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About 15 years ago one of the authors (RF) began to experiment with groupwork in his
engineering courses. After making every mistake in the book (which he had not yet read), he
recognized that there must be more to getting students to work together effectively than simply
putting them in groups and asking them to do something, but he wasn’t sure what it was. Then,
like so many of his colleagues in engineering, he attended a workshop given by Karl Smith,
heard the gospel of cooperative learning according to Johnson ef al., and was converted. Things
went much better after that, although every course he taught produced additional items on his
lists of things that work and things to avoid.

During that same period, the other author (RB) was also using cooperative learning—first
as an elementary school teacher and then as an education professor-—and compiling her own lists
of successful and unsuccessful techniques. Eventually the two of us combined our lists and
began to give teaching workshops together, and at almost every campus we visited someone was
using cooperative learning and had come up with a technique or pitfall that was new to us. We
paid attention, and if an idea sounded plausible and was supported by experience we added it to
the appropriate list,

In this paper we summarize some of these ideas, presenting them as answers to questions
from workshop participants who have been exposed to the basic principles and methods of
cooperative learning as set forth by (for example) Johnson, Johnson, and Smith (1998), Millis
and Cottell (1998), and Felder and Brent (1994, 1996).

Forming teams

I've seen lots of rules for forming teams—make them heterogencous in ability levels and learning
styles and MBTI types and homogeneous in interests and hobbies, avoid outnumbered minorities,
pul people together with common blocks of time to meet outside class, and several others. How
can I do all that simultaneously?

You can’t.
OK, which vules should I use?

It depends on your goals. If you want to conduct a classroom research study that
investigates, say, the effects on learning of personality type distributions of workgroup members,
you would obviously want to use Myers-Briggs Type Indicator profiles in forming teams. If you
have no research agenda but just want to teach your course effectively, we recommend making
ability heterogeneity your primary criterion. The drawbacks of groups composed entirely of
weak students are obvious, and groups of all strong students are likely to parcel out the work
rather than engaging in the group discussions and informal tutoring sessions that lead to many of
the proven instructional benefits of cooperative learning. Also, if the teams will be required to
meet outside class, try to form teams of students who have common blocks of unscheduled time.
Let the hobbies and learning styles go.
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What about the outnumbered minorities?

That one is a two-edged sword, and youw’ll hear conflicting opinions about it from
different people. Here’s what we recommend. First, the only minorities you should be
concerned about are those at risk academically, for whom the dropout rate is historically greater
than the overall average dropout rate in your field. An example would be women in engineering.
Then, early in the curriculum when the dropout risk is greatest—say, in the freshman and
sophomore years—try to avoid groups in which members of those minorities are isolated. In
engineering groups with two or three men and one woman, for example, the woman will often be
relegated (or will relegate herself) to a passive role in the group and so lose much of the benefit
of cooperative learning. Later in the curriculum, as the dropout risk decreases and the students
are preparing to enter the world of work, you should remove this restriction on group formation.
The minorities will often find themselves isolated in workgroups on the job, and they may as
well start learning how to deal with it while still in college.

How can I find out at the beginning of the semester about the students’ abilities and when they
can meet outside class?

You can have them fill out a questionnaire on the first day in which they give their name,
grades in prerequisite courses (or high school grades for first-semester freshmen), and if you plan
to avoid isolated minorities, sex and ethnicity. (Tell the students in a footnote that if they would
rather not respond to the last two items they may skip them.) On the same form, give them an
hour-by-hour matrix of the week including Saturday and Sunday and ask them to cross out the
times when they cannot meet outside class because of scheduling conflicts, After class, form 3-
and 4-person teams that are heterogencous in ability (as measured by the grades in the
prerequisites) with common blocks of available time outside class and, when relevant, no
isolated at-risk minorities. Announce the groups in the second class period, make any necessary
adjustments (such as dealing with students who missed the first day), and go from there.

I have students entering the class and others dropping it throughout the first two weeks of the
term. How can [ form stable groups on the first day?

You can form practice groups by random assignment and announce that you’ll form the
permanent ones two weeks later. Sometime during those two weeks, give a quiz, and at the end
of the two weeks have the students fill out the questionnaires. Then form the permanent groups,
using the quiz grades along with the grades in the prerequisites as measures of ability level,

I have a lot of commuting students with full-time jobs who cannot get fo campus to meet with a
group outside class on a regular basis. What do I do about them?

There are several approaches you can use. The first is to reserve a portion of the regular
class time each week for groups to work together. If that’s not feasible or the amount of
available time is inadequate for your assignments, you can form the commuters into virtual
groups who “meet” via e-mail, instant messaging, computer conferencing, or telephone
conferencing, and occasionally (if possible} in person. The students in these groups may not get
the full benefit of cooperative learning, but it’s better than nothing. If you have just a few
students in that category and you cannot or don’t want to form virtual groups, you can allow
them to work individually and make yourself available for consultation at times convenient for
them and for you.

I have some students who complain bitterly about having 1o work in teams, especially if they
can’t choose their own teammates. Should I let them work individually?
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We strongly recommend against it. As we tell our students, we're sorry if they’re
unhappy about having to work in teams but the truth is that our job is not to make them happy—
it is to prepare them to be professionals. On their first day on the job, two things will nof
happen. First, they will not be asked whether they prefer to work alone or with others, but will
immediately be placed in one or more work groups. Second, they will not be presented with a
list of all of the company employees and asked whom they would like to work with; rather, they
will be told who else is in their group, and their job will probably depend on how well they work
with those people. Since that’s what they’ll be doing out there, our job is to help them learn how
to do it here.

In general, we find that we can minimize resistance by telling the students right from the
start why we are using groups, stressing in our explanation the benefits cooperative learning can
give them and offering to direct them to the research that proves it. (They’Il probably never take
you up on it, but you should be prepared to do it in the unlikely event that someone does.) For
more on why student resistance occurs and how to defuse it, see Felder & Brent (1996).

Dealing with dysfunctional teams

After the first couple of weeks of cooperative learning I start hearing complaints about some
team members not pulling their weight or dominating the discussion or generally being
obnoxious. How can I teach my students to deal with these interpersonal problems?

Some CL practitioners spend a fair amount of time on team-building exercises at the
beginning of a course, which is fine, but we prefer to take a problem-based learning approach:
start the course normally, let the interpersonal problems start to surface naturally, and then equip
the students with strategies for dealing with them.

Often group conflicts stem from different expectations group members have for one
another. To get groups off to a good start, have them prepare and sign a list of ground rules they
all agree to observe (for example, come to meetings prepared, let another member of the group
know if you must miss a meeting or will be late, outline problem solutions individually before
the group meeting, etc.). Then a few weeks into the semester, have the groups revisit their lists
and evaluate how well they are doing in meeting the expectations they set for themselves,

An in-class troubleshooting exercise is a good tool for equipping students to deal with
specific intetpersonal problems that may surface. For example, after you’ve gotten a few
complaints about slackers, you might mention that you’ve heard some team members aren’t
pulling their weight—not doing what they were supposed to be doing, not preparing for group
sessions, maybe not even showing up—and you want to give the teams some ideas for dealing
with those individuals. Then put the class into small groups and give them a few minutes to
brainstorm strategies—not just good strategies but also bad ones, illegal ones—anything goes.
List their ideas on the board, throwing in one or two of your own if you want to, and put the
students back in their groups to try and reach consensus on the best strategies for what to do first,
what to do if that doesn’t work, and what to do as a last resort. After a few minutes, stop them
and list their ideas, and then go on with the class. The students leave with an arsenal of good
strategies, and the miscreants are put on notice that their irresponsibility is likely to have
consequences they might not enjoy. One or two weeks later you can make the overly dominant
team member (or any other troublemaker you’ve been getting complaints about) the subject of a
similar exercise,

How can I identify and penalize non-participating team members?




First, collect peer ratings and use them to adjust the team assignment grades separately
for each team member, and second, include last-resort options of firing and quitting in your
system. (Suggested procedures follow.)

What's a good way 1o collect peer ratings?

Rich uses a method based on material taken from Brown (1995) and Millis and Cottell
(1998). The students confidentially rate their teammates and themselves on various aspects of
team citizenship (carrying out their assigned functions on the team, showing up for meetings
regularly, preparing appropriately for each meeting, contributing to the best of their ability, and
cooperating with the group effort) and use the results to assign overall ratings (“excellent,” “very
good,” “satisfactory,”..., “no show”) to each team member. Rich converts the verbal ratings to
numbers (“Excellent” = 100, “Very good” = 87.5, ..., “No show” = 0) and divides the individual
average ratings for each team member by the overall team average rating to determine grade
adjustment factors. The product of a student’s adjustment factor and the team assignment grade
is that student’s grade for the assignment. The calculations are easily done on a spreadsheet.
Kaufman, Felder, & Fuller (2000) outline the method and present data from a study in which
many of the potential drawbacks of such systems—e.g., ratings reflecting personal bias, inflated
self-ratings, teams agreeing to give everyone the top rating, and student resentment—occurred
too infrequently to cause concern.

How often do you collect the ratings?

