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Over a four-year time span, several departments at North Carolina State University offered
experimental sections of courses taken by freshman engineering students. The acronym IMPEC
(Integrated Math, Physics, Engineering, and Chemistry curriculdescribes which classes were
involved. This paper discusses the physics component of the curriculum and describes the impact of
the highly collaborative, technology-rich, activity-based learning environment on a variety of
conceptual and problem-solving assessments and attitude measures. Qualitative and quantitative
research results indicate that students in the experimental courses outperformed their cohorts in
demographically matched traditional classes, often by a wide margin. Student satisfaction and
confidence rates were remarkably high. We also noted substantial increases in retention and success
rates for groups underrepresented in science, math, and engineering. Placing students in the same
teams across multiple courses appears to have been the most beneficial aspect of the learning
environment. ©1999 American Association of Physics Teachers.

[. INTRODUCTION II. INSTRUCTIONAL ENVIRONMENT

The first year of the engineering curriculum can be quite During the fall semester, students took calculus, general
difficult and takes its toll on students. Many studiéfave  chemistry, and a one-credit introduction to engineering. In
attempted to understand the cause of this substantial “nathe spring, the students took the second semester of calculus,
rowing of the pipeline” leading to employment as a scientistthe first semester of physics, and a second one-credit engi-
or engineer. This project was an attempt to promote studeriteering course. Besides these 10 credit hours each semester,
success by combining the most effective features of a widétudents also registered for 4-8 hours of other classes like
variety of new and old methodologies for teaching technicaENglish in the fall and a programming course in the spring.
information. Over a four-year time span, faculty from four The experimental classes were all taught in a single room.

disciplines combined their efforts to see if they could mini- Students were assigned to three-person teams where they

mize attrition and improve student understanding and attivorked on homework and lab assignments. Membership was

tudes toward the topics covered during a typical freshmaf€Signed so that the groups were heterogeneous by ability as

year at a large engineering school. Subjects studied durinﬁ?asg[.reo' by GPA agd _rzlﬁ_ademm b?cliﬁround.twtomen .glnd
this critical time in the pre-engineer’'s preparation include INorities Were paired within groups 10 Ihe greatest possivle

differential and integral calculus, general chemistry, the firstextent. These same teams extended across all three integrated

semester of physidstatics, kinematics and dynamjcand a courses. Roles of recorder, checker, and coordinator were

rotated with each assignment so that all aspects of teams-

general introduction to the field of engineering. This papermanship could be practiced by each group member. Students

deals with the revisions made directly to the physics COMPOzacaived explicit instruction on how to work in groups and

nent as well as aspects of the rest of the experimental CUyere given protocols for dealing with problems that might
riculum that may have indirectly affected student success inyrise when different people work together on common tasks.
physics. The focus is on the 1995-96 and 199697 acadeM§rading schemes were devised to ensure both individual ac-
years. . countability and positive interdependence. Descriptions of
Because of demonstrated Weakneg_ﬁﬂ the understand- the internal Workings of the groups were part of many as-
ing of introductory phySiCS students fO”OWing traditional in- Signmentsl ensuring a processing of group operation, which
struction, this aspect of the curriculum looked like it would s recognizebovll as important to ensuring group success. A
be a promising area for improvement. The freedom providedariety of seating arrangements ranging from long benches
by the experimental nature of the project allowed us to comio round tables of differing diameters were tested to see
bine many different research-based approaches to teachimghich would best facilitate group work. The room was open
and learning, including activity-based pedagodiescol- 24 hours/dayalthough it was used by several other clayses
laborative learning®'? the integration of curricul®  and was often the site of outside-of-class group meetings set
context-rich problem&®*# and the use of technolody-t”  up by the students.
We were looking to see if the proper combination of ele- A great deal of effort was given to developing activities
ments from these successful approaches would allow us hat would keep students’ interest and minimize the need for
improve |earning and attitudes. By paymg close attention tdecturin_g. The limitations of the “transmiss_ionist” Style of
inter-student and student—instructor interactions in controllednstruction have been clearly documented in numerous stud-
surroundings and situations, we also hoped to determinis. and have perhaps been most clearly stated by Arnold
what aspects of classroom layout and usage facilitated th@rons:
type of student-centered learning environment championed  “...l point to the following unwelcome truth: much as
by these pedagogies. we might dislike the implications, research is showing
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that didactic exposition of abstract ideas and lines ofWorkshop Physic&? Physics by Inquinf, Concept Test&!
reasoning however engaging and lucid we might try to and ALPS worksheet€. Students were regularly directed to
make them to passive listeners yields pathetically thin model physical phenomena withteractive Physic$a simu-
results in learning and understanding—except in thdation enging and to compare their results with data col-
very small percentage of students who are speciallyected from equivalent real-world situations. Student-
gifted in the field.” (p. vii) generated models were then modified to account for

