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Abstract

The University of Florida (UF) is conducting an intetgrd engineering education experiment (covering the first
two years of engineering eduaat) for the Southeastern University and College Coalition for Engineering
EDucation (SUCCEED), one of the National Scienoarfélation’s Engineering Edation Coalitions. The

guiding purpose of this effort is to provide students the same benefits that have been achieved through total
program integration while avoiding some major drawbacks of such schemes, such as significant changes in
program administration.

We propose a model different from the total integration model, which hasatechi@rriculum reform

research. In our model, course and department frameworks reta&in imstead, we are changing the way
faculty teach and the way students' time is structured to increase learning efficiency. \WeChsivelents
enrolled in the program and plan to work with them for two years. Speci#ss of Calc | and Chemistry |

were taught in the Fall semester of 1998cti®ns of Calculud, Chemistry Il and Physics | are in progress
during Spring 1996. These speciatgons are reducing the dependence on lecture and relying more on active
and group learning models. More “studio” classes are being used to improve learning.

Introduction

The University of Florida (UF) is conducting an experiment to improve the first two years of engineering
educatdn. This time period in an engineer’s edtion is referred to as Stage |. This researcippated by

the Southeastern University and College Coalition for Engineering&tion (SUCCEED), one of the National
Science Foundation (NSF) engineeringeational coalitions. This experiment represents one part of a larger
SUCCEED pract with other wrk being condated at North Carolina State University (NCSloder the
leadership of Dr. Richard Felder. The UF portion consists of a radical change in the way we prepare our
students for upper division engineering edlion. Traditionally, engineers take two years of math, chemistry,
physics and humanities before entering the engineering disciplines. A number of innovative first year
experiments have been cowtledduring the past several years aesédd shools. The Rose HuimdH  and
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Drexel” models are excellent examples of the total integration of courses and topéegemcsingle freshman
course. As a result of theiraeess, most engineering curriculum reform has focused on the idea of an
integrated ourse structure. NCSUilwfollow the integrated ourse model but conceate on mnovative
teaching métods, including cooperative learning.

We propose a different model for reform. In our model, course and department frameworks tectairnn
addition, modified use of largedtures will be examined. lesd, we plan to change the way faculty teach and
the way students' time is structured to increase learning efficiency. Information from other SUCCEER proj
is being used to determine tkirowledge structure anditbase that kould be incorpated as the required
content. The experiment has the following five underlying goals:

1) Provide a more structuredademic and social learning enoviment.

2) Provide engineering apgditions and imbduce the engineering thought process early on.
3) Search for models that are sustainable, cost®fe and gportable.

4) Match teaching and learning styles (e.g. cognitive and active learning).

5) Develop an advanced learning laboratory to provide optimal physidaiea.c

This progct plans to expand the use of engineering applications and design into the first two years of
preparatory work. Providing an edhtion with such an emphasis is expected to attract and retain engineering
students by showing applications of the mathysics and chemistry they have learned. Since this program is
designed to use the existing departmental framework, it is easy to export to other schools.

Recognizing that evaluation and assessment are essential to proving the value of programtambipleen
have integrated their design with the planrpngcess as a whole. A description of assessment is included.

Program Goals

By concentrating on teaching rhetls and helping students structure their time moes®ftly, it is believed

that better students and life-long learners can be developed. Studentsorortiee high school environment
where eaclmour of their day is planned. In college, their time is largely unstructured and unmonitated.

they enter the work pte where their time becomes structured again. During college, where their time is less
structured, is when many students have trouble. Many non-engineering professional disciplines have more
structured environments. Ar¢écture traditionally has studio classes whiololve large blocks of time in

active learning envonments.

In upper division engineering courses, it is common to have three hoeckxns where everythirfgom
problem sessions to true lab experiments are aiadu Students tend to workteams on assigned homework
and design preicts in these structured classes. During this samedpstudent societies and constant group
interaction tend to dominate their social activities. In aglijitmuch of the upper division engineering
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curriculum is focused and lock-step. A major goal of our program is to provide more structure in the first two
years of college, when it is lacking.

