
class turned out to be more difficult and much more work than it was worth. First, it was
difficult to ensure that preceptors completed their assignments, or activities, in advance or
satisfactorily enough to be able to assist their classmates with them. Some of the
assignments were being re-written for use that semester and it was difficult for me to get
these assignments to the preceptors well enough in advance before they were given to the
other students. It was imperative that I meet with the preceptors twice before they
assisted students with the in-class activities: once to go over the course material that
hadn't been covered yet during class and once to go over their completed assignments. It
was difficult, and sometimes impossible, to find a common meeting time to do this. Even
when we did meet to go over the course material, we rarely had enough time to meet a
second time to go over their completed activities before the preceptors had to assist
students with them in the classroom. Therefore, I had no way of knowing if the
preceptors understood the assignment or completed it satisfactorily enough to be able to
assist the students competently. In addition, the preceptors couldn't always get
assignments done in advance because they had too many other things going on at the
same time (assignments for other classes, work, extra curricular activities, etc.).
Second, while the time and effort put in to get preceptors ready to assist the students
was great, the actual amount of assistance that preceptors provided to the students was
minimal. During in-class activities, preceptors were able to help a handful of students but
the concurrently enrolled preceptors were quite reserved when circulating the room. They
were overly careful not to appear too eager to help because they didn't want to seem like
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"know-it-ails" and they weren't completely comfortable assisting their classmates with
material that they learned only the week before. (However, if they couldn't answer a
student's question, they would refer that student to the GTA.) Students did not attend
preceptor office hours, so we quickly abandoned them. When the term papers were
assigned, I stressed that students should contact the preceptors to have them review their
papers before turning them in but none of them took advantage of the opportunity. In the
future, if preceptors are used, it would be better to make it mandatory for students to have
their papers peer reviewed by a preceptor.
Third, there were some personality issues with the two experienced preceptors. While
the concurrently enrolled preceptors were somewhat shy, they were helpful to the
students. However, students perceived the two returning preceptors as being a little too
aggressive, or bossy, in trying to help them. Students thought one of them was acting too
much like GTA. In my experience with the Teaching Teams Program, this is an issue
that has come up in other preceptored classes and needs to be addressed in the careful
recruitment of preceptors and by discussing the issue with those preceptors before the
situation gets out of hand.
Because of the above experiences, we did not use preceptors in the following Spring

2002 semester of HWR 202: The Water Cycle, nor will we use preceptors in the future
unless they are students who have already taken the course before, demonstrated
outstanding understanding of the course material and course skills, and demonstrated
personalities compatible with a preceptorship. The main reason for using preceptors in
the general education hydrology classes was to have extra assistance during the in-class
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activities and in writing their papers. However, I was still the one helping the majority of
students and training the preceptors added to my workload rather than alleviating any of
it. Therefore, our experience using preceptors did not support the favorable
programmatic outcomes described in the Teaching Teams article. We were one of the
instances where there was little student-preceptor interaction and where the use of
preceptors did not substantially support the use of inquiry activities during class.
While, in the future, we could require students to seek preceptor help, for instance, by
peer reviewing their papers, I do not think that concurrently enrolled preceptors will ever
be able to assist students sufficiently with the inquiry activities for the course. There is a
certain level of understanding and expertise needed in the content of the activities that
concurrently enrolled students aren't going to be able to attain fast enough. In addition, it
takes great skill to guide students in their inquiries by "scaffolding" them in the right
direction without giving them answers or telling them how to conduct the inquiries. Even
preceptors who have taken the course previously will probably not have the skills to do
this sufficiently; rather, a skilled instructor or GTA would be required. Therefore, it is
not hopeful that preceptors will be able to assist in the general education hydrology
courses substantially enough to justify the added time and energy required for the GTAs
to adequately prepare them for their duties.
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ABSTRACT

Across the nation, undergraduate faculty and staff in the
sciences are being called upon to examine traditional laboratory practices. The We map is a graphic organizer that is
a viable alternative to one component of the traditional
laboratory, the laboratory report. It consists of a large Vee
with six areas: Focus Question, Word List, Concept Map,
Events, Data and Data Transformations, and Conclusions
and Claims. The Focus Question guides the investigation,
while the Word List and Concept Map reveal prior knowledge. The Events area is a description of the plan students
devise to answer the Focus Question. The collected data
are recorded and analyzed in the Data and Data Transformation area, findings and results of the investigation are
described in the Conclusions and Claims area. Students
proceed through these areas in the above mentioned sequence as they engage in an open-ended laboratory investigation. As students complete a Vee map, they
contemplate their prior knowledge, engage in the process
of knowledge construction, and build meaningful knowledge. Ultimately, a Vee map is a tool that assists an instructor in creating a more interactive and
student-centered laboratory report.
Keywords: Education - laboratory; education - undergraduate; education - writing and speaking;
hydrogeology and hydrology
INTRODUCTION