Of course, that small number of students who are particudiscrepancies between theory and experiment. Using tech-
larly successful in traditional instructional settings often gon0logy to present real and simulated situations for study
on to academia where they teach the way they were taugt{l{eed the instructors to move about the classroom and enter
perpetuating an often inappropriate instructional methodoliNto Socratic dialog® with the students. Because of fast con-
ogy. nections to the Internet, the students were able to search Web

Although there was some lecturing to prepare the way foP29€s from around the world for facts relevant.t(.) the task at
the study of new topics, provide an organizational scheme, drand. They were then able to use local productivity tools like
motivate the students, much of the class time was sperfiPréadsheets and symbolic algebra processors to work with
working on special activities. During these tasks, studentgh® information they were accumulating. Ready access to
had to make predictions, develop models of physical phe'ghese tools made use of them an everyday occurrence, no
nomena, collect and analyze data from probes, and work 0ﬁlfferent than u,smg _a_calculator. Thls_not only was apparent
design projects. Students were responsible for reading mat#? the students’ proficiency, but also in the ease with which
rial from the textbook and asking about difficulties when Instructors would change the flow of thelr lessons to utilize
they arose. It was explained to them that the only occasion§chnology to address a student question. _ .
when content from the book would be directly addressed was !N most cases, labs were conducted as short exercises di-
when their questions about it were being discussed or d€ctly and immediately related to the material being dis-
those times when the instructor had an alternative way ofussed. For example, during an introduction to the concept of
presenting a topigThis permitted coverage of the same ma-Center of mass, a female student challenged the instructor
terial as the traditional course, while spending more clas¥/ith the questions: "Why are we learning this? What is it
time on specific problem areaguizzes on the text, coupled 900d for?” (We found that the students, especially when
with weekly homework assignments of end-of-chapter probSuPported by their peers, quite commonly expressed this type
lems, ensured that most students were taking their readirqco_”cem; We believe this behavior indicates that they were
responsibility seriously. Except for chemistry, there were ndhinking critically about the material.These questions pro-
separately scheduled labs. Laboratory hours were combinefided @ natural opportunity for the instructor to begin a
with the time normally reserved for large-scale lecturing, re- mini-lab” utilizing the Interactive Physicsimulation en-
sulting in 5 hours/iweek of chemistryfall) or physics 9Ine. (The students probably assumed that the activity was
(spring, 5 hours/week of math, and 2 hours/week of engi-2" impromptu one, and no effort was made to dispel that
neering. n_otlon.) The simulation began with the instructor building a

Although there was a default schedule describing whicrsimple situation where one ball was thrown into another ball
courses were to be taught during specific time periods, ther®at was freely falling. On their own the students related this
were some situationgexams, field trips, ettwhere the in-  t0 an earlier “Monkey and Hunter” demonstration so it was
structors modified the schedule to better fit the studentstlear that they understood the physical situation being repre-
needs. There were also several occasions where more thgnted. The program was then adjusted to show the system'’s
one of the instructors would be in the classroom at the samgenter of mass moving in a smooth parabolic arc across the
time. Students seemed to particularly enjoy special workscreen. The instructor then showed that if gravity were not
shops on topics like differential equations, “jigsaw” projects acting, the center of mass would move at constant velocity,
(where individual group members collected information onthereby illustrating the application of Newton's first law to
different topics and then shared their expertise with the reshe system. The instructor then added another ball with a
of their team, and chances to work on semester-long, comdifferent initial velocity so that the three objects collided in a
plex design projects. They also appeared to value explici€omplicated manner. Students were asked to predict the path
skill development and metacognitive training, including dis-Of the system’s center of mass. Some guessed correctly, but
cussions of the outcome of a personal learning stylegnost did not. After running the simulation, the students ap-
inventory™® The engineering course included sessions orpeared to grasp the idea that the c.m. still moved uniformly.
how to work in teams, effective ways to communicate in At this point the instructor directed the students to build
writing and orally, and time management. their own simulations. After they had modeled several