A major goal of SUCCEED (and many other coalitions) is to introduce engineering content into the early term:
of an engineer's educati. It is proposed to do this by two methods. The first is the common method of using
engineering applications as motivatéwslearning basic subgts. An example of this is using engineering
problems like beam defttion to teach integratn. The second and more important method is to introduce the
engineering thought process into these early classes. Engineers use a v&atoapptiented, get-something-
that-works approach to problem solving. The use of open-ended probletesianidgoroblem solving at

early stages has shown to be beneficial to engineering students.

Necessary attributes of tipeoject are that the miedds of this pr@ct must be sustainable, cost effective and
exportable. To do this it is believed that the departmental nature cdt@mumust be retained. That is,
separate @urses taught and controlled by individual departments. The content, goals, acatiapplare
determinedhrough cooperation rather than coeiplintegrabn. Many of the barriers that exist for subject
integration are centered on content. It is also believed, for example, that mathematicians know best what me
content should be included in specific courses. However, when faculty from different disciplirees wtele
teaching an integrateaurse, they see thecessity of blending the boundaries. As a result, our proposal
continues to have the math department teach math classes. lomadadé@idepartments must be freegach
these courses in their traditional single course, non-gtedformat. This is not to say that topics being taught,
sequence of topics, and format for delivery do not all need to be reviewed and modified. However, this
modification wil result in independentaurses taught by different departments.

The progct in@rporates active andooperative learning styles into the first two years of course work.
Educational research has shown that there are many different types of learners. In typicaliisescanly

one teaching mabd is employed -€lcture. On average, students learn better when they are active participant:
in the learning process. Group efforts, hands-on learning and salfetirlearning are some of the many

methods that encouragetter learning.

Finally, the use of advanced technology is common in many engineering courses. It is not as common in the
lower division courses. All of our upper division engineering courses use computers heavily. Other schools
have tried integrating computer applications such as symbolic algedgnams in calculus with gat success.

Some universities require that entering students purchase their own computer with a common set of software
tools. A complete integration of modern software tdmlsughout the engineering program is required.

Implementation

In order to provide a more structuradademic and social learning enoviment, the first step was establishing a
unified curriculum. Theeam decided thatrogram students would take the following schedule:
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Fall 1995 Spring 1996

Analytical Geometry and Calculus | (4 credits) Analytical Geometry and Calculus Il (4 credits)

General Chemistry | with Lab (4 credits) General Chemistry Il with Lab (4 credits)
(optional - some majors do not require)

Introduction to Engineering (1 credit) Physics | with Calculus with Lab (4 credits)

General Education class(es) (varies) General Education class(es) (varies)

Fall 1996 Spring 1997

Analytical Geometry and Calculus Il (4 credits) Differential Equations (3 credits)

Physics Il with Calculus with Lab (4 credits) Engineering courseésrchined by major

Biology for Engineers (3 credits) General Edtion class(es) (varies)

(optional - some majors do not require)

General Education class(es) (varies)

Additional structure was provided through a number of teiion activities. These activities included student
advising and problem resolution, registration assistance, andrpént examtly sessions. Students also
participated in a time management exercidergethe start of the semester.

Early design and introduction to the engineering thought processaseseplished by the use of application-
oriented examples in the mathematics coursework and by the inclusion of Introduction to Engineering in the
first semester. The Introduction to Engineering class exposes students to all undézgeadineering

programs offered at UF through hands-on experiments and @esigiies.

The overall structure of the program is designed for sustliimamd exportahlity. By leaving traditional
departmental structures intact, implementation cost andl’ ‘¢onflicts are mimmized. Anotheréature which

helps assure sustainability is th&kagawledgement that at a school the size of UF, we cannot do away with large
lecture classes altogether. Instead, we recognize that large lectures can be improved and can be supplemer
by smaller class size studio work.
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Since the only solution to a mismatch of teaching and learning styles is to change the t@@cbachawe
hosted Dr. Richard Felder and Dr. Rebecca Brent's “Effective Teachimgsiop” (a regular event at ASEE
conferences). Most of the participating faculty &@ching assistants attended, vilil©% of facultyteaching
first semester courses present. This workshop also addresses cooperativeté&aminges.

