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This article is a product of the experience gained in our
first years of teaching undergraduate chemistry at the uni-
versity level. We have written it to pass our advice on to our
colleagues who are now accepting teaching positions and will
soon be facing the same hurdles.

A short description of our backgrounds is in order. For
our undergraduate degrees we both attended private univer-
sities in which research was emphasized. As teaching assistants
in graduate school, we led tutorials and labs, but did not lec-
ture per se. We have each been in our faculty positions for
about five years, and we teach both lecture and lab courses.

There are differences in our teaching experiences. A.L.S.
teaches first-year chemistry (a survey course in general, or-
ganic, and biochemistry) to approximately 30 students, a sepa-
rate course in organic chemistry to 40 students, and the
corresponding laboratory courses. Her university is known
primarily for undergraduate teaching; increasing emphasis is
being put on research. Her department does not grant graduate
degrees in chemistry, and resources are not currently avail-
able to support teaching assistants. Before attending graduate
school, A.L.S. was a teaching intern in science at a college-
preparatory school. While in graduate school she participated
in a one-semester seminar on community-college teaching.
After graduate school she had a teaching postdoctoral fellow-
ship at a liberal arts college; in a second postdoctoral position
she developed chemical education materials.

S.L.K. currently teaches a senior-level physical chemis-
try course for 80 biochemistry majors, honors first-year chem-
istry to 50 students, a physical chemistry lab, and a graduate
seminar course. Her university is a large state school with a
chemistry department known for its research and its gradu-
ate program, which supports approximately one teaching as-
sistant for every 80 students in undergraduate lecture courses,
and one teaching assistant for every 20 students in laboratory
courses. S.L.K.’s two postdoctoral positions had no teaching
component. Her formal post-graduate pedagogical training
has been in the form of a short course given by the university.
She has received a Cottrell Teacher—Scholar Award, and a
Department of Chemistry Outstanding Teaching Award.

For both of us, the primary hurdle in the first year was
learning how to deliver effective undergraduate teaching
within our time constraints. Menges et al. report that a “crucial
variable related to new [faculty] welfare is time management”
(1). As aptly summarized by Norbert Pienta, “chemists... in
academic settings... must consider how to wisely use the time
dedicated to teaching” (2). A serious source of stress and con-
cern among professors is time pressure (1, 3-5). According
to a survey by Boice, faculty reflect on their first year as “the
busiest, most stressful year of their lives” (6). This resonates
with our own experiences, and as new faculty members we
were disappointed to learn that we could not always find the
time to provide our students with the individual attention and

www.JCE.DivCHED.org e

Vol. 83 No. 3 March 2006 e

extensive homework grading that we valued in our own un-
dergraduate careers. As universities face increasing budget con-
straints and class sizes become larger (3), our experiences will
become more widespread. Many of the following hints repre-
sent compromises that we would rather not have to make,
yet they result in better overall teaching under time constraints.

The comments below are relevant to the general struc-
ture of a standard undergraduate lecture course and do not
address the important issues of how to actually teach well
(e.g., how to choose class material or lecture well). As de-
scribed in Survival Handbook for the New Chemistry Instructor
(7), there are many resources available for new faculty to hone
their pedagogical skills, including books (8-17), and jour-
nals such as Journal of Chemical Education (18), Journal of
College Science Teaching (19, 20), Journal of Research in Sci-
ence Teaching (21), Research in Science and Technological Edu-
cation (22), and Chemical Engineering Education (23).

Rather, our intent is to help new professors conserve time
in the administrative tasks of teaching so that they can de-
vote more attention to refining their teaching methods and
course content. Bunce and Muzzi note “the time spent on
organizing your course may free you to spend the majority
of your time with students dealing with the chemistry con-
cepts” (7). Similarly, Boice notes that a majority of new fac-
ulty do not participate in faculty development programs
because they feel too busy (6); in other words, they are too
busy teaching to improve their teaching.

The suggestions compiled below originated from print
sources, from our own experiences, from suggestions of the
anonymous reviewers of this article, and from a variety of
colleagues in a range of teaching situations. Lastly, we do not
claim to have fully succeeded in implementing all of our own
advice, even if we recognize its validity.

