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CHAPTER 4

OBJECTIVES, TEXTBOOKS
AND ACCREDITATION

" What content to cover in a course is obviously a critical question for required courses that are
prerequisites for other courses. We will discuss setting goals and cbjectives for a course, tax-
onomies of knowledge, the interaction between teaching styles and objectives, development
of the content of a course, textbooks, and finally accreditation.

4.1. SUMMARY AND OBJECTIVES

After reading this chapter, you should be able to:
+  Write objectives at specified levels of both the cognitive and the affective taxonomies.
+  Develop a teaching approach to satisfy a particular objective.
. Decide whether to use a textbook in a course and select an appropriate textbook.
«  List and discuss the requirements for accreditation of an undergraduate engineering
program,

4.2, COURSE GOALS AND OBJECTIVES

Goals are the broad final results for a course, Usually they are stated in broad, general terms.
In a thermodynamics course one’s goals might be that students should be able to:

«  Solve problems using the first faw.

+  Solve problems requiring use of the second law.

+«  Understand the limitations of thermodynamics.

+  Appreciate the power and beauty of thermodynamics.

Content comes first, Englneering education is centered on content, and goals and objectives
should focus on it (Plants, 1972). General goals such as these are nonspecific and often fairly easy
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to agree upon, However, goals are not specific enough to be useful in an Operational sense except

as an overall guide for a course, They are helpfid to the department in designing the curriculum,
to the professor in delineating the boundaries of the class, and to students (particularly intuitive
and globat learners) in seeing where the class is going. For example, if the department can agree
that classical thermodynamics is the goal of the course, then you know that you are not expected
to cover statistical or irreversible thermodynamics, and Pprofessors of follow-up courses witl know
that students will not have a background in these subjects. Clearly, this also implies a certain
amount of communication and collegia]ity, which does ot exist in all departments,

More specific learning or behaviorgl objectives are useful to guide both you and the sty.
dents in exactly what they will learn, feel, and be able to do after each section of the course
is completed {Besterfield-Sacre et al, 2000, Davis, 2009; Felder and Brent, 2003; Hanna and
Cashin, 1987; Stice, 1976). A behavioral or learning objective states explicitly:

L. What the student is to do (i, the behavior), using an action verb,

2. The conditions under which the behavior is to be displayed.

3. The level of achievement expected,

Writing a few learning objectives for a class forces you to think about observable behavior
(how will youknow the student has learned?), conditions, and level of performance, However,
few engineering professors write out complete behavipral objectives for all their classes, Here
is an example of cumbersome behavioral objective for a thermodynamics course:

The student will be able to write down on a piece of Paper the analysis to deter-
mire the new Rankine cycle performance when the maximum cycle temperature
and pressure are changed. This will be done in a timed fifieen-minyte in-class
quiz, and the student js expected to obtain the correct answer within one percent,

Professors who use objectives invariably use a shortened version. In this form the previ-
ous objective becomes: Analyze the effect of maximum cyele temperature ang pressure on the
performance of a Rankine cycle,

This form is easier to write, focuses on content, and is more likely to be read by students,
Behavioral objectives are usually written in the form of the minimal essential objective and
focus on relatively low-level skills since such skills are easiest to measure, For higher-leve]
skills behavioral Indicators of achieverent without minimum standards are more appropri-
ate (Hanna and Cashin, 1987). For these objectives, student behaviors are HMustrations only,
Minimum standards are hot given since students are encouraged to do the best they can,

objectives and may be considered to be understood. A set of content-oriented related exan-
ples for a thermodynarmics course is given in Table 4-1. Note that action verbs such ag write,
describe, solve, develop, determine, Judge, evaluate, search, and select are used. Do NOT use
verbs such as know, learn and undersiand because these verbs are not visible behavior {Felder
and Brent, 1997). How would you know, for example, that a student “understands?” Felder
and Brent (2003) glve examples with emphasis on accreditation,

covered in readings, lectures, homework, ang tests, If materal is not important enough to have an
objective, then it should be omitted. When developing tests, the Professor can look at the [ist of
objectives and check that the most important age Included in the test questions {see Chapter 11),
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4.3, TAXONOMIES OR DOMAINS OF KNOWLEDGE
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Table 4-1, Examples of Thermodynamics Objectives

1. The student can write the first and second laws. ‘ 1 N
The student can describe the first and second laws in his or her own language.
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4.3.1. Cognitive Domain

Since the iti in is i
knov,-,-ledgec,oif?;tgz iilomafn is mvolv‘ed with thinking, knowledge, and the application of
divided the domain i:?i‘.rcr)l 111?( zfa?:)(;sltet:atlzr:f]tdt2ae1111g;neeri'ng e o 4L (1956
maJolr dpﬁ,is:]j ;Ppe?énto b[e ;ufﬁcient for the pur;os;‘,ceff::Tgc;nf:;rt&:es;fc?:irﬁons‘ The six
. vieage. fnowledge consists of facts, conventions, definiti jarga i
::Z?Ls(; ;l?zzyﬁia:i{on:;caggories, and cx:iteria. It also consistlstlz; tsl;iaégﬁ?t}t:;};z;ﬁ
p—— A Sﬁmzieentir;s, abst.ractmns, principles, and theories, Knowledge is
be requiied bachoas orent or Es]olwng prablems. Examples of knowledge that might
for heat and e K enzng tbe values of ¢ and 7, knowing the sign conventions
knowing what a quark is szigr{g :lljziz’ Enstot‘;ieng‘ e deﬁnfition oneversible worl,
o g W 18, able six areas of the taxo -
Mamvel?i?s;‘;‘iez;l (slelf_ill{l:‘ng the scientific method, and recalling the I:Tia(irlz)rf-gfoeli;czr
becatse s vorr e;;s : c\:ever, tests may contain too many knowledge level questions
fons ey Tg'e abg;nerate test questions, particularly multiple-choice ques-
e | skii e ility t_o answer these questions correlates with a student’s
cuch e by, studemsnot with problem-solving skills. In some areas of science
this by upa . ¢ g :rr; exg‘;ctefc\i to rm?mo‘rize a large body of knowledge, but
2 lénowledge abjcctiny g The first objective in Table 4-1 is an example of a
- Comprehension. Comprehension is the abilj
of ety : ability to understand or geasp th i
o dinestls ‘fhli,t :;; nicgssa‘riﬂy to solvle problems or relate it to ﬁthelzf m:t:rlif;nj:r%
The ot e cani :' in s somethling can paraphrase it without using jar‘ on
trends and onpon! c_m t‘;31'1:>reted, as in the interpretation of experimental datg 01:
otder st g kmwze;ne 1 extended or extrapolated. Comprehension is a high’en
for comprehengn o ci; ut knowle'dge Is required for comprehension, "Festin
(this em be e lt'esisay questions, the interpretation of paragraphs or datag
tive i Tabto gy ol emu 11; e choice c!uestions) or oral exams. The second objec-
ing, engimeseing s mple of an objective at the comprehension level, 4 wajrn-
st o sotpe ot Fnc;: stude.nts.can and often will skip the comprehension
5 Apolonsi, Appucaﬁof, in the application and analysis steps (Mazur, 1997)
Many sttt enxs. the use of abstract ideas in particular concrete sit.uations
singls part 1o ard gllnc‘e:rm.g hc?mefvork problems with a single solution and a
ing et applying ot CVel .'d pphca.tzox.a In engineering usually requires remember-
mioing e e a }deas, principles, and theories. Examples include deter-
flow in & Stots pee thandl e‘aI gas, the cost of a particular type of equipment, the
ple chro ob‘eI:;ti, ; \ eviation of.a beam to a load, and the voltage drop ’in &
4. Analysis, Ana]ysis}usu:;el o Ti?ble o broskies ol
and determining 1o Coyrrl consists of bre?king down a complex problem into parts
Objective 4 1o 15 e o ir;er:t:ons and interactions between the different parts
breaking a move cors ot a];} exsfmple of an analysis objective since it requires;
betuseer the g M;;ny f;(;mi:}j?w parts and thefn determining the relationship
complicated engineering systems musgt I!;zoez:;;:e?ll o the anlysislevel because
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sis involves taking many pieces and putting them together to make

Synthesis. Synthe
bea

a new whole. A major part of engineering design involves synthesis, Grading can
challenge because there is no longer a single correct answer. Many students, particu-
larly at the lower levels In Perry’s scheme of intellectual development (see Chapter
14), find synthesis difficult because the process is open-ended and there is no single
answer, Synthesis should be incorporated into every course and not be delayed until
the “capstone” senior design course, Objective 3 in Table 4-1 is an example of a syn-
thesis problem for a thermodynamics course.
Evaluation. Evaluation requires judging a solution, process, design, report, material,
and so forth. The judgment can be based on internal criteria. Is the solution logically
correct? Is the solution free of mathematical errors? Is the report grammatically correct
and easy to understand? Is the computer program documented properly? Objectives 6
and 8 in Table 4-1 are examples of abjectives at the evaluation level which use internal
criteria. Objective 7 is also an evaluation example that can be based on internal evi-
dence but is easier to attain if external sources are also utilized. The external sources
would be some knowledge of statistical thermodynamics and irreversible thermody-
namics. In many engineering problems the evaluation requires external criteria such
as an analysis of both economics and environmental impact. Objective 9 in Table 4-1
requests evaluation using external criteria, and it also requests analysis.

Bloom’s taxonomy is a hierarchy. Knowledge, comprehension, application, and analysis
is. It can be argued that in engineering,

are all required before one can properly do synthes
since evaluation is needed to determine

synthesis is a higher-order activity than evaluation,
which of many answers is optimal. Without getting into this argument, note that students

need practice and feedback on all levels of the taxonomy to become proficient. Professors
need to ensure that objectives, lectures, homework, and tests include examples and problems
at all levels, Stice (1976) noted that when he classified the test questions in one of his classes
orrified to find that almost all of them were in the three lowest levels of Bloom’s tax-
dents tend to learn what they are tested for, most of the students were not

-level cognitive skills in this class, If the teaching style, homework, and test
1s of the taxonomy.

he was h
onomy. Since stu

developing higher
questions are suitably adjusted, students can be taught content at all leve

4.,3.2, Affective Domain

‘The affective domain includes likes and dislikes, attitudes, value systems, and beliefs.
y for the affective domain proceeded in a parallel but slower
There was overlap on the two development commit-

Development of a taxonom
the taxonomy in the

fashion than for the cognitive domain,
tees, and the logic in developing the taxonomies was similar. However,
affective domain was much more difficult to develop because there is much less agreement
on the hierarchical structure. Krathwohl et al, (1964) used the process of internalization to
deseribe the hierarchical structure of learning and growth in the affective field. Internalization
ts attitudes, principles, and codes to guide value
has had considerably less influence in education
engineering education. The five levels of

refers to inner growth as an individual adop
judgments. The affective domain taxonomy

than the cognitive domain taxonomy, particularly in
the affective domain are (Kibler et al., 1970; Krathwohi et al,, 1964):
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L Recei ving and attendin

because it cannot be understood.

