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ABSTRACT

"This paper reports on the long-term results of a two-year
experiment conducted in the 1994-1995 and 1995-1996
academic years in which a group of “average” engineering students
was recruited for a first-year program that integrated curricula and
fostered a learning community. Students who participated in the
Connections program graduated at a significantly higher rate than
their peers and reflected retrospectively that the program had a
strong positive effect on their college careers.

I. INTRODUCTION

In 1993, in response to nationwide concern about the inade-
quate number of students majoring in STEM (science, technology,
engineering, and mathematics) disciplines, the Colorado School of
Mines (CSM) undertook a pilot program intended to increase the
retention and graduation of a group of “average” engineering and
science students. Called Connections, the program focused on inte-
grating the first-year curriculum while maintaining separate courses
and on increasing the scnse of community among student and fac-
ulty participants.

The intellectual rationale for this program was straightforward:
we tried to provide our students with a more meaningful first-year
experience by allowing them to discover and explore important con-
nections among the humanities, physical and social sciences, and
engincering subjects they studied in their first year at CSM. Our
desired result was that Connections students would acquirc a deeper
appreciation of the importance of these subjects and their interrelat-
edness in their upper division courses, their professional engineer-
ing work, and their lives.

In addition, we wanted to provide a supportive learning commu-
nity for the students. We hoped that as a result of close student-stu-
dent and student-faculty interactions, we would achieve the four
outcomes that Tinto [1] associates with successful learning com-
munities: formation of self-supporting groups; more active involve-
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ment in classroom learning than other students; enhanced quality of
student learning; and higher persistence rates than comparative stu-
dents in the traditional curriculum.

Students were involved in the Connections program only in their
first-year at CSM; no additional activities were included in their
subsequent college careers. However, our current follow-up study
found that Connections students graduated at a significantly higher
rate than their peers in a comparison group. Although we cannot
prove decisively that the Connections program was responsible for
this difference since our project was implemented as action re-
search and we did not use a pure “treatment group/control group”
design, we believe that we have a strong case for the influence of
Connections on student performance. This paper describes the pro-
ject and then reports on our follow-up study of two groups of stu-
dents focusing on their graduation rates compared to a CSM com-
parison group as well as their post-graduation reflections on the
program.

A. Background

The state of engineering education in this country has come
under intense scrutiny in recent years, particularly as it influences
our ability to compete in global high-technology markets. In the
mid-1990s, as we were planning this project, several well-respected
groups, including the National Science Board’s Task Committee
on Undergraduate Science, Mathematics, and Engincering Educa-
tion [2], the American Society for Engineering Education Task
Force [3], the National Congress on Engincering Education [4],
the Sigma Xi National Advisory Group [5, 6] and the Association
of American Colleges (AAC) [7] all called for changes in ways we
prepare engineers for the future.

Two themes arose in many of these reports: 1) undergraduate
engineering curricula generally do a poor job of integrating curricu-
lar topics in any meaningful way, and 2) freshman instruction is
often delivered in ways that discourage students from pursuing ca-
reers in science and enginecring.

The Sigma Xi National Advisory Group [5] summarized several
characteristics of lower division curricula that drive away potential
engineering and science students. These characteristics include:

o large, impersonal classes;

e failure to stimulate and engage students;

e emphasis on memorizing irrelevant course content, with no
attention to the processes of investigation (analysis, synthesis,
critical reasoning);

o fragmented course offerings with no indication about why
the courses are important to an engineer or how they are re-
lated to each other; and
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e no introduction to engineering problem-solving methodolo-
gies and thus no indication of what engineers can and cannot
achicve

Hewitt and Seymour [8] reported that the leading reasons cited
by a sample of about 150 lower division students switching out of
STEM (science, technology, engineering, mathematics) majors
were: 1) non-technical majors offer a better cducation, 2) loss of in-
terest in science, and 3) rejection of technical careers. Poor teaching
and unapproachable faculty members were also cited as important
reasons for opting out of engineering.

The net result of poor freshman retention is fewer students on
the cngineering “pathway” and lower graduation rates. Recent sta-
tistics indicate that while some progress has been made in the
decade since the Connections program was conceived, the number of
students interested in engineering careers is still low. Of the stu-
dents taking the ACT or SAT in 2001, 12 percent of men and only
2 percent of women were planning to major in engineering [9]. Al-
though the number of students graduating with degrees in engi-
neering has riscn every year since 1999 (up to 67,301 in 2002,
bringing the numbers close to the 70,000 mark that has not been
achieved since 1988) [10], data from the Higher Education Re-
search Institute at UCLA quoted in Prism magazine show that stu-
dent interest in engineering has declined nearly one-third since the
early 1980s. Only 7.3 percent of 2001 freshmen indicated an inter-
est in studying engineering [11]. Based on past trends, only about
50 percent of those entering college intending to major in engineer-
ing can be expected to eventually earn a B.S. engineering degree.

According to the National Science Board’s Science and Engineer-
ing Indicators 2002, “The Center for Institutional Data Analysis
and Exchange (C-IDEA 2000) at the University of Oklahoma re-
cently released a report of its longitudinal study, conducted from
1992 to 1998, of a cohort of college students. The study aimed to
gather benchmark statistics on retention rates in science, mathe-
matics, engineering, and technology disciplines. Researchers sur-
veyed 119 colleges and universities ranging from small to large, lib-
eral admission to highly sclective admission, and bachelor’s degree
only to doctorate-granting institutions.

