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ociety expects that a modern college education will

turn out students who are analytical, intellectually cu-

rious, culturally aware, employable, and capable of
leadership.?Some important skills needed for all degree pro-
grams are problem solving, communication (written and oral),
team or group work, learning, and information processing
and technology. Instructors feel rewarded and satisfied
when they sense that they have made a difference in the
life of a student.™!

All institutions of higher education emphasize that teach-
ing is important and give high priority to developing learn-
ing and teaching strategies that focus on promoting students’
subject-specific skills, knowledge, understanding, critical per-
spective, and intellectual curiosity.*'¥ Some of the strate-
gies are active and cooperative learning, ! problem- or case-
based learning,'>3 and teaching through inquiry."'¥ Active
and cooperative learning is one of the most frequently used
teaching methodologies.!'*'7 Development of new learning
and teaching methodologies should not be interpreted as
an obstacle to the research activity of a faculty member
and should be fully consistent with the university’s re-
search strategy.!'®

As Kennedy!! suggests, new faculty members soon dis-
cover that effective lectures are hard to develop and deliver
and take much longer to prepare than they anticipated. Effec-
tive teaching incorporates forms of creativity that are not usu-
ally thought of as research but which actually analyze, syn-
thesize, and present knowledge in new and effective ways.[-!7

Traditional methods of learning and teaching embrace lec-
tures, seminars, workshops, and classes, as well as various as-
signments that require the use of books, handouts, handbooks,
and periodicals. As the student advances, incorporation of com-
puters and information technology such as “BLACKBOARD”
are developed. Currently, laptop computers are becoming com-

pulsory, and some courses are delivered entirely through the
use of computers and information technology with supporting
assignments. Some believe that the Internet has the potential of
replacing face-to-face teaching, but most courses still use the
chalkboard and verbal communication, and teaching and learn-
ing methods remain the responsibility of instructor and students.

It is widely recognized that students don’t learn as much as
we try to teach them. Their native ability, their background, and
the match between their learning styles and the instructors’ teach-
ing styles determines the level of learning."”! To maximize the
level of their learning, we have to improve the effectiveness of
our teaching since, as instructors, we cannot do much about
their ability or background.!'”-*21

Ineffective teaching can cause some students to drop courses,
lose self-confidence after getting bad grades, change majors, or
in the worst case, change to another institution or give up col-
lege altogether. Negative feedback of this nature can also nega-
tively impact future enrollment in engineering degree programs.

To address this problem, two trial workbook projects have
been introduced in two sophomore engineering courses at Vir-
ginia Tech: 1) introduction to chemical engineering thermody-
namics, and 2) chemical engineering simulations. This study
presents a first-hand experience with the preparation, use,
and assessment of workbook projects that are integrated
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with class group work and the Internet teaching/learning
platform BLACKBOARD.

LEARNING AND TEACHING STYLES

In addition to theory, equations, and words, engineering
students are encouraged to work with course material that
includes real-world applications, pictures, diagrams, and dem-
onstrations."” An effective teaching technique should engage
students actively, stimulate a sense of enquiry, and encour-
age them to teach one another.**!* For example, group work,
which is widely used in science and engineering educa-
tion, 1172021 promotes problem-based learning and active par-
ticipation, which can lead to a deep learning that is more likely
to be retained. In group-work activity, two or three students
can apply a newly learned concept to solve a short problem
or to prepare a short essay.

Learning styles involve verbal or visual input modality,
sensing or intuitive perception, active or reflective process-
ing, and sequential or global understanding of course mate-
rial.'7l On the other hand, teaching styles involve an
instructor’s emphasis on factual or theoretical information,
visual or verbal presentation, active or reflective student par-
ticipation, and sequential or global perspective. Learning and
teaching styles!'22%1 are summarized in Table 1. Felder and
Silverman™ emphasize, however, that these dimensions of
learning and teaching styles are neither unique nor compre-
hensive. Balances in various learning styles vary among stu-

== ————————— |
A properly prepared workbook

makes the content of a textbook more visible,
extractable, and relevant for an application
or process. The instructor prepares the
workbook with all the essential verbal

and visual learning elements by using

the designated textbook, reference

books, and the publishers’ web sites.

dents and depend on the field or their background. For ex-
ample, a student may be equally sensing and intuitive or one
of these learning styles may be dominant.