What Will You Teach?

Repeat Courses

Preparing a new course can consume a great deal of en-
ergy. By teaching the same course again you can amortize your
effort over time (24, 25). You might volunteer to cover an
introductory course taught every term. Doing so can present
a situation in which everybody “wins”: You benefit from re-
duced preparation time in subsequent years, your future stu-
dents benefit from your experience in teaching the course, and
your department benefits from having a dedicated faculty
member instructing introductory students on a regular basis.
Perhaps you can teach more than one section of the same class
in one term (25). Also, within your startup package you may
be able to negotiate a commitment in writing to teach the
same course several times in a row. However, such a commit-
ment may be terminated if it places undue constraints on the
department chair.
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Keep in mind that many departments offer a lighter
teaching load in the first year (26). You may have flexibility
about which academic term you choose to be your lightest.

Introductory Graduate and Special Topics Courses

If you need to attract graduate students to your research
group, teach an introductory graduate course that will allow
you to identify promising students.

The opportunity to teach a special topics course is often
offered as a favor to new faculty, even though the department
may benefit more if you teach a course in the standard cur-
riculum (2). First, ascertain if teaching a special course is being
offered simply out of good will, without a strong departmental
need. Next, evaluate if you need the course to train your own
research students or if it will be relatively easy to teach (a new
course, particularly one that is new to your department, can
be a tremendous amount of work). Based on this, you might
approach your department about either changing assignments
or delaying your special topics course. Furthermore, in most
departments, the opportunity to teach a special topics course
is rare and will not arise again for many years. In order to
amortize your effort, the course should be so good that stu-
dents demand that it be offered in following years.

Conserving Your Time outside the Classroom
Office Hours

Encourage students to come to your office during your
regular office hours, or those of teaching assistants (24).
Schedule one of your office hours directly before or after your
lecture. You will already be thinking about the material and
will answer questions better. In addition, the rest of your day
will not be fragmented. Students who cannot attend office
hours can be encouraged to make an appointment. Students
who appear at your door and cannot be immediately served
can be gently told that you are using your time outside of
office hours to perform tasks (e.g., preparing for another class,
writing a grant, working on research, performing university
service) that will improve the quality of their education. Un-
dergraduates have little conception of the requirements on
professors outside of class contact hours. Students should un-
derstand that you would like to help them but you would
prefer to give them your undivided attention during office
hours or during a scheduled appointment. If you decide to
immediately attend to a student who appears at your door,
you can ask them to use office hours in the future (24).

When you need uninterrupted time to prepare course
materials, choose a place away from your office (25, 27).
Students may be less upset if they cannot find a professor
than they would be if you are in your office without time to

talk (24).
Study Sessions

Schedule optional study sessions so students can work
on homework together. Learning in small groups can enhance
achievement and student attitudes (28). Students who have
previously been frustrated by their competitive pre-med peers
particularly appreciate this collaboration. If you or a teach-
ing assistant attend these sessions (perhaps as an office hour),
let the students know you will arrive late by as much as half
an hour and they should use this time to work. The primary
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advantage of this is that students will ask each other the easy
questions first. When students tutor or work in cooperative
learning teams, all members of the group learn more and
come to respect their classmates (29). Second, it encourages
students to work on their own without waiting to be fed an-
swers. Study sessions work best in a room with large tables
rather than an auditorium lecture hall. When you arrive at
the study sessions, talk to small groups of students rather than
addressing the class from the front. It is useful to explain a
concept to a small group of students, and then announce to
everyone that this group now understands the concept and
can explain it to other groups.