Technology was used to create an environment that fosimple arrangements of two or three objects, they were told
cused student attention on the topic of discussion. We varietb come up with a situation where the c.m. did not move in a
the number of students per computer to study the implicapredictable manner. They tried a wide variety of arrange-
tions for group dynamics. The computers were available tanents, including irregularly shaped objects held together by
the students at all times. Field notes of the classes reveal thaprings and strings that were sent spinning in erratic paths
the phrase “Monitors off!” was heard occasionally as the after a dozen or more collisions with other objects. In every
instructor brought students back on task and away from webase, the students discovered that the system ¢.m. moved in a
surfing or e-mailing. In spite of this potential for distraction, parabolic arc(or with constant velocity if gravity was
continuous accessibility to computers with MBL interfaces"turned off” ) as if a single object were experiencing projec-
and software(for curve fitting, conducting video analyses, tile motion. The questions that started the whole endeavor
etc) added enormously to the classroom milieu. were then repeated and the students were easily able to an-

A wide variety of hands-on physics activities were devel-swer them for themselves. The entire activity took less than
oped for the students or adapted from existing curricula likelO min.
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In another exercise, students spent a considerable amoudhtiring the Spring 97 semester when the 5th edition of Hal-
of time with hands-on activities and had to submit a writtenliday, Resnick, and Walkétwas used as the physics text. In
lab report, exercising important communications skills in ad-the previous year Reif’s tektwas used.
dition to building a better understanding of physical con-
cepts. In this case, each group of students was given a largg. EVALUATION AND ASSESSMENT
spring and a 100 g mass. They were asked to predict the
motion of the mass as it oscillated at the end of the springA. IMPEC and control populations

but were not told how to make those predictions. All groups In the summers of 1995 and 1996, incoming freshman
realized they needed an estimate of the spring ConStanéngineering students received letters ir’l i

Some determined its value by measuring the displacemenis| meeting held during orientation before the beginning of
caused by the hanging mass. Others simply used a forg@e fa|l semester. Those attending were introduced to the
meter (which was merely a previously calibrated spifg | MPEC (Integrated Math, Physics, Engineering, and Chem-
find k. The students then quickly sketched graphs of positionistry Curriculun faculty and the types of instruction that
versus time and indicated the eXpeCted oscillation perlOd\Nou|d be presented in the upcoming two semesters, and were
after which each group set about oscillating their mass/springhvited to enroll in IMPEC. Each year we had about twice as
system and recording the time. Photographic records of theany student volunteers as openings in the experimental
activity show at least four different ways in which groups classes. This allowed us to admit approximately half those
conducted this portion of the lab. In each case, the measurawlunteering for the program and track the others in their
period differed substantially from the predicted value. Thisregular courses, thus adjusting for bias that might be present
disparity was not a major concern to the students until theyoecause of the voluntary nature of student participation in the
began to realize that repeating their measurements resultedfmoject. The IMPEC class members were selected at random
the same unexpected value. Anxiety increased once compaffom the group of volunteers, except for the constraint that
sons to other groups indicated that all were consistently meave wanted the experimental courses to have the same gender
suring the same “wrong” value for the period even though and racial demographics as the entire engineering freshman
the theoretical predictions were similar across the classroongtudent body. We will present comparisons of academic per-
Th|s |ed some groups to bring out microcomputer_based |a@rmance and attitudes for two different apaden“c yearS. We
equipment to make more accurate measurements, whicid not track nonselected volunteers during the second year
merely confirmed their earlier data. Other students tried sef the study. The Spring 97 IMPEC physics instrudt@dB)

ting up computer simulations that verified their theoretical2/SO Presented instruction in a lecture hall setting to a group

predictions but didn’t it the real world data. There was defi-Of 78 Physics students in the fall of 1997. They were exam-

nitely a problem ined as a control group for specific concepts in physics.
The instructor, through Socratic dialog, was able to bring o
about a third of the groups to the realization that the mass dB. Qualitative procedures

the spring was influencing the situatidithe instructor made The regular collection and subsequent analysis of the

a conscious effort not to simply reveal Fhe ansyvéhe rest . class’ electronic Listserv mail was just one of a wide variety
of the groups overhgard W.hat was going on and the entirgy approaches taken to help us understand what was going on
class went about trying to find a way to correct for the facti, yhe classroom and to provide insight into what the students
X ) X SWere thinking. Each technique yielded a different view of the
hanging from it. Eventually they discovered that they couldgcane. Comparing and contrasting qualitative and quantita-
model the situation as a series of masses with stiffer springg,e gata built up a more complete picture.