In his lecture courses, Rich collects ratings sometime around the middle of the semester
and applies the corrections to the average homework grade for the first half of the course, then
collects new ratings at the end of the semester and applies the corrections to the average grade
for the second half.

If you use a method like this, we suggest giving the students at least one practice round
early in the course and have them share their ratings with one another. Students who get low
ratings from their teammates will get a wakeup call, and if they don’t change their ways and
consequently end up with low homework or project grades they should not be surprised.

What do you think of the peer rating system where each student estimates the percentage of the
work done by each team member?

We recommend against it: a zero-sum game like that moves you back from cooperation
toward individual competition,

How about firing and quitting?

Here’s how we recommend doing it. In the handout on Day 1 that explains your policies
and procedures, announce that if a team member is chronically non-cooperative and the rest of
the team has done all they could to get him in line—including trying to get the whole team to
your office for a consultation—they may send him a memo warning him that unless he gets his
act together, he’s off the team. If a week goes by and there’s no meaningful change, they may
send a second memo officially firing him. Similaily, if one team member is carrying the rest of
her teammates and she’s tried everything to get them to pitch in and failed, she may send a
memo threatening to resign, and if they don’t start cooperating, she may send a second memo
announcing her resignation. All of these memos should be copied to you so you can keep track
of what’s going on,




Both the student who gets fired and the one who quits have the responsibility of finding a
team of three willing to take them on as a fourth member. The one who quits won’t have any
trouble—in fact, she’s probably got her new team lined up before the second memo goes out.
The one who gets fired may have a lof of trouble—and generally, he doesn’t care. Students who
get to that point are usually failing the course and see no reason to continue to participate in
group activities. If they get zeros on the remaining assignments, it makes no difference to them.

How ofien do things get to that poini?

In Rich’s classes—which typically have 20-30 groups—no more than one firing or
quitting has ever occurred in a single course and usually none occurs. Rebecca has never had an
incidence of firing or quitting in several years of using the technique.

What do you do when a group on the verge of fistfighting comes into your office?

When that situation arises there are usually two conflicting points of view on the team.
The technique we recommend is active listening. Have one side make its case, and then have
someone on the other side repeat the case verbatim without attempting to refute it, with people
on the first side making corrections as needed until the paity of the second part gets it right,
Then the second side makes its case, and the first side has to repeat it without editorial comment.
Finally, both sides try to work out an agreement that addresses everyone’s issues and feelings. In
our experience, once each side can satisfactorily articulate the other side’s case, three-quarters of
the battle has been won.

If the animosity among team members is so great that they simply can’t function together, should
I dissolve the team and reassign the members to other groups?

We would—we don’t see much merit in forcing a hopelessly dysfunctional team to suffer
through an entire semester or quarter—but we wouldn’t recommend making it an option
available at any time. A procedure that has worked well for us is to announce when teams are
first formed that you will be dissolving them after a month and forming new teams, unless you
get signed notes from all members of a team stating that they want to remain together, in which
case they may do so.

Since Rich began using this system, no more than two teams in a class have ever elected
to dissolve. Certainly many of the other teams are having problems—it’s hard to avoid the
“storming” phase of the well-known forming-storming-norming-performing team development
sequence (Tuckman, 1965)—but most of them manage to work through the problems, with or
without Rich’s help. The implication is that CL is helping most of the students develop
teamwork and communication skills, which is one of our primary objectives for using this
instructional approach.

What do you do if only one team decides to dissolve?
Distribute the members among existing teams of three.
If some members of a dissolving team ask to stay together, should you let them?

If you can do so without sacrificing your ability to distribute the other students in a fair
way, why not? Letting students who were initially assigned to work together continue to do so is
not much different from allowing students on a team that has fired a member to remain together.
We also endorse the idea of letting reassigned students designate people they specifically do not
want to be teamed with.




Grading

I've been in a situation where some students failed the individual tests but their grades on the
team homework were high enough to push their overall average above the announced passing
level. IfIpass them I think I'd be lowering my department’s standards and opening myself up to
accusations of grade inflation, and I'd also be setting them up for disaster when they go into
courses that build on mine; on the other hand, I don’t think I can belatedly change the criteria
Jor passing the course.

We think you’re right on all counts, not to mention that you’d be violating the individual
accountability principle if you passed a student who couldn’t pass the tests. One way to avoid
getting stuck in this dilemma is to announce on Day 1 that the team homework grades will only
count for students whose average grade on the individual tests is at or above the passing level.
Students who fail the tests fail the course, even if their homework grade is 100.

T'use grade curving (norm-referenced course grading) in my classes. Can I still use CL?

In a word, no. (Or to put it more diplomatically, you can but there’s a good chance it
won’t work out the way you hope.) Norm-referenced grading works against cooperation by
removing a major incentive for teammates to help each other, If one student helps another too
much, the recipient of the aid may move ahead of the helper on the curve, causing the helper to
get a lower course grade. On the other hand, if an absolute (criterion-referenced) grading system
is used, so that every student who gets a final weighted average grade of (say) 90 or better gets
an A, team members have every incentive to help each other.

Distance learning

You mentioned the problem of commuting students who have trouble meeting with their groups
outside class. I'm dealing with the extreme case of that problem, teaching a web-based course in
which my students never get fo campus at all. Can I use cooperative learning in that situation?

Yes, although it’s more of a challenge than doing it in a traditional course. If the course
is offered asynchronously, you’re forced to create virtual teams that interact electronically.
That’s getting easier, though: at this point almost anyone with a computer can communicate with
team members via e-mail and instant messaging and exchange work in progress (including text
and graphics files, spreadsheets, and hypertext documents) via e-mail attachments and fip
transfers. In addition, growing numbers of on-line students—especially those in industry—have
access to video conferencing facilities with electronic whiteboards. With those tools, virtual
teams can almost (but not quite) duplicate the in-person team experience.

Getting the students into virtual teams and setting up communication mechanisms is the
easy part, however: you must still make sure that the defining conditions of cooperative learning
(most notably, positive interdependence and individual accountability) are in place. If they
aren’t, all of the academic and interpersonal problems associated with groupwork in traditional
course offerings are likely to occur and, if anything, to be worse. Millis (2000) and Felder and
Brent (2001) offer tips on adhering to cooperative learning principles in a distance learning
environment.

What about synchronous offerings?

You can do everything with virtual teams in synchronous offerings that you can do in
asynchronous offerings, plus you have the possibility of in-class group work. Let’s say you’re
teaching a live class and simultancously broadcasting it to remote sites, and you’re about to put




the students into the first group exercise of the course—a two-minute brainstorm, for example, in
which three-person groups generate lists of responses to a question and then share some of their
responses in open discussion. If you've got facilitators at the remote sites, it’s easy——once
you’ve defined the exercise, each facilitator makes sure the groups form, keeps them on task,
answers questions, stops them when you call time, and if you don’t have a two-way video link,
designates individuals to report when you call on that site. If there are no facilitators but you’ve
got a two-way video link, you can treat the local site and the remote sites as one large class and
proceed as usual.

In the synchronous course I'm going to be offering I won't have facilitators at the remote sites
and I'll only have a one-way video link, so I can’t monitor groups. Can I still use active
learning?

Yes, but in this case all you can do is provide some up-front motivation and let the
students monitor themselves, For example, before the first group exercise you might give a short
speech explaining what you’re about to do and why you’re doing it, adding that the people at the
remote locations have two choices: (1) form groups and do the exercise themselves, or (2) just sit
there watching the groups in the live class without hearing what they’re saying. Explain that
much of the learning in the class will be happening in those exercises and you don’t learn much
by watching inaudible groups of people working on problems. Then do the exercise as usual. If
the students at the remote sites choose to remain passive, they will learn less and will
undoubtedly get bored during the exercises, but it’s ultimately their loss, not yours.

Avoiding discouragement

I've run into every student complaint in the book whenever I've tried group work. Students say
that they don’t like working in groups; they’re paying tuition for me to teach them and not to
teach themselves, they're carrying their team by themselves, one of their team members rarely
shows up for meetings and is never prepared or is racist or sexist or just plain nasty, and their
team is falling apart. Ididn’t have any of these headaches when I taught the good old-fashioned
way, and I'm really tempted to revert. Got any encouraging words?

A couple. First, if you find yourself confronted with many such complaints after the first
few weeks of the course, go back to Johnson ef al. (1998) or Millis and Cottell {1999) or any of
the excellent troubleshooting columns in past issues of Cooperative Learning and College
Teaching and refresh your memory on what the experts recommend. Also be sure to collect mid-
course student ratings. You always hear from the complainers, but the students who are having a
good experience are unlikely to volunteer that information unless you specifically ask them.
Finding out that 90% of the class or more is in the satisfied category (which has always been the
case in our classes) can help restore your perspective, and sharing the results with the class can
provide the unhappy minority with a good reality check.
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ABSTRACT

Educatoss, researchers, and policy makers have advocated student
involvement for some time as an essential aspect of meaningful
learning. In the past twenty years engineering educators have
implemented several means of better engaging their
undergraduate students, including active and cooperative
learning, learning communities, service learning, cooperative
education, inguiry and problem-based learning, and team
projects. This paper focuses on classroom-based pedagogies of
engagement, particularly cooperative and problem-based
learning. It includes a brief history, theoretical roots, research
support, summary of practices, and suggestions for redesigning
engineering classes and programs to include more student
engagement. 'The paper also lays out the research ahead for
advancing pedagogies aimed at more fully enhancing students’
involvement in their learning.