Online Threaded Discussions and E-mail Responses

Many universities host Web sites at which one student
can ask a question and another student can comment on that
topic. If students have not used such a site previously, they
can be motivated by receiving extra credit. Rewarding par-
ticipation as a fraction of the grade rather than as extra credit
has not been successful for us. When the Web site is used
well, students will answer each other’s questions. Refer ques-
tions that come by e-mail to the Web site where either you
or other students can provide an answer for the entire class
to view. If you do not have a Web site, but are lucky enough
to have a teaching assistant, forward questions that you do
not have time to answer to that person (30). This will help
to decrease your student e-mail load while still serving the
students. The University of Washington uses Web site dis-
cussion software called Epost (hetp://catalyst.washington.edu/
tools/ [accessed Nov 2005]). Other course management pro-
grams are discussed below. Although instituting online dis-
cussions can ideally decrease your load, there are caveats. The
site needs to be monitored occasionally so that incorrect an-
swers are not propagated, but not monitored so often that it
becomes a time sink.

Turn off your computer’s audible notification of new e-
mail messages (30). When teaching large classes, establish a
separate e-mail account to keep the potentially large volume
of course e-mail messages distinct from the rest of your cor-
respondence. Use free Yahoo or Hotmail accounts if neces-
sary. Keep text files of common responses that can be copied
and e-mailed back to students. For example, you can keep
text that explains course procedures and protocols (2), how
student questions should be redirected to the discussion Web
site, what you require for a letter of recommendation, or what
to do when a class is missed. If you cannot respond promptly
to e-mail, students will accept a reply of “I will think about
it and respond later” (31).

Letters of Recommendation, Paperwork, and Publishers

Letters consume a large amount of time. Decide before-
hand what your policy will be and inform students how to
comply. Remind students to fill out all forms, to paperclip
all forms to appropriate envelopes, and to give you addressed,
stamped envelopes. Retain copies of letters to modify when
students ask for additional letters in the future.

Reserve time: relegate paperwork to a certain time of the
day. Paperwork is infinite and can expand to fill all available
time.

Publishers often respond to requests for free copies of
textbooks and CD-ROMs that you use in your classes, or
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are considering adopting. Including overhead images from
the CD-ROM in your lecture helps save preparation time,
and providing students with handouts containing these im-
ages (properly referenced, of course) allows students to have
important graphs and figures while you are lecturing.

Service Commitments

While committee work is a necessary aspect of promo-
tion and good citizenship, be selective about the number and
time commitments of committees you join, which will range
from the departmental level, through college or university
level, up to the national level (27, 30). Ask your tenure com-
mittee what minimum service is required, and if additional
service will significantly improve your tenure decision. If you
have the luxury to choose your committee assignments, se-
lect one or two that you feel are important, for which your
hard work will produce satisfying results for both you and
your department.

Creating an Effective Syllabus

A well-crafted syllabus can put your course on the right
track from the beginning. Seck out advice and examples. In
particular, see the excellent outline and example of a sylla-
bus in the Survival Handbook for the New Chemistry Instruc-
tor (32). These are the essential elements to include on your
course syllabus:

* Logistics. Contact information, course meeting times and
place, exam dates, required textbooks and supplies, prereq-
uisites, tutoring services, and course policies (grading, at-
tendance, makeup exams, plagiarism, and cheating).

* Expectations for Class Behavior. Give notice of how you will
react if students arrive late or leave early, when they read
newspapers in class, or when a cell phone rings.

* Tentative Schedule. Many students treat a syllabus almost
as a legal document. If you are not absolutely sure of some-
thing (e.g., an exam date), use the syllabus to notify stu-
dents that it is not guaranteed (24).

* Course Policies. Present a hard line on all rules and put them
in writing. Implementing penalties for late or missed as-
signments or exams prepares students for “real-world trade-
offs they will have to face on the job” (33). Think about
your course policies before the start of the semester, so you
can fall back on them when questions arise. If you wish,
you can make exceptions in person later, and students will
indeed ask for those exceptions. Your colleagues will have
experienced many of the situations you will face, so ask them
for copies of their old syllabi (34), and implement the poli-
cies that make most sense to you.

Using a Course Web Site

Creating a Web site can be a large investment in time
(4), so keep your course Web site simple: a bare-bones site
will do. When students ask questions, you can refer them to
information posted on the site. This decreases the number of
obvious questions. These are the most critical items to include:

* Course syllabus, with handouts and course assignments

* Exam dates (including any study or review sessions)

e Announcements, especially if dates change
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Course Management Software

Many universities have an office of instructional tech-
nology or support course management software that enables
easy publication of Web sites.