2. Responding. The individual is willin
as passive compliance when someone else initiates the beha
becomes willing to respond on his initiative, Fi
personal satisfaction which will mot

3. Valuing, The individual decides that an object
The individual first accepts the value, then prefers the value, and finally becomes
committed to the value ag 5 principle to guide behavior,

4. Organization, The individual needs to organize values into a System, deterniine how
they interrelate, and establish a pecking order of values,
5. Characterization by a value, The individual’
her value structure, and acts in a
values. Many modes of common speech po
values: “She is 2 caring person,” “
The affective domain has not been h
yet engineering professors do haye value
est, hard-working, ethical individuals wh
knowledge, Perhaps there would be a Jjt
explicitly stated some of their expectatio

8 to respond to the information, This occurs first

vior, Then the individual
the response leads to
additional responses,

» idea, or behavior hag inherent worth,

int to people who are characterized by their
He always puts students first.” “He is very up-front,”
eavily studied or discussed in eng

goals for their students, They want them to be hon-

o study engineering because of an intrinsic desire for

tle more movement toward these goals if professors

of valuing in the affective taxonomy, in objective 10 in Table 4.1,
Ing students’ appreciation i difficalt, and si
{National Academy Engineering,

Unfortunately, measug-
nce “what gets measured is what gets improved”
2009} appreciation does not getimproved,

4.3.3, Psychomptor Domain

The psychomotor domain includes motor skills, eye-hand coordination, fine and major muys-
cle movements, speech, and so forth, The Importance of this domain in engineering educa-
tion has been continually decreasing as shop courses have been removed, digital meters have

teplaced analog meters and caleulators replaced slide rules. Psychomotor skill are still use-
fulin engineering education, particularly for

Examples Include reading an oscilloscope, glassblowing, welding, turning a valve jn the cor-
rect direction, soldering, titration, keyboarding, gestures while speaking, and proper speech,

includes (Kibler et al,, 1970):

The taxonomy in the psychomotor domain
L. Gross body movements,

2. Finely coordinated body movements,
3. Nonverbal communication behaviors,
4. Speech behaviors,

Finely coordinated body movements include keyboardin
computers and calculators in th

8- Because of the importance of
¢ practice of engineering, this psychomotor skill has become
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i tant than in the past. Nonverbal communicati‘on needs to bz Fongr;;{ecr}l‘i :::il :ﬁz
o rrcosa Individuals can be successful engineers with speech hfm fcaps. : e
ke message.[ . lW:md distinctly and to project one’s voice isa distmc.:t aid to copmuErcd

Hoe SP":alkC o Ymunication can be enhanced by coordinating facial expr.essmn;, om )e/
tion. In addition, cor:nd verbal messages (see Chapter 10). Profe‘ssors who desire gc)) eco.

.. .OVf mfi?rilgglzs;ttl::iz; need to develop their skills in speech behaviors (see Chapter 6),
outstan

4.3.4. Problem-Solving Taxonomy

' lants et al, {1980). This taxonomy was
A Pl’Oblem_ s t?i?rli(;mi312:?;?&5&12 3133ut has not been as widely distribut(ladi ,Sr
B e ti?grntlaxonc;gmies‘ However, because of the importance of ?roblem sc;l:' tg
.. adOPtffd o 'the iilfation it can be useful. Applications of the prob[em-soiw;‘lg t;lxc;r;:ofythe
- e‘ngelenrif}rgu;gdt‘ic;tion ar; discussed in Chapter 5 and by Plants (1989). The five lev
engin : ‘
--taxgonomY out 'brieﬂIZ dlts' Ctiszc:ebg;z;tions or algorithms that can be done withf)ut matlfmg
" Rmfff.”es- o mmathematical operations such as solution of a ql’ladratlc f:quat }:0:;
demsm;.-;s- Mfanyinte tal, and long division are routines. In Bio?m 3 taxor:oxlny ed_
f:;ililgtll)(::llgn:ir&eredgapl;!ication-[evel problems. Students consider these “plug-an
e is i i ct routine or the correct way to use a
* Df“gi‘;-";;)?iii‘;f;: I;Zi;icgg:ltii;ii:%fised to determinei thel s:resz ;}ir; :Sb::?,
and din is i i edure. For complex integr ns, -
and‘diagnom . saefllel(;:(t)ir(l):g it:es;\?er::[c(;ipffreifent ways. Selecting the a}?propnate ;l-.ra)_f
tgffglot?l: si(nlzzg':\tcion by parts involves diagnosis. This level overlaps with the applica
odo ;
Svatoey, Shrres [f;‘;ef}sléncﬁ:ﬁ::l osftf;ct?trilgzya'md the order in which to apply. then:
i St_fat9g¥ routines can be used correctly to solve problems. Strategy isbifar
wfhtixne 1:::;:g:nd evaluation levels of Bloom’s taxonomy. The strategy of problem
golving and how to teach it are the major topics of;izprgrpi) bl fo one which can
4. Interpretation. Interpretation involvef reducmg a real- o1 proh o 10 one which can
. his may involve assumptions and interpretation: oin data in & usehu
Fogpions tion is also concerned with use of the problem solution in the world
s Im'e{prga 1(e)ration is the development of routines whicl} are new to the us Ii
> Gef’emf"’?f- elne merely stringing together known routines into a new pattls:rin(;us
Ti-:s :115?;1:;:; creativity (see Chapter 5) in that the new routine is not obv
g’]or):l the known information.

4.4, THE INTERACTION OF TEACHING STYLES AND
OBJECTIVES

To meet a]l? Of the Objectives (lllC[udlng ﬂﬁectlve), Students must have t]le Opp()l tull!ty to
H d H f t . IC . H X ] h !: ]

pIaCthe anad receive feedback. I you want them o meet cerfain objectives, share these o jec-

tives Wlth thEIn a]ld test iof the Ob]ect“’es. Students WLU. Work to learn the Stated ()E)Jectlves 1n
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the course. If objeéiives are not stated or al.‘e unclear, they wi
s ke AT h 4 Wﬂl‘vor i
you ¥E§: n}-}emqve"-th'e' mys_tery';;md.tell tlhe131 what you wzrnt with cIlt:atro cig?;{.lti‘:i]s?t ey think
dent learrr 50?‘1?“? 01.f clear objectives is highlighted by research on teaching styles and sey-
s gco aveggia and Hedl.ey, .1972?. Student leaming of subject matter content as
B t)fr’ ¢ ;:Cs: i?nten; exammahons.ls essentially the same regardless of the teachin
itk the ex ption o mastery lea.rn.mg) as long as students are given clear, defini :
f and a list of materials for attaining the objectives, This applies to the kn,owiel(lil;e
<,

Comprehensiorl application and per] aPS ana yS'S eve !) Vi
i3 3] 1 I i
l I ) I 1 1 IS, ut not to Synthes!s, e aluaﬁon ar

memorize them. Lecture can a)
me . 50 be used for transmissi
o oriac ther : ‘ nsmission of knowledge-le i
bighes Ie‘c‘:,de::}::r: }t(}:lan }v(ri;tten material except for clarifying questiens.gCorr‘lf;LeIE:xtlcme 'bm
pticalrty e lcl);v et 8¢, and more student activity is useful, Written material i:lzlsle}s 1a
et LTl e{fecﬁig Ipatratphzrasei1 the material or develops his or her own hierarchi;\i
: . » lectures need to have discuss] i

S . . : cussion and/or question

¢ I))(p};ir::::ss thfa material, Discussion in groups can also be helpt(clul for colfort}lllat St'Udents

ions i i o
soluticnn o on. ;ﬁtetr;it;eizr:;egdusuaﬂy i:nea}r]l problem solving, It is usefulpto shgf:rosno'me
. ) anger that the solutions shown
may be too neat and sterile

erestin P [H
g &) th Pr S d 3 lut OIl 18 us ful in encou rag ng t
intere, aspects of € opose Q 1 1 3 encon 1 $ udents ta be creative,
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iudent homework or tests with no marks and tell the student to evaluate and correct the
paper before turning it in for a grade.

- Engineering professors can help students to master objectives in the affective domain by
haring the explicit objectives with them in a positive fashion. For example, you might say,
“Since you all expect to become practicing engineers, I expect you to demonstrate profes-
jonal behavior and ethical standards in this class.” This is preferable to saying, “If I catch any

.of you cheating T am going to prosecute you and force you out of engineering,”

Short (and be sure they are short) “war stories” during lectures can help students socialize

-and internalize the engineering discipline (this sacialization is usually a major unstated affec-

tive objective), but they need to be related to the topic covered in class that day. Engineering

- experience through co-op, internships, and summer jobs is an excellent way to socialize engi-
-neering students if the experience is positive. Enjoyment of the class is one of our affective

‘abjectives, A professor who is pleasant, greets students by name, and is both fair and reason-
able is likely to have students who enjoy the class.

Psychomotor objectives require practice of the skills. Most of these can be done in labora-
tory, but the professor needs to be aware that students may need instruction in some simple
manual manipulations. Groups are effective since one member of the group often already
possesses the psychomotor skills. Few engineering professors are trained to work with stu-
dents who have major deficits in the psychomotor area. Since psychomotor problems, par-
ticularly in speech, can cause both students and practicing engineers difficuities, engineering
professors should know what resources are available for help,

4.5. DEVELOPING THE CONTENT OF THE COURSE

The content of each course is the topic of many faculty discussions, We do not intend to dis-
cuss disciplinary details. Instead, we will briefly explore some pedagogical details, In required
courses the content must make the course fit into the curriculum.

