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Teaching paradigms need to be shifted to address the 
difference between how engineering students learn -
largely inductively - and the traditional deductive 

teaching style_[i . 2· 31 Research shows that any of the active, 
cooperative, or problem-based models are more palatable to 
students than copying lengthy derivations from a board .141 
These alternative pedagogies are also more in line with cur­
rent needs of industry where chemical engineers work to­
gether as part of diverse teams to creatively tackle design 
problems not found anywhere in standard textsPl The dis­
connect between how students learn best and how we typi­
cally teach is also receiving considerable attention[6- 71 from 
ABET, which has revised its Program Outcome and Assess­
ments Criteria to reflect this concern - the criteria now in­
clude greater focus on multidisciplinary teams charged with 
experimentation and design to enact solutions within a soci­
etal and global context.181 

Many theorists subscribe to the notion that learning im­
proves with increased involvement in the educational pro­
cess. The idea is often depicted as a cone of learning191 as 
illustrated in Figure 1. Percentages are attached that relate 
the percentage of knowledge retained both when learners are 
more actively engaged in the education process and when 
they share learning with others. 

Varied tactics are used to move pupils to the base of the 
retention triangle. Yet often they are applied individually, 
whereas an implication of the increasingly complex activi­
ties listed in the 50 to 90% range is that simultaneous use of 
interactive learning pedagogies would be more beneficial. For 
example, cooperative learning (CL) has been shown to be 
effective in a host of chemical engineering courses,l1°-11i yet 
the concept is largely restricted to homework problems, labo­
ratories , and design courses. Hands-on learning (HL) -
though remarkably successful for reinforcing concepts - is 

typically reserved for laboratories in preparatory science cur­
ricula and the ChE senior-year unit operations laboratories; 
the idea is rarely used in traditionally nonlaboratory courses. 
Active learning (AL) techniques are interspersed within a 
lecture period to maintain student interest, cement learning 
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by immediate use of material, and provide the 
instructor with an immediate chance to gauge 
student understanding. 112·171 While many AL ex­
ercises are group or pair in nature, AL does not 
provide a CL environment that reinforces stu­
dent interdependence, individual accountabil­
ity, and development of collaborative skills. 11 81 

Problem-based learning (PL) has been used ef­
fectively at Virginia Commonwealth Univer­
sity11 91 for a student-operated consulting firm, 
yet this approach could benefit from hands-on 
experiential learning components where con­
sequences of variable changes and process op­
eration decisions are immediately observable. 

In this paper we describe a novel approach, 
referred to as CHAPL, being taken at Wash­
ington State University (WSU) which combines 
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Figure 1. Learning retention. 

Figure 2. A typical CHAPL classroom. 

Concrete 
Experience 

Experi 

Figure 3. The Kolb Learning Cycle. 
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several effective pedagogies in a single course. These include: the form­
ing of teams for conducting projects and solving homework problems (i.e., 
"C," cooperative learning); manipulating fluid and heat exchanger equip­
ment to observe principles in action (i.e., "H," hands-on learning); con­
ducting brief, small-group exercises to perform derivations and discuss 
implications (i.e ., "A," active learning); and assigning design problems 
to stimulate procurement of knowledge about general princip les (i.e., 
" P," problem-based learning). Herein we provide a detailed descrip­
tion of the pedagogy, assessment of learning improvement, and stu­
dent receptivity. 

CHAPLPEDAGOGY 
Over the past six years, we have developed a paradigm for the simulta­

neous use of all four pedagogies - CL, HL, AL, and PL - in the re­
quired junior-level ChE course, Fluid Mechanics and Heat Transfer (ChE 
332). This course is two credits and is offered only in the spring, as it has 
another junior-level course, Introduction to Transport Processes, as a pre­
requisite. In recent years the class size has varied from 15 to 30. The class 
meets in two one-hour sessions each week. 