Keywords: cooperative learning, problem-based learning, student
engagement

1. INTRODUCTION TOTIIE
PEDAGOGIES OF ENGAGEMENT

Russ Edgerton introduced the term “pedagogics of engage-
ment” in his 2001 Education White Paper [1], in which he
reflected on the projects on higher education funded by the Pew
Charitable T'rusts, He wrote:

“Throughout the whole enterprise, the corc issue, in my
vicw, is the mode of teaching and learning that is practiced.
Learning ‘about’ things does not enable students to acquire
the abilitics and understanding they will need for the twenty-
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tirst century, We need new pedagogics of engagement that
will turn out the kinds of yesourceful, engaged workers and
citizens that America now requires.”

Prior to Edgerton’s paper, the widely distributed and influential
publication called Yhe Seven Principles for Geod Practice in Uneler-
graduate Education [2] stressed pedagogies of engagement in ¢con-
cept, Theee of the principles speak directly to pedagopics of en-
gagement, namely, that good practice encourages student-faculty
contact, cooperation amony students, and active learning.

More recently, the project titled The National Survey of Stu-
dent Engagement (NSSI) [3] deepens our understanding of how
students perceive classroom-based learning, in all its forms, as an ¢l-
ement in the bigger issue of student engagement in their college ed-
ucation, The NSSE project conceives that student engagement is
not just a single course in a student’s academic earcer, but rather a
pattern of his or her involvement in 4 variety of activitics, As such,
NSSE findings arc a valuable assessment tool for colleges and univer-
sities to teack how successful their academic practices are in engaging
their student bodies, The NSSF project is grounded in the proposi-
tion that student engagement, the frequency with which students
participate in activities that represent effcetive edueational practice, is
a meaningtul proxy for collegiate quality and, therefore, by extension,
quality of cducation. The annnal survey of freshmen and senjors asks
students how often they have, for example, participated in projects
that required integrating tdeas or information from various sources,
used c-mail to communicate with an instractor, asked questions in
class or contibuted to class discussions, received prompt feedlback
from faculty on their academic pesformanee, participated in commuy-
nity-based projects, or tutored or taught other students. Student re-
sponses ave organized around five benchmarks:

1. Level of acadenic chaflenge: Schools encourage achievement by
setting high expectations and emphasiving importance of
student effort.

2. Aective and collaborative learning: Students learn more when
intenscly involved in cducational process and are encouraged
to apply their knowledge in many situations.

3. Student-faculty interaction: Students able 1o learn from experts
and faculty serve as role models and mentors.

4. Enriching educational experiences: Learning opportunitics inside
and outside classroom (diversity, technology, collaboration, in-
ternships, community service, capstones) enhance fearning.

5. Suppertive campus enviromment: Students are motivated and
satisfied at schools that actively promote leaming and stimu-
fate social interaction,

Astin's [4] large-scale correlational study of what matters in col-
lege (involving 27,064 students at 309 baccalaureate-granting insti-
wutions) found that two environmental factors were by far the most
predictive of positive change in college students’ academic develop-
ment, personal development, and satisfaction, These two factors—
interaction among students and interaction between faculty and
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students—carvied by far the largest weights and affected more
general education outcomes than any other environmental variables
studied, including the cursieulum content factors. This result indi-
cates that how students approach their general education and how the
faculty actuadly deffoer the curriculum is more important than the
formal curricalum, that is, the content, collection, and sequence of
COUTSCS,

The assessment study by Light [5, 6] of Harvard students indi-
sues that one of the cructal factors in the educational development of
the undergraduate is the degree to which the student is actively en-
gaged or fnwalued in the undergraduate experience; this is consistent
with Astin's work [4]. Astin and Light's rescarch studiies suggest that
curricdlar planning efforts will reap much greater payofts in terms of
student outcomes if rnore emphasis is placed on pedagogy and other
features of the defivery system, as well as on the broader interpersonal
and institutional context in which lcaming rakes place.

Pasearclla and Terenzini’s surnmary of twenty years of research
on the impact college has on stadent development further supports
the importance of student engagement:

“Perhaps the strongest conchusion that can be made is the
least surprising. Simply put, the greater the student’s involve-
ment or engagement in academic work or in the academic ex-
perience of college, the greater his or her Jevel of knowledge
acquisition and general cognitive development. .. Ifthe level
of involvemnent were totafly determined by individual student
motivation, interest, and ability, the above conclusion would
he uninteresting as well as unsurprising, However, a substan-
tial amount of evidence indicates that there are instructional
and programmatic interventions that not only increase a seu-
dent’s active engagement in learning and academic work but
also enhance knowledge acquisition and some dimensions of
both coguitive and psychosocial change” | 7],

Macgregor, Cooper, Smith, and Robinson {8] provided a synthe-
sis of interviews conducted with forty-cight individuals teaching wn-
dergracduate classes across the United States who ave infusing their
farge classes with small-group activitics, or are working explicitly €0
create student commnunitics within kuge classes. The faculty who
were interviewed are working with classes of more than 100 students,
and some are teaching substantisdly farper classes, in the 350 to 600
student range. The faculty practicing small-group learning in large
classes provided extensive empirical and theoretical rationale for their
practices, Uheir reasons clustered in the following categosies:

1. promoting cognitive elaboration;

2. enhancing eritical thinking;

3. providing feedback;

4, promoting social and emorional development;

5. appreciating diversity; and

6. reducing student attrition.

Idgerton, i the aforementioned white paper, gocs on to cite four
strands of pedagogical reform that me moving in the same broad
direction: problem-based learning, collaborative fearning, service
learning, and undergraduate research. This paper fooks at a clags of
pedagogics of engagement, namely, those that are classroom-based.
We focus pacticularly on cooperative leaming and on problem-based
leaming.

In the next section we present definitions of the classroom-based
pedagogics of engagement that are vsed in engincering undergrad-
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wate classrooms followed by a brief sammary of their history (section
TII). Next we provide the theoretical foundations and research
evidence for cffectivencss (section TV), and offer model practices for
implementation (section V). The paper concludes by presenting
some unanswered questions about classroom-based pedagogies of
engagement for engincering in particular and pedagogies in general.

11, AN OVERVIEW

“To teach is to engage students in learning.” This quote, from
Fducation for Judgment by Chistensen et al. [9], captures the
essence of the state of the art and practice of pedagogies of engage-
ment, The thesis of this book, and this paper, is that engaging stu-
dents in fearning is principally the responsibility of the teacher, who
becomes less an imparter of knowledge and more a designer and fa-
cilitator of learning expetiences and epportunitics. In other words,
the real challenge in college teaching is not covering the material for
the students; it's uncovering the material with the students.

Consider the most commen model of the classroom-based
teaching and learning process used in engineering education in the
past fifty years (and maybe currently?). This model, illustrated in
Figuse 1(a), is a presentational model whese, as one pundit quipped,
“the information passes from the notes of the professor to the notes
of the stadents without passing through the mind of cither one.”

An alternative to the “pour it in” model is the “keep it flowing
around” model. This is shown in lfigure 1(b) and illustrates that
the information passes not only from teacher to student, but also
from students to teacher and among the students, The model of
teaching and learning represented in Figure 1(b) emphasizes that
the simultancous presence of interdependence and accountability
arc essential to learning, and their presence is at the heart of a
student-engaged instraetional approach.

The model of the teaching-learning process in Figure 1(b) is
predicated on cooperation—working together to accomplish shared
goals, Within cooperative activitics individuals seek outcomes that
are beneficial to thomselves and beneficial to all other group mem-
bers, Cooperative learning is the instiuctional use of small groups so
that students worlk together to maximize their own and each others’
Jearning [10, 11]. Carefully structured cooperative learning involves
people working in teams to accomplish a common goal, under con-
ditions that involve both pesitive interdependence (all members must
cooperate to complete the task) and individual and group account-
ability (cach member individually as well as all members collectively
accountable for the work of the group). Astin [12] reported that 14
percent of enginecring faculty and 27 pereent of all faculty said they
used cooperative fearning in most or all of their classes.

A commen question is, “What is the difference between cooper-
ative and collaborative learning?” Both pedagogies ave aimed at
“marshalling peer group influence to focus on intellectual and sub-
stantive concerns” [13]. Their primary difference is that cooperative
learning requires carcfully structured individual accountability,
while collaborative does not. Numerous authors, such as Barkley,
Cross, and Major {14, use the term collaborative learning to refer
to predominantly cooperative learning rescarch and practice. To try
to minimize confusion, we will use the term cooperative learning
throughout the current paper.

Problem-based learning (PBL) “is the learning that results from
the process of working toward the understanding or resolution of a
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(a)

{0) “Keep it flowing” model.

Figure 1. Two models of the dlassroom~based teaching learning process, as drawn by Lila Smith in about 1975. (a) “Pour it in"model,

(1)

Problem-Based Learning

START

Problem posed

Identify what we
negd-46 know

Subject-Based Learning

Slca

Told what wa
naed to know

:xLearn it &

Figure 2. Probleni-based learning contrasted with subject-
based learning.