The report states that “In 119 colleges and universities, about 25
percent of all entering first-time freshmen in 1992 declared their in-
tention to major in a science and engineering (S&E) field. By their
second year, 33 percent of these students had dropped out of an
S&E program. After six years, 38 percent had completed an S&E
degree. Women and underrepresented minorities dropped out of
S&E programs at a higher rate than men and non-minority stu-
dents. Consequently, degree completion rates in S&E ficlds were
lower for women (35 percent) and underrepresented minorities
(24 percent)” [12].

Clearly, engineering schools in this country cannot continue to
ignore a sizable portion of our intellectual talent if the United States
is to maintain a leadership role in STEM disciplines. Simply put,
we must do a better job of attracting, retaining, and graduating the
best engineering students available, including women and under-
represented minorities. Just as clearly, these efforts must be concen-
trated in the lower division (particularly first-year) courses where
many students with interest and aptitude in science and engineering
are lost. It is in response to these ongoing problems that the Col-
orado School of Mines (CSM) developed the Connections program
and received funding from FIPSE (Fund for the Improvement of
Post-Secondary Education) to help support our efforts.
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I1. PROJECT CONTEXT AND OVERVIEW

A. The CSM Context

The Colorado School of Mines (CSM) is a small, state-assisted in-
stitution in which all students take a common corc of courses and
major in engincering, applied science, or cconomics. The undergradu-
ate student body, consisting of approximately 2,500 students, attracts
freshmen ranking in the 90th percentile in mathematical skills and
80th percentile in verbal skills on the SAT and ACT examinations.

In the mid-1990s, faculty, students, and administrators at CSIM
developed a new academic plan based on the goals described in its
Profile of the Future Graduate. The profile articulates the following
attributes we expect all graduates of the school to possess [13]:

e Depth in an area of specialization, enhanced by hands-on ex-
periential learning, and breadth in allied fields; knowledge
and skills to be able to recognize, define and solve problems
by applying sound scientific and engineering principles.

o Skills to communicate information, concepts and ideas effec-
tively orally, in writing, and graphically; skilled in the re-
trieval, interpretation and development of technical informa-
tion by various means, including the use of computer-aided
techniques.

e Flexibility to adjust to the ever-changing professional envi-
ronment and appreciate diverse approaches to understanding
and solving society’s problems; creativity, resourcefulness, re-
ceptivity and breadth of interests to think critically about a
wide range of cross-disciplinary issucs; possess the skills and
attitudes which promote teamwork and cooperation and to
continue growth through life-long learning.

o Capability to work effectively in an international environment
and be able to succeed in an increasingly interdependent world
where borders between cultures and economies are becoming
less distinct; appreciation of the traditions and languages of
other cultures, and value diversity in their own society.

e [Exhibit ethical behavior and integrity; demonstrate persever-
ance and have pride in accomplishments; assume responsibili-
ty to enhance their professions through service and leadership
and be responsible citizens who serve socicty, particularly
through stewardship of the environment.

It was our belief that achieving these goals would, by necessity,
require an interdisciplinary approach involving the physical and so-
cial sciences, humanities, and engineering. We believed that in the
future, our graduates would need to better understand the interre-
latedness of human knowledge and be capable of applying knowl-
edge and skills from numerous disciplines to solve problems and
improve the quality of life for the world’s inhabitants. To graduate
engineers with these attributes, we needed to provide an integrated
educational experience in which students explored the connecting
points among disciplines as they became more proficient in those
disciplines. Thus, the goals of the Connections program conceptually
related to the mission and academic plan of CSM by encouraging
first-year students to:

o discover and develop significant connections among their

first-year core subjects;

e enhance their higher order thinking abilities and apply these
abilities in humanistic, scientific, and engineering contexts;

e understand the historical and cultural contexts which have
influenced developments in science, humanitics, and engi-
neering;
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o struggle with some of the world’s great ideas and issues;

o further develop their sense of cthics and values, particularly
concerning the applications and limitations of technology in
the modern world; and

e improve their oral and written communication skills.

B. The CSM First-Year Curriculum

To understand how the Connections program was designed to
help students form connections in their first-year courses, it is im-
portant to first describe the traditional CSM first-year curriculum
in place during our study (1994-96). All CSM students were re-
quired to take introductory courses in mathematics, chemistry,
physics, earth systems, and economics. They also completed inter-
disciplinary course work in humanities and engineering practices.

When this project was conducted, the introductory humanities
course was entitled “Crossroads” and provided first-year students
with an introduction to literature and philosophy; world history;
and science, technology and society. The emphasis was on a broad-
based exploration of these disciplines to prepare students for ad-
vanced work in humanitics and social sciences. Engineering prac-
tice was introduced in a four semester, 11 credit-hour sequence
entitled EPICS (Engineering Practices Introductory Course Se-
quence) required of all first- and sccond-year CSM students. The
program was designed to enhance engineering students’ abilities in:
1) open-ended problem-solving, 2) oral, written, and graphical
communications, and 3) team processes.