The approach has undergone steady refinement so that we are now re­
ceiving positive feedback from the majority of students involved. In this 
paradigm students work in highly interactive groups to solve problems 
cooperatively and propose designs as they test concepts using hands-on 
modules . Figure 2 shows a typical CHAPL sess ion. There is little lecture; 
instead the instructor and teaching assistants (TAs) act as preceptors, cor­
rect misconceptions, and when necessary, help resolve group conflicts. 
When student groups are stuck on what to do next or on a particular con­
cept we urge, "Let's hear a sample discussion among your group of what 
you are thinking so far." Often, with a tip thrown in here and there, the 
students work out the solution themselves. Other times we will direct the 
students to a particular section, paragraph, figure, equation, etc., in a text­
book that succinctly deal s with the issue at hand. We ' ll say, "Someone 
read this , and then see what impact that has on your discussion." 

Our goal in thi s exercise is to guide groups through Kolb 's experiential 
learning cycle,120· 21i shown in Figure 3. This entails: concrete experience 
(CE), or a look at what is happening here and now as module process 
variab les are manipulated; reflective observation (RO), or what is the 
meaning of what was just observed; abstract conceptualization (AC), or 
how can these observations be quantified mathematically; and active ex­
perimentation (AE), or how can process variables be adjusted, mathematical 
formulas be reduced , and new infom1ation be added to complete the un-

derstanding of important concepts. 

One of the pedagogical tools central to our approach is the 
"jigsaw," or expert, group-member concept advanced by Aronson 
et al.'221 Students are split into "home teams" and each team 
member is assigned one of the concepts relevant to the broad 
field of fluid mechanics. New jigsaw groups are formed and 
comprised of the students from each home team who are as­
signed the same concept. Each group is provided access to a 
hands-on module that is set up to allow exploration of their con­
cept. The jigsaw groups are charged with the task of studying 
their concept and developing a Kolb Cycle learning exercise 
involving all four CHAPL components. 
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We facilitate a brief class discussion in which 
student groups acknowledge the variety of 
learning styles among them - they project ways 
they will use their new knowledge about others 
to promote better group interactions and learn 
best from each other. 

These exercises will then be shared with their home teams. After two sessions, 
the jigsaw group members return to their home teams and take turns guiding the 
rest of their team members through the exercises they developed. The students 
then have a homework problem written to correspond with the hands-on module. 
These problems are not trivial , and frequently require iterative solutions. This pro­
motes individual accountability, as each team member owns a critical piece of the 
cumulative information puzzle needed to solve assigned problems. The entire pro­
cess is repeated for the heat transfer portion of the class. 

The hands-on modules are designed to allow groups to examine the basic prin­
ciples behind pressure losses, flow regimes, flow measurement, the application of 
the mechanical energy balance, thermal energy balances, and the determination of 
heat transfer coefficients and heat losses. There are currently eight different mod­
ules, as described in Table I. The modules themselves are remarkably simple. For 
example, Figure 4 illustrates a clear plastic shell and copper tube heat exchanger. 
Two 4-liter reservoirs mounted about 6 feet up on a pegboard stand provide grav­
ity flow through the system. All connections are flexible tubing with quick-con­
nect fittings. A pitot tube and manometer are provided, again with quick-connect 
fittings , and can be integrated into the system wherever the students choose. In 
addition, the pegboard stand itself provides a flexible arrangement, allowing, for 
example, the height of the reservoirs to be adjusted. Small whiteboards above each 
module serve to encourage peer interaction in two ways: first , via diagramming 
flow patterns, heat transfer resistance films , and energy balance inlet and outlet 
points; second, through the writing and reduction of process-modeling equations. 
Thermocouples are installed in the heat exchanger at each inlet, each outlet, and at 
the midpoint of each side. These are read with a digital multiposition thermo­
couple temperature display. Hot and cold tap water give a sufficiently measurable 
temperature change, and are readily available. 