Given problem to
illustrate how to use it

problem. The problem is encountered first in the learning process”
[15]. Barrows [16] identified six core features of PBL:

¢ learning is student-centered,

o Learning occurs in small student groups.
¢ Teachers are facilitators or guides.
a

Problems are the organizing focus and stimulus for

learning,
o Problems are the vehicle for the development of clinicat
problem-solving skills,
¢ New information is acquired through self-directed learning.
The process of problem-based learning was illustrated by Woods
[17), who contrasted it with subject-based learning (I%igure 2). Prob-
lem-based learning is suitable for introductory sciences and engineer-
ing classes (as it is for medicine, where it is currently used) because it
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helps students develop skifls and confidence for formuating problems
they have never seen before, “This s an important skill, sinee fow sci-
ence, mathematics, or engincering graduates ave paid to formulate and
solve problems that follow from the material presented in the chapter
or have a single “right” answer that one can find at the end of a book.
An example of a PBL problem, adapted from Adams' [18] “dangling
from a wire problem,” is to “estimate the diameter of the smallest steel
wire that could suspend a typical American automobile,”

The largest-scale implementation of PBL in the United States in
undergraduate courses (including large introductory courses) is at the
University of Delaware in Newark, Delaware, where it is used in
many courses, including biology, biochemistry, chemistry, criminal

justice, cducation, internationat relations, marine studics, mathemat-

ics, nutrition/dictetics, physics, political science, and exercise science
{19, 20]. The initial PBL work at the University of Delaware was
supported by the National Science Foundation (NSF) and the Fund
for Tmprovement of Post-Sccondary Education {FIPSIE); more than
25 percent of the faculty have participated in weeklong forsoal work-
shops on PBL. Allen and Duch recently described their implementa-
tion of PBL problems for introductory biology [21].

Woods at McMaster University has described the university’s im-
plementation of PBL in engineering [ 17]. In the chemical engineering
program there, PBL is used as part of two courses; one topie or prob-
lem in a junior-level course; and five topics in a senior-level course
[22]. PBL is used in a theme school program created at McMaseer
University and in a junior-level civil enginecring course and a senior-
level project course in geography., These are examples of the use of
small group, scif-directed PBL. where tutorless groups of five to six
students function effectively, The class sizes ave in the range thirty to
fifty, with one or two instructors. The students concurrently take con-
ventional courscs. Project-based learning, which focuses on a project
and typically 2 deliverable in the form of a report or presentation, was
emphasized in a recent publication on project/prablem-based learing

'Details of this example wre sadlable at www.ce.uma.echy/~smith, Many aldi-
tionul examples are available on the University of Delaware PH1. Web site
| 34
www.udel.edu/pbl.
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at Aalborg University in Denmark (il majors), M aastricht University
in Maastricht , The Netherluids (which implemented the McMaster
PBL moadel in medicine in 1974), and at universities in Austeali,
"There is an excellent summary of these programs in PBL fasghe {23].
A compurison of problem-based and project-based learning is avail-
able in Mills and Treagust | 24]. Project-hased learning, which is often
the busis for ihe senior design courses in undergraduate engineering
curriculum in the United States, will net be further discussed in this
paper; the reacler is referred to the work of Dymetal, [25].

Jest the reader think that the model of the teaching-learning
process ilfustrated in Figure 1(b) is a modern ereation, consicler the
fong and vich history of the practical use of pedagogics of engage-
ment, especially classroom-based practices such as cooperative
learning and problem-based learning. Thousands of years ago the
Tatmud stated that to understand the Tabmnd, one must have a
learning partner. Confucius is typically eredited with the Chinese
proverb “T'ell me and T forget; show me and I remember; invalve me
and T understand.” (However, Edgerton [1] and others attribute the
Lakota Sioux Indians), The Roman philosopher, Sencea, advocated
cooperative learning through such statements as, “Qui Docet Dis-
cet” (when you teach, you learn twice), J. Amos Comenius
(1592-1679) believed that students would bencfit both by reaching
and by being tanght by other students. In the fate 1700s, J. Lancast-
er and A Bell made extensive use of cooperative learning groups in
Fngland and India, and the idea was brought to the America when
a Lancastrian school was opened in New York City in 1806 [26].

One of the mare suceessful advocates of cooperative learning in
the United States was Colonel Francis Parker [27] in the Jate 1800s.
Parker started several schools and hosted many visitors to his
schools who in turn started or changed their own programs, In the
last three decades of the pincteenth century, Colonel Parker advo-
cated cooperative learning with enthusiasm, idealism, practicaliey,
and an intense devotion to fieedom, democracy, and individnality
in the public schools. Following Parker, Joho Dewey promoted the
use of cooperative learning groups as part of his famous project
method in instruction [28]. John Dewey's ideal school involved:

e 2 “thinking” curticulum aimed at deep o nderstanding;

e cooperative learning within communities of learners;

o inteediseiplinary and multidisciplinary curviculy and

o projects, portiolios, and other “alternative assessments” that

challenged students to integrate ideas andl demonstrate their
capubilitics.

In the late 1930s, however, public scheols began to emplasize
interpersonal competition and this view precominated for well over
forty years [29].

In the mid-1960s Johnson and Johnson began training K-12
teachers and a few post-sccondary teachers how to use Couperative
learning at the University of Minnesota, The Cooperative Learning
Center at the University of Minnesota resulted from their efforts to
() synthesize existing knowledge concerning cooperative, competi-
tive, and individualistic efforts, (b} formulate theoretical models
concerning the nature of cooperation and its essential elements, (¢)
conduct a systematic program of rescarch to test the theorizing, (d)
transhate the validated theory into a set of conerete strategics and
provedures for using cooperative learning, and () build and main-
tain 1 network of schools implementing cooperative strategies and
procedures throughout the world. From being relatively unknown
and unused in the 1960s, cooperative learning is now an aceepted
and often the preferred instructional procedure at all levels of educa-
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tion throughout the world in every subject area and from preschool
through graduate school and adult training programs 1301

Most of the work on developing and rescarching models of co-
operative learning in the 1970s and 1980s focused on K-12 educa-
tion. For example, in the carly 1970s DeViies and Edwards [31] at
Johns Hopkins University developed Teams-Games-Tournaments
(TGT) and the Sharans in Isracl developed the group investigation
procedure for cooperative Jearning groups [32). In the tate 1970s
Slavin and colleagucs at Johns Flopking University extended De-
Vries and Edwards' work by modifying TGT into Studen - Teams-
Achicvement-Divisions {(STAD) and modifying computer-assisted
instruction into Team-Assisted Instraction (TAT) §32]. Concur-
rently, Kagan |34] developed cooperative jearning structures that
involved detailed procedures, such as numbered heads together.
"This was followed in the 1980s by Cohen developing a “complex
instruction” version of cooperative learning [35, 36] and Dansereau
[37] developing a number of cooperative learning scripts.

The 1980s and 1990s brought an expansion of cooperative
learning models into engineering. The concept of a cooperative
learning group was introduced to the cnginecring education com-
munity at the 1981 IEEE/ASEE I'rontiers in Education (FIE)
conference in Rapid City, 8., [38]. Goldstein also presented a
paper on cooperative learning at this confesence and Goldstein
and Smith were subsequently invited to present a workshop
(probably the first) on coaperative learning at the 1982 FIE con-
ference. Also, in 1981 the first in a serics of papers on cooperative
learning was published in Engincering Education, “Structuring
learning goals to meet the goals of engineering education” [10].
Tn the mid-1990s the Foundation Cealition embraced the
cooperative learning approach, produced several one-page sum-
maries of concepts, and developed an extensive Web site on
Active/Cooperative Learning: Best Practices in Enginecring
Education?

More recently, Millis and Cottell {39] adupted Kagan's coopera~
tive learning structures for higher education faculty, and Johnson,
TJohnson, and Smith began adapting the conceptual cooperative
learning model to higher education [40-42].

1. THEORY AND RESEARCH EVIDENCE

The undetling precept of cooperative and problern-based learn-
ing is interdependence. The term interdependence was introduced by
Coleridge in 1822 and is defined, according to the Oxford English
Dictionary, as “The fact or condition of depending cach upon the
other, mutual dependence.” Many of the cady references to the
term, .8, by Coleridpe, Huxley, and Spencer, were biology related.
Spencer introduced the “conception of [society] as having a natural
structure in which all its institutions, governmental, religious, in-
dustrial, commercial, etc., ete., are inter-dependently bound” (Ox-

ford English Dictionary)

Research on cooperative Jearning has been guided primarily by so-
cial interdependence theory. The theory was conceived of in the carly
1900s, when one of the founders of the Gestalt School of Psychology,
Kafka, proposed that groups were dynamic wholes in which interde-
pendence amongy members could vary. One of his colleagues, Lewin
[43], refined Kafka's notions in the 1920s and 1930s while stating

Bee htyrelteasuedufactive,
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that (a) the cssence of a group is the interdependence among mem-
bers (created by common goals) that results in the group's being a “dy-
namic whole” so that 4 change in the state of any member or sub-
group changes the state of all other member or subgroup and (b) an
intrinsic state of tension within group members motivates movement
toward the accomplishments of the desired common goals, One of
Lewin’s graduate students, Deutsch, formulated the theory of coop-
eration and competition in the late 1940z [44, 45]. One of Deutsch’s
graduate students, 12, Johnson {collaborating with R. Johnson), ex-
tended Deeutsch's work into classroom practices [46-48].