Although all of the first-year courses met their objective of teach-
ing the material listed in their syllabi, each course was traditionally
designed and taught as a self-contained body of knowledge and
analysis with no organized attempt to help students make connec-
tions to related topics in other courses. Faculty members teaching
the courses believed that these crosscutting topics were important
and that many of them would eventually influence each student’s ed-
ucation and professional practice. The students, however, tended to
see each course (and most topics within each course) as a list of dis-
tinct, unconnected islands of information to be learned for an exam
and then forgotten. Not surprisingly, CSM students, likc many
other engineering students, often questioned WHY they were re-
quired to complete many of their first-year course requirements, a
question that often was never answered explicitly during their acade-
mic career. The Connections program represented our attempt to

help students understand the importance of their first-year studies by
allowing them to develop appropriate and significant links among
disciplines.

C. Features of the Connections Program

To achieve the objectives of Connections, we: 1) modified existing
first-ycar course syllabi to feature a scrics of integrated project mod-
ules which allowed students and faculty to explore appropriate con-
nections among these disciplines, 2) faught a two-semester Connec-
tions interdisciplinary seminar series in which students and faculty
further developed and explored the interconnectedness of appropri-
ate topics from each of the first-year science, humanities, and
engineering courses, 3) modified existing pedagogical practices
(primarily passive lectures in most courses) to include extensive
use of active-learning and cooperative learning strategies, team-
teaching, and writing as a learning and inquiry tool and, 4) developed
a peer study group system to encourage interpersonal growth and
support among Connections students. As shown in Figure 1, the
CSM first-year curriculum was transformed from a collection of
unconnected boxes to an interconnected web of concepts centered
on the Connections seminar.

It is important to note here that the revised curricular structure
maintained the disciplinary integrity of cach first-ycar course and
therefore could be adapted to fit a variety of core curriculum config-
urations.

D. Connections Modules
Project modules were developed to allow students to apply what
they were learning in individual courses to interdisciplinary prob-
lems and issues posed in each module. The following modules were
developed and tested [brackets indicate which courses are connect-
ed in the module]:
¢ remediation of groundwater contamination [chemistry,
geology, EPICS, Crossroads]
o analysis, evaluation, and ramifications of pollution data
[chemistry, geology, Crossroads]
e passive solar collector design [mathematics, EPICS,
Crossroads]
Each module was carefully designed to allow students an oppor-
tunity to immediately apply knowledge from their technical and lib-
eral arts courses in interdisciplinary contexts. For example, the

Chemistry
Geology

‘ EPICS I

Connections
Seminar

Figure 1. Connections first-year curriculum.

]
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groundwater remediation module allowed students to explore con-
nections among geology, mathematics, chemistry, economics, hu-
muanities, and social sciences by studying the process of groundwater
flow and contaminant transport in an established mine tailing site.
Students developed a simple remediation plan for the site using ge-
ological, mathematical, and chemical principles to analyze ground-
water flow and contaminant transport processes. Social and political
issues related to the existence and maintenance of polluted sites in
populated arcas were discussed and they examined the kinds of con-
straints and considerations which govern how humans choose to
utilize the earth’s renewable and non-renewable resources and the
cffects of utilization on the environment.

We also discussed potential trade-offs required to balance quali-
ty of life and environmental quality and the implications of these
trade-offs for the future. Alternative methods for cvaluating the
economic costs associated with remediation of contaminated sites
were analyzed and the cleanup costs of the site remediation plan
being developed were estimated using two economic models
(cost/benefit analysis and least cost analysis). Completion of this
module helped students understand that effective environmental
protection strategies require an interdisciplinary approach involving
science, engineering, humanities, and social science.

E. Connections Seminar

"The Connections seminar met weekly using a small group discus-
sion format to allow students to reinforce connections introduced
via the modules and to develop additional connections across tradi-
tional disciplines. Themes discussed in the Connections seminar in-
cluded:

o biographics of role models in science and engineering;

o mecthod in humanitics, social sciences, physical sciences, and

engineering;

o history of science and technology focusing on the scientific,

industrial, and Darwinian revolutions; and

e an interdisciplinary analysis of the “limits to growth” argu-

ment originally posed by the Club of Rome.

For example, as students explored the concept of “method” in
various disciplines, they read excerpts from Kuhn [14] (scientific
method), Koen [15] (engineering method), Hoover [16] (social
science method), and Ciardi {(17] (humanities method). After
discussing these selections, students developed hypotheses about
the kinds of problems posed and solved by professionals in different
disciplines and about how evidence is valued and utilized in differ-
ent ways. Students later tested their hypotheses by interviewing
CSM faculty members willing to discuss their personal philoso-
phies of problem-solving methods. These findings were shared
with other students in the seminar who ultimately gained a better
understanding of the similarities and differences among problem-
solving methods in the disciplines. Perhaps more importantly, our
students also began to understand why we should all understand
somcthing about methods in disciplines other than our own.

Students in the seminar also read from the biographies of physi-
cal scientists [M. Curie, Feynman, Priestley, Kovalevskaya, Hutton],
social scientists [Benedict, Keynes], an engincer [Amman], and a
humanist [M. Shelley] as they learned about the human dimension
of professional role models. They read from Whitehead, Lewis, and
Ferris [scientific revolution], Toynbee [industrial revolution], and
Darwin and Mayr [Darwinian revolution] as they discussed the im-
pacts of these revolutions on our lives and they studied the writings
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of Myers and Simon as they debated the “limits to growth” issuc.
The Connections seminar was our primary vehicle for encouraging
inquiry beyond the level of integration obtained using project mod-
ules in the first-year courses. Each seminar group consisted of
15-18 students and two or three faculty members who were in-
volved in teaching Connections courses. Students were required to
keep a journal throughout the year in which they recorded their re-
flections on readings, discussions, and coursework.