Some course management software allows students to
complete computer-graded quizzes or homework online.
Popular tools are Blackboard, WebCT, WebAssign, and OWL
(35-38). Students appreciate being able to do these assign-
ments on their own time. In addition, Web sites can be set
up so that students can take quizzes over until they earn full
credit. This allows students to realize weaknesses in their un-
derstanding before taking a formal exam. These resources are
not always available for upper-level courses, and the learning
curve for administering online grading systems can be steep.
Moreover, checking for errors in test banks can be time con-
suming, and modifying content can be difficult (32). There-
fore, these systems are best used when you plan to teach the
same course repeatedly.

Assigning and Grading Homework

Before assigning homework, review the assignments and
your policies. Students who are not prepared for the course
learn less well and need more help. This can be ameliorated
by covering prerequisite material in a short self-test assigned
as homework the first day (Figure 1). All students benefit from
the review. Cautioned that the material on the self-test will

Page 1
MATHEMATICS SELF-TEST TUTORIAL

This homework set is a quick way to brush up on your math
skills. Questions of these types will appear in lectures and
exams, so treat this seriously. You will be graded on whether
you complete this homework, not on the number correct.

This homework consists of two "self-tests". Please try all the
problems in the first test before looking at the answers and
recording your score. Most students improve dramatically on
the second attempt. Evaluate and/or simplify the expressions
without a calculator. Do not convert fractions to decimals.
Complete this page entirely before turning to the next page,
which contains the answers.

QUESTION SET A

1A) (a2bc 1) (ab3) =2
2A) (62/3)4/3 =2

3A) log1g'90="2
Page 2
ANSWER SET A REASONS
1A) adb-2c1 aXay = aXty
2A) 2819 (@)Y =axy
3A) 2 logg(aP) = b
Page 3

If you answered all questions from Set A correctly on the
first attempt, you may skip Set B. Otherwise, complete this
page of questions. Complete page 3 before turning to page
4, which contains the answers.

QUESTION SET B
1B) 234=27
2B) (a35)3=2
3B) Ined3=2?

Page 4
ANSWER SET B

1B) 25
2B) a9/5
|| 3B) 3

Figure 1. Sample mathematics self-test tutorial.
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be needed for the course, unprepared students are motivated
to seek tutoring or to enroll in any missing prerequisite courses.

Solve all homework problems before you assign them to
avoid questions that cannot be solved or are at an inappro-
priate level for the course (24).

Grading Homework

When homework is not machine or Web-graded, or
when you do not have extensive time or teaching assistant
support, one option is to grade only one homework ques-
tion, chosen at random (24). Regrades are not allowed on
homework, except in cases of egregious error. Table 1 pro-
vides a sample breakdown to include in a syllabus (note that
the extra point for neatness helps you or the teaching assis-
tant to grade more efficiently).

Table 1. Sample Homework Grading Rubric

Component  Point Value Component Characteristics

Effort 12

Have you done the homework in a
thoughtful mannere*

Content 6 One randomly chosen homework

problem will be graded for content.

Neatness 1 Are the questions all in order? Are
the answers and the question
numbers boxed or highlighted?

This point is easy to get.

This point is harder to get. Once
you are done with a question, you
should reflect upon what your
answer means. Numbers are
meaningless without context.

Challenge ]

*Copying the answer is plagiarism, not a “thoughtful answer”.

SAMPLE EXAM COVER SHEET

Name

This exam consists of eleven (11) pages, with six (6) questions,
worth 100 points total. Point values are summarized on page 2.
A periodic table is appended at the end.

Before you start:
« Verify that you have all 11 pages and the table.
* Write your name in the space above.
* Note the grading policy on multiple choice questions.

At the conclusion of the exam:
* Sign the integrity statement below.
* Turn in all pages and the table.

Integrity statement:
| have neither given nor received aid on this exam.