The laboratory sessions are a significant departure from standard laboratoriestatidn®ciin the chemistry
laboratory, students use the Texas Instruments TI-85 graphing calculator and its Computer-Based Laboraton
(CBL) interface to obtain and analyze real-time dadan various instruments. In the Mathematics laboratory
sessions, MAPLE symbolic mathematic software has been used. The work in these laboratories has been oy
ended and cooperative.

A donation from Sun Microsystems has provided 15 watlmns to establish this “Knowledge Studio.” Space

to establish the technology classroom has been acquired, and it should become operational sometime in Spri
1996. Funding cycles prevented us from acquiring this equipment earlier in thet prbje wrkdations will

have the MAPLE symbolic mathematic software currently used by the students as well as ottegicappli
software and equipment. More than providing advaneekinology for the students to use, thisapis

intended to establish a common space in which the studdrttawve instructon, lab neetings, ooperative
workspace and homeavk areas in all their subgts.

The concept of the technology classroom is an extension of what is already beingasesfslly in upper
division classes and in art classes. Time spent itettfeology classroom is a structured time where students
participate in active learning sessions. A longer (two- to thoes) time period allows forditer interaction
among teacher and students as well as among students. This structureiti henesed to complte homework
assignments and reduce out-of-class study time.

The technology classroom is fundamentally different from our cuteaching envonment. This classroom is
intended to be a model for the future. Il wmclude all the tools requirefbr teaching engineers. Part of the
lab will be devoted to computetasions. Each studentilllhave a desk with a multimedia, nedvked
computer. The professoilldave a similar system with the ability to display on a large sdreemany of the
systems. The use of groupware produglisaigo be investigtedfor ediwcational use. Systemslhall have a
consistent set of software tools including World Wide Web and library access. #afassith 25 to 30
computer seats usingonkgation level machines is required.

The computer stations are onlpartion of the comgte tetinology classroom. Laboratory benches with
equipment required for physics, chemistry and biology experimeihtdse be available. These benches will
be connected to data acquisition systems with access tbratatany of the room's computers. General group
work areas il also be integated with large tables as a centraklwarea.
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Logistics

Faculty were selected at tpeoject’s inception in Summer993. Individual courses were modifigdchnology
was investigated and new rhetls were pieninarily inserted into existingaurses for evaluation in Fall 1993
and Spring 1994. We saited faculty who teach each of the requiredrses and areilling to experiment

with new teaching mébds. There is one faculty member éach ourse that is required in math, chemistry,
physics and biology. Additional faculty include someone from the college oftdn to advise on educational
reform and handle assessment. Three additional faculty from the college of engineeringate evajneering
content are also retained.

Program participants were recruited from alimglist of all applicants to the University of Floridar Fall 1995
admission who indicated an interest in majoring in engineerind.068 students on that list, 534 were

randomly selected to receive an invitation to participate iptbgram. The program was designed to
accommodaté&20 students. Only 93 studeatsually entered thprogram. This seemed mostly due to the
requirement that students were required to enter Calculus | difextiyhigh school. Many students were
unprepared and opted to take Pre-Calculus first. The proportion of students interested in engineering and ye
unprepared to take calculus their first semester is apparaktyssgnificantproblem. Further research is

planned to assess the extent to which this problem exists in the freshman class as a whole.

Before classes started the first semester, students weretedtta obtain free computer @emts on one of

the university’s systems. These accounts would be used to estadishrét mail commuiation with the

students for feedback and dissemination of information. Wheatd#rhe clear that students were not using the
email system to seek problem resolution, the firseétimg of the semester was called. Students were at first
hesitant to open discussion. Feedback was encouraged by asking questions such as, “How are your classes
compared to those of students outside of the program?”

As a result of the first meeting, we learned that studersriprogram were spending an excessive amount of
time on lab write-ups for Chemistry. We were also informed that seawhing assistants required additional
training in the use of the laboratory equipment. Although the program instructors ditiemat the feedback
meeting (to avoid imtidation), we all met soon thereafter to coatplthe feedbackbp. After the first

meeting, students opened up and we received feedhaigh all lines of commuacation. A second eeting

was called a few weeks laterftom study groups of those students who had not formed groups on their own.

