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coursework. This requires both a systematic problem-soly 'mtz
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h and lots and lots of p :
First do any assigned problems. Don’t stop
there though. If possible, work all the problems in the book. If
you still have time, work them again.
Most of the problems you will encounter n math/science!

engineering coursework can be described as “analysis”
problems. Because of the importance of this type of problem in
your education, the next section discusses a methodology for

analytical problem-solving.

comprehensio
solve problem

many problems.

PROBLEM-SOLVING
Engineers are problem-solvers.

f problems.

engineering career, will center on 1mpr
solve problems. There are many types O

Type of Problem
Determine the probability

Mathematics problems
same birthday.
dimpled golf ball travels further

Find a theory that explains why a

than a smooth one.
the temperature of an electronic

Find the Sress in a beam, ‘
component, Of the voltage at a node in 2 circuit.

Science problems

Engineering analysis
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of your engineering education, however, particularly in the first
Gel With open-ended problems but rather will focus on —analygiq
crally, analysis problems have one single right answer. They typically inyg)
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the ; - }rh-f\“Ldeloblcm Into a mathematical model and solving the resulting equations for
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andout or statement will be provided to you by your instru the forp,

\}’ill typi cally be a\ pl‘ol?lem 'from your textbook. The principles you need to solve the prob)ey,

from prerequist: )L.Ontamed In your text material, althqugh you mqy need to draw on kn()\\'\t‘dgg

your abiity Ioksobl courses.  Your success in engineering study will depend to a great extent o
Ve such problems accurately and often under time pressure.

ni;‘jl‘\:lgr ll?’ pr Oblem-solving is, for the most part, not a sci.e.nce but rat‘her an art. It involyeg

COmiT{u i n .11;83. logic, Creativity, strategies, flexibility, intuition, apd trial and error. Even 80,

and be (Tm PIO. ‘cient analytical problem-solver can best be gccomphshed if you adopt, Practice,

Mathemat C proficient at the following four-step systematic qpproa.ch (adapted from t'&n\(\u‘g
applied '“lan George Pélya) [1]. This approach is not an algorithm (1.e., a series of steps that if
Suidel: correctly are guaranteed to lead to a solution) but rather a heuristic (a general set of
SRR e Approaching problem-solving that do not guarantee a solution).

Stgg L: Understand the problem. Read the problem carefully. Identify the question you are
€ing asked to answer. [dentify the unknown(s) and assign each unknown a symbol. List a||
Known information. Draw a figure, picture, or diagram that deseribes the problem and label i

with the information you have extracted from the problem statement.

&'LZ: Devise a plan. The goal of this step is to find a strategy that works. Becau§e there are

‘any possible approaches, this is perhaps the most difficult step in the problem-solving process,

Think about possible relationships between the known informatipn apd the question you need to
answer.  Depending on the nature of the problem, the following is a list of problem-solving
strategies to try:

ve

lea
be

Solve a simpler problem.

Make an orderly list.

Look for a pattern in the problem.
Draw a diagram.

Use a model.

Use a formula.

Work backwards.

Make a table.

Guess and check. g

Eliminate possibilities.

Solve an equation.
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Have you ever wondered why
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limited? After all, if you met nine hours a day for five str
complete an entire course in one week and cul down the time
degree from four years to less than one year!

The answer is obvious. The teaching pari of 1 e B
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amount of material at one time, and only when that material 18 mastqurn‘, : can )“}; e on |
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sequentially cover small amounts of material for you 10 master. Hovfzwcr, unless you do
part, you can easily turn that sound educational process into an unsound one.

he teaching/learning process
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PROCRASTINATION

\

Most students make the mistake of studying from test Sl
In doing so, they fall victim to a student’s greatest enemy = procrastination.

Procrastination is an attitude that says, “Do it later!” “Doing 1t.later . rarely Works in any
course, but especially not in math, science, and engineering courses, in which each new concep

builds on the previous ones.

to test rather than from class 1o ¢

LANN

on, you are likely to ignore the sequential nature
have the capability to absorb compley
cceed if you delay your studying

It you are a procrastinator, for whatever reas
of engineering study, somehow thinking that you
information all at once. So you can’t realistically expect 10 St

until a test is imminent. That’s why I tell you to “take it as it comes.”

