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Just-in-Time Teaching (JiTT) is a teaching and learning ap-
proach that combines the best features of traditional in-class
instruction with the communication and resource potential
available viathe Web. We describe here how JiTT can be used
to teach biology to undergraduate and graduate level students,
both science majorsas well as nonscience majors. A key charac-
teristic of JiTT is the creation of a feedback loop between the
classroom and the Web using Internet“WarmUp” assignments
that are due prior to class time. By examining student responses
to Warm Up exercises before class, faculty members can deter-
mine the level of understanding, prior knowledge, and mis-
conceptionsthatstudents bring to class. Classroom time can
then be spentaddressing these misconceptionswhile discuss-
ing course content. Inclass Cooperative Learning exercises re-
inforce course content in an informal group setting. Other fea-
tures of JiTT, such as“What is Biology Good For,” make clear
the relevance of specific concepts in biology in society and in-
crease student motivation. Assessment results have been posi-
tive, including decreased attrition rates, increases in student
attitudes, interactivity, study habits, and cognitive gainsin class-
roomsusingJiTT.

WHAT IS JiTT AND WHAT IS IT DESIGNED TO
ACCOMPLISH?

JITT is a technique for teaching and learning that uses the
Internetto improve student success in college science courses
by enhancing and extending classroom instruction viathe Web.
JiTT isdesigned to bring pedagogically successful methods for
teaching and learning into the classroom: interactive engage-
ment (active learning), constructivism, and prompt feedback
(formative assessment), described below. JiTT was originally
developed at Indiana University Purdue University Indianapo-
lis (IUPUI) and the United States Air Force Academy to help
students and faculty in physics (Novak et al 1999). JiTT has
since been expanded to other disciplines and universities and
is currently being used in biology, geology, chemistry, psychol-
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ogy, and math, as well as in nursing, history, economics, and
anthropology. JiTT has been adopted by >200 faculty members
at 80 institutions worldwide. (More information about this
method, particularly targeted to physics instruction, can be
found in the recent book, Just-In-Time Teaching: Blending Active
Learning with Web Technology [Novak et. al 1999].)

The essence of JiTT is the feedback loop between the Web
and the classroom (Figure 1). Faculty use the Internet to post
course materials and Web-based Warm Up assignments before
class, and students use materials on the Web to prepare for each
class. The faculty member in turn uses student responses to
create an interactive classroom environment that emphasizes
active learning and cooperative problem solving and decreases
the use of traditional lecture. Further exploration of selected
topics occurs after class in the form of “Whatis (Biology) Good
For?” activities that highlight the relevance of course material
tothestudent’s lives. JiTT is particularly useful in large enroll-
ment courses, for commuting or part-time students, and inany
case inwhich astudent’sfirstallegiance is not necessarily to the
course, but may be competing with the student’s existing job,
family, and personal responsibilities (Novak et. al 1999).

The purpose of this paper is fourfold: (1) To relate the use of
JITT to what is known about effective teaching and learning in
science; (2) to describe how JiTT is currently used in biology;
(3) to describe the effect of JiTT on student success and learn-
ing; and (4) to suggest strategies that faculty can use to imple-
mentJiTT in their own classrooms.

OVERVIEW: WHAT DOES THE RESEARCH
LITERATURE SAY ABOUT HOW STUDENTS
LEARN SCIENCE?

Areview of the literature on how students learn science reveals
at leastthree major themes: (1) Learning requires active prac-
tice. Extensive research in education has confirmed that deep
conceptual learning requires interactive engagement, recently
reviewed in How People Learn (National Research Council
(NRC), 2000). For example, Hake (1998) compared >6,000 stu-
dents from 62 different introductory physics courses and con-
cluded that students who used active learning or interactive
engagement methods outperformed students in traditional
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classroom

the web

Figure 1. JiTT feedback loop.

classes. Similar results were seen by faculty teaching general
chemistry and biology courses (Paulson 1999, Udovic 2002).
Many recent reviews targeted to college faculty recommend
active learning strategies to increase student success in college;
including Astin’s What Matters in College? Four Critical Years
Revisited (1983), Chickering and Gamson’s Seven Principles for
Good Practice in Undergraduate Education (1987), NSF’s Shaping
the Future: New Expectations for Undergraduate Education in Sci-
ence, Mathematics, Engineering, and Technology (1996) and NSTAS
recent Learning Science and the Science of Learning (Bybee, 2002).
(2) Learning is actively constructed from prior knowledge. Re-
search in science education has also made us aware that, in
order to learn, students must actively construct new knowledge
from prior knowledge:
Current research on learning indicates that all new learning de-
pends on the learner’s prior knowledge and current state of un-
derstanding. If students’ initial understanding is not engaged,
they may fail to grasp the new concepts they are taught, or
...they may revert to their preconceptions outside of the class-
room. (NRC 2000)

This theory of learning, termed ‘constructivism,” was devel-
oped by Piagetand othersand iswell-supported in the research
literature, asrecently reviewed (NRC, 2000; Bybee, 2002). Prior
knowledge is defined as a combination of a learner’s preexist-
ing attitudes, experiences, and knowledge (Kujawa and Huske,
1995). Many times, prior knowledge includes misconceptions,
defined as intuitive but incorrect interpretations or misunder-
standings of an idea, concept, or process (Fisher et al., 1986;
Rochelle, 1995). Constructivism emphasizes that new concepts
cannot be learned if alternate models already exist in a student’s
mind, and finds that new concepts are best learned when teach-
ersuncover and address the prior knowledge and misconcep-
tions that their students bring to class with them. (NRC 2000,
Committee on Undergraduate Science Education 1997).

Learning requires prompt feedback: A large body of research
has shown that learning proceeds primarily from prior knowl-
edge, as described above, but also ishest achieved when stu-
dents are provided opportunities for formative assessment—
feedback on their prior knowledge so that they can adjust or
clarify their thinking (AAAS 1989, NRC 2000). However, in
Learning Science and the Science of Learning (2002), Mestre and
Cocking state that:
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Largely missing from science classrooms, particularly large lec-
ture classes, is formative assessment, which is intended to pro-
vide feedback during learning exercises so that students can
have an opportunity to revise and improve their thinking and
instructors can tailor instruction appropriately.

Feedback is most helpful to student learning when students
have time to reflect on the feedback and make adjustmentsin
their thinking to improve or clarify their understanding of sub-
jectmaterial. Formative assessment gives students an opportu-
nity for practice with concepts in preparation for agraded ex-
amination (summative assessment), when they will be asked
to show what they have learned at the end of a set of course
materials.

JiTT Combines Research-based Learning Strategies

A fundamental advantage of JiTT is that it provides a simple
and straightforward way to have students and faculty partici-
pateinall of these learning strategies. The use of JiTT Web tech-
nology is simply one way to achieve these recommendationsto
promote the development of critical thinking, active learning
and cooperative learning skills, and give quick and specific
feedback to students. In addition, JiTT incorporates other rec-
ommendations for effective teaching and learning, by encour-
aging frequent, short study sessions when notin class, increas-
ing the amount of contact between faculty and students, en-
couraging classroom attendance and participation and connect-
ing the course content to the real world (relevance). (Chickering
and Gamson 1987, National Research Council, 1996).