Although there is never complete unanimity, most engineering departments generally
agree on the content a student must study before graduation. This content must appear some-
where in the curricubum, Since required courses often serve as prerequisites for other courses,
the prerequisite material must be covered. The only way to ensure that the expected content
is covered is to communicate with other faculty. Discuss in detail what material the students
have had in prerequisite courses and find out what they are capable of doing after they have
passed the prerequisite courses. (Obviously, what a student can do is not the same as what the
professor covered.) Discuss the outline with other faculty who have taught the course in the
past or who might teach it in the future, Before making major course revisions or changing
the textbook be sure that critical material is not deleted. Talk to engineers in industry to deter-
mine what they use. Unfortunately, some students will not use computers to solve problems
unless required to do so. We believe that at least one course each year should require extensive

computer calculation with spreadsheets, MATLAB, simulations, statistical packages, and so
forth. The department faculty should decide what software will be used in a specified course.
Once the major content for the course has been outlined, look at the hierarchy of objectives
you wish to cover. The time required for each topic depends on the depth of coverage in addition
to the beginning knowledge of the students. A well-thought-out textbook will have done this, but
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biectives for each lecture,

 the global learners, Sensing types will appreciate exam les and icati
eginnii gand/or end of each class include the global pictufe for intli?:i]xfer ‘:}t;gil;agtiggsi flt e
: al learn-

nd sensing types interested,

: € that every student has partof the course catered to his or

4.6.1, Should a Textbook Be Used?

A well-written textbook provides conte
consistent nomenclature and include
objectives, figures, tables, and homew
a textbook usually provides only one viewpoin
out of date, may not be the ideal forntat f:fhcl

nt at the appropriate level in 4 well-structured form with

t,. may not include the content you want, may be
Ping students fearn to learn on their own, and the
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. ower-division underarad ' : thook 1
o e uir graduate courses. If an ] i
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e el }f;?:i :318 I1)1‘:;ar;31~cet fc;)r sp;mahzed books is smaller than for requ(iirzgl:;fsseragtrﬂc]le
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o o s on'gh;a[ }jt;r:j j. good Vt}lncle to help advanced students learn how to ]Lf:nn: \ ?};n't-
re can often provid i ot
ook s ol . p € a sense of excitement missin
» it may be appropriate to assign readings from the originat litergttz?:l mosttext

presentations considering

£
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Ts the cost reasonable? Many engineering textbooks are not reasonably priced, and this
gy be a reason to use readings from the original literature. However, copyright law is in flux
nd professors need to be cautious when making a number of copies of copyrighted material
r a class, Permission must be obtained from the copyright owners before making copies.
‘However, assigning reading of E-journal articles that students access on their own is legal.

:“Fair use” allows use of copyrighted material in other reasonable educational activities. For

example, showing copyrighted material during a lecture is allowed, See Section 3.3.7 for a
imore detailed discussion of fair use.

A good textbook can be a tremendous aid and save you a great deal of time if you use it.
By developing the book for a course, the author has already done much of the organization
‘and presentation of content for you. It is commeon for professors to assign reading an entire
chapter and then skip a large portion. Students are adamant that they are busy and want to be
told “exactly what to read” (Berry et al,, 2011, p. 36). Although useful, books do limit what you
can do in a class. Students won't mind if you occasionally require other readings. However,

* doing this extensively will annoy them and make them wonder why you have made them buy

an expensive book and then never use it.

: 4.6.2. Textbook Selection

To some students the textbook is treated as if it contains The Truth. Perhaps this is a car-
ryover from the monastic beginnings of universities where students studied “sacred texts”
(Palmer, 1983). Because of this student devotion, textbook selection is important. An unnec-
essarily difficult textbook will discourage, excessive errors can lead to a loss of faith, and an
obsolete textbook serves students poorly. How does one choose an appropriate textbook?
Parts of the Book Used by Students. What parts of the book will the students actually
use? In beginning courses students often want and need the assistance in solving problems
that a textbook with good example problems provides, Sensing students particularly appreci-
ate detaited examples. The students also appreciate the collection of physical properties and
formulas provided in the textbeok. If you assign homework problems from the book, the stu-
dents will also use the homework sections. Students would benefit from careful reading of the
text, but most students do not do this (Lee et al,, 2013). Although course grades are positively
correlated with the percentage of the reading completed (Landrum et al, 2012), 25--30% of
the students do not read the textbook or class notes (Heywood, 2005; Berry et al., 2011).
Content Coverage. Does the content coverage maich the coverage in the course? A care-
ful check of content versus your preferred course outline is necessary. Does the sequence of
material make sense? Skipping around in the book is often confusing to students. Books that
have light coverage of some topics may have to be supplemented with course notes and/or
outside reading. If some topics are explained in insufficient detail, you may be able to com-
pensate in lecture. And if the book has extra matertal that the course will not cover, you need
to determine how easy it will be to skip sections. Some authors clearly state the prerequisite
chapters for each chapter so that users know which sections can be skipped. Other authors
provide supplemental sections of optional material. The most recent copyright date can tell
if recent advances might be included, but not all authors of undergraduate textbooks are up-
to-date with research. Read a few chapters to make sure the ideas are current and accurate.
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While looking at the conte_n._t h
all books are createq equal wi

pect to accuracy. A convenient way of comparing a num-
ber of books i to check a ‘items that you will cover in your course.

Example Problemms ¢ xample problems high quality? Examples need to be more
than a collection of equations with numbers plugged in. Examples need to explain how prob-

lems are sojved, Use of a common problem solving strategy (see Section 5.4) is helpful because
the students soon understand the basic pattern. Typographical errors in example problems
can be extremely confusing to students who have not yet learned how to evaluate the materia]
for correctness. Such errors may also undermine the book’s credibility with students,
s i-:"EEqnraﬁo‘n& and Data. Are the necessary equations and physical constant data available and
accurate? Equations and data need to be accurate with alimited number of typographical errors,
Cost. Cost is important to students and to the federal and mmany state governments (Berry
et al, 2011). Although professors often ignore cost, they probably should include cost, and
may be forced by state laws to include it, in their decision to adopt 2 textbook. Textbooks that
are free on the Internet are very popular with students, and certainly should be considered if
their coverage is close to course requirements.
Homework Problems, Homework problems should be clear and unambiguous, It is also
helpful if the level of difficulty of the problems is indicated. Examine the solutions manual

absence of a solutions manual may indicate that the author did not spend much time deyel-
oping the homework problems, However, since most solution manuals are available online,
Professors will need to write some homework assignments,

Learning Friendly, Although you can assume that most authors of engineering text-
books understand the content, you cannot assume that they understand how students learn,
Introductory textbooks should use an inductive approach starting with specifics and leading
to generalities (See Section 15.3.1}, and should be written in a concrete instead of an abstract
style. Explicitly listing objectives is also helpful to tell students what they are expected to
be able to do. The writing should be at a level appropriate for the students, and new jargon
should be carefully defined. Figures and tables should be clearly labeled so that nothing needs
to be assumed to understand them, Relatively short sections are easier for most students since
there is a sense of accomplishment when each section Is completed. Intuitive students may
use the section headings and subheadings to obtain an overviey of the chapter contents, so
itis important that these give a true picture of the organization of the content, Books using a
deductive approach or written in an abstract style with few eéxamples may be appropriate for
advanced-level classes where students are seeing the material for 3 second time,

Student Friendly. Is the book’s organization student friendly? Robinson {1994), who
assumed that students will read the textbook, states a student-friendly book will contain:

v Objectives

* Questions for the student

+  Transitions between topic that show the relationships among the topics

* Signals (e.g, itatics) that indicate the material s important,

*  Advance organizers {e.g., an outline or flow sheet) to help provide the global picture,

E-books, The availability of an e-book is coupled with the cost criterion, According to the
Chronicle of Higher Education Almanac (2013) over 89% of all students were satisfied or very

qipograéhical errors and fundamental mistakes, Not -

Objectives, Textbooks, and Accreditation

: i e

' ith use of an e-book in a core course. Students who preferred an e-bi?:‘;ehstl;aii 1::1-,
sished W.lt US.G search and reference, easy to carry around, costs‘less, ava ] qnd ke
o]JOWiI}g ﬂemfi' Fas , action with content. Engineering students have different n;e ska » y
onvemen't, " 11_1t;f -books, Table 8-1 shows students’ preferences- for more ;:-Ifoo uwjjl .
S W; Me terial .Is there supplemental material that will be used? ycl)u e

Suppfem‘?ﬂmm ta i not. our major interest, a solutions manual that correctly ;;} Kes I:,u;se
eaChmﬁl;C;iE;‘;u! :v;:; if th):z students obtain solution manuals from the Internet. If the ¢
ems will be

i al, Computer
' i i hoose not to use a solutions manu !

L of primary interest, you may ¢ : wal. Computer
o You;il:;lled \pvith t}?t; adoption of a textbook can be' advantage;us 1'f thfsi)he vore s com-
__:Soi{‘glzrimh the school's computer system, but software mcx}f(ease.s t :1 5;:; anl the reaching of
e i frware into the homework assign -

“engineering textbooks integrate so he : nd the
] eggmee:elg? Some textboolcs websites have additional useful material such a
the content.

t ey g! aduate- An excellent UIdex is not IIECCSSa[y W]leli a bGOk 18 used asa l’extbo()k, but mn l’he
3 ]_l

| i p- 5C the Search engiﬂe
1’] rd fuy) t)i a J()[)k .t i i se (electl() 1
Al PV 18 esseﬂtlal fOI' refereﬂce u IC COpes can u

i ials is also impor-
ilable in the file format}. Proper referencing of appropriate sourcle rnateer:ia;f1 1sitan se o ti A

?vat ?or ereference use of the book. If students will keep tll\;e botohk fzr Eogrl;g Ere us&auy redstobe
o d. Note that e-

i ity paper and be durably boun : clive for
printed (;nti‘g,zfds}clls:l;rli)og, so they and rentals will probably not_be ::'Wc’c;]lé::blt:l iﬁ;euse
oAy akbogk that wilt probably be discarded does not need thl.S ‘km? ;21 tgou h.a T
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Table 4-2. Sample K-T Decision Analysis for Textbook Selection
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Text 3
Text 1 Text 2
MUST HAVE = =
Appropriate coverage 20 - o
Example problems Go o o
Solution manual Go o o
Electronic version o
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NTS Text 1 Text 2 Tex

o Weight Rating  Score Rating Score -
Topi 6 8 48 7 ii

Topic 1 : : » : : o

Topic2 10 20 2

' 2 2 3 21

Topic3 6 4 7

Quality soln manual 7 ? 254 : 24

Learning styles 6
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first list the content areas and features (e.g. cost, examples, quality of hard copy, electronic copy
available, and solution manual) that are useful in the course. These features are then classified as
either must have or wants. The must have items are either present, Go, or not present, No Go.
The want iterns are rated for each textbook and values are Hsted in a K-T table {see Table 4-2),
Although not necessary, it is often useful to assign weights to each want item. Note in Table 4-2
that appropriate coverage and availability of a solution manual are must have items and the
quality of the topic presentations and of the manual are ranked under wants (double ranking
is not part of the original K-T method, but was added since it makes sense for this example).
Accommodation of learning styles is discussed in Section 15.3.3. Cost is ranked inversely with
lower cost books receiving a higher ranking. In this example, Text 3 is 2 No Go because there is
no solution manual, and the cost rankings are the deciding factor in choosing Text 2.