There was one unexpected resulpafmoting group intexction. The registration process was heavily
influenced by study groups/partners who wanted to take their classes together during the spring semester. Ir
order to enable and encourage this, viltalow students to register in blocksr the remaining semesters.

Program Assessment

A wide range of assessment has been planned for the extent of the program. First semester entry and exit
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surveys have already been administered to program students and other students taking Introduction to
Engineering. These surveys elicit background knowledge and interest in engineering as well as confidence le
in areas supporting engineering. The survey used is identical to that used in research at the University of
Pittsburgh and North CarolinasBe University? The sameayps also took the Hestenes Force Concept
Inventory™ prior to the semester. Thiil e readministered after students have tgheysics.

The Myers-Briggs Type Inventory was administered only to our program gateimlFallLl995 semester. The
results will be explained to the studefdstheir own edoation and benefit andifbe compared to other
findings for groups of engineering students.

In Chemistry, approxiately 100 studentattended the same lectures as the studentsriprogram, but
attended the traditionalbdaratory instruction. These students and the students in our program were given the
same exams, so their exam grades and course grades can be compared. The final exam results are shown |

Chemistry Grade Distribution - Final Examination

Letter Grade | Score Range Experimental Experiment@dntrol Control
Frequency Percentage Frequency Percentage

A 170-200 5 5.5 22 21.6

B+ 160-169 15 16.7 18 17.6

B 150-159 10 111 11 10.8

C+ 140-149 6 6.7 5 4.9

C 130-139 8 8.9 13 12.7

D+ 120-129 13 14.4 12 11.8

D 110-119 5 5.6 5 4.9

E less than 110 28 31.1 16 15.7

The results from the final exam were obviously disappointing to us. With over 30% of the students in our

program faing the final exam, it wasbvious that their grades would suffer. The semester grade results are
shown below.
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Chemistry Grade Distribution - Semester Grades

Letter Grade | Experimental ExperimentaControl Control
Frequency Percentage Frequency Percentage

A 13 13.8 35 30.7
B+ 9 9.6 17 14.9

B 20 21.3 14 12.3
C+ 16 17.0 12 10.5

C 15 16.0 11 9.7

D+ 5 5.3 4 3.5

D 7 7.5 4 3.5

E 5 5.3 5 4.4
Withdrew (*) | 4 4.3 12 10.5

*In this table, students who never actually began the course are not included

In an effort to explain this negative outcome, we decided to examine the basiitynefahe two goups as
measured by the SAT Il Chemistry exam. This exam is used as a placement exam by the university, and the
threshold for admission to General Chemistry with laboratory is 440 for tests taken before April 1995 and 480
for tests taken April 1995 andter. As part of the program, we had waived the threshold. As a result, our
population was unbiased. The plot below shows that our population has the same shape as the general
population, but the meangadement exam score is nearly a full standard deviation lower.
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A comparison of the experimental group (those in our program) with the control group (those in thecsame |

but the standard laboratory) is shown below.illastrated by the ggah, the mean pcement scorfor our group
is much lower. In spite of this, the grades for our group are apptedinthe same as the controbgp (about a

C+). The difference in the collective grades has no practical significance. It is also noteworthy that many mc

students from the control group tutrew from the course. This result is in line with the feedback we bae#/ed

from students — they are working harder, but they like it, and want to stay in the program.

Chemistry Placement Test Score and Course Grade Comparison

Experimental vs. Control Group

Experimental Group Control Group
Number taking Chemistry SAT II 81 97
Mean of those taking SAT I 505.6 550.3
Standard deviation of SAT Il scores 60.3 63.3
Number taking AP Chemistry exam 9 11
Mean of Chemistry AP exam scores 2.6 2.8
Number taking no placement test 4 4
Mean of GPA (WF counts as 0) 2.43 2.66
Standard deviation of GPA 1.15 1.39

An additional confoundingaictor was noticed, producing what is perhaps the most surprising finding to this point

1996 ASEE Annual Conference Proceedings

6'992'T abed



Session 3253

Each data point on the plot below represents the SAT Il chemistry placement score a student received and the ¢
achieved by the student.