HOW JiTT IS USED IN TWO CLASSROOMS:
CONTEMPORARY BIOLOGY N100 AND
BIOTECHNOLOGY 540

At IUPUI, one of us (K.A.M.) has been using JiTT in biology
classes since 1999. Contemporary Biology, N100, is a large-en-
roliment (>200 students), lecture hall course for nonscience ma-
jorswho use the course as part of their general science require-
ment for graduation (http://www.biology.iupui.edu/biocourses/
N100/). Biotechnology 540 has an enrollment maximum of 45
students, and is taken by advanced undergraduate biology
majors and graduate students (http://www.biology.iupui.edu/
biocourses/Biol540/). Both courses meet twice a week for 75 min
each, and neither class hasalab associated with it. Both of these
courses had been taught as traditionally lecture-based classes,
but over the course of 3 yr have gradually incorporated fea-
tures of JiTT. More than 1,000 biology students at IUPUI have
been taught using JiTT.

While we will show here the way JiTT is used in Biology at
IUPUI, we stress that faculty can tailor any of the following
aspects of JiTT to best meet their own course needs. In fact, the
way JiTT is actually implemented in Biology as described here
is somewhat different from the way JiTT was originally de-
scribed (Novak et al., 1999). The mostimportant goal of JiTT is
for faculty to help engage the students in the course content,
and to help students achieve mastery of the subject through
active learning, constructivism, and prompt feedback, using the
technology as a lever to achieve these goals, and notasan end
in itself (Chickering and Ehrmann 1996).

There are four common features of both Contemporary Biol-
ogy and Biotechnology. The firstis to use the Web to create a
Dynamic Syllabus. The syllabus is on-line and updated weekly
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material. Formative assessment gives students an opportunity
for practice with concepts in preparation for a graded examination
(summative assessment), when they will be asked
to show what they have learned at the end of a set of course
materials.


throughoutthe semester. New Web material is posted each Fri-
day, at which point students can access the coming week’slec-
ture outlines and Web assignments. As the cycle repeats itself
throughout the semester, the students see the syllabus evolve
as new links to course material and assignments are added.
Figure 2 shows the home page and syllabus for Contemporary
Biology, with icons linking the syllabus to the various course
components, such as Lecture Notes, Warm Ups, and “Whatis
Biology Good For?”

A second feature is the use of Web-based “Warm Up” assign-
ments. Warm Up assignments prompt the students to think
about the upcoming lesson and answer a few simple questions
prior to class. One weekly Warm Up is posted each Friday and
is due any time in the following week up to 3 h before class
time the following Wednesday. Students read the textas well
as look at the Web links to lecture outlines for the upcoming
week before answering the Warm Up, with the actual Warm
Up assignment taking about 15-20 min to complete. Figure 3
shows how a Warm Up exercise looks to students. Students
complete Warm Up assignments at their own pace, and use a
“Submit” button to transmit their answersautomatically intoa
CGl-bin (Common Gateway Interface program; astandard Web
page tool that collects responses from a form and stores the
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information in an HTML file, or bin) that can be accessed by
faculty atany time.

The third feature of both Contemporary Biology and Biotech-
nology is an Interactive Classroom session. Typically, amodified
lecture-discussion is done for the first 3rd of the class, incorpo-
rating student Warm Up responses as described in the next sec-
tion, followed by a Cooperative Learning exercise, consisting
of collaborative group work and discussion. This is followed
by asecond lecture discussion in the last third of the class.

A final feature that is used in Contemporary Biology only are
optional “What is Biology Good For?” assignments, shortes-
say that highlights the relevance of biology in everyday life.
These extra credit assignments involve a small amount of
internet research and are due the Friday following that week’s
classes.

WARM UP ASSIGNMENTS: THE STARTING
POINT IN THE JiTT FEEDBACK LOOP

Warm Up exercisesare used inaliTT classroom in three ways:
(1) to identify student beliefs, misconceptions and prior knowl-
edge; (2) to synchronize the student responses with classroom
instruction; and (3) provide classroom time to confront miscon-

TOPLE: SYLLABLIS

Biology N100: Contemporary Biology, Winter / Spring 2003
Y¥eb page: i‘;E-.]_?:.*' '-J,".‘--','[:i.',l:;_:_:_;:: u |JUi.-'._'--_ls.lr':.:'n:;.-r_'{'Ji.'_i'H-.}E-Z: N100

Winter - Spring 2003

Mon. & Weds, 1:00 AM - 1:15 PM
Professor: Tir. Kathleen A. Marrs
F-mail: kimarrs@ iupui.edu

Sections A433, A434, and |
RO03 !
LE 101 .
Phone: 2784351 '

Mee: 51330

Support for the development of this course was provided by the Mational Science

Foundation, Division of Undergraduate Education (NSF-DUT Award 8981111), 1o the

WehSeicnce Project at Indiana University-Purdue Univerzity at Indianapolis.
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Figure 2. Home page of Contemporary Biology, N100at IUPUI (http://mwwww.biology.iupui.edu/biocourses/N100/). From this main page, students
have access to the class lecture outlines (desk icon), the weekly Warm Up exercise (coffee cup icon), Biology in the News articles (newspaper icon),
a page of helpful tips useful for preparing for exams (help icon) and the weekly “What is Biology Good For?” exercises (Chef icon). The home page
also contains the general course syllabus, including a grading scale and descriptions of course policies and procedures (not shown).
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TOPIC: WARM P

IUPUT DEPARTMENT OF BIOLOSY

Warm Up [ is due Wednesday, Jannary 22, 2003 ai 9:30 am.

Please type the last 4 digits of yoor Student 1D Number: 9876 (Important!)
Please type vour LAST name, and FIRST initial ar first name: Guess Who!
Please type in a "nickname’; {Ini case vour answer is used in class)

The following three questions refer to material vou were to read in preparation for class. These questions require youo
to write a three or four sentence response. It ks OK to answer "1 don't knew' - bt STATE WHY vou are confused!
(Don't just say 'T don't know® - you probably DO} Each WarmUp worth 3 points if answered on time and must be

subminted via the web.

QUESTION 1: What is the difference between a theory and a belief? You may want to look these terms up before
answering. Be as specific as you can, and give an example of each.

QUESTION 2: What characteristic determines whether organisms belong to the same species? Why are, for
Instance, are Rottweilers, bulldogs, and poodies - phenotypically (ie physical appearance) very different - considered
ta be members of the same species - dogs? Why are all humans, despite our numerous phenotypic differences,
considered to be one species?

SUBMIT

You may change your mind as often as vou wish, When vou are satisfied with your responses elick the SUBMIT
button. You will receive o "THANK YOU™ page as a confirmation that your response has been sent to me,

ol ol o ol ol ol ol ol ol o il o o i i o e b i e e e e e e e ool ol ol ool ol ool o ol ol o i o o R o e e o o

Figure 3. Layout of a typical Warm Up assignment in Contemporary Biology. Students must enter their last name and first initial, the last four
digits of their student identification umber, and a nickname for purposes of anonymity if their response is shown in class. A “Submit” button at
the bottom of the exercise transmits student answers to faculty. Students receive a confirmation page once their Warm Up has been successfully
submitted. Students receive 3 points for answering each Warm Up on time as it appears at the top of the Web page.
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ceptions. In doing so, we incorporate students’ prior knowl-
edge asafoundation on whichto construct further knowledge
of the subject matter.