A Common Trap

One trap you can fall into is a false sense of security because the teacher presents
the material so clearly that you feel you understand it completely and therefore do
not need to study it. But when you attend a lecture that is presented clearly, it only
proves that the teacher understands the material.

What is necessary is for you to understand it =
lecture. In fact, that should be your goal in every ¢
you could give the lecture.

for you to be able to give the
lass — to get to the point where

ing courses that use this

Often 1 am invited to be a guest speaker at Introduction to Engineer

ways make it a point 10 address the subject of

text. Because it’s such an important topic, [ al 8 |
’1 am ¢

procrastination.  Typically, I’ll ask the class: "f"HOW many of you would say bt

procrastinator’?” To this day, | am surprised that not only do almost all the hands g0 Ui o
A R ' ’ - y ¢ - e

they go up enthusiastically (almost proudly). 1t SEEmMS as though there's pride in being a me

. | TN e e T T
of an undesirable club — the “Procrastinator Club.
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. o class would be 1dea)
fortified your learning will be. Having a study session nghtdi]l{‘;::;: z:;;xf. Since your o,
that’s not possible doing it the same day would be better than the .
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vad Or rereadino.
. . _ : r notes, reading (¢ 1
aster the material, start by studying and annotaing you

o : : v 48 vou Can.
relevant portions in your text, and working problems — as many as y

twWo

: 2% ‘ | | .x. —
arcas blank for use during your leaming process: —
(l) Cue Column

(2) Summary Area

Now w
O this new

- “
¢ Will describe how you can take advantage
Way of taking notes by adopting a systematic
pmco:ss for learning from them. The goal of this process
'S 10 Increase your understanding of what was covered in
class and to move as much as possible from your short-

tcrm. mcmory 10 your long-term memory through
repetition. review, and reinforcement.

Note-Taking
Area

The process of learning from your notes involves six
>Cparate but interrelated steps.

-Sieu - Study and annotate your notes. Read/Go
OVer each

1 : = e
nf?““?tmn. Add words, phrases, facts, or steps in a | z Summaries
derivation

| you may have skipped or missed, and fix any
difficult-to

- ? » Cornell Note-T,,
LEARNING FROM YOUR Lecture Notgs. Recall in the section Ofi lhccm(r" coyom nm»g: h| )
Method (Chapter 4, Pages 117-118), it was recommended that you stru S 10 |

page of your notes and fill in any missing | r

K1)

“decipher jottings. As you study your notes, B

enliven them b
Underlining,

Step 2 —

circling or boxing, or using arrows.

y making liberal use of colored pens or pencils. Highlight important poinss by

Question or Reduce. Formulate a question answered by each major term or pojy i,
your notes and write it in the Cue Column. This 18 a litt]
- bit like the TV game show Jeopardy where
contestants are given the answer and asked to supply tl
question. An alternative approach would be (o ey
each main idea or set of facts into a key word or phr
and write it in the Cue Column.

Loy ..é;\j]r - Lt
immarize. Write a summary of each page in
ary Area at the bottom. Summarizing forces
ink about the broader context -of the lecture

ary should answer the questions: “What i«
bout?™ and “How does it fit into the day’s
These summaries will be particularly helpful in
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-+ Step 4 - Recite. Once you have studied and annotated
your notes and filled in the Cue Column and the
Summary Area for each page, it 1s time for the most

Important Step in your learning process: recitation. The

process of reciting is relatively straightforward. Go back
to the first page

‘page and cover the Note-Taking Area with
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Time is an unusual and puzzling con .
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aren’t sure how to explain it. But we do know somec things

gone, it’s gone. It also seems 1O Pass at varying
speeds — sometimes too slowly and other times 00
quickly. It can be put to good use, Of it can t)c
wasted. Some people accomplish a great deal with
their time, while others accomplish virtually nothing
with theirs.
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People who accomplish a great deal, withou!

exception, do two things:

(1) They place a high value on their time.

(2) They have a system for scheduling and

managing their time and tasks.