Your signature
GRADE SHEET
Question 1 | 24 points
Question 2 /10 points
Question 3 /10 points
Question 4 | 24 points
Question 5 /12 points
Question 6 1 20 points
TOTAL /100 points

Figure 2. Sample exam cover sheet and grade sheet.
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Students should collect their graded homework in a place
physically apart from your office, even if it is just down the
hall, to reduce fragmentation of your day.

Creating and Grading Exams

Allow students to make their own card or page of equa-
tions to bring to the final exam. This helps students review
and reduces their anxiety. As a bonus, students are impressed
by your generosity. If you would like to limit the content on
note cards to equations or structures, require students to turn
in their note cards with their exams. Another option is to pro-
vide students with a list of relevant equations and definitions
on the exam, and let students know they are responsible for
knowing how to apply this information to problems. Student
stress decreases if this list of equations is made available well
before the exam.

Ask students to write an exam question as homework.
Innovations for implementing this are available (33). Some-
times a student produces a clever, well-written question that
can be used after the student graduates. This also demonstrates
to students how difficult it is to write a good question.

Types of Questions and Responses

Include a few multiple-choice questions in your exam to
simplify grading. Practice in answering multiple choice ques-
tions benefits students—particularly those who will later take
multiple-choice board or graduate entrance exams. Writing
excellent multiple-choice problems is difficult. Many textbooks
are accompanied by test banks that include a variety of ques-
tions, including multiple choice. The ACS Examinations In-
stitute also offers exams (39). Several authors endorse including
problems that test relationships (33) or concepts because many
students can solve algorithmic questions without being able
to solve corresponding conceptual problems (40, 41). Help-
ful resources for writing thoughtful conceptual questions are
available (42, 43). Similarly, pitfalls in writing multiple choice
exams are covered by Eubanks (44). Some teachers mitigate
the use of multiple-choice or true-false questions by award-
ing partial credit, including pictorial questions, providing “an-
swer baskets” of all possible answers on the entire exam, asking
students to identify the only true or false statement in a set of
statements, grouping statements thematically, requiring cor-
rections of false statements, phrasing questions as narrative
completions, or by allowing either justifications, exam reworks,
or challenges to a question (33).

To simplify grading of essays and word problems, break
down questions into multiple parts of increasing complexity,
where the first part of the question is straightforward and calls
for factual information (e.g., recalling a formula or defining a
term), and the second part requires applying the knowledge
of the first part to a new problem. One approach in essay ques-
tions is to limit student answers to one sentence. This forces
students to write clear and concise answers, and also simpli-
fies grading.

Formatting the Exam

Exam grading can be made significantly easier by format-
ting the document well. For each question, make an “answer
box” in which students must place their answers, so you do
not have to search the page. As Figure 2 shows, create a sum-
mary score sheet on the second page of the exam listing the
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points available. This keeps you from having to draw a new
one as you grade every exam, and notifies students of which
questions are more valuable. Placing the score sheet on the
second page (or on the back of the cover page) rather than on
the front of the exam is helpful for two reasons. First, it may
help convince students that you do, in fact, grade fairly and
“blindly”, without viewing student names (33). Second, it en-
hances student privacy; when exams are returned, only the
students’ names—not their grades—are visible for other stu-
dents to sece. Figure 2 also provides some useful information
for exam cover sheets, including a sample integrity statement.

Exam Grading Rubrics

Try to grade exam problems holistically (e.g., decide
whether a given answer is 80% or 50% correct) (32). This
will help you quickly decide how many points should be de-
ducted. Exam grading can also be made easier by creating a
grading rubric that records how many points are deducted
for specific mistakes (32). This saves the time of hunting
through a stack of exams to verify that the same grade was
given for the same mistake. Also, it ensures uniformity when
there is more than one grader. If possible, divide grading as-
sighments so that only one grader is responsible for each ques-
tion, and all grading of one problem is completed before
moving on to the next.

Grading Policies for Exams

Your department may already have policies for regrades,
makeup exams, and final exams. If not, require written re-
quests for regrades to be due within one week (24). Set a low
regrade limit, at maximum 5% of the overall exam score. Stu-
dents must dispute the minimum number of points in order
for a regrade to be considered. This is particularly useful in
classes with a heavy pre-med contingent, in which students
will argue vociferously for an inconsequential grade change.