How Are Warm Up Questions Written?

AWarm Up question usually presents asituation that students
are likely to be somewhat familiar with and requires students
to speculate or develop a hypothesis before forming the an-
swer. Students typically reveal, through writing the answer to
the Warm Up question, ideas (and misconceptions) based on
both their prior knowledge of the subject—from high school or
earlier classroom experiences, from other college courses, or
from the media—with new information gathered from reading
the textbook or lecture notes. Since Warm Up exercises are pri-
marily intended to uncover student prior knowledge, we typi-
cally do not question students on direct factual information
found in the textbook. Instead, we ask questions that start with
open-ended prompts such as:

“What is the difference between...?”
“Why do you think...?”

“Estimate how many....”

“What happens if...?”

“What determines...?”

“In your own words, explain...”

In some cases, Warm Up questions can be designed to target
concepts thatare known from the research literature to be asso-
ciated with specific misconceptions by students. For instance,
many undergraduate students have significant misconceptions
about concepts such asevolution and natural selection (Bishop
and Anderson, 1990; Hensen and Finley, 1996; Lord and
Marino, 1993; Lawson and Thompson, 1988), photosynthesis
and respiration (Haslam and Treagust, 1987; Hazel and Prosser,
1994), osmosis and diffusion (Jensen et al., 1996; Odom and
Barrow, 1995; Westbrook and Marek, 1991), and understand-
ing the biochemical basis of “dominant versus recessive " traits
(Heim, 1991; Longden, 1982). For concepts such as these, sig-
nificant misconceptions can be anticipated in student responses
to Warm Up questions and even categorized into fairly predict-
able responses.

In other cases, an instructor might want to probe for student
prior knowledge on concepts that do not have a strong base of
information about existing misconceptions. In such a case, we
have found it useful to write Warm Up questions based on cat-
egories described inthe classic article by Arons (1979) that de-
scribes the reasoning capacities that faculty expect of college
students. Figure 4 shows a sampling of Warm Up questions
that have been used in both Contemporary Biology and Bio-
technology that fall into one of the categories described by
Arons (1979).

For example, a Warm Up question might probe for the ability
ofastudentto understand new terms and definitions (Figure 4,
question 1 and 9), explain or discuss the meaning of a particu-
lar bit of jargon (Figure 4, question 2 and 12), or show students’
thinking processes when dealing with a difficult concept (Fig-
ure 4, question 3, 9, and 10). Other Warm Up questions might
probe for whether a student can draw inferences from data (Fig-
ure 4, question 4), translate words into written symbols or writ-
ten symbols into words (Figure 4, question 5), make connec-
tions between the subject and their own experiences (Figure 4,
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questions 6 and 7), or discuss the ethical implications of biol-
ogy (Figure 4, questions 8 and 11). Student responses to these
guestions include not only some misconceptions that might be
predicted from the research literature, but will also reveal prior
knowledge and other misconceptions that might never have
occurred to the faculty member to address without seeing the
responses of his or her own students. It is often fascinating to
read through student responses and see the wide range of
thought processes, examples, analogies, mis-information and
logical thinking that students use to answer the questions!

In both biology classes at IUPUI, Warm Up responses are due
3 hbefore classtime. (Any time period before class time can be
chosen that is convenient for the faculty member and the stu-
dents answering the Warm Ups.) Having an assignment due
before class time has an added benefit—it compels the student
to do the readings and look at the chapter material so that stu-
dents cometo class prepared, increasing their participationin
class discussions and cooperative learning exercises.

Full points (3 points per Warm up assignment) are given to
all students who respond on time—Warm Up responses are
not graded initially as right or wrong since the material has not
yet been discussed in class. The answers do not have to be com-
plete, orevencorrect. Infact, partially correct responsesare the
most useful in starting classroom discussion, as described in
the next section.

If afaculty member prefersto assign agrade to the students
warm up responses, we have developed a way to score student
responses to Warm Up responses, based onascale from 1to 4,
with 1 representing “no formal understanding” of the question
to 4 representing “complete formal understanding” of the sub-
ject, based onarubric developed by de Caprariisetal (2001) .
For more details on scoring Warm Ups, including actual stu-
dent responses to different Warm Up questions, see the recent
paper by Marrs et al (2003), the archive of Warm Up exercises
inbiology, including selected student responses at, or the Warm
Up scoring rubric at http://www.biology.iupui.edu/biocourses/
N100/warmupscoringrubric.html.

WARM UP RESPONSES: SYNCHRONIZING PRIOR
KNOWLEDGE WITH CLASSROOM DISCUSSION

Faculty using JiTT typically set aside an hour or sohbefore class
to read through student responses. While reading student
Warm Up responses, it is usually evident that the students are
clear about some points but may have serious misconceptions
about other questions.

Once we identify a few points that need to be further clari-
fied in that day’s class, based on reading a sample of student
responses, we determine where to adjust the upcoming class-
room lesson in response to the student submissions “Justin
Time,” and decide how much time to devote to a concept that
was to be discussed that day. Should the majority of the class
appear to be confused on a particular Warm Up question, more
time can be planned to clarify this concept in class. Should the
majority of the class appear to understand a concept, more time
can be spentin class discussing other concepts.

Just before class time, we select two to four Warm Up re-
sponses for each question that can be used as a starting point
foraddressing thatday’s content, and copy and paste these re-
sponses into a page of comments. This page can be uploaded
immediately to the course Web page, or atransparency can be
made and shown in class.

53



K. Marrs and G. Novak

Figure 4: A sampling of Warmn Up questions used in Contemporary Biology (1-8) and
Biotechnology {9-12).

i What is the difference bebween a theory and a beliel? You may want to look these terms
up before answering. Be as specific as you can, and give an example of sach.

2. What characleristic determines whether organisms belong to the same species? Why
are, for instance, are Rothweilers, bulldogs, and poodles - phenotypically very different -
considered to be members of the same species - dogs? Why are all humans, despite our
numercus phenolypic differences, considered to be one species?

3 How do you think cells become specialized for their function? For instance, we all started
our life as one single fertilized egg cell, or zygote, buf within weeks of conceplion, we had
liver cells, heart cells, brain cells, and muscle cells that were grouped into functioning
argans. How does one cell give rise to many cells with many different functions??

4. A protein called "p533° normally functions to find damaged DNA in the nucleus. pa3
prevents cells from going through mitosis until the DA damage can be repaired.
However, smoking cigarettes frequently causes mutations in the p53 gene in lung cells.
How do think this might play a factor in the development of lung cancer?

a: One of my favorite guotes about biology refers to photosynthesis: "Lite is woven out of
air by light". Look at the chemical equation for photosynthesis is this week's readings. In
your own words, explain what you think the author of this guote meant based on the
chemical reaction for photosynthesis.

G Why do you think chemotherapy drugs, which are given to fight cancer, cause a person's
hair to fall out?