As science instructors, we typically have our students follow the same laboratory report format we followed in our
undergraduate courses. We give students laboratory
equipment to manipulate, step-by-step procedures to follow, and data tables to fill out during the laboratory experience. We tell them what calculations to perform and
have them write their results in a format that is meant to
reflect the process of science investigations. The report is
then graded on whether the students can follow directions, collect appropriate data, perform calculations correctly, and draw the expected conclusions. In using this
format, how do we know that students are learning more
than procedural or simple content knowledge? Just as importantly, what does this directed instructional approach
reveal to students about the construction of scientific
knowledge?
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Science educators are rethinking current instructional
practices in an attempt to more effectively advance student understanding. The traditional approach to laboratory instruction has long been critici7ed for its emphasis
on procedure and verification (Pickering, 1985; Schamel
and Ayres, 1992; Sundberg and Moncada, 1994) rather
than on cognition, inquiry, and process aspects of science
(Journet, 1985; Medve and Pugliese, 1987; Nagalski, 1980;
National Research Council, 1997; Pickering, 1985;
Sundberg and Moncada, 1994). For most students, following directions requires little understanding of the concept
being explored. Unfortunately, the laboratory report only
becomes a cognitive activity when a student recognizes
that the collected data are inconsistent with the answer
that is needed to achieve the perfect score (Leonard et al.,
1988; Schamel and Ayres, 1992). Further limiting the
knowledge they derive from laboratory reports, students
often do not understand the purpose of laboratory work
(Novak, 1979). The traditional approach to laboratories
does little to help students understand the relationship between the activity and the identified scientific concepts
(National Research Council, 1997). Given the amount of
time students spend in laboratories and the amount of
funding that is provided to support undergraduate laboratory experiences, it would be expected that laboratory
activities would be opportunities for developing an understanding of important science concepts and the process
in which scientific knowledge is advanced.
Undergraduate science education reforms have long
called for a change in the way we teach and assess students in the laboratory (National Research Council, 1997;
Sigma Xi, 1990), but we have been slow to make changes.
Perhaps this is because many of us lack the time necessary
to reflect on our practices or develop new approaches. Or
perhaps many of us simply do not know how to begin to
do things differently.
The purpose of this article is to share an alternative to
the traditional laboratory report that can ultimately affect
how students engage in their learning experience. Specifically, this paper discusses the use of the Vee map in an
undergraduate hydrology laboratory. We provide background information about the Vee map and discuss the
use of this tool in an undergraduate hydrology laboratory
setting. In addition, we share students' perceptions of a
laboratory guided by the Vee mapping technique compared to those guided by the traditional format. This indudes student opinions about designing experiments,
generating and analyzing data, and formulating conclu-
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sions, as well as student thinking and learning when
guided by a Vee map instead of the traditional laboratory

report.

Conceptual

Focus Question Methodological

THE VEE MAP IN UNDERGRADUATE SCIENCE
LABORATORIES

A Vee map is a tool that is used to guide students in their
laboratory experience and to facilitate reflective thinking
and learning during these encounters (Novak and Gowin,
1984). It was initially developed to help instructors and
students understand the purpose of laboratory work in
science. Since its development, the Vee map has been successfully used in secondary science classes as well as in
university and college laboratory settings (Novak and

Words, Theories,
Principles

Concept Map

Gowin, 1984).
A Vee map, as in Figure 1, shows interrelated areas

that represent the production of knowledge. In the center
of the Vee map is the Focus Question. This dearly stated
question guides the laboratory experience, and must address a concept, result in an investigation, and require the
collection of data. We often provide the Focus Question to
students, but certain laboratory experiences are conducive
to students themselves determining the Focus Question.
On the left side of the Focus Question is the Conceptual
area, representing the student's current knowledge related to the Focus Question; on the right side is the Methodological area, which includes the data collection, data
analysis, and conclusion that help answer the Focus Question. Thus, on the left side (Concepts) students reflect
upon what they know about the topic, then develop and
enact a procedure, the results of which will be recorded
and analyzed on the right side (Methods). When students
begin to draw condusions to answer the Focus Question,
they examine information from both sides of the Vee map.
This active interplay between Concepts and Methods allows students to understand the structure and production
of knowledge.
Novak and Gowin (1984) employed a variety of different knowledge-making elements into their Vee map
framework. We simplified their elements into five
sub-areas that we require students to complete during
their laboratory experience.
In the upper Conceptual side of the Vee map (Figure
1), students begin by listing Words, Theories, or Principles
that they know in regard to the Focus Question. Students
are encouraged to work together to identify these elements, and sometimes key words or ideas are provided to
students by the laboratory instructor. The words that stu
dents list in this area ultimately reveal their level of understanding of the laboratory topic This is a quick way to
assess if students are prepared adequately or have the
knowledge to engage in the investigation.
Below the list of Words, Theories, or Principals, students construct a Concept Map that utilizes previously
mentioned terms. By creating a Concept Map, students
begin to understand the relationship of the terms to one
another and to the Focus Question. Concept Maps should
use linking works, a hierarchy, and cross-links to represent the connections of the listed terms. Novak and Gowin
(1984) and Ault (1985) offer suggestions on teaching students to develop Concept Maps and alternative uses of

Conclusions
and Claims

Data and Data
Transformation
Event

Figure 1. Vee map components
-

them. As students proceed with their investigations, and
as new understandings are constructed, we encourage
students to modify their initial Concept Maps.
At the bottom of the Vee map is the Events area where
students record their process in answering the Focus
Question. They write out the procedure, draw the laboratory set-up, or list the objects used to answer the Focus
Question.
To the right of Events, at the lower end of the Methods
area, students record their Data and Data Transformations. Students design data tables before they begin to
transform their data. As students collect data, they may
want to revise the procedures they originally wrote in the
Events area. This process is similar to scientists revising a
procedure in order to improve the collection of data. Students should note any changes they make in the Events
area. When the data collection is complete, students will
transform their data into graphs, charts, and tables. It is in
this area that students begin to understand that the analysis of data leads to the construction of answers related to
the Focus Question_
In the upper Methodological side of the Vee map, students record their Conclusions and Claims from the laboratory experience. Ultimately, they are recording the
knowledge gained from the investigation in relation to the
Focus Question. An eloquently written Conclusion and
Claims area will address the condusions that come from
the data, connect the data to the Focus Question and listed
concepts, suggest the importance of the concepts, and
pose new study questions. This is a critical period because
students recognize that they are building upon their prior
knowledge, which was recorded on the left side of the Vee
map, and that there is an interplay between "knowing'
and "doing" in the construction of new knowledge.
VEE MAPS AND STUDENT LEARNING