Textbook adoptions should be considered to be tentative, After a semester’s use, the.
baok can be reevaluated. Ask the students for feedback on the book. Consider how well it

worked on a line-by-line and day-by-day basis. If the book does not work out or a better book
becomes available, you can switch.

4.6.3, Print-on-Demand and Publish-on-Demand Textbooks

Print-on-demand is currently common for books not expected to have large print runs. The
text, tables and figures for the book are stored in an electronic file. After an order is registered,
the electronic file is read to a rapid printer that prints the entire volume, which is then bound
and sent to the purchaser. This publishing model reduces the expensive inventory of unsold
books to essentially zero. Some publish-on-demand organizations, such as Lulu.com, allow
self-publishing while others such as Springer use publish-on-demand mainly for out of print
books. In addition to printing hard copies publishers often offer downloading of files from the
web, which with some publishers is free.

The publish-on-demand textbook is an alternative for professors who warit to customize
the textbook so that students do not buy chapters they will not use. A large number of books and
other resources are stored as electronic files, The user selects the parts wanted and the order in
which they should appear. The computer software automatically renumbers all chapters, figure
and table numbers, equation numbers, and so forth. The new book is printed in the desired order,
and the books are bound and shipped to the school. The cost is proportional to the book size,

With publish-on-demand technology, chapters from different books and even chapters
written by the professor can be included in the made-to-order book. The publisher (e.g.,
http:I/www.academicpub.com/) takes care of obtaining permissions and paying appropriate
royalties and fees. Since professors custormize the books, the actual number of pages each stu-
dent purchases will be less and the cost will probably be less. However, there is likely to be a
smaller market in used books since customized books are much less transferable from school
to school. Thus, the publisher will probably sell more new copies,

However, this is still a refatively new technology and not all the problems have been
resolved. The technology for ensuring that the nomenclatures of different chapters are
compatible if the chapters are from different sources is still under development. Of course,
there’s no guarantee that a single author will be consistent in the use of nomenclature either,
Content is available from a large number of publishers, but content from the largest publish-
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‘ers such as McGraw-Hill, Pearson, and Wiley may not be available except from that publisher.
‘Acceptance by the professoriate and by students is also not assured.

4.6.4. Writing Textbooks

« s—which someone else writes—good texts—which we write—and perfelct
tzc}::f‘i;i:}?ir;e;;an to write some day” (Eble, 1988). T}‘1e motivation to wr';ie a te)lctbook :;_1
engineering often arises from dissatisfaction with the ava:ial:lyle t.extbooks or the t(zitfi urw;ﬁe
ability of any textbook in a new field. Writing a t}extbopk is dlfﬁr:ult butlrev.rardmgﬂ.l e
writing the textbook, the professor is likely to be vitally mte.resteﬁl in the ¢ ;:SS an dw L; o
ably do a good job teaching the course. There is pEISOI']al satisfaction from a,vaillgknone;1 e
ficult task well, a good textbaok can help an engineering profe_ssor befome ;ve ) ow! ,f nd
a successful textbook can be financially relwe:]rding. Hoz;ever, su}nlt;e 18;]9/;)0f the sales are fr
9 books make very little money (Burroughs, . .

? ’6%1:1;}::?)23;!;: 'ﬁ::gm is that enginee?i(ng professors shm.lld wait to. writea tcjxtbot.)k g;n}t:l lthft;};
have tenure, The professor should have several years of teaching experience, which wﬂflth e SOd
in writing the textbook, and should probably be an expert (see Section 5.3.). Becaus; of the pe o
of time required, writing one is risky for an assistant professor. And, mostun}.)orta‘n‘ ¥ ;mce:‘? 1):
promotion and tenure committees and many administrators at research universities (; m;ggosn;
favorably on textbooks, they may not help an assistant profess‘or be promoted (Bx?r'roug s,tb Oks.
Engineering professors are not trained in all the various aspects of wrltlmg ';lex ooks,
and a certain amount of on-the-job training takes place. Portunatgly, succesef}x aut ors enjoy
writing about writing, and there are a variety of sources of advice for.wntlngoerf;fg;r\lre:lil;tg
textbooks (Beakley, 1988; Bird, 1983) and for writing general book's (Lepionka, 2h0 H '1;; e N
2002; Zerubavel, 1999). Lepionka (2008} discusses the pedagoglc'at elements tl at wi etz
students learn from your textbook. If you are thinking t’hat you will have your ectm: no e—
transcribed and that will give you a book, read Lepionka's (.2008,‘ p. 171} argument why cfc\);;t
verting lectures into books rarely works, I (PCW) tried starting with my lecture notes as at-l ¢
draft for one chapter of my junior chemical engineering textbook, and then spent more tim

isi r than any other. . ,
[ewsll\;]eg'.\:}tl:;t({)]zl?liuthors slzrould seriously consider joining the Textand Acar'iemlc Aut.h(?r s
Association (TAA, http://tazonline.net) and benefit from news and author s_lssmtan;e. ]bontunogf
TAA is particularly helpful for learning about contracts and wha.t publlshelrsd 0, u},1 :
courge, it is not helpful for deciding upon appropriate content. A little knmlz' edge (su}ida_
that a 15% royalty on a publisher’s net receipts is common for collegf: textboo s? is _ver)i 5)0
ful when a contract is negotiated. However, our advice to potentlal‘ authors is s];mpke.
not write a book for the money—you can make more money copsultmg. The textboo ' rn;;-
ket 15 in turmoil and companies are not confident that their busmes.s 'models are sus_tama- e
(Boroughs, 2010). The golden age (1960s to 1980s) of textb?ok wr}tmg, w%wn e:ingl?eermii
authors could confidently order a new Porsche if their book did well in securing adop go?si s
over, However, if writing a book is the right thing to do for other reasons, do it, Signs that i

i i include: .
e r:ghtgs’%;otai‘;lrt‘ihe course for several years, and the available books are not satisfactory.
+  You Jnow you can write a better book,
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* Youfeel compelled to write a book,
*  You have already written eXtensive supplemental handouts for the class.
Students

*  You have sufficient energy and time for another big project.
With appropriate changes in wording, the same signs apply to developing computer-
aided instruction (Section 8.7), or an educational computer game (Section 8.5),

4.7. ACCREDITATION OF UNDERGRADUATE PROGRAMS

Author’s Note. This section has been completely rewritten to match the current Engincering
Accreditation Commission (EAC) of ABET (formerly the Accreditation Board for Engineering

and TechnoIogy) accreditation policy EAC-2000. Since most engineering professors Jjust refer
to ABET and ABET-2000, we will do the same,

admitted into graduate school, and serves as a stamp of approval on the quality of the pro-

on undergraduate engineering pro-

grams, These constraints have been the focus of considerable debate since many engineering

educators believe they stifle educational innovation.
ABET’s policy is to accredit individual engineering or technology programs,
school, It is not unusual to have both accredited and unaccredited programs at ¢
versity, The unaccredited programs are not necessarily poorer;
innovative programs that do not fit within ABET’s constraints,

notan entire
he same uni-
instead, they may represent

4.7.1. The Accreditation Cycle

Universities fequest and pay for the costs of ABET accreditation, The ABET accreditation
procedure starts with a Jetter to the dean who responds that reaccreditation i desired. The
Institution then develops very detailed self-studies for each Program to be accredited. Both
general information about the institution and detailed information on each accredited engi-

bers in the programs and a syllabus for every course in the curriculum are included,

In the normal schedule the self-study is due in July, and a fall Program visit is scheduled,
A program must have at least one graduate before ABET wilt schedule a visit, Before the
ABET visit each Program sends ABET transcripts for recent graduates —ABET specifies how
they are to be collected (e.g, ABET may ask for transcripts of the first six graduates with a Jast
name beginning with K.

An ABET team, which consists of the team Captain and one member for each program
to be aceredited, visits the school for three days. The team members speak with faculty and
students; study course notebooks prepared by the faculty; investigate student transcripts;
tour the facilities; intervieyy selected professors, staff, students and administrators; and obtain
Answers to questions raised while reading the self-study. Accreditation visits are considered

ask why you haven’t Wwritten a book since they are sure Youcandoabetter job,

Objectives, Textbooks, and Accreditation

i i es-

i tant, and considerable time is spent preparing for them.. T‘he(LSl'let:{?oa;e‘;l;z)?
re e to answer is, does the program satisfy the ABET criteria n a7
n the evai.ulator hes 0write theh: report before leaving the campus. Manyf 'tearils W ik with
Accrec?ltlng tea[msdifficulties before they write their report. Ti?e accredltg:ﬁ ?ainear v
et ontcon, in their report. They can accredit the program f:olr 'a six 2(0 e
al chotces o Ol'nconl“': r with a concern (this is a flag for the n.ext visiting tcflratn: >loakes!
either with no d1fﬂFu fes Okness (one or more criteria were not sansf‘ied) accreditatio canbe
s s I‘f‘rtih:l::eles ;ejsr;eriod with a report to justify three f.dfii.ttlonalili{eezrks;e?;rzctch el

O e . i d an additional visit req : :
{ién - fo'r oo Yem:i:;gh&?ii;ii‘gizlw programs a show cause might b;g;:::;ﬁ
e Yﬂaf: ‘r:f]:lar?: 3‘13:: f;he sc'hool must show why ABET should T\O:C ::g;;\;}oic:eports on.
ooty th i it the program.
F};ﬂalll)/: ﬂ:ﬁ visiinrfptl{;i;naﬁzc;iifztfcfnn:rtetzEZ;I?J(:;d to E;btgin needed ‘additional resources
ive less thar

Aftet the visit is over, thC AcCT edltatloll CyCle is not fllllshed. Institutions ﬁrSt have a Week
v

t . orrect errorsinfac y i ABET dfa& report, they haVe 30 days to Iespond
g ac i t. Aﬂer the receve the : .
| .to any )[t)blems lthat were Obsel Ved. Usuaﬂy, the best response 1sto ﬁx the proiblem B{ ased on
: dd.t‘()nal infofmation the Original Visiting team's report, and a COn]PaI Son Wlth Other
this a 111 3

y tion in th
[«

(J(]]S 1)811[ eva.[uﬂted ABEI Inakes a a d 1810

Sch g 1 fl[] 1 €Cisl ]lthat S CONve ed fo ﬂle institt 15}

. ALITHINEL 1Ce OUrs 15 a li OUS SOC eiy negal E TLS ar e Onies ed u the .
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.7.2. ABET Criteria ilable free on their
4,7 iteria are laid out in an ABET publication {ABET, 2013) aval'labelt;inrec; ogtams
The ABET cxteria 2 bet.org. The eight general criteria that apply to alf engine grams such
WEbSitel’- htg)':”";‘v;g;;afl ; .Thgt;_re are also program-specific criteria that apply to prog
are outlined in e

Table 4-3. Summary of ABET Criterla for Accreditation of Engineering Programs
able 4-3,

i e
Evaluate performance, monitor performance, and enforc
policies. .
Expectations for students a few years after graduation.