A student will learn more when teaching is done in his or
her preferred style. 72421 For example, if teaching targets both
the visual and verbal learners, there is a good possibility that
learning is enhanced for the whole group. Felder and Brent!!”
have suggested that there is a mismatch between learning and
teaching styles since most students are visual and sensing
learners but 90-95% of the content for most courses is verbal
and most instructors are intuitive learners. Such a mismatch
must be addressed for teaching to be effective.[7:222]

PREPARING AND
WORKING WITH WORKBOOKS

A properly prepared workbook makes the content of a text-
book more visible, extractable, and relevant

TABLE 1

Learning and Teaching Styles(!”2223

Learning Styles

Input Modality ¢ Visual learners: Prefer to see
graphs, diagrams, flow charts,
plots, schematics
s Verbal Learners: Prefer
explanations (oral or written)

Presentation

Teaching Styles
* Visual: Graphs, Diagrams

* Verbal: Lecture, reading,
discussion

for an application or process. The instructor
prepares the workbook with all the essential
verbal and visual learning elements by using
the designated textbook, reference books, and
the publishers’ web sites. The verbal elements
include all theory and analysis, definitions,
synthesis, and related applications. Figure 1
(next page) shows a typical page from a
workbook prepared for the thermodynamics

course. The visual elements have most of the
related graphs, diagrams, schemes, configu-
rations, symbols for process flow diagrams
and streams, algorithms, flowcharts, tables,

think out loud, and like working discuss
in groups

*Reflective Learners: Process
introspectively, work quietly, like
thinking and working alone or in

pairs

Participation

Perception * Sensing Learners: Focus on Content + Concrete: Factual
sensory input, practical, observant
* Intuitive Learners: Focus on * Abstract: Conceptual,
imaginative and conceptual work, theoretical
theory, and models

Processing o Active Learners: Process actively Student * Active: Students talk and

* Passive: Students watch
and listen

pictures, figures, schematics, plots, analogies,
and data. All the predetermined homework
assignments come from the textbook and ap-
pear with small spaces allocated to each ques-
tion. The example problems, homework
problems, and group work are prepared to
relate the verbal and visual elements to each

Understanding ¢ Sequential Learners: Function in
continual steps and steady progress,
like analysis
* Global Learners: Need whole
picture to function, initially slow,
like synthesis

Perspective

* Sequential: Step-by-step
progression

* Global: Context and
and relevance

other in an effective way. Most verbal ele-
ments are presented with bullets and in cat-
egorized boxes. Some of the visual and ver-
bal elements are deliberately left incomplete
or missing so the instructor and students can
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complete them together in the classroom. The quality of a
workbook depends on the instructor’s experience, the
textbook’s organization, the level of the course, and feed-
back from the students.

The instructor delivers the lecture with an overhead pro-
jector and transparencies of the workbook pages, joining
the verbal and visual elements of teaching. Students are
exposed to the workbook pages on the screen while they
work on them. Problem solving practices are performed
in the blank spaces allocated within the workbook. Be-
fore assigning homework questions, they are briefly dis-
cussed (see Figure 3).

In the presentation, all the related verbal and visual ele-
ments support each other and hence stimulate active stu-
dent participation, easy understanding, and relating the con-
cepts to applications. Lecturing with the workbook incor-
porates group work on a newly introduced topic by solving
a short problem or preparing short essays. This stimulates
teamwork and results in the students teaching one an-
other.*>*! Tn addition to the group work, the BLACK-
BOARD multi-user education platform is used with the
workbook to provide supplemental course material, assign-
ments, useful sites, text objectives, test solutions, announce-
ments, and communications.

