Atlas Journal of Science Education (2011) 1 (2): 38-42
doi: 10.5147 /ajse.2011.0033

The Role of the Undergraduate Student in Teaching and Learn-

ing Biology

Terry L. Hufford

Department of Biological Sciences, The George Washington University, Washington, DC, USA

Received: December 7, 2010 / Accepted: December 13, 2010

Abstract

he possible roles of the undergraduate student as instruc-

tor and colleague in the teaching of undergraduate biol-
ogy are discussed. These roles include laboratory UTA, peer
instructor, collaborative group facilitator, tutor, learning fa-
cilitator, and associate in learning and teaching. The latter
role involves the undergraduate student in course develop-
ment and design.

Introduction

Traditionally the role of an undergraduate student is that of
a learner: the recipient of teaching. However, for most of my
45+ years of teaching | have utilized undergraduate students
as aides or colleagues in course instruction. | have discovered |
could give these students increased responsibility in classroom
instruction and in course development and design.

The use of undergraduate students in the delivery of instruc-
tion is certainly not new or innovative. Fingerson and Culley
(2001) state that the use of UTA's is common in many colleges
and universities and across many disciplines. However, a search
of the literature might indicate that the practice is not quite as
prevalent in the sciences. In the field of biology it seems quite
common to find undergraduate students utilized as laboratory
instructors, particularly in collaboration with a GTA (Smith et al.,,
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2004). Some programs use students enrolled in a teacher edu-
cation program (Greene 2000).

The use of UTA’s in the lecture portion of science courses is
perhaps not as prevalent. Kopp (2000) discusses the use of un-
dergraduate peer assistants in a large physics lecture course.
Maytag (2004) discusses the impact of using undergraduate stu-
dents to teach astronomy students. The use of an undergraduate
student as a colleague in the process of course development is
not nearly as common a practice.

Discussion
The Laboratory Teaching Assistant (UTA)

The general use of undergraduate students in the biology
laboratory makes a detailed review redundant here. Smith, et
al (2005) discuss the use of UTA's as members of their teaching
team in the design of an introductory biology course incorporat-
ing active learning.

Greene (2000) discusses the use of pre-service teacher edu-
cation students as teaching interns. In their paper Conceptual
Change in the Undergraduate Biology Teaching Laboratory: A
“Type Specimen” Case Study, Jones and Eichinger (2005) note
the use of UTA’s in their laboratory.
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Collaborative Group Facilitators

Some students, as a factor of their cultural and educational
experiences, had a very difficult time with the critical thinking
and higher level cognition associated with my introductory biol-
ogy course for science majors at George Washington University.
Too many were not successful in passing the course and this came
to be intolerable to me. Making the course less rigorous was
not an option, thus alternative methods of instruction had to be
utilized that made the material accessible and understandable
for students whose approach to learning differed from my more
conceptual, critical thinking approach to teaching.

The results of my findings and solutions were presented in
BioScience (Hufford 1991). Among the keys was to take the con-
cept of group learning | had established for the laboratory and
apply it to the course as a whole. The class was subdivided into
collaborative groups of six students each. These groups were
expected to meet outside of regular class times. As | did not
have the time to meet personally with each group | decided this
would be an excellent way to utilize undergraduate students —
as Collaborative Group Facilitators (CGFs).

Training of CGF’s was much more extensive than for the UTA.
They were given an admittedly brief introduction to the nature
of collaborative learning and to the concept of facilitation.
In addition, weekly meetings with me as the course instructor
helped prepare the facilitator for their weekly sessions. With
the cooperation and assistance of the George Washington Uni-
versity Multicultural Student Services Office, their students were
required to attend the weekly group sessions. The results of this
and other intervention approaches indicated a remarkable im-
provement in performance, not only for students of education-
ally substandard backgrounds but for all students that attended
the sessions.

A similar use of UTA's is in peer instruction, although the dis-
tinction between a collaborative group facilitator and a peer
instructor may not be significant. Fagan, Crouch and Mazur
(2000) discuss the use of peer instructors in a variety of class-
rooms, but focus on Physics. Deb Burman (date unknown) utilized
peer instruction in cell biology while Schmieg, Cataldi and Dries
(2000) refer to the use of peer instructors in the development of
honors instruction in biology. Allen and her collaborators (1999,
2001, 2005) were instrumental in the introduction of the use of
peer facilitators into biology instruction. Eberlein (2008), Lewis
and Lewis 9(2008), Micari, et al (2006, 2010), Sarquis, et al
(2001) and Smith, et al (2004) are others who discuss the use
of peer tutors (mentors, facilitators) in the sciences. Harris and
Sandor ( 2007) mention the use of peer instruction in e-learning.

Learning Facilitators

| had planned on “officially” retiring after a three year spe-
cial appointment (received following my initial retirement and
grant of emeritus status) had ended. However, several members
of the Biology faculty were on sabbatical and | was asked if
| would stay on another year to teach the non-majors biology
course. | had not taught a large enrollment non-majors course in
many years.