F. Faculty Development Activities

Prior to teaching first-year courses for Connections students and
the Connections seminar, each faculty member who participated in
the program attended at least onc first-year course taught by an-
other Connections faculty member. As we sat in each other’s classes,
we became aware of the course content, skills, pedagogics, and is-
sues emphasized in each course. Although we tried to complete
much of the coursework (readings, homework, and laboratory ex-
crcises), each of us concentrated on obscrving the “big picture” in
the course and watching for possible connections with our other
courses. In addition, some of us also worked diligently to learn the
course content to better help us in our own Connections courses and
the Connections seminar. Our observations have been published
elsewhere [18] and are summarized here. We all agreed that we
had misperceptions about each other’s first-year courscs on at least
two levels—faculty and students. Among the faculty, we noted dis-
agrecments about appropriate and effective pedagogies, the defini-
tion and achievement of “teaching” and “learning”, our expecta-
tions of the students, student maturity, cffective testing, and the
goals of education.

We also clearly perceived the courses we audited differently than
our students did. We found intrinsic value in the material presented
while they worried about whether it would be on the exams; we saw
the “big picture” while they were often bogged down in details; we
respected each other while they often displayed a “show me” atti-
tude. We expected the students to be mature learners whilc they re-
minded us in their actions and words that they were just out of high
school and sometimes not nearly as adult as we assumed. Such dis-
coveries were important to us as faculty both within and outside of
the Connections program.

We all concluded that the auditing process, while difficult to
complete given our typically overloaded schedules was worthwhile
and that we ultimately learncd a great deal about the course con-
tent, about learning, about our students, and about ourselves as
teachers.

1. THE PiL.oT COURSES

A. First Pilot Course, 1994-95

After a year of intense planning and curriculum development,
we offered the first Connections pilot courses during the 1994-95
academic year. Forty-nine CSM first-ycar student volunteers were
admitted into the program from an initial pool of 299 cligible stu-
dents (those incoming first-year students who did not require reme-
diation or have advanced placement credit for any of the first-year
core courses). The selection process is discussed in more detail in
the Discussion scction. As a rule, our students attended specially
designated sections of each first-year course that were closed to
non-Connections students. The exceptions were large lectures in
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economics, chemistry, physics, and geology. For these courses, our
students attended lectures with other CSM first-year students, but
worked in “Connections only” recitations and laboratory sections.
Modules were introduced into the appropriate courses according to
an established timetable developed by the Connections faculty who
continued to meet bi-weekly to coordinate course schedules and
deal with problems and issues.

Each faculty member also participated as a seminar moderator or
co-moderator so that we met with our students in both a discipli-
nary context in our classes and an interdisciplinary context in the
seminar. The weekly seminar schedule for the first pilot course is
shown in Table 1. We found that the combination of modular work
in classes combined with further exploration of relevant issues in a
discussion-based seminar environment enhanced our interactions
with students and their ability to make meaningful connections
among topics in many disciplines.

Many of our students in the first pilot group commented that an
important motivation to participate in Connections was the opportu-
nity to meet and work closely with faculty and fellow students. They
were less concerned about the scholarly connections than the social
ones. We observed many of our students forming closely-knit study
groups and friendships during their first year in the program,
friendships that continued as the students moved into upper-
division courses. Connections students also tended to talk to the fac-
ulty or communicate by e-mail more than do traditional first-year
students. Overall, we werc able to get to know our students much

better and this helped create a context of trust in which we all
learned from one another in our courses and seminars.

B. Second Pilot Course, 1995-96

Informal student feedback and input from our external evaluator
(Dr. Gloria Rogers from the Rose-IHulman Institute of Technolo-
gy) indicated that students in the program desired more social con-
nections and support (e.g., mentoring and advising; team-building;
academic success strategies) in addition to learning about intellectu-
al and academic connections. Thus, in the second year the program
focus shifted somewhat away from an emphasis on content and to-
wards an emphasis on developing a lcarning community, which, as
described by Love, involves “working collaboratively toward shared,
significant academic goals in environments in which competition, if
not absent, is at lcast de-emphasized. In a learning community,
both faculty and students have the opportunity and the responsibili-
ty to learn from and help teach each other.” [19]

According to The Learning Community Commons Web site
[20], “In higher education, curricular learning communitics arc
classcs that are linked or clustered during an academic term, often
around an interdisciplinary theme, and enroll a common compari-
son group of students. A variety of approaches are used to build
these learning communities, with all intended to restructure the
students’ time, credit, and learning experiences to build community
among students, between students and their teachers, and among

faculty members and disciplines.” The Learning Community

Fall Semester topics

Spring Semester topics

seminar; goals and expectations

Week (2 class hours per week; (2 class hours every other week;
2 credit hours) 1 credit hour)
1 Introduction to Connections Introduction to spring semester

Connection seminar

2 Introduction to critical thinking

Classroom connections I
(emphasis on math and physics)