Recent research in student learning reveals the complex
nature of knowledge development. Two of the most salient conclusions that have emerged from this large body
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of research are the recognition that students have prior
knowledge that affects their learning of new concepts, and
that student learning should be an active and meaningful
process that builds upon prior knowledge (Driver et al.,
1994; Fosnot, 1996; Posner et al. 1982). For science instructors, this entails understanding the knowledge that students bring to OUT classes about specific subjects, and
mediating that knowledge and the knowledge accepted
by the scientific community so that cognitively engaging
learning environments are created (Driver et al., 1994).
As students complete Vee maps, they reveal their
knowledge about the laboratory topic. Word lists and concept maps show science instructors the prior knowledge
and level of understanding held by the students. From this
information, the instructor decides how to guide individual students during the laboratory experience so that they
build upon their existing knowledge. Skilled instructors
guide students through the use of open-ended questions
that require elaboration. In addition, they wait 3 - 5 seconds after the student answers a question to ensure that
the student has provided a complete answer (Rowe, 1986).
During their participation in the laboratory experience, students may give explanations or share understandings about phenomena they are studying that are
inconsistent with orthodox science. This typically occurs
while the student is engaging in Data and Data Transformations and the Condusions and Claims area of the Vee
map. Merely presenting the accepted explanation to students will not correct their currently held notions. Therefore, once aware of this inconsistency, the instructor must
grasp how the student came to conceptual; 7P the phenomena, and then present the orthodox view to the student in a
way that is intelligible and serves as a plausible framework (Posner et al., 1982). Purposeful dialogue between
the instructor and student that consists of questions and
explanations about data, data transformations, and conclusions, facilitates the construction of accepted science
knowledge.
Meaningful learning occurs when the learning task
col iesponds to the existing knowledge of the student and
the new information is both useful and long lasting
(Ausubel; 1963; Novak, 1981). As students complete Vee
maps, they can constantly connect their current knowledge to the laboratory experience. This is facilitated by the
use of a Focus Question that engages students and requires them to propose solutions appropriate to their
knowledge and understanding of the topic. The entire investigative process requires that the student be
cognitively active by wrestling with incoming and existing information. Throughout the process, students' newly
formed understandings are meaningful and lasting in that
they connect to and extend their current knowledge.
STUDENTS AND VEE MAPS

We have used Vee maps in undergraduate hydrology and
chemistry laboratories at the university and community
college level. In both settings, students have .one or two
laboratory periods to complete the experiment and the
Vee map. While students work in groups of 2 or 3 to de-
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sign and implement their investigations based on a Focus
Question posed by the instructor, each student is required
to complete a Vee map.
Figure 2 is an example of a Vee map from an undergraduate hydrology laboratory investigation about water
hardness and conductivity. This investigation lasted only
3 hours, or 1 laboratory period. Prior to the laboratory session, the instructor assigned short readings about water
hardness and conductivity. At the start of the laboratory
period, each student group received a folder containing a
sample Vee map and a grading rubric (Figure 3). The instructor reviewed the Vee map and grading rubric with
the students, and then provided the students with the Focus Question and some words for the Words, Theories,
and Principles area. Each student compiled an expanded
word list and drew a Concept Map. Upon the completion
of those, student groups were instructed to design an experiment that answered the Focus Question. Students
were told that they could use any of the materials located
in the center of the laboratory for their investigation (e.g.,
glassware, salt, distilled water). Once the laboratory instructor approved the research plan, it was recorded in the
Events area. During the experiment, students collected
data and carried out their initial data analysis. Throughout the period, the instructor circulated among student
groups and questioned procedures, discussed collected
data, and helped process findings. Near the end of the laboratory, students drew formal conclusions to be recorded
on the Vee maps, which were then collected when that session ended or at the beginning of the next laboratory period.
In order to understand student perceptions about using the Vee map during various laboratories, classroom
research was conducted. Classroom research is undertaken primarily by teachers to enhance and evaluate their
own practice. This is in contrast to educational research
(Libarkin and Kurdziel, 2001), which is conducted to contribute to the collective knowledge that resides in the educational research community. In following principles for
classroom research (Angelo and Cross, 1993; Hopkins,
1993), the instructors gave forty-five undergraduate hydrology laboratory students a 15-statement questionnaire
with a Likert scale from 1 (strongly agree) to 5 (strongly
disagree) and an open-response section for student comments. Questions 1, 2, 3 and 4 measure student perceptions about conducting an investigation. Questions 5, 6,
and 7 assess student perceptions about their understanding of the laboratory work. Questions 8, 9, and 10 determine student perceptions about their thinking and
learning while completing the Vee map. Questions 11 and
12 gauge student perceptions about completing a Vee
map or a traditional laboratory report. Questions 13 and
14 evaluate student comfort with a Vee map. The final
question, 15, asks whether or not a student would like to
use a Vee map again in the future.
The results from the questionnaire were analyzed
with a one-sample Rest_ The mean of each question was
compared to a population mean of 3.0 (neutral). Significance levels of 0.05 and 0.01 were noted, and results are
documented in Table 1. Based upon the results of the Vee
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Figure 2. Example of a student Vee map.

map questionnaire, the following general conclusions can
be drawn:
• Inquiry aspects of Vee map: Students liked designing
experiments and figuring out how to present data and
conclusions.
• Thinking and learning: The majority of students believed they thought and learned more with a Vee map
and had a better understanding of the purpose of the
laboratory investigation.
• Vee maps in general: The majority of students liked using Vee maps and did not find them difficult to complete.
The open-ended comment section of the questionnaire
was also examined. The following are representative sample of comments from this section:

"I liked using the Vee map. The traditional labs are more like
baking a cake than science."
"Using a Vee map is better because when the student is allowed
to organize his/her own experiment, it makes more sense."
"It was more hands-on and about what you and your group
thought."