T Which gender is doing more meicsis RIGHT MOW - the males or the females? (Or do
you think men and women undergo meiosis at pretty much equal rates?) What type of

in women?

ever be a Human Proteome Project?

call is the end product of meiosis in men? What type of cell is the end product of meiosis
B. Is there a flaw in thinking that if we were ever to clone a person, Eke Einstein, a brilliant
physicist, we would end up with another brilliant physicist?

a How does an arganism's physical appearance relate to Survival of the Fittest? How does
the environment influence the survival of an organism?

10,  Humulin, a drug made by Eli Lilly, is the human insulin protein made by bactena. How
can a bacteria make a human protein?

1.  Where do Human Embryonic Stem Cells (hES cells) come from? What are some of the
ethical implications of using hES cells for medical research?

12.  Wthe genome is all the DNA In the nucleus of one cell, what is a proteome? Could there

For sample student responses to these Warm Up questions, sea

Dtbecwwnes iotogy Jupul e duibiogourses ™10 chives iitml

Figure 4. Selected Warm Up questions used in Contemporary Biology (1-8) and Biotechnology (9-12). For sample student responses to all Warm
Up exercises in Contemporary Biology, see the Contemporary Biology Resource Page at http://www.biology.iupui.edu/biocourses/N100/

archives.html.

How To “Spin” Student Warm Up Responses in Class

An important feature of JiTT is that students actively partici-
pate in a class that is based on their prior knowledge, while still
including all the content the faculty member was planning for
that day’s discussion. Student responses to the Warm Up ques-
tions are shown and discussed where appropriate in the lec-
ture or discussion. There are many ways the student excerpts
can be used inclass, as shown in Figure 5. Incomplete answers
are often the best for stimulating an active classroom discus-
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sion. Students can be asked, as a class, toextend answersbe-
yond what is shown to make the student responses more com-
plete, to expand the answers to a new situation, or to compare
two answers to the same question that differ significantly. Stu-
dent Warm Up responses are thus used to provide quick and
specific feedback to students, by using their own responses as a
springboard to develop subject material presented to class.
Thus, JiTT provides a simple way to provide continuous for-
mative assessment to students, giving students time to review
their thought processes, and to revise their thinking if needed.

Cell Biology Education



Students reportthat they benefit from going over the sample
Warm Up responses in class, and are usually pleased to see
their answer presented to the class, identified by an anonymous
(and sometimes humorous), nickname, even if the answer pre-
sented is partially incorrect. In questioning three semesters of
students, 87% of students in N100 rated the class discussions of
Warm Up responses “very useful to learning the fine points ”’ of
a concept (n=485). It should again be stressed that the time
spenton Warm Up responsesinalJiTT classroom does not re-
sultin less course content or “coverage” of topics; in fact, stu-
dents spend more time reading, writing, and thinking about a
topic in aliTT classroom due to the necessity of completing
assignments out of class.

INTERACTIVE LECTURE: COOPERATIVE
LEARNING AND DISCUSSION

StudentsinalJiTT classroom actively work on their knowledge
of specific concepts during class by not only discussing Warm
Up responses, but also working on solving problemsinagroup
setting. In Contemporary Biology, understanding is further re-
inforced by in-class Cooperative Learning exercises that deal
directly with the concepts discussed in class. These exercises
are chosen so that they give students hands-on experience with
specific concepts: for example, transcription and translation
using the codon chart, genetics problems, or graphing exercises
to show exponential population growth or antibiotic resistance.
In some cases, Cooperative Learning exercises are chosen spe-
cifically to ‘tiein’with a particular Warm Up question and pro-
vide a ‘two-pronged attack’to give additional attention to par-
ticularly difficult concepts (Marrs 2003).

Many of these Cooperative Learning exercises come from the
book Cooperative Learning: Making Connections in General Biology
(Bresand Weisshaar, 2000). This soft cover book contains about
100 hands-on, cooperative learning activities for biology stu-
dents (majors or nonmajors) that are easily done in the class-
room, typically in 10-15 min or less. The book includes activity
worksheets correlated to the content of many standard general
biology textbooks, with sections covering cell structure and
function, mitosis and meiosis, evolution, genetics, and more.
For faculty who may be uncertain of how cooperative learning
might be implemented in their classrooms, particularly in a
large lecture hall classroom, an instructor’s manual is available
which not only includes answers to the cooperative learning
activities but also includes tips for incorporating aspects of co-
operative learning and group work into a course.

In Contemporary Biology at IUPUI, informal groups of two
to four students work together for 10-15 min on these coopera-
tive activities and are given time to ask questions and discuss
their answers with other groups. In this way, students who con-
tinue to have difficulty with a concept can get clarification while
classisstill in session. Since Contemporary Biology isheld ina
less-than-ideal setting for group work (fixed, auditorium-style
seating), students are not assigned into groups, but work infor-
mally with people who are next to them, or in rows in front of
behind them. While students are sometimes hesitantat the be-
ginning of the semester to work with other students, they
quickly come to enjoy the break in lecture and welcome the
chance practice working with concepts we are discussing in
class. Over 94% of students in one semester of N100 (n=184)
reported that the cooperative learning exercises were “highly
useful” or “very useful” in promoting understanding of the

Vol. 3, Spring 2004

Just-in-Time Teaching in Biology

Flgure: = Haw o splie His ddarm Up responses s

1. Qe pashdve. nai ereleal

#o Slava a geaded mista ol s geod, tha bad & s ngle’s Inaaanplaie anessn e s geeal
iksuskian nhinlse

Lad mals &7 s, hE L A mosarg aace ke

Towi- o oy etk o en e - sl
lvshazeqzabzomn v e o smaz ool cooiood,
Iz 0z serasl snssa bcdn acl=eracl oazahs s

am 4+

JAoAsk sinde mis o gacend arsweers

w  wikchs <lass wibapac o blE E LncwlarE oLt EcT
+ b D laes Linler <t i oo w2 ohl thaee - v 1™°
U1 N |6 S [ e L RN W L TR R T T W 1 A TR
= cskthz clazz Sebaziz prtewody oz oo thiz izeponzzy

A P setudda nln s wapand ansesn
m akshe oclass laches s S i-k?

= cnkho Clazs weten s dh
#  axb e lae= dx D -im

Sehat hapress e

e L R -

=, FER &AAa TR T CRMI[ ARG Tisia neee o0 JTnal Ing Ansmars”
e villen draees v vas He nae seb Dy A — e

= Tz ilfencrs arvmz e, ooe aocle sions ez Azl T2 ez oncshochoiz comeos
2Lozumdatalwiz Poiwy wz ceouoe

Saptel DCm SIS T

Figure 5. Examples of prompts that can be used to “spin” or discuss
student Warm Up responses in class.

concepts discussed in class, as scored on a Lickert Scale.