THE WORKBOOK TRIALS

Two workbooks were prepared and distributed to the ChE
students at Virginia Tech during the first lecture meeting of
two fundamental engineering courses. Although it was not
applied in this trial, the Felder index of learning stylesi®® or
any similar assessment study would be helpful for assess-
ing learning styles of students and for preparing small study
groups. Most of the students were sophomores, with small
numbers of juniors and seniors in both the courses. The
first workbook had 97 pages and was prepared for the text-
book Introduction to Chemical Engineering Thermodynam-
ics?™ for the thermodynamics course. Some typical pages
completed in the classroom from this workbook can be seen
in Figures 2 to 4.

In Figure 2, the names of four thermodynamic potentials
are given in separate boxes. In an attached box, the system
is also defined as a closed system. All the primary proper-
ties of pressure P, volume V, temperature T, internal energy
U, and entropy S are related to each other in the boxes.
After completion, the boxes serve as visual elements con-
taining the related expressions for a well-defined system.
In the textbook, this same information is spread out and
may necessitate more time and effort for the students to

Thermodynamic properties of fluids
¢ Property relations

System Properties
Homogeneous | Internal energy Enthalpy Helmholtz energy | Gibbs energy
fluid
with constant
composition
(closed
system)
* Maxwell relations
F F
Exact differential equation of a function F(x,y): dF = (E) dx+ _3; dy
ox /j, dy ),
dU =TdS - PdV dH =TdS+VdP dd=~PdV —-SdT | dG =VdP-8dT

¢ Enthalpy and entropy as functions of T and P

A=HTH
Enthalpy

S=50.F)
Entropy

Figure 1. A typical workbook page for the
thermodynamics course.

Thermodynamic properties of fluids

[ATATe |

e Property relations

System Primary Properties 0 v/, T, |J, S
Homogeneous | Internal energy, | | Enthalpy, A H Helmholtz energy, | Gibbs energy, G
fluid

with co':;'g(a_n( dU=dQ4dwW dH:TdS+VJPdA—-—PQV.SdT

compaosition N - T S T
(closed 4U=TJS—PAV H— U+pv AG_\/AP d
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» Maxwell relations

Exact differential equation of a function F(x,y): dF = (QF_,) dx+ (——] dy
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e
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« Enthalpy and entropy as functions of Tand P 7

CedT + (1-£T)VIP

H=H{.P)

Enthalpy AH—.(%";—)FJT-'— (%‘l—):‘ P=CpdT+ [v- T (%)]J 4
Figure 2. A typical thermodynamic-workbook page with Z;:SP) d3= (%%Ldﬂ (%SF_) ?JP =Cp é_% = (%\_’T_) dp

completed boxes for explaining the relations for thermo-
dynamic properties and derivations of the Maxwell rela-
tions.
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fully understand it. On the same workbook page, one of the
applications from the property relations has been demon-
strated through derivations of the Maxwell relations. This
associates a new concept with an application. The property
relations for enthalpy and entropy are further demonstrated
in a categorized way in the boxes.

The first part of Figure 3 relates the key expressions on
generalized correlations for liquids to the figure for reduced
density taken from the textbook. A short period of time for
group work follows this introduction so the students can find
the molar volume of ammonia at 310 K. The workbook con-
tains the selected homework problems from the textbook.
Before assigning them, they are briefly discussed, with em-
phasis on the critical points in the allocated boxes for each
question. This enables students to start their homework as-
signments with little or no outside help. Also, they will be
able to access the problems in the right location in the
workbook when they wish to review the course material
and the related problems.

Figure 4 starts with background information on vapor-lig-
uid equilibrium calculations. In the following box, three col-

umns identify the type of calculations, the variables to calcu-
late, and the variables specified for bubble point calculations
using the gamma-phi method. The box is related to the block
diagram underneath, which indicates how to start, proceed
with, and finish the calculations by using Equations 14.8 and
14.10 from the textbook, supplied in the box above. The block
diagram and equations are taken from the textbook and pro-
vide the necessary connections between the text and the dia-
gram. Therefore students will not be distracted by searching
for these equations when learning the block diagram.