"It took more time to understand the idea behind what we were
doing, but we understood what we were doing!"
CONCLUSIONS
For laboratory instructors, Vee maps are a possible alternative to the traditional laboratory report. They allow students to build their own knowledge about a certain topic
and understand how scientific knowledge is created.
These outcomes dearly transcend the goals historically associated with laboratory experiences and are recognized
as essential aspects of laboratory instruction (National Research Council 1997; Siebert and Mdntosh, 2001).
The use of Vee maps in undergraduate laboratory
courses presents several new challenges. First, the greatest
difficulty in implementing Vee maps in the laboratory will
not be the students' ability, but the instructors' comfort
level in incorporating a non-traditional laboratory report
into the laboratory experience. Most laboratory instructors have not worked with alternative laboratory report
formats, and the Vee map can be viewed as "letting the
class go." In our experience, the class becomes chaotic if
the instructor does not understand the Vee map enough to
guide students through the process or if the laboratory activity is not conducive to using it. Prior to using this new

Luft et ai - Using an Alternative Report Format in Undergraduate Hydrology Laboratories

457

39

Words, Theories, or Principles
4
3
2
1
O

Thorough list of relevant key words, theories, or principles encompassing the topic.
Relevant key words, theories, or principles describing topic.
Associated words, theories, or prindples listed, but some key words missing.
Limited list of associated key words, theories, or principles.
Sparse list or no attempt was made to complete this area.

Concept Map
4
3
2
1
O

Words are linked correctly and concept map addresses laboratory topic. Almost all of the words are used,
and there are levels and cross-links in the concept map.
Most words from the word list are used and linked accurately. Concept map addresses the laboratory topic,
and some cross-links and levels exist.
Some words are used from the word list. The concept map needs additional clarity, and there may or may not
be cross-links and levels.
The concept map does not directly address the laboratory topic. Some words are used from the word list and
there are levels, but there are no cross-links.
Limited concept map with few words, or no attempt was made to complete this area.

Events
4
3

The description or illustration is accurate, complete, and addresses the focus question.
The description or illustration aims to answer the focus question. Clear and concise, but a few additional

2

The description or illustration aims to answer the focus question. Additional information is needed about the

details could be added.

1

O

event
A limited description or illustration is presented; focus question may or may not be addressed. Additional
information is needed.
The description or illustration does not align with the focus question, it is incomplete, or no attempt was
made to complete this area.

Data and Data Transformations
4
3
2

1
CI

Well-organized data table includes all relevant data. Data is accurate, units are present, and the analysis is
correct, complete, and answers the focus question.
•
The data table is complete. Data is accurate and the analysis is complete.
Data table is complete, and additional information should or should not be presented. The analysis of data is
acceptable and is related to the focus question.
Minimal data table that is lacking some relevant data. Data may or may not be accurate. Analysis is
incomplete or inappropriate to answer the focus question.
Minimal data table, incomplete analysis, or several problems with data collection and analysis, or no attempt
was made to complete this area.

Conclusions and Claims
4
3
2
1

O

A thorough conclusion that comes from the data, understanding of the topic is advanced, the focus question
is addressed in a comprehensive manner, and there is a connection to the concepts initially indicated. New
study questions are posed.
The condusion adequately addresses the focus ques tion, the condusion comes from the data and connects to
previously listed concepts. New study questions may be posed.
The conclusion addresses the focus question. The conclusion is limited, it is drawn from the data, and some
previous concepts may be listed.
The conclusion is limited, and may or may not address the focus question. The conclusion may or may not
come from the data, and it may or may not address previous concepts.
A limited conclusion that does not emerge from the data, or no attempt was made to complete this area.

Figure 3. Rubric to evaluate a Vee map.
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Question
1.I liked being able to design my own experiment instead of being given step-by-step

structions.

in-

2.Hiked figuring out for myself what data I should collect.

M

SD

t

3_3

1.0

2.14*

3.1

1.0

0.76

3.4

1.1

2.41*

-

3. Hiked making my own data table and graphs to represent my data.
4.1 liked coming up with my own condusions.

3.6 '

1.1

4.04*-*

5. I usually have a dear idea of why we are doing the
laboratory when we complete the

3.5

0.9

3.47

3.4

0.9

2.56*

3.4

1.0

2.64*

4.0

0.7

9.08"'

3.9

0.8

7.68**

traditional laboratory reports.
6.1 was able to make more sense of the investigation when I used the
Vee map than
when I complete a traditional laboratory experiences.
7.1 was able to make more connections to science concepts when I used
the Vee map
than with other laboratory experiences.

8. In general, I believe I did more thinking when I used the Vee map than when I cornplete a traditional laboratory report.

9.I learned more using the Vee map than I do normally when I complete a traditional
laboratory report.
10.1 do not have to think as much when I complete a traditional laboratory report.
11.1n general, I liked using the Vee map in laboratory better than I like the traditional
laboratory format.
12.1 would like laboratory better if we used Vee maps more frequently.
13. 1 was initially uncomfortable with using a Vee map.
14.I think the more I use a Vee map, the easier it will become for me.
15.1 would like to use the Vee map in other laboratories.
*p <005 ** p < 0.01

-

3.1

1.0

0.92

3.4

0.9

2.78**

3.2

1.0

1.35

29

1.1

-0.83

3.9

0.8

8.02**

3.6

1.0

4.35

-

Table 1. Results of Vee map Questionnaire.