To promote student "buy-in" to the model, some initial readings on the subjects 
of learning styles111 and of CL are assigned.r181 Students also take the Soloman and 
Felder learning-styles inventory (avai lable via a Web site1231) and turn in their re­
sults. We facilitate a brief class discussion in which student groups acknowl­
edge the variety of learning styles among them - they project ways they 
will use their new knowledge about others to promote better group interac­
tions and learn best from each other. Students are quizzed on the readings 
to ensure proper understanding of the CL principlesr161 of positive interde­
pendence (must rely on each other), individual accountability (they must 
do their share and master all concepts),face-to-face promotive interaction 
(must challenge, encourage, and teach others) , collaboration (must develop 
skills for trust-building, leadership, decision-making, and conflict manage­

maining pedagogies into our class­
room environment. 

Maintaining individual accountability 
is especially important. As stated above, 
the jigsaw process does this by nature 
as each group member gives and grades 
a quiz and leads a learning module. Also, 
both group and individual homework as­
signments are given throughout the se­
mester. The group problems promote in­
teraction while the individual problems 
reveal how well each person is taking 
responsibility for learning the material. 

Another way we maintain account­
ability is by including opportunities for 
group members to provide feedback 
about the group-learning process. This 
is done through student ombudspersons. 
Students are asked to designate 
ombudspersons to carry student con­
cerns and issues back to the instructor. 
They are questioned about what 's work­
ing well in the course, what issues need 
to be resolved, how well the jigsaw 
groups prepare their modules, and how 
well the home teams function together 
while learning modules , doing home­
work, and developing group projects. 
Half of the home teams supply an 
om buds person during the first half of the 

TABLE 1 
Hands-On Modules 

Reynolds dye/flow-through clear pipe 
Pressure drop through fittings and valves 
Flowmeters - venturi , orifice, and Picot 
tube 

• Extended surface heat. ex. - radiator/fan 
• Kettle boiler/steam condenser 
• 1-2 Shell and tube heat exchangers 

Fluidized bed - compressed air through 
sand 
Double-pipe heat exchangers 

ment), and group processing (must assess goals and teamwork). These 
CL principles serve as underlying foundations for integrating the re-

Figure 4. The see-through shell and tube 
heat exchanger. 
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semester, and the other teams do the same during the second 
half. We meet with the ombudspersons at least twice and use 
their suggestions to improve the learning process. In this pa­
per we will present results from the ombudsperson interac­
tions - an element that has proven especially effective in 
refining course pedagogy. 

A final avenue exists for when a significant problem oc­
curs with individuals in a group who are not "carrying their 
weight." We use a three-step process. First, group members 
meet with the individual to attempt to resolve the issue. Sec­
ond, if that proves ineffective, the group arranges a meeting 
with the instructor for help. Finally, as a last resort, the group 
may dismiss a "freeloader," in which case the offending indi­
vidual becomes responsible for his or her own assignments 
and projects. 

Grading and course content are not significantly changed 
from what would be seen in a standard version of this course. 
Students are still given individual exams, one at midterm and 
one at the semester 's end, worth a total of 40% of the final 
grade. Homework (which is about 50% group and 50% indi­
vidual) and quizzes (all individual) are worth 30%, and group 
projects are worth 30%. In terms of course content, due to the 
concurrent manner in which subjects are covered, it is impos­
sible to make a direct comparison of the amount of class time 
dedicated to any given topic. 

The topics covered are complete, however, and match 
the topics covered in this course when taught in a tradi­
tional manner. 

ASSESSMENT 
We use a variety of assessments throughout the semester­

long course. These include: end-of-semester skills assess­
ments by professors, focus groups, course evaluations, stu­
dent ombudspersons, learning-styles inventories , video in­
terviews, surveys, and an expert evaluation by a noted edu­
cational researcher, Richard Felder. We will discuss the re­
sults individually. 

Skills Assessments Conducted by ChE Professors 

At the end of the semester all students have individual in­
terviews with one of three experienced professors not associ­
ated with the course. The goal is to compare the skills and 
understanding of course concepts learned in the CHAPL peda­
gogy with those of previous students taught by the evalua­
tors using a traditional lecture approach. The following are 
excerpts from written reports submitted over the two years in 
which we have used this assessment: 

• "They have developed a much stronger fo undation than 
students I have taught in these subjects (fluid mechanics) 
by more traditional methods." 