Some of these systems are Very sophisticated,
and you may wish to look Into acquiring one,
particularly when you become a practicing engineer.
As a student, you can do quite well with a monthly
calendar to note your appointments and a simple
form for making a day-to-day schedule. (S¢e€ form

on Page 160).
? Once

HOw MANY HOURS SHOULD YOU STUDY . ¢ reing your learning as often as possi
you commit to stayi ur classes and rein orcing YO as POssible.
laying i ies oLy® hours tO fruly master the materiy|

you must make sure to allot a sufficient number of study -
covered in a one-hour lecture. Barlier, in presenBngitie 60-Hour Rule” (See Chapter 1, Py

29), we mentioned the standard rule-of-thumb that you sho.nld stud}’ two th%‘lfbt 0‘\“ 9‘“ }‘\‘i\_»
every hour in class. But this is often a gross oversimplification or, at DESL, & TELY A

generalization. In actuality, the amount of study time required will vary from course 10 course,
depending on such factors as:

e How difficult the course 18
e How good a student you ar€
e How well prepared you are for the course

e What grade you want to receive - |
0 | ’ « 27T \

For demanding technical courses, it is doubtful that two hours of studying 101 t\ u\ \\v\\\‘

' pumber for you may be three, tour, or cven TIVe

- . e appropriate , .
spent In class are enough. The apPioF ' jally early on in your education, 1t's good
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Making up
;o it will be a challenge. 'he key is

schedule, you’ll find, is easy and fun.‘ But sticking

serious commitment to your study time.

sure you take your class time as a SCrious
commitment. If, for example, five minutes
before a class a friend asked you to go have a
cup of coffee or a Coke, you would say,
“Sorry. I can’t because 1 have a class.” But
what about your study time? What if the same
friend came up to you just as you were about
0 go to the library to study?

You need to make the same commitment
to your scheduled study time as you do to your
Class time. After all, much more learning
occurs out of class than in. It always

astonishes me that students are so willing to
negotiate away their study time. Every time
you put off an hour of studying, you are giving
up time that you cannot recapture, and that
means borrowing time from the future. If,
hoxvever, your future is already scheduled, as
It should be, the notion of borrowing time
from the future is impossible. You’re talking
about time that won’t be there.

I'o monitor yourself, outline the hours you actually study in red on your schedule fory, At
the end of each week, you will be able to readily count up how much studying you did. |
arc doing poorly in your classes, I’ll bet you will see a direct correlation between

pertormance and the amount of studying you are doing.

Initially, you may find that you have made a schedule you are unable to follow. Don'{ by
yourself up over that. But, more importantly, don’t use it as an excuse to give up scheduling
your time completely. Over time, you will learn about what you can and cannot do and become
more proficient at scheduling your time.

you

yOur

=

Predictable Outcome of Scheduling Your Time ‘*\

It you are like most students, you will find that by scheduling your time and following ‘\
the schedule, you will feel as though you have more time than you did before and your |
stress level will go down. Many students spend more time worrying about the fact that they |
are not studying than they do actually studying. “Tending to business” can give you a real |

sense of well-being. R ‘

In summary, the benefits of scheduling your study time are:

® You will be able to see immediately if you are overextended.

® You are more likely to keep up in your classes and to devote adequate time
studying. 1.

e You’ll get immediate feedback as to how much you are actually studying.
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You, too, should recognize this by now. .

T'he student who brags about staying up all night to study most likely does not stug,
class to class, does not schedule his or her time well, does not undcr..\‘umd the l‘c;mm.f_‘ o)
(1.e., the need for incremental, reinforced learning), and does not realize the pitfalls of <,
alone (The image of a student staying up all night studying for a test certainly fits the oy |
metaphor, doesn’t it?).

T'he truth is, if you have incorporated the study skills we have disgussgd INto your re,
Study habits — even just the one skill of “taking it as it comes™ - preparing for a test is noy
hard. It merely involves adjusting your schedule several days prior to the test to revie,
material. You should never have to cover new material when preparing for a test.

"you have ¢
.. ;—%;—"‘ rk the ea
ik _¢erta'\1'\ m
P always ke
45, you will
athis as a ¢
,3},- fre
Bd on each.