tool, the instructor should know exactly how the Vee map amount of the investigation, then that investigation is
will be executed in the laboratory setting. This indudes worth a doser examination to determine its suitability for
planning the sequence in which the instructor will intro- the Vee map. Laboratory experiences that are not well
duce the Vee map, teaching students how to complete the suited to the use of a Vee map tend to emphasize the learnvarious components of it, and providing adequate time ing of a complicated sampling technique, require expenchemicals, or are crafted to serve as summative
for students to finish the process. Ideally, the instructor sive
should be familiar enough with the Vee map that instruc- assessments of specific content knowledge. Generally,
emphasize procedural knowledge
tional decisions can be made that support the goal of the theseareinvestigations
better served by a different form of report.
laboratory. For example, an instructor may decide to pro- and The
second challenge in implementing Vee maps in
vide a Focus Question that has emerged from a prior in- the laboratory
that the instructor using this tool must
vestigation instead of a question generating experience collect data on isstudent
data on student
that leads to a Focus Question, so that students will have performance provide learning. These
regarding the effectivemore time to collect data that will ultimately enhance their ness of the innovation information
or the impact of the instructor. Simunderstanding of a concept
ple methods of collecting data on student learning include
While most laboratories are well suited to the written examinations, documenting the level of perforVee-map, some are not. Laboratories that are conducive to
mance of a student on various components of the Vee
the incorporation of the Vee map emphasize conceptual map, and
assessments that allow students to report
knowledge through an inquiry format, have multiple so- their own Likert
learning. More complex and more meaningful
lutions to a question, or involve a problem that can be de- examinations of student learning
indude interviews with
termined by the student. Furthermore, there must be
enough time in the investigation to complete various com- students, observations of students, recordings of student
dialogues, and performance assessments. Angelo and
ponents of the Vee map. The applicability of the Vee map Cross
(1993), Hopkins
and Siebert and McIntosh
an
investigation
in
can be determined by a quick litmus (2001) talk about how (1993),
data
from
these different sources
test how much of the investigation can be left up to the
student, instead of being directed by the teacher or labora- can be used to understand the teaching and learning in the
tory manual. When the student can direct a significant laboratory or dassroom. In addition to providing information to an instructor, the collected data can be used to illusLuft et al. - Using an Alternative Report Format in Undergraduate Hydrology Laboratories
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ti ate the impact of an innovative practice or stimulate
conversations about teaching and learning. For example,
instructors can indude their data in yearly performance
reviews, or share findings with colleagues to initiate discussions about science education.
Educational research should also be conducted to understand the process of student learning while engaged in
a laboratory that incorporates a Vee map. Additional areas
of research can include various aspects of curriculum, instruction, and assessment. Ultimately, it is important that
a sound database be developed that illustrates the benefits, detriments, and processes of novel approaches. Yet
this type of research is often outside the experience of
most scientists, and therefore should be conducted with
the assistance of educators or science educators who speciali7e in educational research. Libarkin and Kurdziel
(20(1) discuss the importance of educational research and
demonstrate the power of these collaborations. Faculty
from Schools or Colleges of Education can guide a research program that has the potential to contribute to the
literature on undergraduate science education. Rigorous
research programs generate data that can effect local instructional changes and influence local and national policy. Such research programs are essential in altering the
learning environment for students and the teaching expectations for instructors.
Finally, as a laboratory instructor begins utilizing Vee
maps, Novak and Gowirt's (1984) book, Learning How to
Learn, will be a necessary reference. The book can be found
in a local library or is frequently reprinted for purchase. In
this article we have given a general overview of using Vee
maps in undergraduate laboratories. Their book discusses
the finer points of Vee maps and provides any enthusiast
with valuable suggestions about effectively using and expanding the potential of Vee maps in an instructional setting.
-
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APPENDIX A-1
EXAMPLE OF A COMPLETED STUDENT VEE MAP
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Chapter 5
The Teaching Teams Program:
A "Just-in-Time" Model for Peer Assistance
Harold P. Larson, Reed Mencke, Stacy J. ToLlefson,
Elizabeth Harrison, and Elena Berman

T

he University of Arizona was founded in 1885 as
a land-grant college. Its 34,300 students, 71% of
whom are Arizona residents, include 26,200 undergraduates. In 1998, the University of Arizona introduced a new general education curriculum that adhered
closely to the recommendations made by the Boyer Commission Report (1998) for reinventing undergraduate education in Research I universities. The university's new
general education courses are taught by ranked faculty in
technology-rich, collaborative learning environments that
emphasize the development of writing, communication,
and critical thinking skills. These sweeping changes presented us with an opportunity ro extend into the general
education curriculum a model based on teaching teams

which had been offered for many years by individual faculty and in a few departmentally sponsored programs.
Our teaching teams program (TTP) encourages faculty,
graduate teaching assistants (GTAs), and preceptors (undergraduate peer assistants) to work together both inside
and outside the classroom to provide a multilevel support
system for undergraduate students. By empowering
highly motivated undergraduates to perform a variety of
instructional tasks in exchange for academic credit in
training courses, we offer a comprehensive approach to
undergraduate education reform in which responsibilities
are shared among all participants (Figure 5.1).

•

THE TEACHING TEAMS MODEL

Table 5.1 describes representative courses from each of the
Figure 5.1 THE TEACHING TEAMS PROGRAM
GOAL Build Community Among
General Education Faculty

GOAL Prepare the Future Professoriate
with Practical Teaching Experience

university's three general education strands: Individuals
and Societies (INDV), Natural Sciences (NATS), and
Traditions and Cultures (TRAD). Student-co-team ratios
are 10:1 or less in these courses, all of which have more
than 100 students. The teaching teams of these preceptoted courses provide more attention to individual students, and conduct more group activities, than could the
same number of instructors and GTAs in traditionally
taught classes.
The TTP has grown substantially (Table 5.2). Participating faculty must recruit and train several hundred
preceptors each semester CO populate teaching teams in
dozens of courses throughout the general education cur-

riculum. We meet this need by allowing preceptors, even
first-semester freshmen, to be concurrently enrolled in
the courses served by their teaching teams. Preceptors
concurrently enrolled in a course must complete their assignments on accelerated schedules ("just-in-time" preparation), in order to be ready to provide true peer assistance
with course work.
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The Special Role of the Preceptor
The central feature of our model is the preceptorship,
which engages an underutilized and annually renewable
resource available at every institution of higher learning:
self-motivated undergraduates and their vested interest in
acquiring a quality education. Preceptors facilitate collaborative learning exercises and group discussions in class;
serve as writing consultants, technology experts, and assistants for hands-on research projects outside class; and
hold office hours. They attend weekly team meetings with
faculty and GTAs, where they provide feedback and help
plan class activities. During these team meetings, preceptors catalyze curriculum development as they educate their
instructors and GTAs about student life, attitudes, and
cross-disciplinary connections. Being undergraduates
themselves, preceptors are sympathetic to the frustrations
and problems of their classmates, and their status as peer
learners makes them approachable. Preceptors are trained
to recognize the warning signs of academic or personal distress and to refer students to appropriate campus support
personnel for professional attention.