We have found two other benefits of the cooperative learning
exercises thatare notdirectly related to facilitating understand-
ing of course content. One is that the cooperative learning exer-
cises foster student-to-student interaction, and many times re-
sultin the formation of study groups outside of class, an impor-
tant factor for student success that is often difficult to establish
onan urban campus. A second is that, if graded, the coopera-
tive learning exercises strongly promote classroom attendance.
In Contemporary Biology, two Cooperative Learning exercises
are done per week (one per class). Each exercise that is graded
is worth 3 points each, for a total of only 45 points for the se-
mester (<8% of the total points in the class). However, only one
of the two exercises done per week is graded; the other is dis-
cussed and corrected in class but is not turned in and does not
contribute to the students’grade. Students do not necessarily
know which of the two weekly exercises will be graded, and as
aresulttypically attend both classes per week. As a result, Con-
temporary Biology has a very high rate of classroom attendance.
In aclass of usually more than 200 students, more than 85% of
the class is in attendance—with an average of 170 students per
class session, an almost doubling of the numbers of students
attending class before cooperative learning exercises were
implemented.

Itis fairly straightforward to tailor Cooperative Learning ex-
ercises to any biology class by looking for simple activities in
lab manuals, student study guides, or on the internet for activi-
tiesthat mightbe done to make a lecture class more interactive.
The benefits of cooperative learning in teaching cell biology,
and excellent tips for incorporating cooperative learning into
biology classes has been recently reviewed in Cell Biology Edu-
cationby Tanner et al (2003). Cooperative learning has been
strongly recommended by the AAAS as part of good practice
inteaching science. As recommended in Science for All Ameri-
cans (AAAS, 1989) science should be taught in a way that is
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consistent with the way that science is done—by inquiry and
collaboration, working with real data.

“WHAT IS BIOLOGY GOOD FOR?” EXERCISES:
EXTENDING THE CLASSROOM EXPERIENCE

Biology is undoubtedly the most rapidly advancing branch of
science today. Cell biology alone has seen an impressive in-
crease recently in the knowledge about signal transduction,
protein sorting, regulation of gene expression, cell division, and
molecular genetics. Obviously, not all of these topics can be-
come part of the curriculum. However, faculty may feel thata
certain topic could really be beneficial or interesting to those
students motivated enough to want to go a little more in depth
than the curriculum permits.

Tointroduce these extra-curricular topics and enhance stu-
dent motivation (Gavrin and Novak 1999), JiTT uses a final
optional assignment, called “What is (Biology) Good For?”
(each discipline, of course, having its own version of the“Good
For” essay). Inbiology at IUPUI, these essays are only used in
N100, the course for non-science majors, Figure 6 shows a list-
ing of Good Fors used in Contemporary Biology. The Good For
essays provide areasonable introduction to a subject, typically
in ~1,000 words and a few figures, followed by 3 research ques-
tions for which students may earn 3 points of “extra credit,” for
a total of 30 points for the semester (out of 600 points total).
Thissmallamount of credit, however, isenough to achieve con-
siderable participation. In a given week, >75% of the students
of the students submit responses to the optional Good For es-
says, which are due the Friday after that week’sclasses.

The Good Fors are written to provide a clear sense of the ex-
citement of modern biology, by directly linking material in the
text to a practical application of biology upon which lives may
depend. Theresearch questions at the end of the essays require
studentsto do abitofguided internet research using links in-
cluded throughout the body of the essay or in aset of “further
reading” links at the end. The goal is to activate the students’
interest and the idea that biology occupies a central position in
their lives. Ideally, students begin to tune into news stories about
biology in their everyday lives. The*“Good For” essays have
the additional effect of promoting science literacy, requiring stu-
dents to practice their writing skills, and gaining experience
using the Web as a resource (Gavrin and Novak 1999). While
we have tended to write the Good For essays ourselves for our
classes, itis not necessary that a faculty member spend time
developing and writing these essays themselves. Instead, nu-
merous Web sites that write up daily science news or summa-
rize scientific processes can be used as“Good For” assignments.
Students can simply be directed by a link to a story of interest,
and then answer questions provided by the faculty member.
Some Web sites are to consider, particularly for science majors,
are Nature Science Updates (http://nature.com/nsu/) or Scientific
American (http://www.sciam.com), among many others.

Often, acontroversy or an interesting history behind the sub-
ject of a Good For is intriguing to many students, and a topic of
before-class conversation in the classroom that week. One of
the most popular “What is Biology Good For?”essays concerns
the use of the Biotechnology drug Epogen, a life-saving drug
that has revolutionized life for patients suffering from kidney
disease or the effects of chemotherapy. Initself, the develop-
ment of this drug and its effect on patients’lives is an interest-
ing story, but additional controversies about “Epo’” blood dop-
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Figure 6. Selected “What is Biology Good For?” exercises used in
Contemporary Biology.

ing by athletes and the reluctance of Medicare to subsidize the
complete cost of this drug makes for many interesting Web re-
sponses and student conversations. Figure 7 shows a portion of
this Good For assignment.

Studentreaction to the Good For essays is extremely favor-
able. When asked to rate the Good For assignments, over 90%
of the students questioned reported that the Good Fors made
them understand the relevance of science to their lives (n =170).
Helping students, particularly nonscience majors, to under-
stand the relevance recommended in the as a basis for develop-
ing scientific understanding and scientific literacy (National
Research Council, 1996).

ASSESSMENT: EFFECT OF JiTT ON STUDENT
LEARNING AND STUDENT SUCCESS

JITT Increases Classroom Interactivity

One of the “Seven Principles for Good Practice in Undergradu-
ate Education” (Chickering and Gamson, 1987) is to encourage
interaction between students and faculty in and out of classes.
AJITT classroom has high levels of interaction between stu-
dents and faculty via Warm Up exercises and cooperative learn-
ing exercises. Based onreports from trained classroom observ-
ers (graduate students in Psychology) as well as peer (faculty)
evaluators who were not using JiTT, aJiTT classroom has sub-
stantially more student-studentinteraction (students involved
in group work, students discussing Warm Up responses as a
class), and more student—faculty interaction (students asking
questions or making comments to faculty during class discus-
sions of Warm Ups or Cooperative Learning assignments) than
doesanon-JiTT classroom, as measured by observation of stu-
dent questions and comments to faculty, faculty questions to
students, and student interaction during group work.

JiTT Provides Ongoing Formative Assessment to
Students

JiTT provides an excellent way to give students feedback on
their understanding before taking a test for agrade. By exam-
ining students’Warm Up responses as “worksin progress”and
providing quick and specific feedback during class, and allow-
ing for in-class cooperative active learning, students are given
many opportunities to explore their own thought processes
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about a particular concept, and revise their thinking, if neces-
sary. In questioning three semesters of students, 87% of stu-
dents in N100 rated the class discussions of Warm Up responses
“very useful to learning the fine points” of a concept (n=485),
and >94% of students in one semester of N100 (n=184) reported
that the cooperative learning exercises were “highlyuseful” or
“very useful” in promoting understanding of the concepts dis-
cussed in class, as scored on a Lickert Scale.

JITT Increases Student Success as Measured by Course
Retention Rates

Introductory courses in biology, as well as some upper level
courses that are more conceptual or theoretical in nature (for
example, genetics), commonly have large numbers of students

who do not perform well in class, and who either withdraw
from the class (W), or receive either a D or an F for their semes-
ter grade. Acommon goal for faculty and for a university is to
successfully retain more students without changing or simpli-
fying the course content, reducing the number of students who
leave the course witha D, F, or W. In physics, use of JiTT has
resulted in a 33% DFW rate being lowered to 19% using JiTT,

meaning that 81% of the students will complete the course with

agrade of A, B, or C. Since implementing JiTT in contemporary
biology, the DFW rate has decreased from 27% to 20%; mean-

ing that 80% of the students taking N100 will now complete the

course with agrade of A, B, or C.