1 \“f 1g you

___

There is, however, one major aspect of test-taking that distinguishes it from all other o, § mistakes
Studying and learning: time pressure. That is, to do your best on tests, you need to learn |, -‘ yily than 1O
Work under the pressure of time. '~ _";y all 1

Here are some useful tips that will improve your performance on tests and lessep Vour

ey
: an! than e
“fixiety about taking them. Several days before a test, spend a portion of your study |,

1
. N

Jde vour wi
working problems under a time limit. If you can, obtain tests from previous semesters or Detter Bked. Tt
yet, construct your own. Creating and taking your own practice exams will give you im'aluuh\:.'\- - |
“Xperience in solving problems under pressure, plus it will give you the added advantyg. \‘: AA B

learning to “scope out” tests. In time you will significantly improve your ability to work Gnd@ S close t
Pressure and to predict what will be on tests. . t .ﬁse C
Unlike the student who stays up all night frantically cramming, be sure to get eight or nipe "";’;?‘
hours of sleep before a test. Arrive at the test site early so you have ample time to gather \m;‘ \f"‘ |
thOUg_hts and be sure you have whatever materials you’ll need: paper, pencils, allowed refcrvcn“-‘\ * '
‘I:;iitenal, and acceptable computation tools. A certain amount of psyching yourself up, Similar:; ’f

- »
:0‘-"|

at an athlete does prior to a big game, might be helpful; however, you don’t want to g€t So

li€rvous that you can’t concentrate. , A
TEST-TAKING STRATEGIES . i

When you are given the test, don’t start work immediately. Glance over the entire test first
rate out the easier problems from the harder ones. Many instructors grade on 3
ns Fhat your grade will be based on its relation to the class’s average

If this is the case, you also need
to size up the overall difficulty of
the test and guess what the ;‘\Li.\‘s
average will be. In fact, jot down
your estimate so that you can
compare it later with the actual
outcome. Through this process, over
time you will become adept at sizing
up tests. You will be able to
recognize that on one test, it may
take a score of 90 to get an “A.

while on another test it may only
require 50. Knowing that you only

need to get a portion of the
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ask, “How manv af g .
YW many of you spend all of your time studying by yourself?” And the reman

percent of hands go up.

My .anecdotal research indicates that about 90 percent of first-year
engineering students do virtually 100 percent of their studying alone.

Hen » .\ - 7 . 5 . : . . '
ce, the predominant learning mode in engineering involves a student working al.

n‘laSter \" 41 > - N = : 3
oo \.hat are often difficult, complex concepts and principles and then apply them to
y difficult, complex problems.

st d:::fs tifhtothit ,mf):%t.students study alone is indeed unfortunate because research shows .,
persist longer i“&agc In c.ollaboratw.e lgammg and group study pcrtgrm bcttgr academical|.
o e cnhénlesim\:e their communication skills, fgel better about their educational expericy,
the Harvard U -“_, §clf:csteen1. We just read essentially the same message 1 that excerpt frq,
Civil Engineen 1vursnt)‘/ ?tudy (See Ch:apter.3, Page.lOB). As even more evidence, szr\ A. Smith
WHze o) ng Prote:,scjr at the University of Minnesota and a nationally recognized expert
arning, has found that [7]:

Cooperation among students typically results in:

a. Higher achievement and greater productivity

b. More caring, supportive, and committed relationships
c. Greater psychological health, social competence, and self-esteem

y .Over. a period of many years, I have made a special eftort to understand why most first-yey,
ngineering .students study alone. Whenever I have the opportunity, I ask students, “Why don’i
you study with other students?” I almost always get one of these three answers:

(1) “I learn more studying by myself.”
(2) “I don’t have anyone to study with.”
(3) “It’s not right. You’re supposed to do your own work.”
The first of these reasons i1s RS
simply wrong. It contradicts all the i
research that has been done on |
student success and learning. The &M
second reason is really an excuse.
Your classes are overflowing with
other students who are working on
the same homework assignments
and preparing for the same tests as
you are. The third reason is either a
carryover from a former era when

the culture of engineering education
emphasized “competition”  OVer
“s~ollaboration,” or 1t COMES from
that romanticized ideal of the
“rugged individualist” that We
debunked in Chapter 3.
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: ‘ » other and halt th,
- teaching the ot
: - - he time one student 18
collaboratively, in effect, half the

roles are reversed. » stimulating than soli;,
. ' fun and morc | i
‘ou’ JOY IT MORE. Grou study 18 more *1t. This wonderful h
\(:illbl;L Emo:ml‘n Tnj:y It morep you are likely to do more i
and because yo ' : rsonal story.
group study can be illustrated by the following perso i

My Own Experience with Group Study

» friend of mine and I took most of our ¢,
as worki Ph.D., a close friend 0 |
When | was \\Ofkl:‘\g onazfg we ty:picau)' would meet early on a.Satur'da} HNorning |,
together.l Torsor:tr}‘)a;;d()tl’a;: tur;\s at the board deriving l‘CSUItS},1 dlSCUSSlndg concepts,
empty class ‘ o ve passed.
“’0&}“8 problems. Before we knew it, eight or ten SRR WG hve

spent t nt of time studying alone on a Satyr(,, .
| ' |d have spent that amoun | Saturda
v Ther\:} 1S ;1;) \xﬂz | '[\Yhzutempmﬁzl:“; of TV, the Internet, phones, email, and fmnq\ alo
\\'ilt]}:c{h | (:eld tyou. errands or do work around the house, wopld surely have prevailed o,
my plainned stuod;u?ime By integrating my academic work with my social needs, [ ¢y,

studying more and did more of it. ‘

The true value of academic rel&t_ions;hjps- 1s .illustrated in the following cartoon:
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Chap,

Minute break. After the break, it'l bl@k UO WO[h jbf mgthet 50 minutes, followed by ANOLh
Minute break. And so on. ol

If nothing else seems to help )‘Wl‘ FOWP ‘0 GW on t“k' fiignyoure left with oy,
solution: Just do it, .

.ﬁ'

.l.'.i .

\ eaSt. one OthU
'fj.‘ (b L If you don

AAAAAAAA

at some point [ have hg|f
e o r half work by themse|ye
minutes, the or @ 0 :hre Workmg alone star
“v hen time is called after 45
mmutes those Who are Wo @ g o "l' .".L:, .-*_: j._f';gf.;;;l are ".-fl [ _-. 111 ,Aﬁ_ Md ask for more time.
They often express that they are just getti on a so ”(5" 1'0 the problem

The next day I ask, “Ho{v m Ay 1 f ¥ continued thinking a |
talking to others about the pro‘b le ,,E we

groups raise their hands whereaS the SR WELC

_'-3.»:';1_-.]‘,_0u em in business and Industry,
rial Revo nmon and held sway wel] in,

ee! *management practice and with

er n ‘graduates. Competition ang
itdater W. Bdwards Demmg, father of the
Total Quality Management (TQ W nent to use st _:: methods to improve produc
quality, makes a compelling case[ o ﬁ
“We have grown up in a clin ' 2 people teams departments,

divisions, pupils, schools, umv Ve have | b taught by economists that
competition will solve our probl Act mpet _*_i; n, We see now, is destructive. [t

would be better if everyone woul 2 syst m, with the aim for everybody

to win. What we need is coopera orn 101 Qnew style of management .

Competition leads to loss. PeOp ep “f w ~m on a rope only exhaust
themselves. They £20 nowhere.:_ ‘ 'on Every example of
cooperation 1s one of benefit and gai oper ta Cooperation is especially
productive in a system well managed o
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- cwer 1o Problem & was that you spend most of your time studying alone, seek out a
e ¢ in one of yvour math/science/engineering classes. Get together ior a study
yaru! +hat worked well and what didn’t work well.

write down what

lapter 5
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WO junior or senior engineering majors and ask the following questiions:

n Octobe; TS :
\ was the main

§lllkb -Can-

difference they found between high school and university-level

=

sering study? ‘-
i the most important study skills they had to learn!
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: "'T}hey think about group study’
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