Preceptor Recruiting
Methods for recruiting preceptors depend on the instructors' goals and preferences. Students currently enrolled in a course usually volunteer after listening to the
instructor's presentation of the teaching team model.
Honors students may be offered a preceprorship to earn
honors credit for the course. Students who did well previously in a course may be contacted directly by the instructor and offered a preceptorship. The selection process
is completed during the first few weeks of classes. Most
faculty conduct inter-views in the spirit of placing, rather
than weeding OM, candidates to determine how each can
best contribute ro their team. Acceptance depends on the
instructor's impressions of a candidate's motivation, reliability, work ethic, prior leadership experience, attitude
toward the subject matter, and academic record. Many instructors use contracts to emphasize the mutual commit-

ment of time and effort in a preceptorship, and to allow
a probationary period during which either party may terminate the relationship.
Many students volunteer for preceptorships in succeeding semesters. These experienced preceptors assume
lead roles in organizing and conducting class activities, especially in courses using teaching reams for the first time.
Some returning preceptors interested in acquiring technology skills are trained as student technology preceptors
(STPs) to work with faculty in developing and preparing
class materials, troubleshooting technology problems,
serving as technology resource experts for students in a
class, and being webmasters for dass web sites.

Preceptor Rewards
Preceptors earn academic credit in workshop training
courses carrying a university-wide code, UNVR (Table
5.3). Faculty decide during interviews which UNVR
course best suits each candidate. First-time preceptors
usually enroll concurrently in UNVR 197a and in the
cla.ss in which they precept. Students who volunteer for
subsequent preceptorships enroll in one of the UNVR
397 courses; they need not be concurrently enrolled in
the supervising instructor's course. A student may use the
UNVR courses for four or more preceptorships, which
could be completed with a single course and instructor or
be distributed among multiple faculty in different disciplines. Students receive grades in the UNVR courses from
the instructors who lead their teaching teams. Grades reflect performance in the instructor's class (e.g., attitude,
preparedness, attendance at office hours and weekly team
meetings) and attendance at the training workshops,
which is monitored and reported to supervising faculty.

New Roles for Graduate Teaching Assistants
Traditionally, GTAs are financially supported by their departments in exchange for grading papers, proctoring
exams, holding office hours and discussion sessions, and
delivering lectures when supervising instructors are out of

Table 5.1 EXAMPLES OF TEACHING TEAMS IN GENERAL EDUCATION COURSES

Student-to-Team
Enrollment

Ratio

Course

Teadling Team

INDV 101
Language

Instructor, four GTAs, two experienced preceptors,
one student technology preceptor, ten first time preceptors

132

7:1

NATS 102 The Universe
and Humanity:
Origin and Destiny

Instructor, three GTAs (two in science,
one in higher education), two experienced preceptors,
five first-time preceptors

113

10:1

183

8:1

TRAD 101 Confucian Asia

28
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_
Instructor, two GTAs, five experienced preceptors,
16 first-time preceptors
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town. Formal training in pedagogy, to prepare GTAs to
teach independently in the future, rarely augments these
experiences. Some GTAs evolve into innovative instructors in nine with modern interactive trends in higher education, often through trial and error at the expense of
their students; others seem never to consider teaching beyond the traditional lecture-only mode.
The TTP intervenes early in the career development
of GTAs by shifting their attention away from being academic laborers to developing as apprentice faculty (see
Chapter 6 in this volume for the GTA perspective on
TI P). One programmatic requirement that drives this
shift is that GTAs on teaching teams are strongly encouraged to attend the program's training workshops, and may
elect to receive academic credit in the graduate-level training course. Also, instructors on reaching teams usually
present their GTAs with options to extend traditional
GTA roles such as mentoring preceptors, organizing and
leading collaborative group activities, and introducing new
projects and technology into the curriculum. In interdisciplinary environments, GTAs may assume the role of
coinstructors when their expertise complements that of
their supervising instructors, thus replacing the token
GTA lecture with a more "honest" usage of GTAs based
on their skills and subject matter knowledge. In all of the
-

Table 5.2 PARTICIPATION IN THE TEACHING TEAMS
PROGRAM

Preceptored Courses

Fall
1998

Number of Courses

9

Participating Faculty

9
18

Participating GTAs
Preceptors
Total Enrollment in Courses

Spring
1999
21
18
21

Fall
1999
29
26
40

86

181

217

1,309

2,936

3,6 82
-

Table 5.3 TRAINING COURSES FOR TEACHING TEAM
PARTICIPANTS

Course

Target Group
UNVR 197a First-time preceptors

Credit RepeatHours able'
2

UNVR 397a Experienced preceptors

2-3
UNVR 397b Student technology preceptors 2-3
UNVR 397c Student technology preceptors 6-9
-—
UNVR 597a Graduate teaching assistants
1-3
Repeatable up to a total of 9 credit hours

No
Yes
Yes
NO
Yes

above, the significant new element is that motivated GTAs
on a teaching team can display initiative that will enrich
the classes they serve, develop their knowledge about learning and teaching, and make their teaching portfolios more
compelling.

Teaching Team Training Workshops
All teaching team participants attend special training
workshops consisting of an all-day Saturday session early
in the semester and a half-day Saturday session at mid-semester. Presenters include faculty, GTAs, returning preceptors, and experts from support units such as the learning center, the teaching center, assessment and enrollment
research services, and the library. Plenary sessions feature
keynote speakers and team building activities for all teaching team members. First-time and experienced preceptors, STPs, GTAs, and faculty attend parallel sessions that
focus on issues specific to their experience and roles on
teaching teams. Topics include collaborative learning,
learning styles, dealing with difficult students, peer review
of writing assignments, academic integrity issues, and
guidance on incorporating preceptorships and other academic experience into portfolios and résumés. The effectiveness of a teaching team is ultimately dependent on the
instructor, who is likely to have experienced an academic
environment where lecture-only courses were the norm.
The workshops, therefore, include sessions for faculty to
discuss their experiences with their teaching teams, and to
expose them to new ways of incorporating technology and
active learning strategies in their courses.