between them. Doing so not only resulted in a simulation  Thyoughout the Spring 1996 semester one of the research-
that correctly matched the measured period, but it also dissrs(RJB) attended the physics class and recorded field notes
played the amplitude variationdrom internal vibrations  from observations. In the fall of 1996 he observed all the
that the students originally attributed to spurious noise in thejasses and collected notes and videotape. The bulk of the
MBL data. This activity, which the students believed would 200+ hours of notes were straightforward recordings of as
only take a few minutes, ended up lasting an hour and a halfnany of the teacher—student and student—student activities
(Never knowing what to expect in class proved to be anas possible. Videotapes were made for comparison to the
excellent motivatoy. The unsolicited e-mail comment of one handwritten notes, to ensure valid and reasonably complete
of the students is noteworthy: data collection. Most of the field observations comprised

“| just want to say that the lab you had for us yesterdayWhOle'ClaSS observation&uring teacher-directed instruc-
[sic] was very interesting. | was pretty frustrated with it tion) along with close, but noninterfering, recording of group

at first but in the end | did learn a lot more about SHM, intéractions. In addition, several days were spent making
Just wanted to tell you. Have a great day.” timed observations where specific activities were noted at

regular intervals—a “sweep” of the classroom was com-
As the year progressed, it became increasingly appareeted every 2 min.

that the class members were challenging each other and their Notes were also recorded during or immediately after non-

teachers as they constructed their own understanding. Thgructured and structured interviews with individual students

strong group ties that were cultivated throughout the coursesnd groups. These were supplemented with a variety of sur-

let students quietly “check with their neighbor” before rais- veys that were administered throughout the year.

ing a question or pointing out an area of difficulty. This To analyze this large body of qualitative data, an adapta-

support for each other was seen in many situations and wition of Strauss and Corbirf$ Grounded Theory methodol-

be discussed in more detail later. ogy was employed, progressing from open to axial coding. A
Most of the data presented in this paper was collectedainbow of highlighters was used to perform multiple catego-
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rization of the notes. A legend relating each color to a cat-

egory was slowly built up as the researchers made their wa E-Mail Content

through the information and created new classifications ) Faculty & Student

(open codingas they read. Each additional pass through the 60/':":;‘:7'%

data brought slight modifications to previous categories ol i

new combinations or splitting of categoriéaxial coding Encouragement

until a final, fairly stable classification scheme was induced L

from the tall stack of field notes. Different researchers com-

pared their categories to improve the validity of the effort.

Strauss and Corbin’s approach of selective coding led to thi

recognition of the critical importance of socialization in the  Socialization

classroom. 1% & 38%
We also kept copies of student work. These portfolios of

exams, diagnostic tests, labs, and other materials were con

«///
pared to the classroom observations and interviews. Ques ///
tionnaires gave students the opportunity to directly report /
their impressions of the learning environment. We specifi- ////// Scheduling
cally looked for places where the different data streams con Class Maiegia' 23% & 26%
firmed and disputed other analyses. This triangulation add % & 1Dk
considerably to the validity of the qualitative research and
strengthens our commitment to the conclusions we have Fig. 1.
reached.

Administration
24% & 13%

encouragement—made up a substantial fraction of their
notes to the class. Course administration was a common
The sizable battery of guantitative assessments includepic of the instructors’ messagg3he only papers distrib-

the Force Concept Inventofy,and the Test of Understand- uted to students in the physics course were the exams.

ing Graphs in Kinematic& In addition to these two concept ~ Several interesting findings emerged from our review of
assessments, we attempted to evaluate problem-solving skillge field note and videotape data. First of all, it became quite
by replicating the calculation-oriented problems from the tra-apparent that the same students, in the same room, working
ditional class examgThese tests are prepared by one of thein the same groups, responded differently to different teach-
Physics Department’s faculty members who has had this tagkrs. Although all students appeared to respect all the faculty
for more than a decade. They are reviewed by other facultyhey were dealing with, their interactions depended greatly
for completeness and as an error che@oth experimental on the personalities involved. This in itself is not surprising,
and control group students took a common final exam thabut it was interesting to see it so clearly in this situation

C. Quantitative assessment

was prepared in the same manner. where everything else was held fairly constant. What we
found that was unusual is that it was possible, through a

IV. RESULTS directed effort, to change the nature of these interactions. In
one case it was noted that the level of questioning presented