Criterion 1. Students

Criterion 2. Program

. tion, See
o 3. Student What students will know and be able to do at gradua
Criterion 3. Stu

Table 4-4.

. i s, and to use
Ou’ ion 4. Continuous  Process to assess and evaluate meeting outcome
Iczrrll:rn(‘)l\?:mént results as input to improve,

Subject areas appropriate for engineering, See Table 4-5.
Sufficient number and quality to properly run progr:.am.
Classrooms, offices, labs, library, and computer services sup

i ivities.
port learning activi | -
Support and leadership ensure program quality and continuity.

Criterion 5. Curziculum
Criterion 6. Faculty
Criterion 7. Pacilities

Criterion 8, Institutional
Support
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as mechanical or biomedical engineering, Criterion 1 refers to the program’s policies wiy
fespect to students. The ABET' evaluator tries to determine if the policies are applied fa]
and uniformly, Each program must consult with its constituencies and determine appropriat
Program objectives (criterion 2). The objectives indicate what successful graduates will atea;
a few years after graduation.

For graduates to meet the objectives, a series of learnin
rion 3. The eleven outcomes specifted by
to technical outcomes {criteria 3a, b, ¢,
teria 3d, £, g, h, 1, and j). One of the complaints about ABET-200
outcomes and ABET gives no formal g
There is widespread support for professional criteria 3d (teams)
their brilliant Chapter 16 (a must read for all professors) She
need to instill core ethical and professional values (3f)
for ethical behavior—a topic curiously

g outcomes are specified in crite

and 3g (communication). In

in students—and this includes the need
missing from criterion 3f, However, since Loui (2005,

ering ethics reinforces the students’ Previous inclina-
tions to act morally,” there probably is

be important, but how to assess “a recognition” is not clear, The importance of learning after
graduation is reinforced by studies of graduates that show they need several years of on the
job education before they are ready to engineer (Williams et al, 2014). Professional criteria
3h and 3j are considered by practicing engineers one to ten years after graduation to be less
important (Passow, 2012) and have significantly less faculty support than the other criteria
(Lattuca et al,, 2008), Unfortunately, disconnects over globalization issues exist between new
engineers and most professors and many experienced commentators who consider criterion
3h to be critically important (National Academy of Engineering, 2005; Williams et al., 2014),

Some ABET program evaluators privately state that as long as a program does anything to
teach and assess criteria 3h, 31 and 3), they accept it.

Table 4-4, ABET Student Outcomes (Criterlon 3)

(a) an ability to apply knowledge of mathematics, science, and engineering
(b} an abifity to design and conduct experiments, as well as to analyze and interpret data
(c) an ability to design a system, component, or process to meet desired needs within realis-

tic constraints such as economic, environmental, social, political, ethical, heatth and safety,
manufacturability, and sustainability

(d) an ability to function on multidisciplinary teams

(e} an ability to identify, formulate, and solve engineering problems
{f) an understanding of professional and ethical responsibility

(g) an ability to communicate effectively

(h) the broad education necessary to understand the im
global, economic, environmental, and societal context
(i} a recognition of the need for, and an ability to engage in life-lon
() & knowledge of contemporary issues
(k) an ability to use the techniques, skills,
neering practice.”

(I m,) any additional outcomes added by the program,

pact of engineering solutions in 4
g learning

and modern engineering tools necessary for engi-

ABET are given in Table 4-4, Five of the criteria refer i
, and k) and six refer to professional outcomes {cri-

0 is that there are too Mmany
uidance as to which outcomes are more important, :

ppard et al. (2009) describe the :
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i i in the methods
. ers were most interested in
\ f ABET-2000, program examin the methods
the earlt);lyeji:c(;mes ABET requires direct assessmenth of ho:v malitch :rl;isation 1s have
o ' isiti ittee, or with a national ex;
sor, by a visiting committee, . such as
delther oY thef%?f;ieering examination. ABET allows direct assessmint c:a;;!aetouaﬁty (p;f
'-u-’.l.dme.?}ia};girectgassessments such as student intervi?ws or :u;veyssas ns;xm bec?mse o
et . ineering professors strongly resisted asse
' i itially, most engineering p . pt becans
jhmr'Hlucammltll l[::!tooytime-consuming and they were not us;d to betmg ,::31;1 C\:n o il
i t outco
B el irect instructor assessment of studen can "
; i that direct instru ; sy, The
- é&er re-ah:l;':)gr the technical criteria, many profes‘sors acquéesfced t(}irfour;e 008). The
dmfonal tlymdirec:t assessment of technical outcomes 1; to ﬁr§: e g;fions o the
i d Brent, 2003), and then write qu e
ester el e, e The. 1 thi i mapped to the assessment levels
(Besterie ime. The scores on this question are mapp ;
se t a time. The sco e m ‘ e firet step
e OUtlfo?::t?onally normed Fundamentals of Engineering e:l(ammalosr;;]ent b step
elng usel e rofessional engineer, provides excellent average;lfdlrect as
ing a '
to bec?nl Sagtisfgction of outcomes 3a, 3¢, and, to a lesser :ext;'nt,dl - for most engincering fac-
Yzmgh' nd assessing the professional criteria remain hur nost enginering B
o mbg :of direct assessments were initially developed, bu; t:e more gemﬁe(i 1 were 2o
ulty. A numbe nsuming (Shuman etal, 2005). As 2 result many oft emfo s
e ures CI(’JI as student portfolios, behavioral observations, and p(:ir m;mat ice appraisaly are
pmcedurescfuc large scale, Rubrics (detalled descriptions of wha\.t students e ot
- il'si o :‘ cangdo) are commonly used by instructors for d]r;ct assessn:1 i of the protes:
ol eiterta, Rubri age that their use makes grading more
e R ad"ﬂnt. S Use of a rubric forces the professor to look at the
e e o o s gradm% tSlime.ple rubrics are available in the literature {Rogers,
B nts of the assignment. Sam ifabl perature {f0
2050;Stew con:r}:?lriivi 2012; Walvoord and Johnson, 2010) anct in thtlls chaopftee:srS io npfl e
o St:’f:n: often ie,arn many of the skills necessary to §at1sfy t le (};ro e atedams
lSdtu ?111235 in internships, clubs, work, and researclh. Hltsch et ’c'ir .he 005) studied students
Who wrere t of a summer research experience for bmem;;mem:sl.1 @ students matle meas
. o impre ents in satisfying ABET outcomes 3fand 3g withou akin fn oomal courses
- lum‘:g;ET examiners have been paying most attention to criter lua,t o
. Receﬂtly; Does the program regularly assess the student outcon;tes,t ev;::n e e o
b targels ot being met, and systematically use the evaluation results oear s o the
that t? rgl?tskarea eagrs to be to have a plan that regularly, at least once ple; Z fo; e voment
gra;ﬂ- fon ren ltipto a committee or the department head, and then pla
evaluation resu

based on the data that are formulated and followed.

anal

Table 4-5. Summary of ABET Criterion 5, Curriculum

i ical, including 1 year
Mathematics and Basic Science (biological, chemical, and physical, inc g
: a I a : . -
some experimental) appropriate to d15c1p:1ne et mor design 155
ineeri i design {curriculum must ¢
Engineering sciences and : t culm
et;)gerience»—see Section 9.1) appropriate for the discipline

*
Generat education to complement the technical content

4 years
Base

in Table 4-4,
* Amount not spacified, but students need to meet the outcomes in
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Previously the curriculum was fairly constrained, but the current requirements {criterion
5} are quite general (Table 4-5). These are minimum requirements, and individual engincer-
ing disciplines may impose additional requirements, Previously, mathematical studies had to
include differential and integral calculus and differential equations. This has been changed to
be “appropriate to the discipline,” leaving considerable latitude to the program. At the same
time the program has to be ready to show that the mathematics and sciences are appropriate,
In the past, programs often included computer science with the basic sciences, but this is no
longer acceptable. The engineering sciences include mechanics, thermodynamics, electrical
circuits, materials science, fluids, heat transfer fundamentals and so forth. Engineering design
used to be a controversial area, but proving the students have had a major design experience
Is now simpler. The general education component includes both elective and required courses
in humanities and social sciences. The laboratory experience should include design of experi-
ments and interpretation of data (criterion 3b). The computer-based experience should be
sufficient enough so that the student can demonstrate efficiency in application and use of
digital computers (criterion 3k), Competency in written and oral communication (criterion
3g) is expected.

Criterion 6 considers only the faculty who are actually involved in the program. Those
who are in the department but not involved with the program are not considered, Criteria 7
and 8 are typically not problems for institutions that do not have major budget difficuities.
There can be a concern about leadership if no one is clearly in charge of the program. In addi-
tion to these general criteria, many programs have to satisfy program specific criteria. For
example, computer engineering programs must include diserete mathematics,

4.7.3. The Impact of ABET-2000 on Engineering Education

The authors agree with Latuca et al. (2006) that the changes made in ABET-2000 have had a
positive role in engineering education. The outcomes-based assessment used in ABET-2000
is more flexible than the former method. This has allowed one of the authors to accredit a
multidisciplinary engineering program that would not have been accredited under the old
rules {Wankat and Haghighi, 2009; see Section 4.8), Accreditation of novel programs is pos-
sible, but requires extra attention to assessment, evaluation of assessment, and continuous
improvement,

Looking at individual outcome criteria and obtaining regular feedback from graduates
and employers makes it much easier to spot deficiencies in the curriculum. Explicit require-
ments to teach and assess the professional criteria have improved graduates’ skills (Latuca et
ak., 2006) and will help prepare graduates for jobs in the service sector (Wei, 2008), Writing
and disseminating course objectives, which are required by ABET-2000, improves courses
(Besterfield-Sacre et al,, 2000).