• "/ was surprised to find that strong students were not 
significantly better than average students in answering 
the principles (of fluid mechanics)." 

Fall 2005 

Student Focus Groups 

The Center for Teaching, Learning, and Technology (CTLT) 
at WSU performed a focus-group study where a CTLT staff 
person met with each home team to facilitate a discussion 
around these questions: 

How did you initially respond to the way the course 
was planned in the syllabus? 
How has the way you respond changed as the semester 
progressed? 
How did this course change your practice as a learne1; 
if at all? 
How have your learning habits changed in this class? 
What did you learn about the field of chemical 
engineering in this class? 
What have you learned about yourself as a learner in 
this class? 

Students initially thought the syllabus was confusing and 
long, and the methodology would be difficult. As the semes­
ter progressed, they came to enjoy the course and the hands­
on work. When asked about what impact the course had on 
their learning habits, there was a general consensus that they 
had more responsibility and relied less on the professor than 
in other courses and that they benefited from the group social 
contact. Question 5 elicited some responses that showed de­
velopment of critical thinking skills. The students mentioned 
they learned how to "figure out" equations and to be open to 
each student's unique way of finding the answer. They also 
mentioned that they learned to "discuss a problem for five 
minutes before answering a question. " Some of the stu­
dents came to the realization that group work would be 
valuable to their success in later jobs . This illustrates the 
strength of these methods in producing engineers who are 
better able to make the shift to the group environment 
that typifies the modern workplace.161 The students had a 
difficult time answering the third and fourth question -
most discussed their learning preferences rather than their 
learning habits. 

The students were al so asked for general comments. They 
reported some difficulty scheduling group meetings due to 
varying extracurricular and work schedules. Some thought 
more TAs were needed, as they sometimes had to wait until 
one was available. The four groups shared one primary in­
structor and two other preceptors - this meant at times one 
group would be without someone with whom to consult at a 
time when they desired more feedback. We do not see this 
concern as a major problem, however, since the CHAPL peda­
gogy is one where groups are encouraged to pursue their own 
solution paths. Also, their time spent waiting for consultation 
with a preceptor could be applied to other aspects of a prob­
lem which needed work. 

End-of-Semester Course Evaluations 

We assess the written comments from the standard end-of­
semester course evaluations used in the WSU College of 
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Engineering and Architecture. The comments in our most 
recent offering fall into six categories 

(1) How well studenrs like rhe course 
(2) Workload 
(3) Lecrure and active learning balance 
( 4) Number of preceptors 
(5) Homework 
(6) Miscellaneous 

In the comments below, CL refers not only to cooperative 
learning but is a general term used by the students to refer to 
the CHAPL pedagogy. Here are typical comments from each 
category: 

Category (1) - Liking the Course 

"First day of classes ... my least favorite, howeve1; it 
quickly became my favorite." 

"CL was much more enjoyable than lecture courses." 

Category (2) - Workload 

"CL seemed more demanding on the student, however 
that also may have had a /or ro do with the difficult 
nature of the course material." 

"Too much outside time was needed. Should be worth 
more than two credits." 

Category (3) - Lecture/ Hands-on Balance 

"This class would be much better if it were supple­
mented by a lecture course." 
"Meet twice a week in lab and once a week in lecture 
and make it a three-credit class." 

Category (4) - Preceptors 

" It would be nice if there were as many TAs as there 
were groups. Because sometimes the groups were left 
waiting for like 15 minutes without being helped." 

Category (5) - Homework 

"Maybe for one of the modules, the class could actually 
measure all of the variables and solve a related 
problem." 
"Less emphasis on turning in such a huge bulk of 
pape,work, more time to work with the modules and see 
how they work." 

Category (6) - Miscellaneous 

"Most of the kinks were worked out over the course of 
the semester." 
"Put together teams by the members' schedules outside of 
class." 