The social interdependence perspective assumes that the Wiy $0-
cial interdependence is structured determines how individuals in-
teract, which in turn determines outcomes. Positive interdepen-
dence (cooperation) results in promotive interaction as indivicduals
encourage and facilitate cach other’s efforts to learn, Negative inter-
dependence (competition) typically results in oppositional interac-
tion as individuals discourage and obstruct each other’s efforts to
achiceve., 1n the absence of interdependence (individualistic efforts),
there is no interaction as individvals work independently without
any interchange with each other {44],

Extensive research has been conducted on cooperative Jearn-
ing—defined in section I as the instructional use of small groups so
that students work together to misimive their own and cach others’
learning, From 1897 to 1989 nearly 600 cxperimental and more
than 100 correlational studies were conducted comparing the effec-
tivencss of cooperative, competitive, and individualistic cfforts in
promoting icarning. Before 1970, atmost all the reported studics
were conducted in college classrooms and laboratories using college
students as participants. The ULS, experimental rescarch on cooper-
ative learning has its roots in Deutseh’s work in the late 19405 in a
study at MIT [49]. Between 1970 and 1990 the majority of the
studies were conducted in K-12 scttings; however, in the 1990s, the
interest in nvestigating the use of cooperative learning at the college
level was rekindled.

Current meta-analysis work at the Cooperative Learning Center
at the University of Minnesota identified 754 studics that compare
the effectiveness of students working cooperatively, competitively,
and individualistically from 1897 to the present, Eighty five percent
were conducted since 1970; 43.5 pereent had randomly assigned
subjects and 18.8 percent had randomly assigned groups; 41.4 per-
cent of the subjects were nineteen or older; 76.7 percent were pub-
lished in a journal; 31 percent were laboratory studies and 65 per-
cent were field studies [30]. These studies and others yet to be
coded will be analyzed in the coming months,

The next two sections summarize the research on cooperative
learning and problem-based learning at the post-sccondary level,
that is, the studies of higher education and adult populations.

A. Cooperative Learning Research

Approximately 305 studics were located at the Cooperative Learn-
ing Center and were used to compare the relative efficacy of coopera-
tive, competitive, and individualistic learning in college and adult sct-
tings, as reported in [41, 42]. The first of these studics was conducted
in 1924; 68 percent of the studies have been conducted since 1970,
Sixty percent randoimly assigned subjects to conditions, 49 percent
consisted of only one session, and 82 percent were published in jour-
nals. These 305 studies form the research summasized helow,

The multiple outcomes can be classified into three major cate-
gories: academic success, quality of relationships, and psychological
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adjustment to college life. In wddition, there are a mimber of seudies
onstudents’ acticudes toward the college experience,

1) Academic success: One of the most important goals for engi-
neering educators s that students suceeed academivally, Academic
suceess 18, above all, the college’s aim and the student’s aim, Be-
tween 1924 and 1997, more than168 vigorous research studies were
conducted comparing the refative efficacy of cooperative, competi-
tive, and individualistic learing on the achicvement of individuals
cighteen and older. This represents the subset of the 305 studics
that focus on individual student acheivernent. Other studies focused
on students’ attitudes, persistence (or retention), and other depen-
dent measures, These studies indicate that cooperative learning
promotes higher individual achievement than de competitive ap-
proaches or individualistic ones. The effect sives, which indicate the
magnitude of significance, were 0,49 and 0.53 for competitive and
individualistic approaches, respectively. Effect sizes of this magni-
tude indicate significant, substantial increascs in achicverent. They
can be interpreted as saying, for example, that college students who
would score at the fiftieth percentile level on an individual exam
when learning competitively will score in the sixty-ninth pereentile
when learning cooperasively; students who would score ac the fifty-
third percentile level when leacning individualistically will seore in
the scventieth percentile when leaming cooperatively |41]. TFor a
bricfing on the meta-wnalysis procedure sce [49].

"Fhe relevant measures here include knowledge acquisition, re-
tention, accuracy, creativity in problem solving, and higher-level
reasoning. ‘The results hold for verbal tasks (such as reading, writ-
ing, und oral presencations), mathematical tasks, and procedural
tasks (such as laboratory exercises), There are also other subsets of
the 305 studies showing significant advantages for cooperative
learning in promoting meta-cognitive thought, willingness to take
on difficult tasks, persistence (despite difficulties) in working to-
ward goal accomplishment, Intrinsic motivation, transfer of learn-
ng from one situation to another, and greater tine spent on task,

The findings outlined above are consistent with resules from a
recent meta-analysis focused on college level-ane science, mathe-
matics, engineering, and technology (SMET) courses. Springer,
Stanne, and Donovan’s [49] study of small-group (predominantly
cooperative} leaning in SMET courses identificd 383 reports from
1980 or later, thirty-nine of which met the rigorous inclusion crite-
ria for meta-analysis, OF the thirty-nine studies analyzed, thirty-
seven {94.9 percent) presented data on achievement, nine (23.1 per-
cent) o persistence or retention, and cleven (28.2 percent) on
attitudes. The main effect of small-group learning among under-
graduates majoring in SMET disciplines was significant and posi-
tive, with mean effect sives for achicvement, persistence, and atti-
tudes of 0.51, 0.46, and 0.55, respectively.

Recent synthesis publications include Bowen’s [50] swnmary of
rescarch on cooperative learning effects on chemistey and Prined’s
[51) summary of rescarch on active and cooperative learing in
engineering,

Rescarch that has had a significant influence on the instructional
practices of engineering faculty is Hake’s [52] comparison of st-
denty’ seores on the physics Foree Concept Inventory (FCT), w mea-
sure of students’ conceptuat understanding of mechanics, in tradi-
tional lecture courses and interactive cngagement courses, ‘1he
results shown for high school (LIS}, college (COLLL), and university
{UNIV) students in Figure 3 show that student-student interaction
during class time is associated with a greater percent gain on the
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Figre 3, Plot of class average pre-test and post-test FCI scores
using avaviety of instructional methods {52,

FCL. Farther study of the figure shows that even the best lectures
achicve student gains that are at the low end of student gains in -
teractive engagement classes,

Redish [53] provides the following conjectures based on Hake’s
rescarch:

o In the traditional (low-interaction lecture-based) environ-
ment, what the lecturer does can have a big impact on the
class's conceptual gains.

e In the moderate active-engagement classes (one modified
small-class group-learning hour per weck), much of the con-
ceptual learning relevant to FCI gains was occurring in the
modified class.

o TFullactive-engagement classes can produce substantially bet-
tey IPCT gaing, even in early implementation.

Cooperative lcarning researchers and practitioners have shown
that positive peer relationships arc essential to success in college.
Tsolation and alienation arc the best predictors of failure. Two major
reasons for dropping out of college are failure to cstablish a social
network of friends and clussmates and failure to become academi-
cally involved in classes [54). Working together with fellow stu-
dents, solving problems together, and talling through material to-
gether have other benefits as well [55): “Student participation,
teacher encouragement, and student-student interaction positively
relate to improved critical thinking, These three activities confirm
other research and theory stressing the importance of active prac-
tice, motivatien, and feedback in thinking skills as well as other
skills. This confirms that discussions are superior to Jectures in im-
proving thinking and problem solving.”

2} Quality of relationships: Tom Boyle of British Telecom
calls this the age of interdependence; he speaks of the importance
of people’s network quotient, or NQ-—their capacity to form
conneetions (relationships) with one another, which, Boyle ar-
gues, is now more important than IQ, the measure of individual
intelligence [56].

Meuny researchers have investigated the quality of the relation-
ships among students and between students and faculty. The
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meta-analysis of the 305 studics mentioned above found that co-
operative cffort promotes greater liking among students than does
competing with others (cffect size = 0.68) or working on one’s
own (effect size = 0.55); this finding holds even among students
from different ethnic, cultural, Janguage, social class, ability, and
gender groups. The relevant studies included measures of interper-
sonal attraction, csprit de corps, cobesivencss, and trust. College
students learning cooperatively perceive greater social support
(both academically and personally) from peers and instruetors than
do students working competitively (effect size = 0.60) or individu-
alistically (effect size = 0.51).

The positive interpersonal relationships promoted by coopera-
tive learning are crucial to today's learning communities. They in-
crease the quality of social adjustiment to collepe life, add social goals
for eontinued attendance, reduce uncereainty about attending col-
lege, increase integration into college life, and reduce congruencies
between students’ interests and college curseula and in students’
sense of belonging in college

3) Psychological adjustment: Attending college, cspecially engi-
neering school, requires considerable personal adjustment for many
students. In reviewing the research, cooperativeness was found to be
highly correlated with a wide variety of indices of psychological
health; individualistic attitudes corrclated with a wide varicty of in-
dices of psychological pathology, and competitiveness correlated
with a complex mixture of indices of health and pathology. One i~
portant aspect of psychological health is self-csteem. The meta-
analysis results indicate that cooperation tends to promote higher
sclf-csteemn than competitive {effect size = 0.47) or individualistic
{effect size = 0.29) cfforts. Members of cooperative groups also
becorne more socially skilled than do students working competi-
tively or individualistically.