SAT Il Chemistry Placement Exam
Course grade vs. Exam Score
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It is clear from this plot that the exam not only does not serve as a grade predictor, but does not even in this
provide adequate information to establish a threshold below which students will consistently fairtfee dhere

are a number of likely explanations for this phenomenon. The foremost is that the exaneteasarnly taken
before students have forgen ourse content. Although students may score lower on #teplent test because
they have forgttien some material, many student# perform better when they emanter the already familiar
material in the college chemistry course. We sasghat an additionabnfounding &ctor is the broad sgtrum

of changes which occur in a student’s life at the university. Exactly what effect these chilinga®wn student
performance is likely impossible to predict.

Since the Calculus classes in our program were @ipiplindependerftom other classes, assessment would not
be accomplished as simply as in the Chemistry class. It was decided that the studermisogram would be given

the same Calculus final exam as all other students taking Calculus I. This would allow comparison of our stude
to the general population on the basis of that score distnibutinfortumtely, as many adur students complained
(and the scores illustrate), our students had beemtigstomed to the open-engedblems chaacteristic of their
earlier exams and did not fare well on the multiple-choice, no-partial-credit exams used by the other classes.
score distributions are shown below.

Calculus | Grade Distribution - Final Examination

Experimental Control
Average (5 points per question, 105 maximum) 61.9 72.1
Standard deviation 25.6 20.6
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The distribution of final grades was not available at the writing of this paper, but similar results to those in tl
chemistry class are expected. It appears that, in this semester ofomatiséistudents in our program do not

perform significantly better or worse than the control groups. The differences between these groups should be r
measurable after another semester, when retention and comprehension of previous material has more of an irr

Data from the surveys administered at the end of the semester is not yet available. Students will alsoélysut s
early in the Spring semester with specific questions about their perception of the program in which they ¢
participating. The table below summarizes the disposition of the 95 students who began in the program.

Number of students Disposition

Never matriculated - nobanted in percentages

Left the program and engineering for other pursuits

Changed plan of study at parent’s request

Left engineering but are still partipatinggrogram classes

R N R o e

Transferred to another school

13 Failed Calculus or Chemistry (or both) but are making up classes
with the expectation of remaining in engineering

71 On track, Passed Calculus and Chemistrycé&ded to spring
classes. Not all are required to take second Chemistry course.

Conclusions

The overall program retention rate was excell&®% of all students who started in the program plan to continue
as engineering majors. 76% of the original program students are on track with the program curriculum. When as
informally about grade performance, studentsciatli thapoor first semester grade performance has been due to
their adjustment (or failure to adjust) to the new styleeathing and learning which is differédrmm what they
experienced in high school. Even though we alldesirning how to best implement the pnovedteaching
techniques, the students already apprecatesfforts.

The disappointment of low graderfmance in Chemistry and Calculus needs to be inwstlg Differences in
population mayaccount for some differences in grades. Chemisaggrhent exam scorés students in our
program are almost a full standard deviation lower than those of the control group. Thetatierpof chemistry
placement scores is congaied by the fact that the scores serve neither to predict a studemss grade nor to
establish a threshold below which students will likely not pass. The difference between thepggnsation and

the population of our program was pettadl to occur by the relaxation of the placement examiffcsitore for
students entering our programmiar datafrom the general population of Calculus students is not yet available,
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but results like those observed in Chemistry are expected.

Students have indicated other less tangible benefits @irtlgegam which are difficult to assess, but are important
to note. At the outset, many students were very grateful for advisement and assistance with registration. They
report that being part of a smaller group of students helped give them an identity among the almost 40,000 stud
at the university. Students have indicated that havinglaocate in resolving claggoblems is a grat benefit.

The role of advocate has bedfed primarily by theprogram administrators (who are rieaiching any of the
classes).

It is expected that the long term benefits will includerovement in grades, as students benefit fronteaehing
methods which ermirage lktter comprehension and longer-term learning. These berefiikide observable in
student grades as they continue on to take additional courses in Calculus and Chemistry in the Spring semes
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