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1, youn just amived at vour new

university. for grad school. You

aren’t quite sure what 1o do or

what 15 expecied of you, espe-
ciafly as a leaching assistant (TA).

While preparing a talk to beginning
lab TAs o while ago, 1 thought back o
being & TA myseli. | remembered how
the students weren't as excited about
the lab part of their courses as 1 would
have hoped. How dissatisfied many
were about how muech work there was
for such few credits, My goal here is 1w
help vou to make those lab experiences
the best that they can be for the under-
gracduates, and for yourself.

My perspective on labs comes first
from my experiences as an undergradu-
ate. I remember being excited when
lessons taught in class came (o life on
the bench equipment. Today, 1 find that
my understanding of many of the basic
concepts  in Electrical
Engineering were formed by
those experiences,

Throughout | will share with
you certain aphorisms, The first is,
“you don’t really understand something
unbess you can explain it well.” Saying,
"I know what | need 1o explain to yvou,
but T don’t know how to say it is just
focding yourself. Whenever | could not
readily explain something to a student, |
later realized that 1 did not “own™ the
material; it was still fuzey in my mind.
When forced to explain it, the concepis
became more crystallized. 1 have
leamed that there is mo better way 1o
learn o topic than to feack it You have
that opportunity now as a TA, and |
guarantee that you will come away
from the experience more mature, more
technically capable, more focused on
your ¢areer goals, and more self-ful-
filled. Some of vou may feel stuek with
teaching a lab section, but [ am here o
tell you that it can be a blessing, Treat it
as such, and you and your students will
be msch better off for it

As the TA

We now come, then, fo ihe goals of
this article: 1o help you see the forest
for the trees; W appreciate the vital
imporiance of the laboratory experi-
ence; 0 enjoy the lime spent in lab: o
help your studenis get the most out of
it. Wou are the leader now, the mature
professional who has navigated the rite

the

role
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of passage of a Bachelor™s degree and
chagen o go o graduate school. IF you
were not successful as an undergrad,
you wouldn't be here, and your sou-
dents know that, This is your chance 1o
be an enginecer role mode],

In this sense, it 1 important for you
1o appreciate the role of the lab experi-
ence in the education and development
of the undergraduate, First, keep in
mind that you will probably, at times,
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be frustrated by what you perceive 1o
be imperfect lab write-ups and inade-
quate equipment. Every lab course is
different, and there are innumerable
hidden constraints related to available
funds, staff, technical expertise in your
department, space and more, Someday
you may be in a position to develop a
lab the way you want. In the mean time,
helping to explain obscure sections of
the assignment, and pestering the
departmental technician until things ane
fixed is abour all you can do, The stu-
dents will recognize how haed you try,

Crnce past these hurdles, enjoy being
in control. This is best accomplished by
being prepared—knowing the activities
inside amnd oul. and expertly answering
the students” questions. This preparation
15 also the first step in the process of
gining =elf confidence for being a man-
ager in & large corporation, having your
own business, being a professor and
advizing graduate students, or heading
up a major enginesring project. (The
people who do these things in your gen-
eration will likely have been TAs.)

The professor in charge of the
course will rely on you fo handle many
aspects of the lab, including grading, so
you will have a tangible effect on the
students. You also should be acutely
aware of any safety issues in the lab,
Ask your professor about this specifi-
cally. Regard the nuts and bolts of run-
ming the lub smoothly and Fairly as a
true responsibility. The students
will form attitudes about their col-
lege experience and their future
careers parlly based on how you
act toward them and how you outwardly
feel about your own presence in the lab.

Do the students and the faculty
capect vou o be an instant expert on
the theory, equnpment, and experimen-
tal techniques that you will need 1o
teach the lab? Actually. no. The stu-
dents have a keen knack. however, for
seeing through the bluffs that necessari-
ly go along with poor preparation, But
everyone respects an honest effon even
when coupled with imperfect knowl-
edge, And...you can ask vour profes.
sor! That's right, just walk up to your
professor and admit you might nog
know something. Yiou won't be instant-
Iy branded as ignorant. You will, in
fact, learn something and eam the pro-
fessor's respect. Most faculty welcome
questions and have a more positive view
of i class in which questions are asked
and students show up to their office
hours. You will find this oul yourself
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after you sit in your necitation section or
your office hours waiting futilely for
your students o stop by with their ques-
tions—especially when vou know they
really need help with the matenial.