4) Attitudes toward the college experience: The recent work
of NSSE provides detailed information on student enpage-
ment, Selected findings from the 2003 NSSE Annual Report {3}
that speak directly to practices in engineering schools include
the following:

o Business and engincering majors are well below other fields
in prompt feedback from faculty and the frequency of partici-
pation in integrative activitics,

« Engineering students cxperience more academic challenge
and active and collaborative learning than many other fietds

« Engincering students have low levels of student-faculty in-
teraction and supporlive campus environment.

s Engincering students spend less time preparing for class than
professors expect.

A number of studies show that cooperative learning promotes
more positive attitudes toward learning, the subject area, and the
college than do competitive or individualistic learning [41]. Fur-
ther, numerous social psychological theories predict that students’
values, attitudes, and behavioral patterns are most effective when
developed and changed in cooperative groups.

The rescarch on cooperative learning is extensive and com-
pelling, Based on this research record, with its theoretical founda-
tion, the confidence that college instructors have in the cffectiveness
of cooperative-learning procedures should be clevated, Further-
more, the research on cooperative learning has a validity and broad
applicability rarcly found in the educational literarure. It has been
conducted over eight decades by numerous rescarchers with
markedly different orientations working in a variety of different
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colleges and countries, Research participants have varied with
respect to economic class, age, sex, natdonality, and cultural back-
ground. The rescarchess have employed a wide variety of tasks, sub-
ject areas, methods of structuring cooperative learning, and methods
of measuring dependent variables, and methodologics. The volume
and diversity of the rescarch is almost unparalleled in cducational
research.

B. Problem-Based Leaming Research

Problem-based learning is undergoing a renaissance in profes-
sional education, including enginecring education [57], as well as
research on PBL, PBL is not a new idea; it had its beginnings in
1968 in the MLD. program at McMaster University in Hamilton,
Ontario, Canada, McMaster graduated its first PBL class in 1972,
At about the same time the College of Fluman Medicine at
Michigan State University implemented a problem-based program
[58]. Problem-bascd learning expanded to other disciplines besides
medicine at the University of Maastricht (which implemented the
McMaster PBL model in medicine in 1974) and to all majors at
Aalborg University.

Dochy, Segers, Van den Bossche, and Gijbels [59] provided an
excellent and recent meta-analysis of PBL research, predominantly
in medicine. They selected forty-three studies according to the fol-
lowing inclusion criteria (page 536):

1. The worlk had to be ernpirical. Although non-empirical liter-
ature and litcrature reviews were selected as sources of rele-
vait research, this literature was not included in the analysis,

2. The characteristics of the learning environment had to fit the
previously described core model of PBL {14].

3. The dependent variables used in the study had to be an oper-
ationalization of the knowledge and/or skills (ie., knowledge
application) of the students.

. The subjects of study had to be students in tertiary education.

5, To maximize ecological validity, the study had to be conduct-
ed in a real-life classroom or programmatic setting rather
than under more controlled laboratory conditions.

This meta-analysis considered the influence of PBL on the ac-
quisition of knowledge and the skills to apply knowledge. The results
suggest that students in PBL are better at applying their knowledge
(skills}, with both a statistically significant vote count and combined
effect size (0.46). Also noteworthy is that research on the cfficacy of
PBL.is beginning to extend to non-medical fields [60].

Prince provides an excellent summary of the PBL research, in-
cluding landmark work by Albanese and Mitchell {61) and Vernon
and Blake [62], in Academic Medicine. He noted that the results are
mixed for medical school students and that “while PBL has been
used in undergraduate engincering programs there is very little data
available for its effectiveness with this population of students” [51,
p. 228]. It is impertant to note that PBL., as studied in medical edu-
cation, typically involves seven to ten students with a designated
tutor, whereas the model of PBL in engineering usually involves
groups of three to four, often using formal cooperative learning
models, typically without 2 tutor.

-

IV. CLASSROOM IMPLEMENTATION

Of the three key aspeets of cooperative learning and problem-
based learning—theory, rescarch, and practice—the practice piece
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is the least developed and probably the most difficult. The classroom
practices involved with cooperative Jearning and problem-based
learning are complex to both design and implerent, as well as to
manage during the term. The NSF Foundation Coalition has ac-
tively focused on implementing active and cooperative learning for
several years, including developing print materials, an extensive Web
site, and a CD-ROM to support implementation.® In spite of these
implementation efforts and many others, cooperative learning and
problem-based learning are not widely practiced in cngincering
classrooms, Part of the reason may be not only the difficulty of de-
signing, implementing, and managing such a program, but also that
most facuity did not experience any form of cooperative or problem-
based learning during their undergraduate (or graduate) education,
We remain bopeful, however, that the use of these pedagogics
will continue to expand, not only because they are they effective, but
also because there are many ways to implement thern in eagineering,
Inn this section we highlight some well-developed and honed prac-
tices. Informal cooperative learning proups (often referred to as ac-
tive learning), formal cooperative learning groups, and cooperative
base groups arc the most commonly implemented by engineering
faculty. IEach provides opportunitics for students o be intellectually
active and personally interactive both in and outside the classroom.
Informal cooperative learning is commeonly used in predominately
lecture classes and is described only briefly, Formal cooperative
learning can be used in content intensive elasses where the mastery of
conceptual or procedural material is essential; however, many faculty
find it easier to stast in recitation or laboratory scetions or design pro-
Ject courses, Base groups arc long-term cooperative learning groups
whosc principal responsibility is to provide support and encourage-
ment for all their members; that is, to ensure that each member gets
the help he or she needs to be successful in the course and in college.

A. lmplementing Informal Cooperative (Active) Learning

Informal cooperative learning consists of having students work
together to achieve a joint learning goal in temporary, ad-hoc groups
that last from a few minutes to one class period [41]. Informal coop-
crative fearning groups alse ensure that misconceptions, incorrect
understanding, and gaps in understanding are identificd and correct-
ed, and that learning experiences are personalized. In one instance of
informal cooperative learning students are asked every ten to fifteen
minutes to discuss what they are learning (see Figure 4).

e hittpef/elteasuedu/active,
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Breaking up lectures with short cooperative processing times re-
sults in slightly less lecture time, but re-engages the students, D
ingr fecturing and direct teaching, the instructor ensurcs that stu-
dents do the intellectual work of organizing material, explaining it,
sunumarizing it, and integrating it into cxisting conceptaal net-
works. Commen informal cooperative learning techniques include
“foeused discussions” before and after the lecture (bookends) and
interspersing turn-to-your-pareer discussions throughout the lee-
rure. Although three to four minute turn-to-your-partner discus-
sions are Hlustrated i Figare 4, many faculty provide one 1o two
minutes, and some can be as shost as chirty seconcds,

As faculty gain familiarity with real-time assessment and infor-
mal cooperative learning, they often modity the format. For exam-
ple, if most students choose the correet answer (6 i CONCEpt (ques-
tion, the instructor might ask students to reflect on the underlying
ratonale for their answer and to turn to their neighbor to discuss ir.
TF most students choose an incorrect answer to a concept question,
the nstructor might try (o explain it again, perhaps in a different
waty. If the answers to the coneept question are a mixture of correct
and incorrect, the instructor might ask students to turn to their
neighbor, compare answcrs, and see if they can reach agreement on
AU ARSWEL,

Many cxamples of informal cooperative learning in practice are
available. Mavar 163] deseribes the interactive aspects of a ninety-
minute Jecture on Newton's laws in Chapter 5 of his book Peer -
strmction, Darmofal has written about his use of informal coopera-
tive learning and coneept tests in aeronautical engineering (641, and
similarly Martin and colleagues have been actively experimenting
with information cooperative learning and concept tests in fluid
mechanics [65]. Further details of informal cooperative learning
are available in numerous references, including Mazur {63],
Landis, Bllis, Tisensky, Lorenz, Mecker, and Wamser |66], Novak,
Patterson, Garvin, and Wolfgang [67], Michacl and Modell [68],
Teekder and Brent [69], and Johnson, Johnson, and Smith [41].

Informal cooperative leasning ensures that stu_dcnts are actively
involved in understanding what they are learning, Ir also provides
time for instructors to gather thekr wits, reorganize notes, take a
break, and move around the class listening to what scudents are say-
ing. Listening to student discussions can give instructors divection
and insight into how well students understand the concepts and
material being taught.

The importance of faculty engaging students in introductory
courses, using: procedures such us those summarized above, 1s
stressed by Seymour's research: “The greatest single challenge to
SMET pedagogical reform remains the problem of whether and
how large classes can be infused with more active and interactive
learning methods” [70].