The students found their being actively engaged in the learn­
ing process far more enjoyable than standard lectures. They 
wrestled, however, with having to construct their own under­
standing of concepts; they desired better preceptor availabil­
ity, more lectures, and less outside preparation on their part. 
We conclude that at the very least the pedagogy is successful 
at shifting the responsibility for learning to the students. Yet, 
there seems to be a critical balance between the positive im-
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pact gained by a total CHAPL paradigm and inserting an ex­
pert treatment of the subject at points where the majority of 
students are at an impasse. Hence, in our more current for­
mat, mini lectures are inserted to help draw together the ma­
jor concepts. Also, a better correlation between homework 
assignments and hands-on modules is now used - this re­
duces some of the outside-of-class time needed to digest and 
solve new problems. It also provides even more motivation 
to fully understand the modules being studied. We now make 
sure home teams have complementary schedules. Finally, a 
few students complained the instructor was not always avail­
able during scheduled office hours. One way of interpreting 
this is to say that when responsibility for learning is shifted 
to students and their teams they need mechanisms to debrief 
with field experts (in this case the instructor) to raise their 
comfort level with the pedagogy. On the other hand, we find 
that, because of the group interactions inherent in this course, 
students in general greatly reduce the number of times they 
come by for office hours - so much so that the instructor 
begins doing other things during those times. Then when stu­
dents , on occasion, do come by they may not always find the 
instructor is available. Moving to an e-mail appointment sys­
tem is helping to solve this problem. 

Student Ombudsperson Interactions 

Twice in the semester we had students designate a pair of 
representatives to give us feedback on how the course was 
working and what needed changing ( one each from two home 
teams the first time and one each from the other two home 
teams the second time). Overall the student comments were 
upbeat about the team approach 

"Entertaining" 
"Learn a lot more" 
"Would rather be here than have notes, notes, notes!" 
"ff you don't work together; you don't survive." 
"(Improved) work ethic and learning atmosphere for all 
students; carries over to the other classes." 

This is precisely the kind of effect we hope for: enthusiasm 
for learning, valuing the group process, changing the learn­
ing culture, seeing cooperative learning skills carry over to 
other classes, and instilling team-learning habits that will be 
useful over a lifetime. 

Student ombudspersons also voiced some concerns, which 
we took as constructive criticism and responded by devising 
ways to minimize or alleviate the problems 

"Group members were not always prepared to come 
back to their home groups." 
"Some members always late; (this) caused problems 
when they were supposed to be teaching their group ." 
"Some students were not very serious about the class; 
(this) caused difficulties due to the interdependence 
(requirements for the class) ." 

As is evident, the majority of the concerns deal with group­
member reliability. This feedback indicates a need for more 
formal accountability measures regarding the jigsaw groups. 

Chemical Engineering Education 



Therefore, in the second half of the semester (and in subsequent courses) we re­
quired jigsaw groups to develop an improved learning-module activity plan to in­
clude a reading assignment, a short quiz , a si mple hands-on experiment, and a 
group fill-in-the-blank worksheet. 

The plans are submitted by the groups and evaluated by the preceptors, who make 
recommendations for improving the plan to create a uniform experience when jig­
saw members return to their home teams and take them through a cooperative hands­
on learning module. This results in a more uniform student experience. Again this is 
what we hope for - learners critically evaluating the learning process by consider­
ing for themselves, "What will make us better?" or "How can we improve the atmo­
sphere for everyone, including a ' project supervisor ' (preceptors in this case) and 
'coworkers' (student team members)?" 