A. Qualitative data by a faculty member was rather shallow, of a sort we called

_— . . o “fill-in-the-blank” sentences. For example, during a presen-
We will first consider the findings of the qualitative re- ¢ation, the following was recorded:

search. We developed the following broad categories from
the iterative analysis of field notes: socialization, metacogni-
tion & team skills, esteem buildingfrom faculty), task ori-
entation, and critical thinking. Each area was followed ; > - ; .
through the notes and general trends for each were noted. We Analysis notes:*Superficial questions keep students in
also tried to quantify data where appropriate. For example, ~ ¢/ass, but perhaps not deep into material.
2/3 of the e-mail from students originated from approxi- Many questions were followed by a very shétgpically
mately 1/3 of the students, but it was fairly evenly distributedless than a secomevaiting interval. The instructor then filled
among these main contributors. The remaining students awn the blank for the students. Students became rather passive
eraged less than one message per week. Note that we haveindhese situations even though for other aspects of the same
records for direct student-to-student e-mail. They appearedlass and for other faculty they were quite aggressive in their
to utilize the class Listserv almost exclusively for communi-responses and challenging with their own questions. When
cation with each other. they could be persuaded to react to the fill-in-the-blank ques-
We categorized 439 e-mail messages from the 96—97 clagi®ns, their answers were typically very brief. After a discus-
(Fig. 1) and discovered, not unexpectedly, thatsion of the problem among the project faculty, the instructor
socialization—basically nothing more than friendly began paying particular attention to the types of questions he
conversation—was the main student use of the networkasked and their mode of presentation. It took several days for
(These students were still using the Listserv to communicatéhe students to begin reacting to these modifications. But
with each other more than a year after their direct involve-soon they began to take more active roles in this portion of
ment in IMPEC was over.Messages that directly related to the class and were putting considerable effort into answering
course material were relatively infrequent. Faculty messagethe more demanding questions posed to them by their in-
dealt with course content more frequently, butstructor, especially when an adequate wait time was incorpo-
socialization—and particularly noteworthy, rated into the instruction. Of course, this has been born out in

Instructor: “The slope of this line is...one, right?”
Contemporaneous field notes:“Short wait time, short
response time. Student responses very superficial.”
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Table I. Comparison of overall success rates and passing rates for females and mii8ritiesss is defined
as grades of C or better in two math courses, chemistry, physics, and engineRétes are given as percent-

ages.
1995-96 Academic year 1996-97 Academic year
Success Female Minority Success Female Minority
N rate pass rate passrate N rate pass rate pass rate
IMPEC 35 69% 60% 100% 36 78% 67% 100%
Nonselected volunteers 31 52%
Traditional 736 52% 45% 20% 552 50% 43% 20%

the classic study by Row@ but the ability to change student demographically matched students in the traditional course
responses as a result of specifically modifying the type okequence. The IMPEC students were much more successful
guestions asked is a useful finding. We believe this indicatethan either of the control groups. Although this indicates that
that it is possible to make directed efforts to improve teachthere was probably not a bias favoring the IMPEC students
ing and the results can be immediate and tangible. In thi®ecause they were volunteers, it is possible that people who
case, it also illustrates the value of pdas in instructor— had shown an interest in a highly interactive learning situa-
instructoy learning. tion were disappointed when they were not selected and this
We experimented with several different classroom layoutsaffected their performance in the traditional classes. Note,
requesting feedback from both faculty and students tthowever, that the success rate of the nonselected volunteers
supplement the field notes. An interaction analysis led to thén 1995-1996 is approximately the same as the success rate
nonsurprising conclusion that long, rectangular tables wergyr the traditional students.
not particularly well suited for group work. We had much  Qur concern with volunteer bias was an outgrowth of our
more success with round tables. Students adjusted seating d@sire to conduct a valid study. We were actually much more
fit their needs at the time and both within-group andinterested in examining the effect of the experimental cur-
between-group communications were much more commonlyicylum on students who are typically underrepresented in
observed than when these same students were at rectangWgfence, math, and engineering fields. Table | shows that in
tables. The circular tables also promoted easy movement c1f995_96, the core course passing rate for all the IMPEC
the instructor from group to group while providing conve- o ,qents was significantly higheWilcoxon test, p<0.1)
nient access to individuals. Table diameter did not appear ;%an that for the control group of volunteers and for the

have a substantial impact on classroom interactions, although, <, an engineering class as a whole. In 1996—97, the per-

students preferred the extra space provided by a larger tablﬁ)‘rmance differencesp<0.01) between IMPEC and non-