We believe the main reason most engineering professors were initially against the ABET-
2000 changes, and many are still against assessment and data-based decision making (Latuca
etal., 2006), is that assessment partially focuses on the teaching effectiveness of faculty, Many

professors resist evaluation of their teaching performance. Teaching methods appear to be
more difficult to change than content.

We believe there are the following problems with the functioning of ABET:
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: i between minimum standards, continuous
ABET has not clarified the balance nting
- improvement, and the value of assessment (ABET, 2004). A program with highly
accomplished students and graduates, but relatively weak documentatlon. of assess-
ment or of continuous improvement, will probably have more difficulty with accred-
itation than a program with much less accomplished students fmd graduates but
with strong documentation of the assessment and continuous improvement sys-
tems, National norming (e.g. the Fundamentals of Engineering exam) would allow
examiners to compare students’ levels of learning, '
Eleven criteria for learning outcomes are too many, and they slhoulfi be sfreamlme(:‘u.
One option would be to have three, more general, criteria: engineering science, engi-
neering design, and professional skills. o
ABET’f rules are not transparent. For example, ABET program eva.lL_latn?rs will anatel?'
state that as long as a program does anything to teach and assess criteria 3h, 3i, ax}d 3,
they accept it. If that is true, EAC should clearly state this in its written documentatmfl.
The amount of documentation required is onerous. Page limits on each section
would aid both programs and program evaluators. '
ABET has realized for quite some time it needs to develop methods to ensure uni-
i 2004).
formity among program evaluators (ABET, ’ ‘ '
ABETtYl’leedS to heed the methods used by Lattuca et al’s (2006) major analym‘s of the
effectiveness of ABET-2000. Their study relied on surveys and self—r.eports, wh.mh t}}ey
carefully benchmarked as providing meaningful information. Fronically, engineering
programs cannot use surveys and self-reports as their only assessments {Briedis, 2008).

4.8, CURRICULUM DEVELOPMENT CASE STUDY

The use of case studies in engineering education is discussed in Section 9.:2.5. This case studly can
either be read through in the same way as the remainder of the text—as mformatwn—bor it can
be done as an interrupted case study by determining what you would do at each new subsection.

4.8.1. Background Information

In 1969 Purdue University developed an Interdisciplinary E.ngineering_ S.tfldles (IDEDS) progfr?ﬁr;
that was purposely not ABET accredited so as to have maximum flexibility. Ink2(}]!0. one ?ncer-
authors (PCW) became the half-time program director'. Since the students too1 their el;;g .
ing courses from the other engineering programs, the director was the only faculty ;ne}in erﬁabe
by the program. The IDES program required 124 sen}ester credits to graduate, which cou by
satisfied in eight semesters of full-time attendance taking a normal load of five or S}].:l courses y
15 to 16 credits each semester. The students took the same ﬁrsf year program as otl er eng;neerd
ing students (calculus [ and T1, chemistry Tand I with lab, ph}fstcs 1 with lab, Engiis C;, speec ;; Ca:;d
introduction to engineering and computers). After completing the first year, students sr:ration
their engineering major, and, if they became IDES students, the){ also- selected a{con;t;? o
in 1DES. In the sophomore year IDES majors took the same multl-varlabl‘e cal.cu us, dl etrei'lr o
equations, and physics II (electricity and magnetism} classes as other engineering stug e? :1 the
IDES students also took the same 18 credits of general education as other engineering students.
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DES would have to relinquish its independence and become part of ENE. Independent con-
ol of budget and of space was the major advantage th}zlit wouls be lgst.
‘ ? Why or why not?

ork to make IDES a part of ENE y ' '
;l;r)?;flddicc);ti:ii to work to make IDES a part of ENE, how would you go about doing this?

V\ffhat could go wrong?

However, the IDES program differed by not having a required engingering core and requiring :
only 30 credits of engineering versus a minimum of 47 credits for an ABET accredited pro-
gram, The difference of 17 credits was added to other electives to form the “area.” Area elec.
tives (totaling about 30 credits) allowed studeats to take almost any course in the university .
fo develop unique concentrations that were niot possible in a standard engineering program,
Examples included engineering management, acoustical engineering, and a student-designed
option. Because of its flexibility, the IDES program was expected to serve as an incubator for
development of new programs such as biomedical engineering,

Earlier policy had been to allow students to take courses that “were in the student’s and

»

;8.2. Decision and Action Steps

' i i i ifications of merging FrE and IDES, the
' ks of privately mulling over the possible rami . ‘
. fgt];é :i\;:'zctor dicided g}at a merger would be in the best interests of Puziuﬁ andI E%getzt:i?:ise
' ive ENE an undergraduate program and allow
Not only would the merger give D et space ool b
: itation, i lso make ENE stronger by providing p !
ABET accreditation, it would al : iding paceand budget,
h a merger? Ordering the merg !
What was the best way to accomplis : e dean
btedly cause faculty resistance.
' ing the dean to order the merger would undou.
OI: acsi]:vr;%opment of unnecessary resistance, the associate dean requestec} that the c(llean ciclir;gtz
:h: charge to the committee to include the possibility of ENE c;evelopmg an undergra
i dean agreed.
. Once the merger was explained to her, the ‘ "
Prog}rf[;t:r the announcegment of the change in charge to the c0mm1;1tee,h one ur;gogesse;r;nci;z
he was afraid that he would be
ccurred. The Head of FrE demurred because :

fscizi;yzfter he was reassured that the proposed merger was not a coup and he would remain

‘ iasti ter,

f ENE, he became an enthusiastic suppor '
® H;Ed; ril 2004 FrE and IDES were merged to form ENE, The‘ first orderhof buime::
involved Seveloping MS and PhD programs in engineering education. Ol:icelt at‘ tasfo;van
well under way, early in 2005 the director of IDES, now a part of ENE, started planning
BET accredited program. . o

* How does on}; plan a new ABET accredited engineering Erogram? Cded i the

Considering the background information, what constraints need to be inclu

there was room available, the Program was the least expensive per graduate in the university,
The dean of engineering realized that the program served a purpose, but did not want the
problems that would occur if the Program grew. Thus, enrollment was limited to a total of 100
students, which kept complaints to a minimum,

Every year the director received letters from graduates who were not able to become
Professional Engineers because of the lack of ABET accreditation. In the past, accreditation
was not possible because ABET required a minimum of three professors in a program and a
program that did not teach any of its engineering core would have been unacceptable, With
the increased flexibility of ABET-2000 it might be possible to have an accredited program with
the desired flexibility, but more faculty involvement would be required. Obtaining money and
space for additional faculty was not fiscally or politically possible,

I 2003 a new dean of engineering constituted an ad hoc committee to consider changing
the Department of Freshman Engineering (FrE) from a non-degree granting service depart-
ment into a Department of Engineering Education (ENEY}. In addition to being in charge of
the first year program, ENE would do research in engineering education and offer PhD and
MS degrees. The Head of ErE was totally in favor of this change, and he had only accepted the
appointment as the Head of FrE with the understanding that the department’s role would be
changed significantly. The IDES director, who was also interim associate dean of engineering
for education, served on the committee, In an Interesting intertwining of roles, the head of
FrE and the director of IDES both reported to the associate dean,

on? |
ng{:’r}ﬁjfi’lx%%T program area would you seek to be accredited under? {Check out the ABET

eb site for the options.} . - . ihe
! If the total crzdits to graduation are not changed, how many engineering credits woul

required and what would the engineering core look like?

4.8.3. Design of the Curriculum e et st
ithi i i t Purdue, it had to sa
had to fit within the context of engineering a ; satl
i}g;;e::qi:ﬁegr?ejts, and it had to satisfy the major reason for seeking ABET accreditation,

which was the thwarted desire of graduates te become professional engincers, i of the
In the context of the engineering college the program would have to pass y

: ineeri hip Team, which
o B . . . ; ECC) and of the Engineering Leadership
After a few meetings of the ad hac committee, the associate dean realized that the pro- E Engineering Curriculum C; m';rn;teerg ga:r)l would have to follow the college rules: use the
posal for ENE would produce an incomplete department since there would be no under- 1 consists of deans and heads. nd :oﬁmfthe college’s general education program, Since many
graduate degree program. In his role as director of IDES the associate dean realized that the E common' ﬁrst. year program 1 dy accredited at Purdue and since the program would be mul-
formation of ENE was an Opportunity to obtain faculty dedicated to the IDES Pprogram, which G engineering dlsclphn?s.were a rja dye to have the program be as flexible as possible subject to the
would allow development of program that met ABET accreditation requirements. However, 4 tidisciplinary, the decision was
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constraints, We decided to geel ABET accreditation in the Engineering, Engineering Physics
and Engineering Science program area. None of the existing Purdue programs were accredite,
by this program area, and since there are no program criteria, the program would have max;

i flexibility, Newberzy and Farison (2003} classified the three types of general engineering .

a graduate in two years was to have a transfer student be the

Next, the constraints on the program were delineated. Total credits would be 124, the -
same as the existing IDES program. Since ABET accreditation was a major goal, the ABET

requirements in Table 4-5 would have to be satisfled with at least 47 credits of engineering

The content of the engineering
ABET criteria in Tables 4-3 and 4-4, and the desire to have students pass the Fundamentals of
Engineering (FE) exam. The general part of the FE exam consists of questions in mathemat-
fcs, probability and statistics, chemistry, computers, ethics and professionalism, engineering
economics, statics, dynamics, strength of materials, material properties, fluids, electricity &
magnetism, and thermodynamics. The math, chemistry and computers are covered in their
first year and sophomore core courses. We decided to cover ethics and professionalism in a
one-credit professional seminar that is part of the engineering core. The other courses in the
engineering core are circuits, thermo, statics, dynamics, engineering economics, fluids, and a
major design experience course. Total in the core is 19-22 credits depending on which statics-
dynamics sequence is chosen. A 3-credit statistics selective is also required—most students
take engineering statistics (a selective is a course chosen from a short list of alternatives),

The core is unique in that to maximize flexibility we follow the procedure used by the
FE exam: instead of specifying courses we specify topics. For example, we accept any of the
four beginning engineering thermo courses taught at Purdue, We initially had 5 credits of

course in materials, After some negotiation, the ECC agreed on adding a 3 credit selective in
either materials or strength of materials, Including this selective, students will have covered
93% of the topics on the FE exam, The remaining credits of engineering (usually 14) are used
for depth in the students’ concentration (e.g., acoustical engineering). Students also had 17
credits of free electives that were used to meet requirements of the students’ concentrations,
For example, students in engineering management take Mmanagement courses and students
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I eer take co putEI i i I'S€S,
engin lng m grapthS techn()logy and art and d651gn cou
Slg