B, Implementing Formal Co operative Learning Groups

Formal cooperative leaming groups are more structured than infor-
mal cooperative learning proups, are given more complex tasks, and
typically stay topether Jonger. Well-structured formal cooperative
learning groups are differentiated from poorly structured ones on the
basis of the chamcteristics presented in Table 1, From these character-
istics we can distill five essential elements to suceessful implementation
of formal cooperative learning proups: positive interdependence, face-
to-face promotive interaction, individual accountability/personal re-
sponsibility, teamwork skills, and group processing.

1) Positive interdependence: The heart of cooperative Jearning is
positive interdependence. Students must believe they are Jinked with
others in & way that one cannot succeed unless the other members of
the group succeed and vice versa, In other words, students must per-
ceive that they sink or swim together, In formal cooperative learning
groups, positive interdependence may by struceured by asking group
members to (1) agree on an answer for the group {(group product-goal
interdependence), (2) make sure cach member can explain the groups’
answer (learning goal interdependence), and (3) fulfill assigned role
responsibilities (role interdependence). Other ways of structuring

Tuble 1. Comparison of learning groups.
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- - - —
Less Structared (Lradifional) More Stroctured (Cooperafive)
Low interdependence. Members take High positive interdependence. Members are
responsibility only for themselves. Foeus is responsible for own and cach olher's learning.
typically on a single product {report or l‘'pcus is on joinl performance.
presentation).
Individual accountability only, usually Bl group and individuwal accountabilily.
theough exams s guizzes. Members hotd sell and others accountable tor
high quality work.
Little or mo aitenlivn to geoup Rrmation Dekiberately Tormed groups {random,
(students ollen seleet members). Groups distribute knowledgelexperience, inferest).
typicatiy large (4-8 members). Groups are shall (2-4 members).
Assignments are disoussed with Ligle Members promote cach other’s success, doing
compmitent {o cach other's beaming, vedll work gether, helping mid supporting
cach ofler's elforts 1o leam.,
Teamwork skills are ignored. Leader is Teamwork skills are emphasized. Members
appuinted to direct members' paglicipation. are taght and expecled to use collaborntive
skills. Leadership role shared (by rolating for
example) among all members
No group processing of the quality of'its Giroup processes quality of work and how
waork, Individual aceomplishments are effectively members are working togetber,
reswiarded. Continuous improvement is emphasized.
January 2005
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positive interdependence nclude having common rewards such as 2
shared grade {reward interdependence), shared resourees {resource
interdependence), ora division of labor {task interdependence).

2) Face-to-face promotive interaction: Once a professor estab-
lishes positive interdependence, he or she must ensure that students
interact to help cach other accomplish the task and promote cach
other's success. Students are expected to explain orally to cach other
how to solve problems, discuss with each other the pature of the
concepts and strategies being learned, teach their knowledge to
classmates, explain to cach other the connections between present
and past learning, and help, encourage, and support cach other's
efforts to learn. Silent students are uninvolved students who are cor-
tainly not contributing to the learning of others and ousy not be
contributing to their own learning,

3) Individual accountability/personal responsibifity: One purpose
of cooperative learning groups is to make cach member a stronger
individual in his or her own right. Students fearn together so they
can subsequently perform better as individuals, To ensure that cach
member is strengthened, students are held individually accountable
to do their share of the work. The performance of each individual
stuclent is asscssed and the results given bacle 1o the individual and
perhaps to the group. The growp needs to know who needs more as-
sistance in completing the assignment, and group members need to
know they cannot hitchhike on the work of others, Common ways
to structure individual accountability include giving individual
exams, using self-and peer-asscssment, and randomly calling on in-
dividual students to report on their group's efforts,

4) Teamuvork shills: Contributing to the success of 1 cooperative
effort requires teamwork skills, including skills in leadership, deci-
sion making, trust building, communication, and conflict IMANAEE-
ment. These skills have to be taught just as purposefully and precisely
as academic skills. Many students have no prior experience working
cooperatively in learning situations and and therefore lack the need-
ed teamwork skills to doing so effectively. Faculty ofien introduce
and emphasize teamwork skills by assigning differentiated rofes to
each group member. For example, students learn about document-
ing group work by sesving as the task recorder, developing strategy
and monitoring how the group is working by serving as process
recorder, providing dircetion to the group by serving as coordinator,
and ensuring that everyone in the group undesstands and can explain
by serving as the checker. Teamwork skills are being emphasized by
employers and the ABET engincering criteria, and resources ave be-
coming available to help students develop teamwork skills (Smith
[71] and Johnson and Johnson [72], for example). See Shuman, ct al,
[73] in this issue for elaboration on professional skills.,

5) Group processing: Professors need to ensure that members of
each cooperative learning group discuss how well they are achieving
their goals and maintaining effective working refationships. Groups
need to describe what member actions are helpfut and unhelplud and
make decisions about what to continue or change. Such processing
cnables learning groups to focus on group maintenance, facilitates
the learning of collaborative skills, ensures that members receive
feedback on their participation, and reminds students to practice col-
laborative skills consistently. Some of the keys to successful process-
ing are wllowing sufficient time for it to take place, making it specifie
rather than vague, maintaining student involvement in processing, re-
minding stucents to use their teamwork skills during processing, and
ensuring that clear expectations as to the purpose of processing have
been communicated, A common procedure for group processing is
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to ask cach group to list at feast three things the group did well and at
least one thing that could he improved.

The five essential clements of a well-structared formal coopera-
tive learning group pesented above are newrly identical to those of
high-performanee teams in business and industry as identificd by
[Catzenbach and Smith;

“Ateam is w small manber of people with conplenientary skifl
who are committed w a common purpose, performance gonts,
and approach for which they hold themselves muinally
accountabld” |74,

Many facudty who believe they are using cooperative learning are, in
fact, missing its essence. There is 4 cruciad difference between sim-
ply putting stucents in groups to learn and in structuring CODPLTI-
tion among students. Cooperatton is nos having stucdents sit at the
same table to talk with cach other as they do their individual assign-
ments, Cooperation is nof assigning a report ta @ group of students
where one student docs all the work and the othess put their names
on the product as well, Cooperation is #ez having students do a task
individually with instructions that the ones who tinish first are o
help che stower students. Cooperation is more than being physically
near other students, discussing material with other students, help-
ing other students, or sharing material among students, although
cach of these s important in cooperative fearning.

Before choosing and implementing a formal cooperative learn-
ing strategry, severad conditions should be evaluated o determine
whether or not it is the best approach for the situation: sufficient
time should be available for students to work in groups both inside
and outside the classroom; the task shoukd be complex enough to
warrant 4 formal group; and the instructor's goals should inchede
the development of skills that have been shown to be affected posi-
tively by cooperative learning, such as eritical thinkin g, higher-level
reasoning, and teamworle skills.

Detailed aspeets of the instiuctot’s role in structuring formaf co-
operative learning gronps are deseribed in {41] and include (1) spec-
tying the objectives for the lesson, (2) making a number of instruc-
tional decisions, e.g., group size, method of assigning stuckents 1o
groups, (3} explaining the task and the positive interdependence,
(4) monitoring students’ leaming and intervening within the groups
to provide task assistance or to increase students’ teumwork skills,
and (5) evaluating students’ learning and helping students process
how well their group functioned.

For guidelines on designing formal cooperative learning lesson
plans for stractured controversy (using advocacy sub-groups in a co-
operative context), the reader is referred to |75, 76]. Details on ini-
plementing jigsaw (assigning niaterial to be learned individually and
then taught to 1 small cooperative fearning group) can be found in
177, 78]. Many additional examples of cooperative learning in prac-
tice are available. A full-text scarch of the fowrnal of Engincering -
ucation, Janvary 1993 through fuly 2004, for the phrase “cooperative
fearning” returned 132 hits. Three excellent examples of engineer-
ing applications are Falder and Brent, 2001 [79), Mourtos, 1997
[80], and Pimmel, 2001 {811,

C. Implementing Cooperative Base Groups

Cooperative base groups are long-term, hererogencous couperi-
tive learning groups with seable membership whose primary
responsibility is to provide cach student with the support,
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encouragement, and assistance needed to make academic progress.
Basc groups personalize the work required and the course learning
experiences. They stay the same during the entire course and possibly
longer. Members of base groups should exchange e-mail addresses
and/or phone numbers and information about schedules, as they may
wish to meet outside of class. When students Iave successes, insights,
questions, of concerns they wish to discuss, they can contact other
members of their base group. Base groups typically manage the daily
paperwork of the course using group folders or Web-based discussion
groups. Base groups are used by mavy enginecring faculty in under-
graduate courses att programs, in part because of their effectivencss
and because they are casy to implement. They are also commonly
used in professional school graduate programs. In this context they
are usaally refersed to as cohort groups : five £o six students who stay
together during the duration of their graduate program.

D. Implementing Problem-Based Learning

Problem-based learning has been described in numerous refer-
ences [17, 20, 59, 82-87]. Problem-based learning is a natural tech-
nique to use in eogineering because it modcls the way most engi-
ncers work in practice. A typical format for problem-based
cooperative learning is shown in Tigure 5. The format itlustrates the
professor’s role in a formal cooperative learning lesson and shows
how the five essential dlements of o well-structured cooperative les~
son are incorporated [41, 88].