39

My immediate challenge was to present a rigorous course
that emphasized those aspects | have always believed to be im-
portant: critical thinking and the ability to integrate information
in meaningful ways while maintaining student interest and pro-
viding a reasonable opportunity to earn an acceptable grade
in the course. My reputation worked both for and against me
in this endeavor. Students knew | was a Distinguished Teaching
Professor but they also knew | was a demanding teacher. For
first-years this was somewhat intimidating. | realized that some
students might consent to e-mail me but few would come to my
office, even though | encouraged, indeed welcomed and de-
sired, that they do so making this clear both in lecture and in
course material.

| decided that upper level undergraduate students might be
able to bridge that gap between student and instructor. | had
no funds available to pay such a group so | contacted former
students and asked if they would be willing to work with me
on a volunteer basis as “Learning Facilitators (LF’s).” A number
responded in the affirmative and | selected 16 individuals, each
being responsible for a group of 16 — 24 students. The easiest
way to form the groups was to utilize groups already formed
by the laboratory section delineations. Each LF was assigned
one group of laboratory students. | met with the LF’s prior to the
beginning of classes to describe the program | had in mind and
to provide background in the process of facilitation. Given that
all the Facilitators were volunteers, | felt somewhat restricted in
what | could require of them. Face-to-face meetings with the
students seemed to be prohibitive because of the time demand.
| therefore determined that all contact would be via e-mail. The
existence and nature of the program together with the e-mail
address of each LF was given to class members verbally and
on their Blackboard link. The students were told to expect an e-
mail from their facilitator in which the facilitator would introduce
themselves and provide a brief synopsis of the interactions they
expected to take place over the course of the semester.

Fall Semester

Each Learning Facilitator was expected to communicate at
least once each week with each of their assigned students. These
communications encouraged the student to discuss with the fa-
cilitator any problems or questions the student had in regard to
lecture material or their expectations of the course. In addition,
each week the Facilitator would compose an open-ended critical
thinking question that they e-mailed to their students. The ques-
tion intfroduced the student to the thought process they would

Table 1. Final grade in course as compared to number of interactions
per week with Learning Facilitator.

Final % Interaction
Grade Based on 1/wk

A-A 69
B- B* 46
c-c 46
F-D* 31



need to utilize in answering questions | might give on examina-
tions and gave the student some indication of the subject matter
required. The answer was e-mailed back to the Facilitator. The
Facilitator would then critique the answer and get back to the
student if some lack of information, misinformation, or misappli-
cation of information existed. As encouragement to the student
to participate in the process, the student would receive one bo-
nus point for each response returned. A total of 15 points could
thus be earned over the course of the semester and these were
added to the students total points earned in the course. The re-
sults of the interaction are given in Table 1.

While there are significant differences between high, middle
and low grades, these results cannot be interpreted in a simple,
straightforward way. For example, students that corresponded
with their LF on a regular basis (at least once each week 90
— 100 % of the time) had an average grade in the course of
3.0 on a 4.0 basis. Those that did not correspond at all or cor-
responded less than 10% of the time had an average grade of
2.87. The difference between these means was not significant as
the standard deviation for each group was quite high. Grades
ranged from F to A for each group. In addition, a control of
sorts was accidentally provided as one LF did not correspond
at all with her students and did not inform either myself or the
Teaching Associate that she was not doing so. In addition, a few
students were inadvertently not assigned to any LF. This group
of 33 students had an average final grade of 2.3 (C*) while the
other 209 students who at least had the option of communicat-
ing with a Learning Facilitator had an average final grade of
2.7 (B-). While this might appear to be a significant difference,
again the standard deviation was great and grades ranging
from A to F were found for both groups.

Feedback from both the students and the LF's revealed sever-
al things. Both students and facilitators would have preferred the
option for face to face meetings, either in groups or one-on-one.
There was considerable difference between the LF’s in regard
to their ability for significant interaction with their students, with-
in the framework of the program obijectives. The rating of the
program by the students was directly related to the ability of
their LF to provide significant and helpful interaction. Finally, all
LF’s were not equally competent in making up significant critical
thinking questions. Although | had suggested the LFs should work
together in devising such questions, many ignored this advice.

Spring Semester

Spring semester provided an opportunity to work on sev-
eral of the problems apparent in the fall semester. | taught a
single small enrollment section. This allowed for several changes
in presentation style. Lecture time was greatly reduced and the
section became essentially problem based. The course included
considerable writing with short papers called Concept Papers
due every other week and major Position Papers due at mid-
semester and at the final. Secondly, the Department Chair pro-
vided funding to hire a Learning Facilitator. | selected Ms. Sherry
Weinstein, a student in our Honors Program and one of the most
outstanding Learning Facilitators from the Fall Semester. The
class of 22 students was divided into six collaborative groups

and Ms. Weinstein met at least once weekly with each group. In
addition, the students could contact her for individual appoint-
ments if they wished. | was available for individual meetings and
set up group sessions before the mid-term and final examination
that students could attend if they wished to review material or
ask questions. We were both available to talk about the papers,
content information, or content application, that is, critical think-
ing aspects.