Introduction to Revolutions (scientific,
industrial, Darwinian)

Introduction to biographies of
4 scientists, humanists, social
scientists, and engineers

Preparation of biographical mini-

faculty interviews

S Continuation of revolutions discussion
plays
6 Performance of mini-plays
7 P ——— Oral presentgtnons from groups studying
each revolution
8 Introduction to primary questions
of method in various disciplines
9 i The Next Revolution (speculation on the
future)
10 Oral and written reports on

Introduction to structured
11 controversy project on the
greenhouse effect

Introduction to “Limits to Growth”
debate; establish hypotheses based on
this research

Structured controversy group
work and discussion on

structured controversy; celebrate
end of semester

k2 greenhouse effect; analyze
available data
13 Full class discussion to wrap-up | Team oral and written presentations
analysis of greenhouse effect supporting proposed hypotheses
14 Oral reports on results of
structured controversy discussion
Individual written reports on
15

Celebrate end of school year

Table 1. Weekly class schedule for Connections seminar (1994-95 pilot version).
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Commons goes on to describe three general types of learning com-
munities in higher education: 1) student cohorts/integrative semi-
nar (students are enrolled in larger classes not coordinated by the
faculty but may meet in an additional integrative seminar); 2) linked
courses/coursc clusters (two or more classes linked which are collab-
oratively planned by faculty and which a cohort of students takes to-
gether; and 3) coordinated study (team-taught courses in an inte-
grated course of study). Additional information on learning
communities can be found in work reported by Tinto, [1], Bystrom
[21], Gabelnick, ctal. [22], and Schroeder, et al. [23], among others.

We made scveral changes in course philosophy, structure, and
content to reflect the shift toward community building before deliv-
ering an updated Connections program during the 199596 academ-
ic year. These changes combined features of each type of learning
community described above and included a major revision of the
seminar to focus on developing the proper support structure for stu-
dent success before concentrating on developing connections
among academic topics and courses. The revised seminar syllabus is
summarized in Table 2. We also made available to the students

more explicit mentoring and tutoring help in addition to formal
seminar sessions.

We utilized a text by Dr. Raymond Landis entitled “Studying
Engineering: A Road Map to a Rewarding Career” [24] for this
portion of the seminar. The Connections scction of Crossroads (the
first-year introductory humanities/social science course) was also
completely restructured to include readings and discussions directly
relevant to our seminar work and work in other courses. Thirty-one
volunteer first-year students from an available pool of 256 students
were admitted into the second version of Connections courses begin-
ning fall semester 1995. Once again, our students attended specially
designated sections of cach first-year course. The modules on reme-
diation of groundwater contamination and passive solar collector
design were revised and introduced into the appropriate courses.
Connections faculty continued to meet bi~weekly to coordinate course
schedules and deal with problems and issues. Once again, each facul-
ty member participated as a seminar moderator or co-moderator so
that we met with our students in both a disciplinary context in our
classes and an interdisciplinary context in the seminar.

Week Fall Semester topics Spring Semester topics
(1 class hour per week; (2 class hours alternating weeks;
1 credit hour) 1 credit hour)
Introduction to Connections; Introduction to Connections spring
1 meet with mentor semester program; debrief fall semester
seminar and courses; meet with mentors
5 Icebreaker; keys to success in
engineering study
3 DiSCL.ISS value of collaborative Math/physics connections
learning and study groups
4 Exam preparation — chemistry
and economics
5 Calculus connections — I Exam preparation strategies
Debrief first round of exams;
take Academic Success Skills
6 survey in Landis and discuss;
introduce methods/biography
project
Continue methods/biography Introduction to revolutions module; team
7 discussion; assign biographies to | selection; distribution of readings
read

Students teach each other about
] the biographies for which they
were assigned; prepare questions
for panel discussion

Panel discussion with prominent
9 engineer, scientist, humanist;
questions focus on method in
different disciplines

Teamwork on revolutions module

Wrap up discussion of method;

exam preparation

10 meet with mentor to plan pre-
registration for spring semester
11 Calculus connections — II Oral presentations on team findings
No seminar — students
12 participate in school-wide
presentations on selecting a
major
13 Time management; chemistry Discussion of “next revolution”

possibilities; final exam preparation

14 Thanksgiving week — no seminar

15 Final exam preparation;
celebrate end of the semester

Celebrate end of school year

Table 2. Weekly class schedule for Connections seminar (1995-96 pilot version).
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1V. RESULTS AND DISCUSSION

Since Connections was an ambitious and unique modification
to the CSM first-year curriculum, we evaluated the project using
both formative and summative evaluation techniques including
student academic performance (grade point averages and reten-
tlon rates), student perceptions and attitudes about issues ad-
dressed in Connections courses and seminars (surveys, journals, in-
formal interviews, focus groups), and faculty feedback. In general,
students in the program praised the dedication and expertise of
the faculty, the opportunity to make new friends with other stu-
dents early in their college careers and several of the serninar top-
ics and modules. Details of these results have been reported else-
where [25-27].

We focus in this paper on an analysis of the graduation data for
the Connections students and comparison groups and on the find-
ings of a follow-up longitudinal survey we administered to students
from both Connections pilot courses. The survey was administered
by mail in 2000 after all but one of the Connections students had
graduated or left the school without graduating. The purpose of the
survey was to acquire feedback from the students as they reflected
on the program and its impact on their academic life and the begin-
ning of their professional careers. In particular, we were interested
in trying to explain the significant increase in graduation rates of
Connections students compared to CSM comparison groups who
entered school in 1994 and 1995.