JiTT Improves Class Preparation

To make the best use of in-class time, many instructors would
agreethatitisimportantfor studentstocometoclass prepared.
InaJiTT classroom-and indeed in any classroom that is not
taught using atraditional lecture format-the value of the class
depends on the quality of the participation. When taking aJiTT
course, students are told that we, their professors, will come
into class expecting that they will have read the notes and the
pages in the book to become familiar with new terms and con-
cepts for the day. To determine whether students changed or
improved their likelihood of class preparation as a result of
using JiTT, we asked students three questions to determine
whether they were preparing for class (Table 1). We asked stu-
dents three questions: (1) Do you read the Web notesheforeclass?
(2) Do you do the readings from the text before class? (3) Do you
do read the textbook or the class notes (if provided) before your
other classes? The results in Table 1 show that only ~50% of the
students who were scoringinthe an A, B, or C range after the
third exam in Contemporary Biology self-reported that they
read the textbook and notes before their non-JiTT classed,
whereas ~75% of students who were scoring inthean A, B, ora
Crangereported preparing for class in Contemporary Biology.
Students who were not doing well in the class, scoring in the D
or F range after the third exam of the semester, also self-re-
ported that they were not preparing for class. It is likely that
this lack of preparation, as well as other factors relating to their
personal circumstances, was negatively affecting their course
performance.

JiITT Improves Student Study Habits

Developing good study habits is one of the most effective ways
to succeed in college. Research has shown that students learn
more efficiently and retain information longer when they study
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regularly, and retain much less information from a single, in-
tensive study session (NRC, 2000; Holloway, 2000; Bybee, 2002;
Kirkland, 1979; Hoover, 2002). ‘Cramming’—a single, intensive
study session that saturates the short-term memory with infor-
mation before an exam—is a technique most college students
will use at times, but unfortunately, itis not an efficient way to
acquire or retain knowledge (Holloway, 2000; Bybee, 2002;
Kirkland, 1979; Hoover, 2002). We wanted to determine
whether Warm Ups made a significant difference in student
study skills, making it easier for students to study in shorter,
more frequent study sessions. We asked students to report
whether they crammed for exams in Contemporary Biology
versus their other, non-JiTT classes. Asshown in Table 2, 40%
of A students, 65% of B and C students and 70% of D and F
students self report that they cram for exams in their non-JiTT
classes. However, only 16% of those same A students felt the
need to cram for N100. Students receiving a B or a C also
showed an improvement in their study skills (with <31% and
44%, respectively, still feeling like they needed to cram). About
70% of students who were receiving poor grades in the class (D
or F) still felt the need to cram whether they were inalJiTT class
or not. The lack of effect on these students’ study skills, com-
bined with their lack of preparation for the class as described
above, indicates that many of these students most likely lacked
either the study habits, the motivation, or the time needed to
succeed inacollege classroom.

But Are They Learning? JiTT Increases Cognitive Gains
in Biology

In physics, students from JiTT classrooms showed significant
and measurable gainsinachievementonastandardized testin
Physics, the Force Concept Inventory (Hesteneset al., 1992). A
similar tool, the Biology Concept Inventory, is currently under
development (Klymkowsky 2003), but is not yet in use. To mea-
sure the effect of JiTT on cognitive gains in biology, we have
used the results from a 20-question preclass and postclass test,
calculating the average normalized gain as described (Hake,
2002; reviewed in Dancy and Beichner, 2002). In doing this
analysis within individual N100 classes, we found that students
tended to show an average normalized gain of ~15% on test
questions about concepts that were discussed in class, but not
necessarily reinforced by any additional class activities, and
showed an average normalized gain of ~21% on test questions
that were reinforced by back of the book homework problems.
However, students tended to show an average normalized gain
of ~52% on test questions that were reinforced by either Warm
Up questions or Cooperative Learning activities, and showed
an average normalized gain of ~60% on test questions rein-
forced by both Warm Up questions or Cooperative Learning
activities (Marrs 2003).

Students prefer JiTT to traditional lecture classes, based on
course attitude surveys, anonymous end-of-course evaluations,
and student focus groups:

The Web page was great. I've never had a class run from the
Web before and it was really neat. All of the different categories
(Warm up, Good Fors, notes) were really great and made the
class fun and interesting and different.

| enjoy reading the “What is Biology Good For” assignments, |
learn a lot of details that | probably would not have known.
The Good Fors help me to connect biology to the real world
and it is very incredible. | have not yet had another class that
helped connect the subject with the real world.
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Figure 7. Portion of a “What is Biology Good For?” exercise on the biotechnology drug Epogen. Student read the essay, then complete three
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58

| think that the Cooperative Learning exercises help me to learn | LOVE the Good Fors! I like the extra credit and it is great to

the material. They are a mini review for me!! They definitely see how biology is used in the real world. Itis always frustrat-
help break up the tedium of lecture. They are wonderful!! Plus ing when teachers can’t answer the question “When am | ever

I like the fact that they can kind of take attendance for those of going to use this?” Thanks for being so helpful!

us who show up to class everyday!

One of the best things about class in my opinion is that the CONCLUSION: ADVANTAGES IN USING JiTT IN
information is usually so current. More than once a week | see TEACHING AND LEARNING BIOLOGY

things we have talked about. Often they are major news stories
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and know what we have done is relevant to life stories. learning, including constructivism, active learning, and use of
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Table 1. JiTT increases class preparation

Student Read web notes Read book Read book in
beforeclass beforeclass otherclasses

A students 78% 65% 53%

B students 75% 2% 48%

C students 63% 61% 51%

D students 45% 40% 40%

F students 46% 42% 42%

Students were asked: (Column 1) Do you read the web notes before
class? (Column 2) Do you do the readings from the text before class?
(Column 3) Do you do read the textbook or the class notes (if provided)
before your other classes? Student responses were grouped depending
on the course grade students were receiving (A-F) after taking the
third of four exams. n=162.

formative assessment. Warm Up and cooperative learning ex-
ercisesallow students to build new knowledge based on their
prior knowledge and confront their misconceptions about dif-
ficult concepts. “What is Biology Good For?” exercises allow
students to see the relevance of Biology to their everyday lives,
as recommended in the National Science Education Standards
(1996). By examining students’“work in progress” and provid-
ing feedback to students, JiTT is an excellent way for faculty to
bring formative assessmentin their classrooms, and by using
informal group Cooperative Learning exercises, students learn
science by inquiry and collaboration in a way that is consistent
with the way that science is done, as recommended in Science
for All Americans (Project 2061 AAAS, 1989) Finally, by requir-
ing students to prepare ahead for class, and attend class regu-
larly, JiTT promotes good study habits necessary for student
success. Inaddition, students consistently score better on exam
questions addressed by either Warm Up questions or Coopera-
tive Learning exercises, indicating that use of JiTT resultsina
strong increase in cognitive gains (Marrs 2003).