The undergroduate experience

As a TA, you may womder what is
the role of the undergraduate labortory
experience in educating engineers,
especially since we tend 1o associate
“gaperiments” with scientisis, To
address this, 1 refer to an aphorsm that
is becoming more blurred with time:
“Scientisis answer questions, engineers
scldve problems.’”

Some engineers like o develop
things and solve problems because it
makes the world a better place. Some
scientists like 1o explore the world out
of curigsity, Great laboratory experi-
ments were involved in nearly every
major scientific discovery, and it has
ofien been engincering experimentalisis
that have made these historic break-
throughs. Technological advances can-
nof happen without everyone in the
process being familiar with laboratory
skills and practices.

So, what 15 going on in a typical
engineenng educational laboraory? It is
probably more cormect to label these
activities as “controlled assignments”™
rather than as “experiments,” write the
authors  in “Assessment  of
Undergraduate Electrical Engineering
Laboratory Studies.” Because often the
lab activities of the swdents ane more
closely regulated duning the course of
fthe session and there is relatively lictle
room for creativity. Controlled assign-
ments, of course, are the subject of
nearly every first vear lab class in
chemistry and physics as well, Thers is
definitely a place for this. Although it 15
not politically comect to stifle “individu-
alism,” it is sl vitally imporiant for
stusdents o leam laboraory safety, cor-
rect use of instrumentation, correct
recording procedures, and techniques
fior assuring accuracy in Measurcments.

In undergraduate labs, the philoso-
phy ranges from controlled assignments
to experimental investigations. Where
students are encouraged to play. and
results can be more open-ended, all
kinds of challenges for grading and
evaluation anse. But it 15 a much mone
exciting experience for the instructors
amd the students,

Finally, many schools offer opporniu-
nities for projects that are nearly 1otally
open-ended. Many of you have had the
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opportunity 1o be involved in this sort of
activity. You may find wvourself
involved in this kind of a laboratory
experence with Juniors or Seniors, but
increasingly af the Freshmen level as
well. Being a TA in this sort of environ-
ment offers unigue challenges, and you
will want 10 communicate more closely
with vour professor 1o learn what is
expected of you. Since each situation
will be very different, | won't say much
ahout thar here.

B, 1t 15 far more likely that you will
be involved with the controlled labora-
tory seiting. Some students respond
well 1o this sort of strecture, feeling
meore secune with the lab repons. (ihers
may become bored with it. Even while
performing the required “experiment,”
some stedents have an urge to try differ-
ent things and challenge the parameter
space unlil something gets interesting
and requires an explanation.

I hope that you will foster that kind
af inquisitiveness that may be lving dor-
mant in some students. Encourage the
students to play during the lab and have
fun. Encourage small forays into inde-
pendent thought and experimentation, If
vou succesd, the stedents will benefit
by gaining sclf-confidence and a better

understanding.

Mow, what 1 sce as the real purpose
of the laboratory, from a developmental
standpoint rather than a technical one
{by that 1 mean learning about equip-
menl, Writing reports, eic,) is panly one
of learning through wouching and doing

as well as one of vissalization. First,

impariailty in grading papers is imporfant.

meaterial is absorbed differently with the
vArious senses, e.g. hearing, seeing or
touching. The actual experience of
touching and operating equipment is
one of breaking down barriers, Unce
performed personally, it becomes real
and possible. Until then, it's something
a student has not done personally, 5o in
some sense he or she is not truly con-
nected with the material, Once this con-
nection occurs, a change takes place.
The student feels like e or she is pan
of the process,

It is similar to reading about the
Champs Elysees in Pans versus stand-
ing on it. | can tell you—it’s a wide,
busy road, and it gives a real feel for
Paris that you can’t get by reading that
it"s a wide, busy road. Also, once
you've seen it done it, been there, every
time Paris is mentioned, you will
respond and think differently. Buot untl
wvou actually have the experience these
words are just hearsay. The same is true
of experiences gained in the laboratory.