A. The Selection Process

As discussed earlier, students in both years were selected for the
Connections program from the pool of all entering first-year students
who did not require remediation or have advanced placement
standing. About 50 percent of each entering class met our criteria
for “average.” This selection process was used for two reasons, one
philosophical, one practical. Philosophically, we wanted to deal
with students who, while certainly above average in terms of the
gencral population, were “average” CSM students; we believed that
if our program could work with them, it could also succeed with
students on the two tails. Practically, we needed students who were
all registered for the same classcs so that we could deliver the com-
plete Connections curriculum.

All students who met our criteria for participation were invited
by letter prior to the beginning of fall semester courses. This solici-
tation generated pools of students from which we randomly select-
ed students for Connections. Fach pool of volunteers was approxi-
mately 30-40 percent larger than the ultimate class size we taught
cach year.

B. Graduation Rate and Academic Performance Results

Four-, five-, and six-year graduation rates for Connections stu-
dents who participated in the two pilot courses are summarized in
Tables 3 and 4. Of the 49 students in the first pilot group, 36 gradu-
ated from CSM within five years, 12 did not complete a degree and
left CSM, and one was still enrolled after six years of study. In the
second pilot group of 31 students, 26 students graduated within five
years and five left the school without earning a CSM degree.

Tables 3 and 4 also summarize graduation rates for a comparison
group of CSM students who matriculated at CSM in 1994 and
1995, respectively. For purposes of this study, the comparison
group was defined as any first-ycar student who did not register for
any remedial or advanced placement courses and who was cligible
to participate in Connections but declined or was not randomly se-
lected from the pool of students who volunteered to participate in
the program. We were unable to retrospectively identify a true
“cohort” for this analysis, which would have consisted solely of stu-
dents who applied for the Connections program but were not select-
ed. As shown in Table 3, the differences between the first Connec-
tions group and comparison group students arc mixed. The
five-year graduation rate for Connections students is significantly
higher than for the comparison group, while the four- and six-year
rates are not. However, even after six years at CSM, the comparison
group graduation rate was still nearly nine percent less than the
Connections student rate.

As Table 4 indicates, the graduation rate for the second group of
Connections students is nearly 84 percent after five years, which is
consistently and significantly higher than the rate for the comparison
group. The Connections graduation rates compare even more favor-
ably with the overall five-year graduation rate for the entire CSM
class entering in 1994 of 56 percent and the rate for the entire class
entering in 1995 of 60 percent. Graduation rates tor Connections
students are particularly remarkable given the “average” first-ycar

Tchcentng o1 Percentage of 1994

Time to Connections . — Susscal]

- e comparison group | Statistical comparison
g " graduating (n = 250)

graduating (n = 49)

4 years 24.5 32.0 do not reject Hy ; p=.851
S years 73.5 60.8 reject Hy ; p=0.047
6 years 7345 64.8 do not reject Ho ; p=0.120

! Hypothesis test of proportions:

Hy: Connections graduation rate = comparison group graduation rate
H,: Connections graduation rate > comparison group graduation rate

p-values reported are the probability of wrongly rejecting Ho when it is true

Table 3. Graduation rates of 1994-95 Connections students compared with 1994 first-year comparison group.
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students recruited into the Connections program and the fact that
there was no special treatment of these students after their first year
at CSM.

Note that the statistical comparisons in T'ables 3 and 4 are based
on one-sided t tests of proportions (i.e., graduation rates defined as
graduating students divided by total students in a population). Our
choice of one-sided tests was based on the premise that we were an-
alyzing the data to determine whether Connections students gradu-
ated in significantly higher proportions than the comparison group.
Two-sided tests results provide the same conclusions as results
summarized in Tables 3 and 4.

We also compared the five-year graduation rates of the 1994-95
and 1995-96 Connections student groups and found the difference
(83.9 percent vs. 73.5 percent) not to be statistically significant
(p = 0.281) given the small sample sizes of students involved. Never-
theless, our interactions and discussions with the 2nd Connections
group suggested that increased focus on community building and aca-
demic success strategies further cnhanced the persistence of these stu-
dents. This finding will be discussed further in the Discussion section,

Given the significant improvement in graduation rates for Corn-
nections students, we scarched for possible explanations in terms of
academic preparation (e.g., ACT, SAT scores) or academic perfor-
mance at CSM (GPA at graduation). Tables 5 and 6 summarize
ACT and SAT results for the 1994-94 and 1995-96 Connections
students and their comparison groups. As indicated in these tables,

test scores for Connections students and the first-year comparison
groups were not statistically different in cither 1994 or 1995. We
found no evidence indicating that the students who chose to partici-
pate in the Connections program were academically different than
other first-year students in the comparison groups.