Student Learning Styles Inventory 

In the beginning of the semester students take learning-sty les inventories. Com­
bined with some reading about cooperative learning11 81 and learning styles,11 1 this 
gives them a sense of why this pedagogy is helpful. Results from one particular 
semester typify the WSU ChE students: about 80% were sensing versus intuitive 
learners, 60% were thinkers rather than feelers , 90% were visual over verbal, and 
there was an even split between introverts and extroverts. In particular the sens­
ing and visual category results indicate that "traditional lectures are not the best 
pedagogy for these students 121 - yet that is what the community almost univer­
sally does." t 

Obviously, we deviate from the traditional lecture here. Yet, because lectures are 
the norm almost everywhere else, students often want to revert to that mode of in­
struction at some level. We have to continually remind them that we expect they will 
learn much more in the present format. We also strive to help groups appreciate the 
differences between extroverts and introverts - these are sometimes referred to as 
active and reflective learners , respectively.lll We help students understand that the 
active learner is helpful in getting the group thinking about the problem, yet the 
reflective learner often has important insights that if left unshared may allow the 
group to go down the wrong path. Preceptors constantly challenge groups to encour­
age "actives" to acquiesce at times, and for "reflectors" to take the risk of making 
their ideas known. We tell the students, "If you have left the classroom with your 
ideas unchallenged today you should feel deprived." 

Student Video Interview 

In our most recent course offering, a small group of students volunteered to take 
part in videotaped interviews for our use in symposia presentations and training ma­
terials for other instructors. The interviews reinforced many of the benefits that 
had been shown in some of the other assessments, and highlighted some issues 
on which we need to work. 

Reinforcement of earlier comments: 

• "(Even) 'good' students sometimes missed conceptual 'stuff'; others fi lled in 
concepts." 

• "Groups carried over to other technical classes. " 
• "Didn't skip this class as much as others; you would miss too much." 

An issue to work on : We overestimated the impact of peer pressure to excite all 
group members to excellence, especially when serving as the jigsaw point person for 
a given day. There needs to be more accountability - we need better assurance that 
students will return to their home teams prepared to facilitate learning modules for 

t Phraseology artributed to Eric Schulenberger, University of Washington professional writer, 
in discussion of pedagogy. 

Fall 2005 

At the end 
of the semester 
all students 
have individual 
interviews with 
one of three 
experienced 
professors 
not associated 
with the course. 
The goal is 
to compare 
the skills and 
understanding 
of course 
concepts 
learned in 
the CHAPL 
pedagogy 
with those 
of previous stu­
dents taught by 
the evaluators . us1ng a 
traditional 
lecture 
approach. 
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their group members. We believe this can be addressed in 
future classes by giving the students examples, both written 
and acted out on a CD, of an effective student-led instruction 
session, and by providing a grade mechanism to hold jigsaw 
experts accountable for being prepared and on time. 

Evaluation by Educational Consultant 

Recently two experienced teaching-effectiveness strategists, 
Richard Felder and Rebecca Brent, visited our classroom and 
brought to our attention that this may be the first instance 
where all four CHAPL strategies have been effectively imple­
mented in one course. They made recommendations for fur­
ther refinements including: 

• Intermittent mini-lectures to the entire class to clarify 
misconceptions common to multiple groups and to 
highlight principles "just-in-time" for students to use 
them in discussing modules 

• More verbal affirmation to groups when they finally 
grasp important concepts 

• Video interviews of students as an evaluative tool. 

• "Control" courses at other universities - this 
can be accomplished in part by using common exams 

• Wider dissemination of the methodology so that others 
can benefit from what students are learning 

We have already begun implementing these helpful sug­
gestions. We draw attention to the last point in particular - it 
is our hope that through publication of the pedagogy and dis­
semination of results at national meetings that many other 
universities will elect to adopt the CHAPL approach. 

Survey Comparing to Traditional Courses 

In the 2002 class, the CTLT performed a survey of the stu­
dents in ChE 332, asking them to compare it to traditional 
lecture courses. Figure 5, listing the responses for the more 
important questions, shows a definite weighting toward in­
creased time on task, more interactions with other 
students and instructors, creation of their own un-
derstanding, and better preparation for industry. 

Faculty and Resource Inventory 

One question that arises when implementing 
a new pedagogy, especially one which requires 
equipment and a new teaching paradigm, is , 
"How much time and what resources will it take 
me to teach this way?" 