I . . .
( l a] () ge was E)O ensure that StudEHtS Satlsﬁed ABEI criteria 3 ﬂ.“'k (Table 4'4).
we COu!d 1den‘

sual de
ka_.t and

' A I!?:)}fo tile engineering courses are taught by ABET accredited programs,
ce 3

i iteri ere taught and assessed, For example,

' o tec}lnlcﬁtc:tlrzzr::’eas’sietlcilne,ssartlfcsk r‘ff::gard!essg of which de;l)aramer‘lt tgacgei
feta 38 anc 3+ 50 al%rgseerin programs also teach and assess the professtqnal criteria, bu
< fon o 01? o e::;E:nent if courses that are seldom taken by students in the nedw p}l;?-

ey O'flt“;: :'.it(:att};;syafi)sr the professional outcomes 3d, 3f-3j, and 3i (an outcome on leadership

' ively i fonal
gram- by the program) was to teach these outcomes and assess extensively in the profess
yihep

anain ma deSI lexpefle]lce Courses Since the Studen s’ concentrations can be
a S t

the Jor g 3
erninar

ing ei b ’ ineerin
- site different, we allowed students the option of taking either EPICS (Purdue’s engineering
ulie »

] (4 leaIIliﬂg Course, 8¢ Sectioﬂ 7 .10) ora ma}or deslgn exPerIenCe cours
ervic e o ed o

. .
(Jt!l Of these (th]ons Would dO extensive assessmer I.'t
facﬂ].ty. B k
Ile)ﬁble gelle[al eng[lleen[lg pIOg!aInS generaily COHIbH]e courses IID[II. tile ellgl eerir g

t of their core
ison, 2003). Because students took mos
iscipli rograms (Newberry and Farison, k1 f thelr cor
dlSClPhﬂf?;ZYnf thﬁ disciplinary engineering programs, the fac.ulty l:Jf E;\IE ong;naji);re ;:egcours gf
:. coursj'st the 1-credit professional seminar and the 3-credit ma]ortdesi}g’n € -Ee lence course
Bessuso : i that would otherwi S
i am take seats in courses o
B o 10 be ons due. The professional seminar was first offered in
' inues to be inexpensive for Purdue. profe as fec in
Pro-gm?ogglﬁrclluevery spring since then, Because ENE was in the procesg; offf hlrglfnxzﬁx: ﬁing >
Smefhe ENE major design experience course could not be dg\;}l)c;%c;dtan tci)s f;-;rte}:l ) requgement
o008 isit. T duate use 0 sa )
' i the ABET visit. The first gra satisf : b
S ?vm{:hhwasrzﬁf:m originally controlled less than 10% of the engineering clrezilt ;;111::2 : g
h fuzlcelis e\fhaf can the program do to show that the ABET criteria, particularly
. the students,

" (Table 4-4), are satisfied? B
e V:’hat)steps would you take to prepare for the ABET visit?

4.8.4, Visit Preparation ‘ e de o
E tudent was assessed in the professional seminar and the .capls one cealgn courses—
Veinji was not used in these courses. The assessmen{: program include e Bttty
Zaf?lIlJ cri%eria 3 outcomes, except for 3b (experime?tsl)l, in thv..e cgugz:z ;?,?ei wez‘re B facu .
d interviews of all criteria
Indirect assessments by surveys an . ‘ ‘ r ‘
professional seminar, and all graduating sem;)rs wzr;emstrl:;:idthe FE exaun stk by vob
nd 3e.
results were used for outcomes 3aa hthe I cen by vol.
o eglir?najority of program graduates take the FE because it i3 }u%[hly zez?lr::r;d ded and
r}iﬁee:j, ram reimburses students who pass the cost of the exam. Om]'{ t;?F g llected after the
fi t{isﬁ) shows no significant difference in the GPA of those who tool he I and who did not
» ing rates do correlate with GPA). In addition, the program recew‘?l ! e[; e
fﬂPT:\S;Of most of the other core courses on what was supposed to be a three-y
al
ing somewhat erratic. Cicesand
endegt:ﬁi?;u;gyear early, the ABET self-study was prepared{.){.’:elcause of }tll;:; r:g;:i Ei:}f—stu‘ﬁes
: i i nger .
i this document was considerably lo
complexity of the program,
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The final document was about 100 text pages and 200 pages of appendices. Although the °
document was started well in advance, it could not be finished uati] after assessment datg :

from the spring semester was available in June,
Shortly before the first official graduate was scheduled to graduate in May 2007, the pro-

gram director discovered that ABET does not allow accredited programs to have the same title

as unaccredited programs. Thus, a new name had to be found quickly. All involved parties
{the ENE faculty, the first graduate, the Industrial Advisory Council, Dean of Engineering,
and the Registrar) agreed to the name Multidisciplinary Engineering (MDE) for the ABET
accredited program. IDES was retained as a small unaccredited program.

Since Purdue has a number of professors who are ABET visitors, we asked Many ques-
tions. However, there was a limit to the amount of time we thought we could ask volunteers
to donate. We hired a consultant, a retired professor who had done a large number of ABET
visits, to conduct a mock visit. ‘This visit was extremely helpful and a bit humbling since we
had overlooked a number of important items,

The MDE program’s first official student to graduate was in May 2007 and the first ABET
visit was scheduled for October of 2607, Notebooks including a syllabus, handouts, and exam-
ples of student work were assembled for the most commonly taken core courses, A major
advantage of doing the MDE accreditation at the same time as the other engineering pro-
grams at Purdue was that engineering professors had to assemble notebooks for their pro-
gram’s accreditation, Thus, obtaining a copy for the MDE visit required very little extra work,

4.8.5, Final Results

The accreditation was successful and the program was accredited in summer 2008.

Between visits a number of improvements were made. Several graduates commented that a
CAD course would have been very helpful. After discussions with the Industrial Advisory Council,
a CAD course becamne a program requirement. As a second example, after the first ABET visit
we noticed in exit interviews that students seldom mentioned any computer work during their
sophomore and junior years. To increase the opportunity for students to satisfy criterion 3k and
to increase the networking opportunities of MDE students, the MDE program started teaching
our own engineering statistics course in the junior year, In addition, graduates were surveyed to
check for satisfaction of objectives. Half of the graduates contacted responded. Most had already
satisfied the program objectives or were well on their way to satisfying the objectives,

The second ABET visit was in October 2013. The program was fully accredited for a sec-
ond time in summer 2014,

The take-home lesson here is that if You want to accredit a novel engincering program,
you need to do extensive assessments of every student and then use the results to improve the
program. This formula is simple, but faculty has to buy in to assessment to make it work. In
addition, hiring a consultant to do a mock visit will be money well spent,

4.9. CHAPTER COMMENTS

Write detailed behavioral objectives once for one course, The experience will sharpen your
teaching both in that course and in other courses, even if you do not formally write objectives
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i i i istributiont
: ! i ly helpful in ensuring the proper dis

h rses. Bloom’s taxonomy is extreme s e p1 o
ot ef_ Coe student effort, and quiz questions. Carefully clasmf)(. ing objectwesiani tesz ciuia58
'?[355 ttlo tt;e level on the taxonomy isalsoa very useful exercise to do for at least on .
s as

Then in later classes the level will usually be obvious.

ABET requirements may not be high on one’s list of interesting rfead'mg. Hou-rﬁver; g
. ?he lty are unaware of the ABET requirements, it is unlikely that their courses will m
new facul

i i i iteria as some
1o spirit of these criteria, This is particularly true of including professional criteria as
e sp

ici i on aCCredi-
f{.a{ ion Of a coursc III. addition. to be l.nfol: ¥ Ed patthlpants 1 the current dEbate
' . f‘ . )
: tion fequi[eme[lts, aculty must underStand the cureent requlre ents
Al T

HoMERo ite si itive objectives for
Pick a required undergraduate engineering course. Write six cognitive objec

this course with one at cach level of Bloom"s taxonomy. ected i oroblem L
Write two objectives in the affective domain for the course selecte ;1 p .
Pick an undergraduate laboratory course. Write two objectives in the psycho

dOc;)I;::ilt?\"e 10 in Table 4-1 includes a cognitive and an affective domain objective.

i h of these. '
gclJiS:g}er zi(i:r::: selected in problem 1 decide whether a textbook should be used

i T answer. .
’};“);E:lafgllzxng statement can be debated. “ABET accreditation has strengthened

H N
engineering education in the United States. )
a. Take the affirmative side and discuss this statement,
b, Take the negative side and discuss this statement.
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APPENDIX. SAMPLE RUBRICS FOR ABET PROFESSIONAL

Unacceptable

Marginal

Acceptable

Superior

No experience

2 or more expe-
riences, but not

Several experi-
ences—at least

Multiple exten-
sive experiences,

experience extensive one extensive
Identify effect of | Clueless Canidentify 1 | Identify 2-3 Identify > 3
personal actions positive and 1 | positive and 2-3 | positive and > 3
on team negative action | negative actions | negative actions
Actual conduct | Consistently Often not pro- | Usually profes- | Professional at
misses meet- fessional. Late | slonal: on time, } all times, On
ings, unpre- or miss meet- | prepared, does | time, prepared,
pared, does not | ings, not pre- work said would | does work, and
do work pared, does not | do, fosters col- | fosters collabo-
abways do work [ laboration ration
Organization No organiza- Minimal Adequate Excellent
"] and workload | tion. Work dis- | organization. organization organization.
distribution tribution very | Some members | with all mem-  } Alt members
urevei limited contri- | bers contribut- | participate fully
butions ing significantly.
Team interde- | Do not work Significant Leadership, Utilize strengths
pendence together team problems | cooperation, of each team
in leadership, and interaction | member fully.
cooperation and | are all evident
interaction and acceptable

Team product

Poor. No team

Does not meet

Meets specs. Self

Surpasses specs.

assessmentor | specs. Minimal | assess and mon- | Self-assess and
monitoring assessment and | itor adequately | monitor during
monitoring process.
Assessmentby | Poor, verylow | Below average, | Good. Earned Excellent. Did
peers ratings Did some work, | fair share of more than share
but not enough | points and of work and
to earn team receive team leadership.
grade. grade.
Overall Unacceptable | Marginal Acceptable Superior
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3f} A i
fy An understandmg of professional and ethical responsibility,

Attribute

Unacceptable

Marginal

Acceptable Superior

Can explain Cannot deter-
ethical and mine any
Rrofessional appropriate
situation parts of code of
ethics
_ |
Can determine | Unable to
appropriate determine any
action appropriate
action.