Another potential influence on graduation rates was a difference
in academic performance between Connections students and the
comparison groups. To see if this cffect existed, we compared the
final grade point average of Connections graduates and the corre-
sponding comparison groups. Results are summarized in Tables 7
and 8 for four- and five-year graduates (no Connections students
graduated in year six so comparisons beyond five years are not possi-
ble). As the data show, academic performance of Connections stu-
dents was not statistically different from the comparison groups
with the exception of the five-year Connections graduates who par-
ticipated in the first pilot course. These students had a slightly lower
average GPA than their comparison group. Thus, we found no
compelling evidence that the academic performance of the Connec-
tions students was superior to their peers. To us, this confirmed that
the Connections students were “average” students who persisted in
higher numbers than their peers.

C. Results of Longitudinal Survey
Since we found no statistically significant ACT/SAT or GPA

data that could explain the dramatic increases in the graduation

Percentage of Percentage of 1995
Time to Connections comparison grou o |
graduation | students graduating gral:iuatingg b Statistical comparison
(n=31) (n =225)
4 years 45.2 293 reject Ho ; p=.037
5 years 83.9 60.9 reject Ho ; p=0.006
6 years 83.9 65.8 reject Hy ; p=0.021

! Hypothesis test of proportions:

Ho: Connections graduation rate = comparison group graduation rate
Hi: Connections graduation rate > comparison group graduation rate

p-values reported are the probability of wrongly rejecting Hy when it is true

Table 4. Graduation rates of 1995-96 Connections students compared with 1995 first-year comparison group.

Connections 1994
Test Comparison Statistical comparison'
students
group students
ACT 27.9 279 . o
composite (n=44) (n=198) Comotrgjeekblypp=0:565
1239 1249 . e
SAT total (n=35) (n=179) do not reject Hy ; p=0.610

! Hypothesis test of means:

Ho: Connections mean score = comparison group mean score
H,: Connections mean score # comparison group mean score

p-values reported are the probability of wrongly rejecting Hy when it is true

Table 5. ACT and SAT scores for 199495 students.
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Connections 29535 1
Test Comparison Statistical comparison
students
group students
ACT 26.7 27.6 . Be,
composite (n=24) (n=183) do not reject Ho ; p=0.183
1220 1242 . L
SAT total (n=21) (n=155) do not reject Hy ; p=0.329

! Hypothesis test of means:

Hy: Connections mean score = comparison group mean score

H,;: Connections mean score # comparison group mean score

p-values reported are the probability of wrongly rejecting Ho when it is true

Table 6. ACT and SAT scores for 1995-96 students.

. 1994
C‘;:’:j:::tosns Comparison Statistical comparison1
group students
4-year 3.28 3.38 ; )
. =12) (n=80) do not reject Hy ; p=0.512
S-year 3.00 3.19 : o
graduates (n=24) (n=72) e E0-20

! Hypothesis test of means:

Ho: Connections mean score = comparison group mean score

H,: Connections mean score # comparison group mean score

p-values reported are the probability of wrongly rejecting Ho when it is true

Tuable 7. Grade Point Average of 1994-95 students.

Connections 1995. o T
e Comparison Statistical comparison
group students
4-year 3.32 3.36 . ]
T b (n=14) =55 do not reject Hy ; p=0.722
S-year 3.24 3.14 . o
s (n=12) (=71) do not reject Hy ; p=0.341

' Hypothesis test of means:

Hy: Connections mean score = comparison group mean score

H,: Connections mean score # comparison group mean score

p-values reported are the probability of wrongly rejecting Ho when it is true

Table 8. Grade Point Average of 1995-96 students.

rates of Connections students, we administered a follow-up survey in
the fall of 2000 asking participants in the program to reflect about
their experiences. The survey asked questions related to both the
content and mentoring/learning community goals of Connections.
Table 9 summarizes the return rate data for each Connections class;
these rates are considered above average for this type of survey. Al-
though the responses from both student groups about the original

January 2004

program goals focusing on content were positive, feedback about
the mentoring and learning community facets were especially en-
thusiastic. We also interpreted the high survey return rates as an in-
dication of students’ continued interest in Connections.

In the first part of the survey, students were asked to respond to ten
questions about the program using a Likert scale from 1 (not at all) to
5 (to a great extent). The results of the survey from the 1994 group are
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sumnmarized in Table 10 and the results from the 1995 group are sum-
marized in Table 11. To simplify the data presentation, we have ag-
gregated the 1 and 2 responses (“not at all” and “a little”) and the 4 and
5 responses (“to some extent” and “to a great extent”). The first six
questions deal primarily with the content goals of the program while
the last four focus on mentoring/learning community goals.

Clearly, students believed that Connections enhanced their acad-
cmic preparation by helping them make connections among course
topics, by improving their critical thinking abilities, by helping
them set a context for their science and engineering studies, and by
heightening their awarencess of important historical and contempo-
rary issues including ethical situations. They also believed that the
increased amount of writing and speaking in Connections helped
improve their communication skills.

Even though the majority of students agreed with each of the
ten statements in the survey, we observed a clear difference between
the six questions related to course content and the four questions re-
lated to social interactions in the program. The average percentage
of “4” and “5” scores for the 1994 class was 63.0 percent for ques-

tions 1-6 and 80.2 percent for questions 7-10 while in the 1995
class, the average percentages were 70.9 percent for questions 1-6
and 90.3 percent for questions 7-10. These differences are statisti-
cally significant at the 95 percent confidence level (p = 0.009 and
0.007 for the 1994-95 and 1995-56 student groups, respectively).
Particularly in the second pilot course where the seminar was re-
designed to emphasize the role of faculty and peer mentoring and
learning community development, students believed that social
connections were more meaningful to them than the topical con-
nections originally envisioned by the Connections faculty and as ex-
emplified by the original learning objectives of the program.