Finally, JiTT isalso consistent with many of the procedures
and practices recommended for effective undergraduate teach-
ing. Five of the “Seven Principles for Good Practice in Under-
graduate Education” are directly addressed by JiTT: increased
student-faculty contact, active learning techniques, prompt
feedback, cooperation among students, and time on task, with
the other two being indirect effects of JiTT (respecting diverse
ways of learning, communicating high expectations).

Table 2. JiTTimproves student study skills

Student Crammed in Crammed in
contemporary biology contemporary biology

Astudents 16% 44%

B students 34% 63%

C students 41% 65%

D students 64% 71%

F students 68% 69%

Students were asked to report whether they crammed for exams in
Contemporary Biology versus their other, non-JiTT classes. Cramming

was defined as “saving virtually all studying for the day or night before

or of the exam.” Student responses were grouped depending on the

course grade students were receiving (A-F) after taking the third of
four exams. n = 426.
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Getting Started with JiTT Is Simple

Faculty interested in JiTT but unfamiliar with posting course
materials to the Web can start slowly; by learning how to imple-
mentJiTT intoaclassroom insmall pieces, faculty will become
more comfortable with using the Web as a teaching tool in sci-
ence. Very little technical knowledge of Web page construction
is needed for faculty to implement all aspects in JiTT into a
course, and intoday’s Web-savvy society, access to and famil-
iarity with the Web is almost a given for college students.
Many universities have course management software like

BlackBoard, WebCT, or Angel that provide an ideal format for
JITT, allowing faculty to not only post notes, announcements,
or news, but also set up “Discussion Forums ” that can be used
as templates for Warm Up and Good For assignments. Course
management software often has the advantage of automatically
grading assignments that come as discussion forums, saving
faculty from needing to manually grade Warm Ups or Good
Forassignments, and in some cases can keep a database of ques-
tions from which faculty can easily select or customize assign-
ments (for example, see discussion by Ledder 2002). If course
management software is unavailable, interested faculty can reg-
ister at a new site (http://www jittWeb.org). This site was de-
veloped at IUPUI for Indianapolis high school teachers who
are using JiTT in their science classes, but is free to all users
within the JiTT community. This site allows JiTT users to gen-
erate Warm Up forms to post on their home server, retrieve and
grade student responses on-line, and import graded student
responses into an Excel spreadsheet. Please contact author
Kathy Marrs for more information about using jittWeb.org. For
multiday workshops aboutJiTT, The National Science Founda-
tion and Project Kaleidoscope (PKAL) offer summer workshops
inJust in Time teaching. Feel free to contact either authors of
this manuscript for more information.

Is It Worth the Extra Time Needed To Do JiTT?

A final consideration is time. Faculty juggling teaching, man-
aging aresearch lab and writing grants, plus other university
obligations often feel that they have little time to invest in modi-
fying their teaching, particularly when excellence in teaching
may not be rewarded as highly as excellence in research. How-
ever, as the primary mission of any university is to promote
learning, courses characterized by a high rate of student suc-
cess should be the goal. Fortunately, as described in Shaping the
Future: New Expectations for Undergraduate Education in Science,
Mathematics, Engineering, and Technology, many universities de-
partments, deans, and faculty colleagues are realizing the need
to increase the importance of teaching in the reward system for
faculty who help students learn well (National Science Foun-
dation, 1996).

JiTT does take more time compared to the way a traditional
large enroliment lecture-based class is usually managed. How-
ever, we stress again that faculty can tailor any of the following
aspects of JiTT to best meet their own course needs and make
the most value of the additional time input needed. Web-based
Warm Up and Good For assignments that come in just once per
week require only an hour of two of faculty time, but have the
value of identifying a large body of prior knowledge from per-
hapshundredsof students atatime thatcan be usedtoinform
teaching and learning. Cooperative Learning exercises may
take time ‘away’from traditional lecture, but have the advan-
tage of requiring students to work in a cooperative, active learn-
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ing atmosphere, getting practice with working directly with
dataanalysis and confronting any difficulties they may be hav-
ing with the course material while they are in class with faculty
help available. In addition, they have the advantage of greatly
improving classroom attendance, which can be very poor in
many traditional classes.

Afinal commentabouttime needed for grading: We recom-
mend that faculty take full advantage of course management
features like automatic grading of Web -based assignments into
the course gradebook, so that valuable time does not have to be
spententering studentscores manually into aspreadsheet. If
grades must be computed or entered manually (as with Coop-
erative Learning exercises), astudent grader employed for an
hour or two a week can take care of all of the grading used in
JiITT. The most important goal, however, regardless of how
many of the features of JiTT are used, is to engage the students
and help them achieve mastery of the subject through active
learning, constructivism, and prompt feedback. JiTT courses
dorequire faculty to invest a bit more time than they mightina
traditional lecture class, but the investment of time pays off in
thatfaculty are using strategies thatare strongly recommended
from research on learning by the National Science Foundation,
AAAS, and other national organizations for effective under-
graduate teaching, resulting in increased student gains and a
more interactive classroom experience for faculty and students
alike.

ACCESSING MATERIALS

Electronic materials discussed in this paper include the follow-
ing:

Contemporary Biology Web site (http://www.biology.
iupui.edu/biocourses/N100/)

Biotechnology Web site (http://www.biology.iupui.edu/
biocourses/Biol540/)

Just-in-Time Teaching Web site (http://webphysics.
iupui.edu/jitt/jitt. html)

The Web Science Project at IUPUI (http://webphysics.
iupui.edu/webscience/webscience.html)

Contemporary Biology JiTT resource page (http://
www.biology.iupui.edu/biocourses/N100/archives.html)

Each of these Websites is available to the public, is not pass-
word-protected, and is available in standard HTML format.
There are no restrictions on the use of materials on these Web
pages by educators or by nonprofitinstitutions as long the con-
tent not modified and proper copyright acknowledgement is
retained.

ACKNOWLEDGEMENTS

Support for the development of JiTT methods in Contemporary Biology
and Biotechnology is provided by the National Science Foundation,
Division of Undergraduate Education (NSF-DUE Award 9981111), to
the Web Science Project at IUPUI.

REFERENCES

American Association for the Advancement of Science (1989). Project
2061 Science for All Americans, Rutherford F.J., and Ahlgren, A., eds.
Washington, DC: Oxford University Press.

60

Arons, A.B. (1979). Some thoughts on reasoning capacities implicitly
expected of college students, in Cognitive Process Instruction, Lochead,
J. and Clement, J., eds. Philadelphia: Franklin Institute Press.

Astin, A\W. (1993). What Matters in College? Four Critical Years
Revisited. New York: Jossey-Bass.

Bishop, B.A., and Anderson, C.W. (1990). Student Conceptions of
Natural Selection and Its Role in Evolution. J. Res. Sci. Teach.27, 415—
412.

Bybee, R., ed. (2002). Learning Science and the Science of Learning.
Avrlington VA: NSTA.

Bres, M., and Weisshaar, A. (2000) Cooperative Learning: Making
Connections in General Biology. Pacific Grove, CA: Brooks/Cole
ThompsonLearning.

Chickering, A.W., and Gamson, Z.F. (March 1987). Seven principles
for good practice in undergraduate education. AAHE Bull. 3-7. http:/
/aahebulletin.com/public/archive/sevenprinciples1987.asp (accessed
November 15, 2003).