As far os visvalization is concemned,
if @ picture is worth a thousand words,
then a lab experiment or project is
worth a whole set of parameters and
equations, Suppose students are leam-
ing about resonant circuits, and then in

the lab they use a function generator
and an oscilloscope 1o observe and
change frequencies, amplitudes and
phaoses. Aftersards, while doing mone
theoretical work, they will think back 1o
ithe lab experience. The siudents will
recall how these functions behaved
then, and will have an easier time
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understanding how they relate o other
applications, such as phasors, imped-
ances, sound and electromagnetic
waves, quantum mechanics, and
Fourier

Computer visualization is getting a
lot of attention with devating
much effort to showing how abstract
concepts look three-dimensionally. For
example, it"s one thing to stody as;mph:
diagram of an electron wavefunction in
a potentinl well. 1t's another thing to
watch a simulation of its transformation
in tao dimensions as it reflects off of a
complicated set of boundaries; or, betrer
yet, to change the bamiers oneself and
soe what

This is essentially what is done in the
undergraduate laboratory setting. If a
circuit filters out high frequencics, and
students can see that by building and
testing it, it is much more than an exer-
cise to validate equations they may
already undersiand. The successful
visualization of the effect of behavior of
the circuit and its response 1o various
frequencies does more than just rein-
force. it creates new pathways in ope’s
mind for visualizing the functicn. It
expands the ability to think sbout con-
cepis with new pictures that interact
with the real world much more than

graphs can,
Nuts and bolts

Most of your students will end up
getting “real” jobs. You will find that
many of them don't share your love of
academics, and most will choose
careers in some technical area working
in an entry level capacity. Even zo,
many of these stadents will find them-
selves in need of the skills gained in
your lab classes. These generally consist
of {according to GG, Carter et al):

* Re-enforcement of lecture material;

* Use of specific, often complex, lak
equipment;

* Ability to observe and record data
ina way,
= Ability to communicate through
fiormal report writing, and

* Development of the distinction
between theoretical and real-world situ-
ations.

The skills gaimed in the lab are mult-
dimensional, as seen from the list. As
the lab TA, you will be responsible for
all aspects of the lab. It is imporant,
firstly, 1o be intercsted and fair in deal-
ing with the students. Get to know their
names and a little about each sudent:
where they are from, their hobbies, eic.
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Grading assignments is eritical 1o the
students’ perception of your faimess,
Grading fairly 15 an ethical obligation
on your part that you nesd to take seri-
ously. | suggest when starting a grading
session, decide what criteria you want
o grade on. This is called “primary trait
analysis” write B. E. Walvoord and V.
1. Anderson. If you are grading in a
team, discuss these issues first, being
careful to understand your goals in
assigning a grade, e.g. what was to be
learned, how important are certain
aspects such as accuracy in data waking,
ete, Then, look over the entire et of
papers and assign a set of grades Hghtly
in pencil or on another sheet of paper., It
is difficult to gauge the quality of work
in any sudent paper owtside of the con-
text of the entire class. Once vou have
familiarized yourself with the collection
of difficulties, errors, and ways of doing
exemplary work, then you can more
comfortably assign grades to cach paper
and feel that you have acted fairly to
each student.

One of the most satisfving parts of
being a TA will be giving lectures.
Your ability to stand confidently in
front of a group and deliver material
clearly and with anthority will serve vou
wiell in your upcoming research caneers,
It is ool a comncidence that research and
teaching go hand in hand. The ability 1o
bearn and then explain clearly is common
to both activities, Be sure o write legi-
bly, speak boudly and address the class.
Assume a friendly demeanor when invit-
ing questions, Give plenty of time for
questions o form in the students’ minds
and 1o come out of their mouths.

Also, be on guard for the “watchers”
who sit beside the “doers” in lab groups.
The watchers may feel insecure, or be
tosn timdd or polite to take the initiative.
Sometimes they are just disinterested or
even lazy. Mo matier what the reason,
wou should watch for them and push
them o exchange places with the doers.
The:.r m:d ] pﬂ'ﬂ-ﬂﬂﬁ]]]‘ interact 'n'|l:h
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should be well prepansd (g0 into the lab
in advance and do the exercises), ask
your profiessors for belp when you need
it. get o know the students, be fair, and
b enthusiastic. If you do all these things,
ﬂmymcamhdphunmd

career than being a TA: Dan't pass up
opportunities. Leam to recognize situa-
tions that could help you. One example
i% 10 join one or more professional soci-
eties, Student memberships are not
expenaive, and you cannot fully antici-
pate what they could do for vour career,
You can meet working engineers who
can influence hiring decisions, you can
learn about career paths, and you might
learn something that could affect your
research, The point is that in advance of
knowing the oulcome, you cannot
afford rer to place yoursell in situations
where your career could be enhanced.
This will have a pasitive impact on both
you and your stadents, | wish you the
best of luck with both teaching and your
graduate niucﬁ.im.
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