We also placed different numbers of students at computers tR/IPEC students were even greater. But we were especially
ascertain how to best utilize the technology. We did not leased to see that for both years, the passing rates for

reach any conclusions in this area other than the ratio of tw BEC women were much higher than the rates for their
computers per three students was not effecti@ten one of W W u Ighe !
the computers would go unused or else the one student of or_1-IMPEC counterparts. And it is noteworthy that all the
trio who did not have a computer would go back and forth, rican-American students in IMPEC pasied egch”yea}‘r.
Beyond the rather coarse measures of “passing” or “suc-

looking over the shoulders of the two students who)ditle A .
did note that large monitors on the tables interfered withCESS: e_vldence fro_m a variety of assessments suggests that
the quality of learning was high relative to that for students

inter-group discussions. in th ditional fi C d
Overall, the qualitative data indicated a successful implel the traditional first year course sequence. Compared to
tudents in the control group and to all the students in the

mentation of the learning environment. This is perhaps most . . .
evident from the results of the standdrdsed by all service egular freshman orientation course, the IMPEC students fin-
courses in the NCSU Physics Departmesmd-of-semester ished with significantly higher levels of confidence in their

course evaluation. Students were asked to indicate their geAPiliti€s in science and mathematics, writing, speaking, and
eral satisfaction with the course, on a Likert scale with 1computer skills. Most of the final engineering project reports

being “Not at all satisfied” and 5 reporting “Very satis- and presentations were surprisingly gdadth some outside

fied.” Of the last two classes queried, all but one studenfaCulty observers comparing them to senior papeeand
selected 5. The lone holdout chose 4. IMPEC helped confirm the decision to major in engineering

for a large percentage of the students who successfully com-
B. Quantitative results _pletec_i the curricu!um. A number of measures of stude'n_t sat-
’ isfaction and confidence levels in various skills were utilized.
While the qualitative data of this study shed light prima- The results were disturbing in that students in the regular
rily on the day to day interactions in the classroom, the quaneourses(both those who had volunteered for IMPEC but
titative information we gathered examined academic perforwere not selected and the rest of the engineering freshman
mance for the most part. Most of the results are shown irhad lowered self-confidence levels. This is seen in Figs. 2
Table I. and 3. Students who had indicated interest in the IMPEC
During the first year of the study we compared the successurriculum but were not selected to participate appeared to
rate (the percentage of students with grades of C or better itbe the most adversely affected. More details of these attitu-
science, math, and engineering couysasIMPEC students dinal surveys can be found in Feldet al %!
with the other volunteers who had not been selected to par- Although positive attitudes are valued, engineers are in the
ticipate. Comparisons were also made with the rest of th@roblem-solving business. Engineering faculty rate problem
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solving as a vital skill that their students need to acquire. We

assessed this ability by utilizing the exams developed for theor “taught to the test.” His response was that although the
traditional students by the Physics Department. Figure 4 ilcourse dealt with the same conteas it should, the indi-
lustrates that the IMPEC students did better on the sharegidual test items were not part of the instruction. In his opin-
mid-semester exam questions, averaging 80% as compargsh, the test results were valid.
to 68% for the traditional students, even though both popu- Table Il and Fig. 5 show that the 1995-96 IMPEC stu-
lations were carefully matched in scholastic achievement anglents performed at a much higher level on the Force Concept
demographics. The IMPEC students’ grades on the commofhventory (FCI) than did a national sample of traditionally
final exam were nearly half a letter grade higher than theitaught students. The 1996-97 group even did better than
traditionally taught peers. ~ students in many other innovative “interactive engagement”
Knowing that it is possible for students to perform fairly courses. This is not believed to be due to a teacher effect
well on typlcal problem-orlented exams while still havmg since the same instructor taught a control gr(ﬁup tradi-
substantial gaps in their understanding, we conducted sever@énal instruction in a lecture halwhere the FCI gain was
conceptual evaluations as well. Kinematics graph interpretaactually slightly lower than the national norm for traditional
tion scores(on the TUG-K averaged 822% for IMPEC instruction, much to his dismay.
students while their peers at other institutions made only As a follow-up, we tracked the 1995-96 students who
48+ 2%. (The uncertainties are percentages derived from théook the electricity and magnetism coursehich was tradi-
standard error of measuremeant,/N.) This astonishing re- tionally taughj in the following semester. There was no sig-
sult caused us to worry about instructional bias, especiallyificant difference between them and their peers on exam
since the instructor had previously developed the testingerformance,t(19,0.05)=0.50. We did not really know
instrument® A visiting faculty member(not part of the re- what to expect. On the one hand, one could hope that the
search teamwas acting as an outside observer during thecritical thinking and problem-solving skills that had been
physics classes. Before revealing the results of the TUG-Kart of the previous semester’s instruction would help stu-
administration, we asked him to review his notes and thalents in all their subsequent courses, even if those courses
instrument and comment on whether he thought the instrucaere traditionally taught. Conversely, we were concerned
that after exposure to the highly engaging nature of the ex-
perimental instruction, the students might react negatively to
08 lecture-based teaching and end up doing poorly. In the end, it
- did not appear to make any difference on standard exam
performance, although this may be due to the nature of the
tests. It would have been interesting to test both groups of
students on more complex, content-rich problems to see if
the post-IMPEC group could apply their training on such
problems to new situations. Although the students did con-
tinue to socialize, we have no data as to whether they used
the group-related skills they learned as participants in
IMPEC.