V. T'HE WORK AHEAD

This paper focused on illustrating how cooperative learning and
problem-based learning can advance academic success, quality of

TASK: Complete the Llask or solve the prablem.

INDIVIDUAL: Relleet und identity problem,
formutale method, or estimate answer. Note
slraiegy.

COOPERATIVE: One see of answers [roms the
group, strive far agreement; make sure
everyone is able 1o cxplain the strmegics used
10 solve cach problem.

EXPECTED CRITERIA FOR SUCCESS:
Tiveryone mast be able to explain he slrategics
used 10 solve cach problen,

EVALUATION: Best answer within available
resources o consiraints.

INDIVIDUAL ACCOUNTABILITY: One
member from any group may be randomly
chosen Lo explain {a} the answer umd (b how (o
solve each problem,

LEXPECTED BEHAVIORS: Active
parlicipating, checking, encouraging, and
elaborating by all members.

INTERGROUP COOPERATION: Whenever
it 15 helplul, cheek procedures, answers, and

strategics with another group.

Figure5. Problem-based cagperative learning.
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relationships, psychological adjustment, and attitudes toward the
college experience, These particular pedagogies are examples of a
broader category of pedagogies, commonly referred to as the peda-
gogics of engagement. Other examples include learning cormmuni-
ties, service learning, and cooperative education. There is still much
work to be done in advancing pedagogies of engagement: extending
the theories that form their basis, conducting well-formulated ex-
pesiments that clucidate the key components of snccessful deploy-
ment, and fostering and expanding the community of cngineering
faculty who use them. There are still many unanswered questions
about pedagogies of engagement and their efficacy. For example:
Are some types of engineering classes (freshman or senior,
Jectures o project-based or labs, theoretical or applied) more
or less conducive to any of the pedagogies of engagement?

2. Are there synergistic effects among the pedagogics of
cngagement?

3. What can be said about the cffectivencss (in general and in
engineering) of learning communities, service learning, coop-
crative education, and inductive methods besides problem-
based learning, such as project-bascd learning (e.g., the
Aalborgz experience), inquiry-based learing, discovery learn-
ing, and just-in-time teaching? What studies of these meth-
ods should be earried out? Rigorous research on the effects of
learning communities Is just beginning to emerge. For exam-
ple, a recent study by Zhao and Kuh [89] examined the rela-
fionship between participating in learning communitics and
student engagement for first-year and senior students at 365
four-year institutions. They found that “participating na
Jearning community is positively linked to engagement as well
as student self-reported outcomes and overall satisfaction with
college.” Taylor, et al. caution us that “learning community as-
sessment and reseatch can and should probe more deeply into
the nature of learning community interventions, and the na-
ture of their impact on the Jearning of students, those who
serve on teaching teams, and institutions” [90, p. iti].

4, What kind of “teacher effects” have been found for pedago-
gies of engagement? Arc there teachers who cannot succeed
with these methods? Are there teachers who are more suc-
cessful with more traditional lecturing?

5. Can group-based methods have a negative effect on indi-
vidual sldlls? How much of an cffect, and what can be done
to avoid it? Said another way, is there an optimum balance
between group and individual work? If so, what does the
balance depend on? {Level of course? Type of course? Prior
background of the students?)

6. What arc the differcnces in the benefits that result from
properly implemented cooperative learning and properly im-
plomented collaborative learning? Are there circumstances
when collaborative would be preferable to cooperative?

7. How might emerging pecr-assessment methods be inte-
grated into pedagogies of engagement? Are there down-
sides to these assessment methods in supporting the inten-
sions of cooperative learning and of collaborative learning?
There is increasing interest in the engincering education
community in implementing peer assessment in team-
based learning settings. Some of this interest is motivated
by faculty secing peer assessment as a way to help students
improve their cooperative skills, some by faculty seeing it as
away to reduce the namber of “fiee-loaders” on a cooperative
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team, and some by faculty secing it as a way to incorporate ac-
tual work contribution in awarding individual grades on a
team project. In addition, the ABET engineering criterion
that says engincering graduates will have demonstrated an
“ability to function on multidisciplinary tcams” is motivating
somce engincering programs to conceive of peer assessment as
a way of demonstrating this ability. Little is known about
how pecer asscssment affects the nature of the cooperative
work jtself; research s sorely needed o study this influence, as
outlined in a recent NSE report authored by Sheppard ef al.
{91]. The work of Eschenbach [92], Cohen [93], and
Schaeffer et al. {94] are examples of this type of rescarch

8. Can the effects of the individual criceria that define cooper-
ative learning be parsed out to determine which are the
most and least important (or if you can delete any of the cri-
teria and still get the benefits of cooperative learning)?

9. Most pedagogics of cngagement implementations take
place at the individual classroom level. Have there been any
efforts to institutionalize pedagogies of engagement at the
department or college level hesides the project-based learn-
ing at Aalborg, Iow have they succeeded? What barricrs to
institutionalization exist and how can they be overcomne?
Can a NSSE-like methodology play a role in assessing the
impact of these pedagogies?

10. Have the benefits of pedagogies of engagement that exeend
beyond graduation {e.g,, to career success or 10 life-long
learning) been demonstrated by research? What studies of
this nature might be undertaken?

This is just a sampling of the many questions still to be addressed
about pedagogies of engagement! Of course, a similar set of ques-
tions can be gencrated about other pedagogies, such as the tradi-
tional lecture, recitation sessions, laboratory learning, ete,

VI. CONCLUSION: THINKING BI1G AND
THINKING DIFFERENTLY

The research findings on pedagogics of engagement outlined in
this paper, along with student engagement data available through
NSSE, underscore former University of Michigan President (and
now University Professor of science and engincering} James Duder-
stadt’s call for action:

“Tt could well be that faculty members of the twenty-first cen-

tury college or university will find it necessary to set asicle their

roles as teachers and instead become designers of learning expe-
riences, processes, and environments” (95, p. 7].

This is a call for us, as faculty teaching particular courses and as
members of faculty teams who create and maintain engineering
programs, to consider not ooy the content and topics that make up
an enginecring degree but also how students engage with these
materials. It is also a call for us to explicitly consider how students
engage in their college experience in both formal and informal ways.
I moving forward we have numerous tools available to guide our
thinking, such as Felder and Brent's [96] guidelines for course de-
sign considering the ABET engineering criteria, and a recent book
by Fink [97), Creating Significant Learning Experiences: An Integral-
ed Approach to Designing College Courses, that provides a comprehen-
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sive model to redesign courses we hope will have widespread applic-
ability In engineering.

We might even take « “backward design” approach o redesigning
our engincering programs, as suggested by Wigging and McTighe
|98]. Their approach consists of thice stages; the first stage consists of
identifying desived results, and stages 2 and 3 involve determining ae-
ceptable evidence and planning instruction, respectively, In carrying
outstage 1, faculty consider to what extencan idlea, topic, or process:

o represents a big idea or has enduring value beyond the

classroom;

o resides at the heart of the discipling;

e requires uncoverage; and

s offers potential for engaging students,

Colleagues of the authors who have applied these filters to their
courses report that one-fourth to one-third of the material does not
pass. Imagine what might happen if the same process were applied
both at the cowrse level and at the program level by faculty teams.

We know it is easy to slip into the tradiGonal mode of eeture,
but we all should be mindiud of Wilbert MceKeachice’s | 99] advice on
lecturing: “T lecture only when I'm convineed it will do more good
than harm,” Classroom-based pedagogies of engagement, such as
cooperative learning and problem-based learning, can help break
the traditional lecture-dominant pattern. T'o maximize studeots’
achicvement, especially when they are studying conceptually com-
plex and content-dense materials, instruetors should not allow them
to remain passive while they are kearning, One way to get students
more actively involved is to structure cooperative interaction into
classes, getting them to teach course materdal to one another and to
dig below superficial levels of understanding of the material being
taughe. It is vital for stadents to have peer support and to be active
fearners, not only so that more of them learn the materiabat a deeper
level, but also so that they get to know their clagsmates and buiki a
sense of community with them.

It is important that when seniors graduate they have developed
skills in talking through material with peers, listening with real skill,
knowing bow to build trust in a working relationship, and providing
leadership to group cfforts. If faculty provide their students with
training and practice in the social skills required o wosk coopera-
tively with others, they will have the satisfaction of knowing they
have helped prepare students for a world where they will need to co-
ordinate their efforts with others on the job, skillfilly balnce per-
sonal retationships, wnd be contributing members of their commu-
nities and society.

We closc with the compelling case for the importance of cooper-
ation and interdependence that W. Tdwards Deming made in his
book The New Feonomics for Industry, Government, liducation:

“We have grown up in a climate of competition between peo-
ple, teams, departments, divisions, pupils, schools, universi-
tics. We have been taught by cconomists that competition
will solve our problems. Actually, competition, we see now, is
destructive. It would be better if everyone would worle to-
gether as a system, with the aim for everybody to win, What
we need is cooperation and transformation to anew style of
management, Competition leads to loss, People pulling in
opposite directions on a vope only exhaust themselves: they
go nowhere, What we need is cooperation. Livery example of
cooperation is one of henefit and gains to them that
cooperate” [100],
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