-
Actual conduct

Unethical,
cheating or pla-
glarism, Racist
or bigoted
behavior. Shady,
marginally
professional,
often does not
treat others with
Fespect.

Overall

Unacceptable

75% of time can
determine at
feast one appro-
priate part of
code

- ]
75% of time can

determine at

one or more i
]ea‘st one appre- | appropriate g?::;pizt?gg A
priate action, actions, and prioritizz
thern,
Honest, usually | Honest, usually | Highly profe
professional, professional sionaly}?onesi-
and usually and treats oth- | treats ;ve ,
trleats others ers with respect, | with res ztone
with respect, and behavior Believespi‘n b-oth
?ut‘behavior indicates fol- spirit and lett
mdl‘cates isfol- | lows both letter | of rules “
lowing only let- | and spirit of the .
ter of the rules, | rules,

Can determine

One or more multiple appro.

appropriate priateppart}s)%f

parts of code code and prior-
ftize their applj-
cability

Can determine | Can determine

Can determine +]*

Marginal

Acceptable

Superior
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An ablllty to communicate effectively by speaking and writing {written communication).

ribute Unaceeptable Marginal Acceptable Superior
sanization Purpose Purpose stated, | Clear purpose | Very clear
o unclear. No but not helpful. | and structure. | purpose and
clear structure, | Difficult to fol- | Logicalinfor-  j structure.
low. No conti- | mation format, | Information
nuity. logical and
interesting
No grasp of Major gaps Appropriate Consistently
information. in content. content choice. | appropriate
Inappropriate | Comfortable subject knowl-
content may be | explaining con- | edge, explana-
included tent to some tion, and elabo-
degree ration
Abstract or None Present, but Too long with | Just right.
marginally help- | too much detail | Provides rel-
ful or too short evant details
without detail | whilst concise.
-} Format & Inconsistent. Mostly consist- | Consistent for- | Completely
Aesthetics Changes in font | ent format. mat with appro- | consistent and
etc. priate headings | pleasing to the
_ and captions eye,
Data presenta- | Sloppy figures | Figures and Neat figures and | Exceptional fig-
| tion and visuals | and tables— tables legible, tables provide | ures and tables
hard to deci- but not com- needed infor- reinforce infor-
pher. pletely convine- | mation, mation in text.
ing.

Spelling and Numerous Several errors, | A few minor Almost perfect.

gramrmar errors. Not Needs thorough ] errors, A joy to grade,
proof read. proof reading.

Style Awkward. Toodryor too | Occasionally Enjoyable to
Impedes under- | florid, or alter- | too dry or too read and helps
standing. natively both florid. understanding

Citing and Although Inadequate Consistent, Comprehensive.

References needed, none. | inconsistent Minor prob- Logical and

citing and refer- | lemns. consistent.
encing

Overall Unacceptable | Marginal Acceptable Superior
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39) An ability to commurifcate effectively by speaking and writing (oral communication),

Attribute Unacceptable | Marginal Acceptable Superior
Logical or¢ Disjointed. No | Parts are out of | Well organ- Enhances
S .1 organization order. ized—logic is communication
S abvious,
Appropriate Fartoolongor | Somewhat long | Appropriate
fime use too short or short length
Objective Not stated & Poorly stated Clearly stated
not clear

Background and | Not explained Only one Both explained | Both very

significance explained clearly

explained

Conclusions None Not clearly Explained and | Superior expla-

explained or not | logical nation and
entirely logical logical

Content Inappropriate Mostly appro- Appropriate Appropriate
or incorrect priate, Some and generally | and correct.

errors correct,

Visual aids None, but Insufficient, Easy to read, Visuals rein-
should have Sloppy. Difficult { Relate well to | force content,
some to read content, Neat Neat & clear,

Presentation Many distrac-  { Some distrac- | No distractions: | Clear voice—

{voice, poise, tions: no eye tions: little eye | Clear voice with pleasant to

mannerisms, contact, mum- | contact, mispro- | proper varia- listen to. Feels

etc.) bles. Monotone | nounces words tion. Has eye like person
contact. is speaking
directly to you.

Response to Nonresponsive Incomplete, Clear and Repeats ques-

questions Does not listen | poor listener direct. Listens to | tion, Complete

questions yet concise,

Overall Unacceptable Marginal | Acceptable Superior

mental contexi.
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n derstanding of the impact of engineering solutions in a societal/gtobal/economic/envi-
) Anun

ttribute Unacceptable Marginal Acceptable Supetior
ri : ‘ —
lain impact { No reasonsand | Mainly ineffec- | Mostly effective Effectwedassesisa
e al'r:naerli)ng examples, or tive evaluation | evaluation and mEflt anf exp
I?feng\jironment incorrect rea- | and explanation | explanation of nation of eng::-t
e jety that [ sons and exam- | of impact, impact with 2 or neezing impact,
snd bl tY les 3reasonsand 2 | multiple reasons
fglobelzing P or 3 examples | and examples.
ﬁ [ain impact | No reasons and | Mainly ineffec- | Mostly effective | Effective assess-
CXP

globalization
will have on
engineering

examples, or
incorrect rea-
sons and exam-
ples

tive evaluation
and explanation
of impact.

evaluation and
explanation of
impact with 2 or
3 reasons and 2
or 3 examples

ment and expla-
nation of engi-
neering impact,
maultiple reasons
and examples.

Foreign lang.

rticipatesin | Participates in

B di bNr‘z)si:tlfgder— Eﬁe actpivity to | two or more or participates
und'erStan 1? standing broaden under- | activities, one | in study ?-.broad
O bl et standing. is somewhat or extensive -
global culures extensive. travel or mukti-

ple activities to

broaden under-

standing.

lan with some | Well thought

o Plfm Novlen zgangtlilr‘o;gp:ggj}No deas and direc- | out plan includ-
- vl society lan tions ing contingency
global society P e
Overall Unacceptable | Marginal Acceptable Superior
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earns and recognition of the need for lifelong learning.

Marginal Acceptable Superior
No clue or Explainsonly | Explains 2or | Identifies/
extremely vague | one important | 3 important explains all 4
. personal learn- | aspects of per- | iterus of per-
ing style. sonal learning | sonal style.
: style
| Explain meth- | Cannot identify { Can identify Identify/ Identify/
ods to improve | or explainany | and explain explains 2 or explains multi-
learning methods 1 method to more methods | ple approaches
improve learn- | to improve and examples to
ing learning, with improve learn-
examples. ing.
Self-assessment | No clue Vague idea of | Reasonably Accurate self-
and metacogni- how to self- accurate self- assess, identi-
tion assess and of assessment, fies areas to
learning pro- May monitor improve, and
gress learning monitors own
learning.
Life-long learn- | No reasons Identifies one | Identifies 2-3 | Identifies mul-
ing reasons acceptable rea- | acceptable rea- | tiple acceptable
son 5018, reasons

Personal plan | No plan Vague plan. Has tenta- Extensive, spe-
for life-tong Some ideas for | tive plan and cific plan and
learning future. Might | perhaps a con- contingency
pursue more tingency plan. | plans for includ-
education in Investigating ing professional
future professional development
development and additional
opportunities. | education.
Personal life- No actions One or two Above and Above and
long learning beyond going to | activities such beyond just beyond just
activities (for class. as attending engineering. engineering,
students, know convocations Maydoa Earning a
of the activities) or belong to minor. Attends | minor, Rou-
club{s). some convoca- | tinely attends
tions or belong | convocations
to club(s). and belongs to
club(s),
Overall Unacceptable | Marginal Acceptable Superior

* Personal tearning style Is based an Index of Learning Styles (Felder and Silverman, 1988).
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‘Attribute Unacceptable Marginal Acceptable Superior
Demonstrates | Notinterested | Some interest. | Interested. Demonstrates
interest and and no dem- Demonstrates Demonstrates excellent d
-] knowledge of onstration of aware of major | reasonable breadthfa;n 1
contemporary | knowledge news items. breadth and depth of knowl-
issues No historical depth, May :'nave edge. H.as _
' understanding. | some historical | some historical
understanding. | understanding,
‘| How contempo- | Demonstrates Demonstrates Der‘nonstrates Demonstratgs
'I rary issues affect | no or very little [ basic under- basic j.mder- excellfant u;lh er-
‘| Engineering understanding | standing of how | standing of standn.lg of how
of how issues issues affect how several many issues
affect engineer- | engineering for | issues affect ?ffect engineer-
ing, one contempo- | engineering and | ing and works
rary lssue, indepthfor1 | to broaden
issue. Works to | understanding.
broaden under-
standing
How Demonstrates | Demonstrates Demonstrat-es Demonstfates
Engineering no or very little | understanding | understanding | excellent in
affects contern- | understanding | of engineering | of engineering depth. under-
porary issues of how engi- implications for | implications for stan.dmg.of
neering affects | one contempo- | several issues engineering
issues. rary issue. and in depth for | implications
1issue, Works [ for many issues
to broaden and works to
understanding | broaden under-
standing,
Overall Unacceptable | Marginal Acceptable Superior
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CHAPTER 5

n explicit discussion of problem-solving methods and problem-solving hints should be
included in every engineering class. Heywood {2005} agrees, although he notes that the posi-
ion can be debated. A problem-solving taxonomy was briefly discussed in Section 4.2.4. Most
engineering schools are very good at teaching the lowest levels—routines and diagnosis—and
most engineering students become very proficient at them. But students in general are not
roficient at strategy, interpretation, and generation—three areas of the problem-solving tax-
onomy to be discussed throughout this chapter. :
We will first briefly discuss some of the basic ideas about problem solving and com-
“ pare the differences between novices and experts. Then present a strategy for problem solving
“which works well for well-understood prablems, and discuss methods (heuristics) for getting

unstuck, The teaching of problem solving will be covered with a number of hints that can be
used in class. Finally, creativity will be discussed.

5.1. SUMMARY AND OBJECTIVES

After reading this chapter, you should be able to:
«  Discuss and modify Figure 5-1 to fit your understanding of problem solving,

Delineate the differences between novices and experts. Use these differences to out-
line how to teach novices to be better problem solvers.
Discuss the steps In a problem-solving strategy (one different from the one discussed
here can be used as a substitute) and use this strategy to help students solve problems.
«  List and help students use some of the methods for getting unstuck.
Develop a plan to incorporate both problem-solving and creativity exercises in an
engineering course. '

+  Explain the three steps which can foster creativity and use some of the techniques,
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