Administration of the Teaching Teams Program
A coordinating council meets year-round on a weekly
basis to plan and assess all aspects of the TTP. The council's membership includes ten faculty and staff who have
direct interactions with undergraduates in courses or in
campus support units. Undergraduate and graduate student coordinators who assume lead roles for classroom liaison, workshop support, database management, publications, recruiting, and program representation assist the
council. Coordinator positions are filled through competitive reviews of applicants with extensive prior experience in preceproring, tutoring, and related skills. The
number of coordinators has evolved to an average level of
six undergraduates and three CTAs, each working 10-20
hours per week. This student-powered approach to program implementation has been remarkably effective in
promoting teaching teams among students and faculty,
and the coordinators themselves acquire valuable communication and management skills.
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The council promotes university-wide visibility for
the TTP. Publications, mostly student-produced, include
three newsletters per semester, a start-up kit for faculty
new to the program, a web site (TTP, 2000) for current
program information, and brochures for prospective students, GTAs, and faculty. Undergraduate coordinators
explain the benefits of enrolling in preceptored classes to
incoming students during freshmen orientation sessions,
and graduate student coordinators make similar presentations at GTA orientation workshops. Each semester the
council invites all teaching team members to an end-ofsemester showcase event at which teaching teams use
posters, videos, and computer presentations to present
accomplishments in their classes.
The council awards about 12 curriculum development grants annually, averaging $4,000 each, to teams led
either by faculty or by GTAs with undergraduates as mandated partners. The product of such a grant, typically the
development of a collaborative learning activity or the
introduction of some aspect of teduiology, must show up
in a specific general education course within one or two
semesters, thus enhancing the university's transformation
of its general education curriculum.

III OUTCOMES
We surveyed all four participant groups (faculty, GTAs,
preceptors, and students) during TTP's first year (AY

Table 5.4 EVALUATION FOR FALL 1998-SPR1NG 1999

SEMESTERS
Participant Group

Number

Number of Response

and Moiled

Surveyed

Responses

Faculty
Interviews (Ell 98)
Question nairest
(spring 1999)

Rate (%)

9

7

78

18

14

78

39
39
39

26
5
7

67
13
18

267
56

150
44

56
79

3,686

1,316

36

GTAs
Questionnaires 2
Focus groups
Email commentary
Preceptors
Questionnaires 3

Focus groups
Students

Questionnaires
'Appendix D-11
2 Appenclix D-10
3Appendix
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1998-1999) using questionnaires, focus group discussions, and interviews (Table 5.4). The preliminary assessments reported here and in Chapters 6 and 7 provide
useful formative insight into the initial acceptance of
teaching teams among faculty and students, the mechanics of implementing them, and the problem areas that
need attention as the program evolves.
Faculty Experience with Teaching Teams
All responding faculty liked having preceptors in their
classes, as indicated by their enthusiasm during the interviews and the fact that all of them declared that they
would repeat the experience. Many faculty reported that
because of their teaching ream, they were able to work
closely with students in a large class where it is typically
difficult to get to know any students. They noted that preceptors offered constructive advice about their courses
and teaching that had never emerged from written evaluations at the end of the semester. Many faculty adopted
teaching teams because of enthusiastic recommendations
from colleagues who had previously worked with preceptors. About 70% of the surveyed faculty redesigned their
courses at least somewhat around preceptors in order to
meet the university's new general education guidelines.
Some faculty were not satisfied with their efforts to
identify suitable preceptor candidates, especially from
among freshmen during the first few weeks of classes.
These faculty were determined to be more selective in the
future by looking specifically for students who are computer literate and competent in math, writing, and communication skills. They will also attempt ro recruit at
least a few experienced preceptors to mentor first-time
preceptors.

GTA Experience on Teaching Teams
Approximately half of the GTAs were satisfied with their
experience and thought that preceptors worked out quire
well in the classroom. Interestingly, those GTAs who were
most involved with preceptors were the most positive
about their usefulness in the class. Dissatisfied GTAs expressed concern about the indistinct boundaries between
GTA and preceptor roles, in some cases because preceptors took students attention away from them. They also
perceived preceptors as having inadequate knowledge and
skill levels, or having unfair advantages over other students in the class. The GTA comments reveal much uncertainty about what it means to be a preceptor, and little appreciation of potential GTA roles in mentoring
them. The GTA experience on teaching teams, and what
could be done ro improve it, are discussed in detail in
Chapter 6.
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Preceptor Experience on Teaching Teams
Preceptors were the most satisfied participant group, both
in terms of their own classroom experience and their overall impressions of the TIR Most reported that these experiences developed their self-confidence and improved
their teamwork, leadership, and communication skills.
They also reported becoming more organized with their
time and course work, and they enjoyed getting to know
their classmates. Some preceptors wanted even more active participation in their classes, such as planning and delivering a lecture and having more opportunities to peer
review student work.
Preceptors were not an elite group in terms of their
academic profile. Their ACT/SAT scores and high school
grades were about average, so their college grade distribution should have resembled that of the general student
body. Preceptors actually did far better academically than
would have been expected from their ACT/SAT scores
and high school GPAs. Preceptors concurrently enrolled
in general education courses received more than twice
the number of As and less than half the Cs of their peers
enrolled in similar, but nonpreceprored, general education courses, and they were much less likely to do poorly
(Ds and Es) or withdraw from the course (Figure 5.2). We
attribute their persistence. and academic achievement to
their motivation to learn, close interactions with instructional personnel, discussing their assignments in small
groups, and articulating what they learned to other students. In principle, this preceptor experience could be

shared by all motivated students who adopt similar study
and time management habits. The preceptor experience
in the TIP is discussed in derail in Chapter 7.