Chickering, A.W., and Ehrmann, S.C. (October 1996). Implementing
the seven principles: technology as lever. AAHE Bull. October, 3—6.
(accessed November 15, 2003).

Committee on Undergraduate Science Education (1997).
Misconceptions as Barriers to Understanding Science. In: Science
Teaching Reconsidered: A Handbook. Washington, DC: National
Academy Press. (accessed November 15, 2003).

Dancy, M., and Beichner, R. (2002). But are they learning? Getting
started in classroom evaluation. Cell Biol. Educ. 1,87-94. (accessed
November 15, 2003).

de Caprariis, P., Barman, C., and Magee, P. (2001). Monitoring the
benefits of active learning exercises in introductory survey courses in
science: an attempt to improve the education of prospective public
school teachers. J. Scholar. Teach. Learn. 1, 1-11.

Fisher, K.M., Lipson Joseph, I., Hildebrand, A.C., Miguel, L.,
Schoenberg, N., and Porter, N. (1986). Student misconceptions and
teacher assumptions in college biology. J. Coll. Sci. Teach. 15(4), 276—
280.

Gavrin, A.D. and Novak, G. (1999). What is physics good for?
Motivating Students with Online Materials. City: Publisher. (accessed
November 15,2003).

Gavrin, A, Marrs, K., Blake, R.,and Watt, J. (1999). The Web Science
Project at IUPUI. (accessed November 15, 2003).

Hake, R.R. (1998). Interactive-engagement versus traditional methods:
A six-thousand-student survey of mechanics test data for introductory
physics courses. Am.J. Physics 66, 64—74.

Hake, R. (2002). Lessons from the physics education reform effort.
Conserv. Ecol. 5, 28. (accessed November 15, 2003).

Haslam, F., and Treagust, D.F. (1987). Diagnosing secondary students’
misconceptions of photosynthesis and respiration in plants using a
two-tier multiple choice instrument. J. Biol. Educ. 21, 203-211.

Hazel, E., Prosser, M. (1994). First-year university students’
understanding of photosynthesis, their study strategies and learning
context. Am. Biol. Teach. 56, 274-279.

Heim, W.G. (1991). What is a recessive allele? Am. Biol. Teach. 53, 94—
97.

Hensen, M.S., and Finley, F.N. (1996). Changes in students’
understanding of evolution resulting from different curricular and
instructional strategies. J. Res. Sci. Teach. 33, 879-900.

Hestenes D., Wells M., and Swackhammer G. (1992). Force concept
inventory. Physics Teach. 30(3), 141-158.

Holloway J.H. (2000). How does the brain learn science? Res. Link
Educ. Leaders. 58, 85-86. (accessed November 15, 2003).

Hoover, J.P. (2002). A dozen ways to raise students’ test performance.

Cell Biology Education



Principal 81, 17-18. (accessed November 15, 2003).

Jensen, M.S. (1996). A computer-assisted instruction unit on diffusion
and osmosis with a conceptual change design. J. Comput. Math. Sci.
Teach. 15, 49-64.

Kirkland, K., and Hollandsworth, J.G., Jr. (1979). Test anxiety, study
skills, and academic performance. J. Coll. Stud. Person. 20, 431-435.
(accessed November 15, 2003).

Klymkowsky, M.W., Garvin-Doxas, K., and Zeilik, M. (2003). Bioliteracy
and teaching efficacy: what biologists can learn from physicists. Cell
Biol. Educ. 2, 155-161. (accessed November 15,2003).

Kujawa, S., and Huske, L. (1995). The Strategic Teaching and Reading
Project Guidebook (rev. ed.). Oak Brook, IL: North Central Regional
Educational Laboratory. (accessed November 15, 2003).

Lawson, A.E., and Thompson, L.D. (1988). Formal reasoning ability
and misconceptions concerning genetics and natural selection. J. Res.
Sci. Teach. 25, 733-746.

Ledder, G. (2002). Experiments in Improvement of Long-Term
Learning. CITY?: Project Kaleidoscope Events. (accessed November
15,2003).

Longden, B. (1982). Genetics—are there inherent learning difficulties?”
J. Biol. Educ. 16, 135-140.

Lord, T.,and Marino, S. (1993). How university students view the theory
of evolution. J. Coll. Sci. Teach. 22, 353-357.

Marrs KA, Blake R., and Gavrin, A.D. (2003). Use of Warm Up exercises
inJust in Time Teaching: determining students’ prior knowledge and
misconceptions in biology, chemistry, and physics. J. Coll. Sci. Teach.

Marrs, K.A. (2003). Just in Time Teaching enhances cognitive gains in
biology. J. Coll. Sci. Teach.

National Research Council (1996). National Science Education
Standards. Washington, DC: National Academy Press. (accessed
November 15, 2003).

National Research Council (2000). How People Learn: Brain, Mind,
Experience and School, Bransford, J.D., Brown, A.L.,and Cocking, R.R.,
eds. Washington, D.C.: National Academy Press. (accessed November
15,2003).

Vol. 3, Spring 2004

Just-in-Time Teaching in Biology

National Science Foundation Advisory Committee to the Directorate
for Education and Human Resources (NSF-AC) (1996). Shaping the
Future: New Expectations for Undergraduate Education in Science,
Mathematics, Engineering, and Technology. Arlington, VA: National
Science Foundation.

Novak, G, Patterson, E.T., Gavrin, A.D., and Christian, W. (1999). Just-
In-Time Teaching: Blending Active Learning with Web Technology,
Upper Saddle River, NJ: Prentice Hall.

Odom, A.L., Barrow, L.H. (1995). Development and application of a
two-tier diagnostic test measuring college biology students’
understanding of diffusion and osmosis after a course of instruction. J
Res. Sci. Teach. 32, 45-61.

Paulson, D.R. (1999). Active learning and cooperative learning in the
organic chemistry lecture class. J. Chem. Educ. 76, 1136-1140.
(Subscription required) (accessed November 15, 2003).

Roschelle, J. (1995). Learning in Interactive Environments: prior
knowledge and new experience. In Falk, J.H. and Dierking, L.D., eds.,
In: Public Institutions for Personal Learning: Establishing a Research
Agenda, pp. 37-51). Washington, DC: American Association of
Museums. (accessed November 15, 2003).

Songer, C.J., and Mintzes, J.J. (1994). Understanding Cellular
Respiration: An Analysis of Conceptual Change in College Biology, J.
Res. Sci. Teach. 31, 621-637.

Tanner, K, Liesl, S., Chatman, L.S., and Allen D. (2003). Approaches to
cell biology teaching: cooperative learning in the science classroom—
beyond students working in groups. Cell Biol. Educ. 2, 1-5. (accessed
November 15, 2003).

Udovic, D., Morris, D., Dickman, A., Postlethwait, J., and Wetherwax,
P. (2002). Workshop Biology: demonstrating the effectiveness of active
learning in an introductory biology course. BioScience 52, 272-281.
(Subscription required) (accessed November 15, 2003).

Westbrook, S.L., and Marek, E.A. (1991). A cross-age study of student
understanding of the concept of diffusion. J. Res. Sci. Teach.28, 649—
660.

61