The other workbook has 84 pages and was prepared for the
textbook Numerical Methods for Engineers,™ used in the
simulation course. Figures 5 and 6 (next page) show some
typical pages completed in the classroom from this work-
book. In Figure 5, matrix operations are introduced with an
emphasis on multiplication of matrices. This concept is ex-
plained with a figure using the indices of coefficients matrix
and the two vectors for unknowns and constants related to
each other with the arrows. Next to that box, the computer
code for multiplication is supplied.

Generalized correlation for liquids

» Racket equation for estimating the molar volumes of saturated liquids
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Figure 3. A workbook page containing a figure and home-
work problems to be assigned from the textbook for the ther-

modynamics course.
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Figure 4. A typical thermodynamic workbook page on va-
por-liquid phase equilibrium calculations completed in the
classroom. From the flow chart shown above, the steps of the
algorithm of bubble point calculations are discussed in the
classroom.
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For applying the rule of multiplication, a short group work
is carried out first and then linear algebraic equations are rep-

resented in matrix form. This form is constructed in a set of

two linear algebraic equations, and a 2-by-2 coefficients
matrix is created. Following this, the concept of inverse ma-
trix in introduced.

Figure 6 demonstrates the introduction of optimization.
Here, the concept of extremum is related to minimum and
maximums of a continuous function with some visual ele-
ments of figures immediately following. Later, the golden-
section search is explained with the dimensions from an old
Grecek temple.

Some of the anticipated benefits of the workbooks are

* A detailed syllabus is an integrated part of the
workbook and helps the students jointly and effec-
tively use the textbook and workbook.

[t provides students with objective and vision state-
ments, main definitions, graphs, diagrams, and data in
a more apparent and categorized way than the
textbook (see Figures 2 and 3). It presents the course
material as a package of verbal and visual elements
and helps reach the students with various learning

styles. This leads to effective use of the textbook.

+ It makes note-taking easy and provides more time for
the students’ critical thinking and interactions with the
instructor. This enhances deep understanding of the
course material.

* It reduces the mismatches among the teaching/
learning styles of the instructor, textbook, and
students and increases the visual elements, hence
stimulating effective teaching and learning.

*  Working on the workbook with the instructor stimu-
lates the students’ interest as the instructor and
students unfold the missing visual and verbal ele-
ments in the right location and moment.

+ It provides casy access to definitions, analyses,
applications, synthesis, graphs, diagrams, figures,
tables, data, and worked and tested examples leading
to an effective learning and review of the course
material.

+ It provides the homework assignments with brief
descriptions in boxes to relate them to the concepts of
the chapter.

Matrix operating rules
e Addition of two matrices

Cig= aiy+biy 3 d.‘é =Cy-fiy

. Multiplicatiog of matrices [:0] =9 [A] = g Q{;:
C:‘é S kZ:‘. a;y, oy

SUBROUTINE Mmult (a. b, ¢, m n, 1)
wi=1n
ogj=11
sum = 0.
Wk=1.m
sum = sum + a(i, k) - bk, j)
ENp D0
cll g} = sum Extens dittensions dalins
END 00 the dimensions of the result
END 00

[Aln xm Bluxt = [Claxt

Interlor dimensions
are squal;
muliplicaton
is possicle

Fig. PT3.4 pseudocode to multiply an n by m matrix [A), by and m by | matrix [B]

GT:MS 2 2-54 1.3 2~2-\-3}\[’% 7&
4{4 2 t\[z 3]=[L.-sn.z yated o |26 14
» We can represent LAE in matrix form: [AJ{X} = {B} consisting

o Matrix of coefficients §xy=[ AY'{e}

» Vector of constants

«  Vector of unknowns

q"X,* G X1=b' = aw  Qiz x :[bl]
=b X b
Qg X+ Q22 Xy = b2 Qy, G22 2 2

g b -
xs- (B0)xv 5k ap. Ui ]
L ] L
e -(3R S5 ’