To deter frivolous excuses and requests, consider requests
for makeup exams on an individual basis rather than adver-
tising a policy of administering makeup exams (32).

Final Exams

Although students should be allowed to view their exams
in your office, do not return the final exam to the students.
This allows you to reuse questions. Moreover, if you imple-
ment a new teaching method, you can directly compare the
performance of two groups of students on identical exams.

Students’ Involvement in Writing Assignments

Peer-Reviewed Writing

If your course has a writing component, assign students
to review each other’s draft papers as in a peer-reviewed jour-
nal. The reviewer writes a formal letter to the author (using
guidelines that you provide), then the author makes correc-
tions and turns in the final paper (along with the draft and
review) to you. This iterative process not only improves the
quality of student writing but also eliminates your need to
grade rough drafts. Furthermore, it discourages plagiarism
because students write their papers in stages. Plagiarism often
occurs when a student panics at the last minute. Students
are graded both on their final papers and on the quality of
their reviews. If students have very weak writing skills and
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will be unable to provide useful peer reviews, a similar pro-
cess can be used on just the introduction section of a longer
paper. Students write anonymous assessments of what they
think the main point of the paper will be, and whether the
introduction makes them want to read further. Another ap-
proach is to require students to have their rough drafts re-
viewed by a writing tutor, if such a resource is available.
Writing tutors can help with grammar, documentation, or-
ganization, and flow of the paper. This results in a higher
caliber of writing and allows you to focus more on content

when grading the final drafts.

Peer Evaluation of Lab Reports

If your course requires lab reports, consider a “read
around” strategy (32). Early in the term, students submit
simple, short reports with their names on cover sheets. The
cover sheets are removed, the reports coded, and randomly
distributed in class. Students quickly read a fraction of the
reports, and choose the best one, giving two positive reasons.
After all fractions are evaluated, the groups discuss the best
papers, listing the report codes and reasons on the board. Stu-
dents quickly arrive at a consensus of what makes a good lab
report, using only positive comments. Report quality increases,
grading becomes easier, and students are sympathetic to the
instructor’s plight of grading many reports in little time.

Enlisting Aid from Others
Help Your Teaching Assistant Help You

At larger universities, faculty are highly dependent upon
teaching assistants (TAs). It is helpful to compile a simple
document with policies and guidelines for teaching assistants
in your course. For example, you may want to advise a TA
to grade holistically, or to use discussion sections for group
work. TA training advice is available (24, 45-46). Have your
teaching assistants keep track of the hours spent. Once your
TAs have started working, query them if there is something
simple you can do to help them. (See the sections on exams
and homework.) If they work more efficiently, they can help
you with more tasks such as offering advice on your exams,
helping you write exam problems (30), or covering more of-
fice hours, which may also help them to become better teach-
ers. Nominate excellent teaching assistants for awards. They
will return the favor by asking to work with you again.

Staff, Colleagues, and Mentors

Think about whether you underutilize the assistants or
staff there to help you. Seek out colleagues and mentors. Your
teaching colleagues are often happy to share class notes, syl-
labi, and exam questions. Establishing a teaching and research
mentor is important (47, 48).

Conclusions

University teaching can be a tremendously rewarding ex-
perience if a healthy balance can be achieved among teach-
ing, other university commitments, and life outside the
university. Strategies to conserve time and effort include:

* Teaching courses repeatedly

* Bundling tasks (paperwork, lecture preparation, phone calls,
e-mail, etc.) into blocks to keep focused and save time
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e Keeping files of responses to common questions and rec-

ommendation letters to help avoid “reinventing the wheel”

¢ Clearly stating and documenting course policies to provide

a guide when dealing with infractions

e Using an assessment rubric to simplify the grading process

e Making full use of university resources to save time and to

fit other commitments into your schedule

We have found these principles help us save time in per-

forming the administrative tasks associated with teaching and
also allow us to spend more time refining our teaching tech-
niques and helping students learn the material.
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