WmIMPEC 95-96
Volunteers
B Regular Students

Change in Likert Confidence Level

Calculus  Chemistry  Engineering  Physics

V. DISCUSSION

06 A. Socialization is critical

0.4

We believe the most important finding from our analysis
02 —WFECeE5T of the qualitative data is the central role that socialization
played in the success of the students. For example, during an
unstructuredwhere the student led the direction of the dis-
cussion interview, a student was recalling the previous se-
04 mester and said, “...becauses [emphasis addddnade a B
in engineering...” unconsciously referring to her group
Witng  Speaking  Computer members. We also saw evidence of long-term commitments
being made among the students, including plans to room
Fig. 3. together in subsequent semesters and even to ‘“gang-

-0.2

Change in Likert Confidence Level

-0.6
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Table 1. Comparison of the groups to a national samplégnHake’s normalized gain factqRef. 9 (the

fraction of the maximum possible gain in score from pretest to postfesthe Force Concept Inventory.
Significance of comparisons are based on unequal variances onetiiftd at thex=0.05 confidence level.

The Spring 97 IMPEC grougg) was also significantly highefequal variance$=2.86,df=4491) than the

mean for the interactively taught students in Hake’s national sample. Note that the same instructor taught the
IMPEC Spring 97 and the local traditional course as a control in Fall 97.

Significant difference

Statistical compared to national
Class N (9) results sample(traditiona)

National Traditional 2084 0.230.04
sample(Ref. 9

Interactive 4458 0.480.14
IMPEC Spring 96 30 0.420.06 t(df=29) Higher
students =18.9

Spring 97 35 0.5%0.05 t(df=34) Higher

=36.5

Control Fall 97 77 0.2£0.04 t(df=76) Lower
group =3.96 Lower

register” for non-IMPEC classes so that they could continuenotes, minorities and females appeared to be just as involved

their collaborations. This phenomenon is seen in the followin class discussions and group work as the rest of the stu-

ing two excerpts from the class’ Listserv messages: dents. This is consistent with data from e-mail records that
“There is a lab on thursday from 12:50—3:40 that only indicates African-American students, making up 14% of the
has 16 people in it. If we all tried to get into that one we €1aSS, sent 16% of the messages. Females, 17% of the
would be over half the lab!” IMPEC students, sent 22% of the e-mail. An incident from

. B N ) the field notes is particularly revealing of the lowering of
guys, i'm compiling a list of summer phone numbers (acial barriers. Students were preparing to give end-of-
so we don't lose touch....” semester presentations and an instructor complimented stu-

The electronic mail system also revealed how the clasglent K about his clothing.
members functioned as a support group. These notes to the |pstructor: “That's a pretty flashy tie!”

entire class are from two different students: K [a white studerit “Yeah! [smiling, then points td,
“I made some hasty decisions at the beginnjsig]| of an African-American studehtlt's Js. In fact, this
the semesteffraternity involvementand in addition to whole outfit[motioning to his suit coat and pants

that | wrecked my car, my great uncle died, | ran out of his!”
money, and my mother was rushed to the emergency
room one Friday night. Without your unconditional sup-

port and kindness, there is no way that | would haveB- Teéchnology and activities were important in
made it through this semester.” establishing the learning environment

“it isn’'t often that you get a chance to realize how Because of the central role of technology in this curricu-
many friends you truly have...so, this note goes out tdum, we paid close attention to how students utilized it. Al-
all of the students and professors that are in impec...yothough there were many examples of students being drawn
guys were 110% supportive through my recent ordeabff task by having access to electronic mail and the web
and that really means a lot to me...."” during class, these situations were readily corrected by a re-
est to turn the monitors off. What is more important to