X, = (slope) X, + inkertept

Optimization (One-dimensional unconstrained optimization)

(AY' © mvene of maknx (A

» Optimization involves finding a value of x that yields an extremum, either a maximum or
’
£ixy=0
(3
<o max

minimum of a function f (x) F ("3

Global Local
maximum K maximuni

f

k. . 1
&'&?:JWM St fty=o
minimurm F”( X) > 0 ™

» Golden-section search: general-purpose, single variable optimization technique

CD‘Y\AA‘\'\‘DY\S‘. ’{n = ‘944{7_

. Lo
Sé—' = _2'1"' J® F/{(x) < o0
1
Condstration af: Haos e
Y Maximum
b . % .
Livly <4 {z First . S
. f a = iteration ¢, ,
o L4 R= h—_&' E ’2 TT Second 4 . S
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67 RE4p-120 .
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Figure 5. A completed page on the matrix operations from
the workbook for the simulation course.

78

Figure 6. A completed page for optimization in the work-
book for the simulation course.
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ASSESSMENT OF THE WORKBOOKS

Proper assessment of the workbooks is essential for mea-
suring their true level of effectiveness and developing the
best procedure for a particular course. Therefore, a workbook
will gain a level of maturity only after it is tried with an as-
sessment study. It is the author’s intention to seck, through a
research proposal, a true assessment study from professional
organizations such as the Center for Excellence in Under-
graduate Teaching and the Center for Survey Research at
Virginia Tech. Only after such an assessment study will the
true effectiveness of workbook methodology be known.

Table 2 displays a preliminary questionnaire prepared by
the author, along with responses in percentages for the ther-
modynamic and simulations courses carried out after twelve
weeks with the workbooks. All the questions are treated with
the same weight. For the thermodynamics course, 47 students

responded and for the simulations course, 31 students re-
sponded.

The following responses deserve reviewing:

. Around 94% of students agree or tend to agree that
the workbook enhances problem-based learning, subject-spe-
cific skills, and deep understanding

. Around 90% of them agree or tend to agree that the
workbook reduces mismatches between learning and teach-
ing styles and offers a balanced teaching for various learning
styles

. Around 85% of the students agree or tend to agree
that the workbook stimulates active learning and group work

. Around 95% of the students agree or tend to agree
that overall, the workbook is beneficial in effective learning
Only 36% from the thermodynamics and 20% from the simu-