Student Reactions to Teaching Teams
Approximately 42% of all students surveyed had regular
contact (at least two to four interactions per month) with
preceptors. About 80% of these students said that preceptors contributed a moderate to exceptional amount to
their understanding of the course material. About 54% of
all students surveyed stated that if given a choice they
would prefer to take preceptored courses.
About 27% of the students in preceptored classes
had only one or two personal or electronic contacts with
preceptors during the entire semester, and another 31%
of these students made no contact at all. One probable
factor in low student-preceptor contacts in some dasses is
that many faculty are still figuring OM how to integrate
preceptors into their courses. Some preceptors felt that
the students in their dasses were not given enough information about who the preceptors were, what their roles
were, and how they could help students. Some GTAs
noted that preceptors were merely "tacked on" to an existing class structure to provide extra office hours, which
inevitably were as poorly attended as those of the instructor and GTAs. Many faculty realized that their preceptors were underutilized by their students, a situation
which they planned to remedy by giving their preceptors
more visibility in the classroom and giving the class more

Figure 5.2 ACADEMIC PERFORMANCE OF PRECEPTORS AND NONPRECEPTORS ENROLLED IN THE SAME CLASSES
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assignments that required interacting with preceptors during office hours.

PRODUCTIVITY
The key ingredients of the teaching teams program exist
at many universities: large numbers of motivated students, faculty with innovative ideas drawn from their research programs, and academic support units responsive
to student needs. Our major expenses are associated with
coordinating these resources and investing in curriculum
development (Table 5.5). We provide financial support
only for our student coordinators. Faculty and staff who
serve on the council associate their involvement with service to the university community. The project director is a
full-time faculty member whose time commitment is
credited to research in science education. We have therefore minimized our administrative overhead costs by engaging existing resources, a strategy that should make it
easier to institutionalize the program when our external
funding ceases. One measure of the cost of running TTP
for one year is to divide the coordinators' wages, stipends,
and workshop expenses by the number of preceptors in
the program and by the number of students enrolled in
preceptored courses. These costs are about $190 per preceptor and $10 per enrolled student.
Participating faculty agreed unanimously that preceptored courses required more work than traditional lecture courses. Still, all responding faculty planned to repeat
their experience because the frequent interactions with
motivated students made teaching a more satisfying experience. Moreover, part of the increase in work load is direedy attributable ro the university's new general education curriculum, whose requirements for collaborative
learning, intensive writing practice, critical thinking, and
(in science courses) hands-on research projects, represent
more work for instructional personnel regardless of how
they choose to conduct their classes. If all team parrici-

Table 5.5 TEACHING TEAMS PROGRAM ADMINISTRATIVE EXPENSES (FALL 1998-SPRING

Item
Wages for faculty and staff
on the coordinating council

1999)

Annual
Expenditure
o

Wages and stipends for student
coordinators

$52,000

Training workshops

$10,000

Curriculum development grants

$55,000
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pants explore new roles in which the new larger workload
is appropriately shared, the faculty workload could remain unchanged or even decrease. For example, papers
should be easier ro grade after preceptors conduct peer reviews of student writing assignments. When GTAs share
mentoring and curriculum development tasks, they save
the instructor rime while they enhance their own professional development. Finally, the instructor spends less
time preparing and delivering lectures when preceptors
and/or GTAs lead in-class activities.
SUGGESTIONS FOR REPLICATION
Any instructor can set up a teaching team in a class using
standard collaborative learning strategies, but it is a much
more challenging endeavor to extend the practice
throughout a large university. Below, we offer suggestions
to guide the set-up of a TTP elsewhere. Our web site
(TTP, 2000) contains training course syllabi, sample contracts, lists of preceptored courses, and workshop schedules that are adaptable for use elsewhere.
• Identify faculty already providing peer-assisted learning experiences and bring them together to share
their ideas and experience. We asked ten such faculty
to share their vision and methods in a meeting with
others who were attracted to the idea, but were not
sure how to proceed.
• Keep your participants active in administering and
running your program. Our program's founding
group chose a council of faculty who taught precep[tired general education courses, representatives of
key academic support units, and student coordinators.
• Define your program broadly to preserve the instructor's flexibility to innovate at the classroom level.
We provide practical information (e.g., a start-up kir
and how to stay out of trouble) and offer assistance
during the formation of teaching teams, but we minimize our presence once the teams are established.
Initially, coordinators attended weekly team meetings, but we discovered that many faculty preferred to
stay in contact with the program via email.
• Procure funding for your program. We applied for
external support to build program visibility (T-shirts
for all participants, an end-of-semester showcase
event), to fund faculty-student curriculum development grants, and to provide a reasonable period
(three years) in which to test the program before attempting to institutionalize it. In circumstances
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where funding is unavailable, a bare-bones budget
might suffice to cover the indispensable elements (in
our case, student coordinator wages and training
workshop expenses).
• Include students on your planning team and give
them high visibility and lead roles in program promotional activities. Our student coordinators are the
program's most articulate and compelling ambassadors.
• Use preceptors to recruit new preceptors. Experienced preceptors can provide information about the
benefits of their role.
• Be selective in recruiting faculty for your program.
Overzealous recruiting of faculty participants pro-

duced some with only marginal commitments to
making teaching teams work We moved to becoming more selective in accepting new faculty and we
are particularly insistent that they meet the program's
expectations for student participation in the training
workshops.
• Incorporate assessment and evaluation expertise into
your program. Assessment is usually required by external funding agencies, but competent program evaluation should be conducted even for local funding.
Our council includes staff members from several
units charged with the evaluation of teaching and
learning.
• Link your program to the vision documents and educational objectives of your institution. The acceptance and growth of our TTP have been aided by a
supportive university administration which was aggressively promoting undergraduate education reform. We kept key academic administrators aware of
the linkage between our program and the university's
new general education guidelines.

ni CONCLUSION
As a consequence of the open atmosphere for communication and change at the University of Arizona, the teaching teams program has acquired elements of a grassroots
movement in which the participants themselves, not just
a distant administration, believe that they are actually
transforming the educational system. The teaching team
has emerged as a natural structure for channeling this enthusiasm, which contributes to making the University of
Arizona a student-centered research university in the spirit
of the Boyer Commission report.
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