The last major area of social interaction that was carefull)ﬂu . X
te is how the assignment of a computer-related task

scrutinized was that of gender and race issues. We were ve

pleased to see that these barriers were nonexistent, as far J9ught everyone back to the topic at hand. Students who
we could tell. Based on reviews of videotapes and fielghad not been actively engaged in the discussion quickly be-
came involved when they had to “tell the technology” to do

something for them. We see this as a variant of the peer
instruction that often goes on during group work. Because

the students had to focus their attention on what they wanted
the software or hardware to do, they were much more easily
: kept on task. This pattern was seen repeatedly with different
8034 Wirkersctiye teachers throughout both years. Of course, the use of tech-
v 8 Traditional nology as a means for students to gather data and analyze it
g meant that the instructor did not have to be “up front and

talking” for most of the class time. He was free to move
about the classroom, making inquiries and offering guidance
where and when it was needed. The focus was kept on the
phenomenon being studied rather than on an authority talk-
Fig. 5. ing about the phenomenon.

National  Spring96  Spring 97 Fall 97
Sample
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VI. CONCLUSIONS agement, technical written and oral presentation, and prin-
ciples of metacognition. Landis'Studying Engineering

The type of instruction used in the experimentalWas used as a text.

courses—a highly collaborative, technology-rich, activity-
based learning environment—had a substantial positive ef-
fect on the students’ conceptual understanding, problemz' Math courses
solving skills, attitudes toward the courses, and confidence Here the students used the Hughes-HalBsttculustext®
levels. We believe that the socialization promoted bythat forms the basis of the Harvard calculus reform effort.
IMPEC’s cooperative learning environment was the mosiuapLE, a symbolic and numerical mathematics program, was
critical factor in these gains, although there was probably aised heavily as an instructional tool and for completing as-
synergistic effect from the active learning and technologysignments. Students become quite good at using the software
orientation of the instruction. and would spontaneously utilize it in their other courses for
Much additional work remains. We would like to study solving problems. There were many “hands-on” activities
the relative importance of the different teaching methodsyhere students explored the behavior of functions or built
used in these classes. Students seemed to respond most p@siuitive understandings of procedures like differentiation
tively when many instructors used many different techniquesind integration.
in a fairly short time period. The changing roles and relation-
ship_s of instructors and students wou_Id also be an interesting Chemistry course
subject of study. Moreover, since attitudes seemed to be so
strongly impacted, we should take advantage of newer as- In the fall, students used the Cha@pemistrytext®® and a
sessment instruments like the VAB%ind MPEX® tests to  locally produced study packeExploring Chemistryand In-
provide additional insight. troduction to General Chemistrylistributed by Falcon Soft-
Because of the great success of this experiment in terms e¥are, were also used frequently. A separate wet chemistry
both performance and attitudes, we feel it is absolutely critilaboratory was the only component of the entire IMPEC cur-
cal to find a way to maximize the “exportability” of this riculum that met in a separate room.
approach to instruction. We have begun a related project
called SCALE-UP(Student Centered Activities for Large !A.w. Astin, “Engineering Outcomes,” ASEE Prism 27—88ept. 1993
Enrollment University Physigswhere we are continuing 2R. W. Heckel, “Engineering Freshman Enrollments: Critical and Non-
these efforts. The task is to maintain the engaging learninggritical Factors,” J. Engr. Edu5, 15-21(1996. _
environment in classrooms of 100 students. Teacher guides- C: McDermott, "Millikan Lecture 1990: What we teach and what is
. . - ..~ learned—Closing the gap,” Am. J. Phy&9, 301-315(1991).
and classroom m_ate”als from the prOcht will be,made ava'l"‘D. Hestenes, “Toward a Modeling Theory of Physics Instruction,” Am. J.
able to schools interested in reforming their introductory phys s5 440-454(1987.
physics instruction. Visit http://www.NCSU.edu/PER for °3. H. Larkin, “Expert and novice performance in solving physics prob-
more information. lems,” Science208, 1335-13421980.
jL. C. McDermott,Physics by InquirfWiley, New York, 1997.
P. Laws,Workshop Physics Activity Guid®Viley, New York, 1997.
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Winning coaches, for example, recognize the different learning styles of their players. Former
Raiders coach John Maden says that for some players you simply tell them the play and they know
it; others must be shown diagrams before they can form their own mental image of what to dp; and
still others won't really grasp the play until they physically run through it so that they can fee| the
play as well as see and hear it. The same is true for the “coaches” of military recruits| and
corporate training programs.

Quoted in “The Now Habit” by Neil A. Fiore, page 180, Jeremy P. Tarcher, Inc., Los Angeles, CA, (Dd89ibuted by
St. Martin’s Press, NY.
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