lation class disagree or tend to disagree

that the workbook does not replace the
textbook.
TABLE 2 S les ottt t
Preliminary Questionnaire for Assessment of the Workbooks (WB) s examp esp AR L
1-disagree; 2-tend to disagree; 3-tend to agree; 4-agree; 5-not applicable on the questionnaire are:
* [ do not have any suggestions but [
Tepnogmunecs o || Sodmons think the workbook is an excellent idea
123451 2345 : : )
: : It helps a great deal in truncating and
1 You have used WB in previous courses 75 10 2 0 13][58 13 310 16 stating all the information in each
2 WB contains a detailed syllabus 0 017 8 2|10 3 2074 3 chapter.
3 WB contains subject schedule from the textbook 0 41377 6|10 6 2371 0 e One way[think e workbaok may
4 WB provides objective, mission, and vision statements 0 023 73 4110 6 1975 0 be improved is to carry examples not
5 WB provides related chapter and section readings 01336 49 2(] 013 3948 0 included in the book. This would pro-
6 WB provides subject-related examples and homework problems 0 2 0 96 2|/ 0 0 694 0 vide examples in addition to other
7 WB provides concepts, definitions, and working equations 0 21979 0|0 0 2377 O problems given in the book. Many times
8 WB enhances problem-based leaming 0 423 71 2|0 3 4552 0 1 have already done book examples by
9 WB enhances subject-specific skills and deep understanding 0 443 51 2|10 6 5242 0 the time we get io them in class.
10 WB enhances problem-solving skills 01736 45 2|10 6 355 0 * Sometimes space becomes too
11 WB makes it easy to locate subjects, definitions, and applications 0 4 30 64 2 || 0 0 42 58 0 small or notes become a little confus—
12 WB relates a subject to data, tables, diagrams and figures 0 013 8 2|10 0 1981 0 ing; atl e.n dan ce still seems th e_ student
13 WB facilitates easy course note-taking 0 211 8 2|0 6 98 0 Ha OI’lSlbll.lly. Overall, I _belleve the
- . . i workbook is a great learning tool!
14 WB facilitates effective review of subjects and related problems 0 0 30 68 2|[ 0 0 34 66 0
15 WB reduces mismatches between learning and teaching styles 2 451 39 41013 2661 0 I /; [Zl;) not have Suggh estions becau‘;{e
16 WB reduces mismatches between textbook and instructor styles 0 247 49 2|10 6 3262 0 gy a_p i Of o use. Of il
- - : book. It gives the students time to re-
17 WB offers a balanced teaching for various learning styles 0 645 45 4|10 6 3262 0 ; ; .
flect on what is going on in the class
18 WB encourages regular attendance 6 936 45 4|13 3 3262 0 instead ofjust blindly copying Aovs
19 WB stimulates active leaming 4 645 43 2|13 13 4242 0 notes. I encourage all teachers to adopt
20 WB stimulates group work 0 942 49 0 0 9 355 0 the Workbook’ Whlch causes posiﬁve
21 WB facilitates higher grades from the tests 01334 49 4|l 0 3 4942 6 interactions between student and
22 WB facilitates higher grades from the assignments 0 019 77 41|10 0 3565 0 teacher.
23 WB does not replace the textbook 43219 45 0[] 020 3347 0O » Workbook allows instructor to go
24 WB stimulates effective use of the textbook 41140 43 2| 0 6 3559 0 over topics very quickly because notes
25 With group work and blackboard, WB becomes more effective 2 11 47 36 4]0 3 3265 0 are already in front of you. I think it
26 Overall, WB is beneficial in effective learning 2 02 68 4|10 3 1681 0 would be more useful fo go over each
concept in detail and make sure every-
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one understands. The workbook also closely mirrors the book.
If you don’t understand the book, you probably will not un-
derstand the workbook.

* [ really like the workbook. It makes the information a lot
more clear and cuts out all the messy derivations and extra-
neous information, so we can understand the concepts then
go back to look at it.

» The workbook is a good idea and an excellent study tool.

» The workbook is amazing! It condenses textbook into more
meaningful and useful notes; makes more difficult concepts
easier to understand. You can tell instructor cares about the
student learning and appreciation of the subject matter. Needs
no improvements, love the workbook!

o [really like the workbook. It helps me greatly in the course
and I wish more teachers would use it. I understand more
and have learned a lot.

» Workbook helps keep me organized, and allows me to pay
attention in class and actively interact with what is going on.
1t motivates learning, reviewing and comprehension. I wish
workbook would be used in all of my classes.

CONCLUSIONS

Preparation of the workbook, using it along with the group-
work activity and BLACKBOARD, and a preliminary as-
sessment study have been presented here. The assessment
study indicates that the workbook methodology may be an
effective strategy in learning and teaching. Most of the engi-
neering students who took the courses in thermodynamics
and simulation have found the workbooks beneficial in un-
dergraduate engineering teaching. This is mainly because the
workbooks, integrated with group work and BLACKBOARD,
may help reduce the mismatches in teaching and learning
styles, and may increase interactions between students and
faculty, hence stimulating active and collaborative learning
and effective teaching. The workbook trials need a true and
coordinated assessment study, however, in order to measure
their level of effectiveness in reducing the mismatches be-
tween learning and teaching styles.
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