As with educational research in general, it is difficult to ana-
lyze the results in any systematic or quantitative way. In a quali-
tative sense, the course was a great success. Student response
was quite positive. They enjoyed the course and believed they
learned a great deal about biology, particularly the role of
biology in societal and public issues. In regard to outcome, as
measured by final grade, the mean was 3.2/4.0, a significant
difference from the 2.6/4.0 earned by the class Fall Semes-
ter. However, one can question the significance of the outcome.
Registration for the section was a self-selection process. Did the
better students select this special section? Nine of the 22 stu-
dents in the course Spring Semester had taken the first half of
Introductory Biology in the Fall Semester. Those nine students
had an average grade Fall Semester of 3.4/4.0, significantly
better than the mean. Spring Semester that group of students
earned a 3.5/4.0; slightly higher but certainly not significantly
so. For them it would seem self-selection was a factor. Thirteen
students had not taken the first half of the course. One might
suspect that these students would be somewhat at a disadvan-
tage, particularly as they would not have had the experience of
taking my examinations. They did score somewhat lower, aver-
aging 2.9/4.0. This was still higher than the mean grade for the
Fall Semester group. Did the latter students also represent an
aspect of self-selection? Was there deliberate selection of this
section by inherently better students? These questions cannot be
answered with any certainty.

The final grades in the course were the highest overall of any
introductory biology course | have ever taught (other than Hon-
ors Biology). An average of almost a B+ was a full letter grade
higher than the C+ average typical for my introductory courses.
Was this result simply the consequence of chance in having an
outstanding group of students, was it due to course design, or
was it due to the excellent work of Ms. Weinstein in her capacity
as Learning Facilitator? There were no evaluative tools in place
that would provide evidence by which the question could be
answered.

The Teaching Associate

When | retired in 2001, the President of the George Wash-
ington University offered me a special 3-year appointment as
Distinguished Teaching Professor. My responsibility was to work
exclusively with aspects of undergraduate science education,
particularly in the area of biological science. In part, a conse-
quence of that appointment was the development of an intro-
ductory biology course for our Honors Program. In addition, with
a grant from the Hewlett Packard Foundation, | developed a
course for non-science majors called Biology in the City. The lat-
ter course utilized considerable community resources as teaching
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adjuncts and was completely Problem Based. It is, however, the
former course, Honors Biology, that | will discuss.

Honors Biology was developed over the summer of 2001 and
taught for the first time during the 2001-2002 academic year. It
was reasonably well received but some obvious problems were
noted both by me and by the students. The course involved dis-
cussion, but was still too much lecture based. Being a course open
to all students, a balance had to be found between providing
information necessary for students in our Pre-Med and Science
programs while not overwhelming students in the social sciences,
humanities, business, and international affairs areas.

During the year, | had many interesting and informative dis-
cussions with all the students in the course but one in particular
stood out. Ms. Heather Spence was an extremely intelligent and
multi-talented individual who was able to establish good rap-
port with members of her collaborative working group and with
other students in the class. In addition she had many ideas and
much insight into aspects of the learning environment. It seemed
obvious to me that course revision could proceed in a much more
efficient and effective way if her views, insight, and percep-
tions as a student could be incorporated and intercalated with
my own views on course development. After she completed the
course, | asked her if she would be interested in working with me
in the revision and redevelopment of Honors Biology. | had no
funding for her, so if she was to accept it would be in a volunteer
capacity. She did accept and | named her Associate in Teaching
& Learning. We were able, with the cooperation of the Honors
Program, to have her work recognized as Independent Study.
Thus she was able to receive credit hours that would count to-
wards her Honors requirements.

That summer and for the next two years Heather worked
closely with me in course content and design, the development
of assessment instruments for course and student assessment, and
the development of discussion topics and criteria. In addition,
during the academic year she was involved with in-class instruc-
tion and interacted with the students outside class, meeting with
students individually to provide assistance with course materials
and to ascertain problems or concerns they had with the course.
These concerns were relayed back to me, without naming the
individual that made them. In addition she worked with the col-
laborative groups, helping them with their group projects and
acting in the role of facilitator. The close association and trust
that Heather was able to establish with the students was ex-
tremely important to course improvement. She acted as a sort of
“sounding board” which made it possible for on-the-fly changes.
She helped in very significant ways to determine what was work-
ing and what was not working and offered her own ideas for
changes that were generally complementary with my own.

By the third year of the course, and the final year of my
three-year appointment, the course was recognized as an in-
novative, interesting and challenging course in introductory biol-
ogy. Much of the credit for this positive development goes to
Ms. Spence.

That did not end my association with Ms. Spence nor did it
end her commitment to the area of teaching and learning. She
helped me in the coordination and implementation of the Learn-
ing Facilitators Program discussed previously.
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Conclusions

While | have utilized many undergraduate students in dif-
ferent capacities in my courses during 45+ years of teaching,
most of the programs discussed in this paper are the result of my
appointment as Distinguished Teaching Professor. This allowed
additional time to consider, develop and implement the several
programs. | have found that undergraduate students can con-
tribute much to excellence in teaching. | encourage all instructors
of introductory biology to consider the expanded use of under-
graduate students in their courses and | stand ready to assist in
this process.
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