Regarding faculty time there is the initial in­
vestment in designing hands-on modules that 
will work for the course. This can take a couple 
of weeks, but that can easily be reduced by ac­
quiring plans from another university (e.g ., 
WSU) which has done something similar. For 
the most part equipment is a onetime investment, 
though refinements and new processes can be 
added. A day more of planning is needed to pre­
pare the syllabus and course materials as one 
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maps out jigsaw group and home-team logistics, what key 
concepts will be emphasized in each module, the format re­
quired for jigsaw modules, what additional reference texts 
and journal articles will be available to the students, the strat­
egy to be used for homework assignments (whether a combi­
nation of individual and group; we suggest a combination), 
whether some assignments will be done as a jigsaw group, 
and whether to include larger group-project assignments. 

We also have special office hours set aside for the jigsaw 
experience (two per group), and for home team projects (two 
per group, plus two one-hour meetings with ombudspersons 
per semester). The extra planning time and office hours , how­
ever, are more than offset by eliminating the time needed to 
prepare and review lecture notes, make overheads, etc. Fur­
thermore, because of the strong group interactions that result 
during the course, students typically find reduced need for 
regular office hours. 

Regarding financial resources, there is the need to develop 
the hands-on modules. We suggest inexpensive and simple 
homemade designs, using clear plastic tubes (for visual ob­
servation), with simple manometers (for gauging pressure 
drops), thermocouples leading to digital readout meters, pitot 
tubes for measuring flows, 5-gal. plastic carboys for grav­
ity feed to the modules, etc. Maintaining this equipment 
also represents an additional load on the time of the de­
partmental technician. 

Finally, in our instance, we had the privilege of having three 
individuals, aside from the instructor, to serve as preceptors 
to help guide student groups during class. One of these indi­
viduals would be available to most departments - the instruc­
tional laboratory supervisor, or technician, who is respon­
sible for designing and maintaining undergraduate lab equip­
ment. A second was a graduate TA being supported by a WSU 
grant to assist in implementing and evaluating the new peda-

Much More More Often Same 

• More time on task 
• Outside class discussion 
• Interacted w/ others 
• Interacted w/ instructor 
• Created own understanding 
l!I Prepared for industry 

Less Often Much Less 

Figure 5. Survey comparing ChE 332 to other 
ChE lecture-based courses. 
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gogy. Third was a graduate research assistant who plans to 
return to his home country to teach; he volunteered so he 
could learn the alternative teaching approaches. For the most 
part, however, these extra persons are only involved during 
the classroom period and have no additional responsibilities. 
Also, we note this course has been done with only the profes­
sor involved in mentoring groups. This works fine , but stu­
dent feedback is more positive when individual groups are 
given more attention; the extra preceptors provide exactly 
that and we think the pedagogy is so valuable that it is worth 
investing in at least one extra person (preferably a graduate 
TA). Preceptors need not do extra preparation, but should be 
experienced enough with the subject that they can add value 
by coaching groups during the class. 

CONCLUSIONS 
Research has shown that the traditional lectures that domi­

nate engineering curricula are not well suited to typical engi­
neering students whose learning styles tend more toward the 
sensing and visual ends of the spectrum. This was confirmed 
in surveys given to junior-level students at WSU. Other re­
search has shown that the more students are actively engaged 
in the classroom experience, the more they will retain. We 
have presented findings from a recent Fluid Mechanics and 
Heat Transfer course where small fluid-flow and heat-trans­
fer modules are present in the classroom. To study these mod­
ules and learn concepts represented in the module exercises, 
student teams combine several learning pedagogies , namely 
cooperative, hands-on, active, and problem-based learning, 
or CHAPL as we refer to it. This collective pedagogical ap­
proach has proven effective in engaging the students without 
sacrificing course content. The method also gives students 
an opportunity to learn and practice some of the nontechni­
cal personal interaction skills that are vital to success in the 
modem workplace. Outside evaluators confirm that the stu­
dents taught in this matter tum out to be uniformly knowl­
edgeable about course concepts. 

Other feedback shows students are enthusiastic about the 
pedagogy, feel they learn more, are more interested, and carry 
the learning methods over to other courses and into industry. 
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