The second section of the follow-up survey allowed students to
provide open-ended responses to four questions:

's . What positive memories, if any, do you have of Connections?
What negative memorics, if any, do you have of Connections?
What influence, if any, did the Connections program have on
your educational experience at CSM or elsewhere?

What else would you like us to know about your Connections
experience?

1994-95 Class 1995-96 Class
Total students in the program 49 31
Number of students who received the
survey because a valid mailing address was 40 28
available
Number of students returning a completed
survey (% of students who received the 24 (60%) 18 (64%)
survey )

Table 9. Return rates  for follow—up Connections survey.

Percentage of Student Responses
“To some
s it a't allPor Neutral extent” or “To a
Question “A little” 3 texiont?
(1) and (2) 3) great exten
(4) and (5)
Connections helped me discover and develop
significant connections among my first year core 26.1 26.1 48.8
subjects.
Connections helped me to enhance my critical
thinking abilities and apply them in a variety of 16.7 16.7 66.6
contexts.
Connections helped me to understand the historical
and cultural contexts that have influenced 4.2 37.5 58.3
developments in science, humanities, and engineering.
Connections helped me to become aware of and think
about important historical and contemporary issues 8.4 29.2 62.5
and ideas.
Connections helped me to further develop my sense of
cthics and values, particularly about technology in the 20.8 16.7 62.5
modern world.
Connections helped me to improve my oral and
written communication skills. 8.2 125 79.2
[ spent time outside of class socializing with members
of my Connections group. 12.5 4.2 83.3
[ spent time outside of class learning with members of
my Connections group. 16.6 8.3 75.0
The quality of my learning at CSM was enhanced by
my interactions with the other Connections students. 12.5 8.3 79.1
The quality of my learning at CSM was enhanced by
my interactions with the Connections faculty. 12.5 4.2 83.3

Table 10. Survey responses from Connections class enterin g in 1994.
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Percentage of Student Responses
“To some
. “Nok a't allion Neutral | extent” or “To a
Question “A little” 3 e
(1) and (2) 3) great exten
(4) and (5)
Connections helped me discover and develop
s1gr?1ﬁcant connections among my first year core 16.7 56 77.8
subjects.
Connections helped me to enhance my critical
thinking abilities and apply them in a variety of 56 222 722
contexts.
Connections helped me to understand the historical
and cultural contexts that have influenced
e " s 5.6 jE] 83.3
developments in science, humanities, and engineering.
Connections helped me to become aware of and think
aboqt important historical and contemporary issues 126 18.8 58.8
and ideas.
Connections helped me to further develop my sense of
ethics and values, particularly about technology in the 23 16.7 61.1
modern world.
Connections helped me to improve my oral and
written communication skills. 11.2 16.7 722
I spent time outside of class socializing with members
of my Connections group. 5.6 5.6 88.9
[ spent time outside of class learning with members of
my Connections group. 5.6 11:1 83.4
The quality of my learning at CSM was enhanced by
my interactions with the other Connections students. 0.0 il 88.9
The quality of my learning at CSM was enhanced by
my interactions with the Connections faculty. 0.0 0.0 100.0
Table 11. Survey responses from Connections class entering in 1995.
1994-95 Class 1995-96 Class
Question Acad. | Social | General | Acad. | Social | General
What positive memories, if
any, do you have of 1 19 1 0 15 0
Connections?
What negative memories, if
any, do you have of 7l 3 8 3 2 3
Connections?
What influence, if any, did
the Connections program
have on your educational 8 8 3 3 7 4
experience at CSM or
elsewhere?
What else would you like us
to know about your 8 11 3 3 5 4
Connections experience?
Table 12. Classification of anecdotal survey comments by Connections students.

These anecdotal comments allowed us to gain additional reflec-  the comments about positive memories of the program focused on
tive insights about what the students truly valued in the program  developing friendships, study groups, and a support structure as the
and what they thought was less important. Table 12 summarizes ~ following example comments illustrate:

our classification of comments into three categories: 1) comments e “the close interaction with professors from a varicty of de-
about academic topics, connections, projects, and/or the seminar, 2) partments and backgrounds”
comments about interactions with faculty or students or other social o “the friendships made”
aspects about the program, 3) general comments about life at CSM e “mybest man and bride were Connections students”
or other aspects of the program such as the additional workload of o “great bond with students you have every class with”
the seminars and rigid scheduling (Connections students took all e “the fond memories are of my time with Connections triends
their classes together). outside of class”

As Table 12 shows, students tended to reflect more about the o “made it easier to get to know everyone and feel completely
social aspects of the program than the academic aspects. Nearly all comfortable to ask questions or for help when needed”
January 2004 Journal of Engineering Education 33
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D. Discussion: Connections as a Learnin g Community

Based on our analysis of the survey, we believe that a significant
reason for the greater persistence rate of the Connections students
was the learning community that they and the Connections faculty
formed, especially in the second year of the program. Tinto [1] enu-
merates four outcomes associated with learning communities he
studied, all of which were borne out in our study. First, students in
learning communities “tended to form their own self- supporting
groups, which extended beyond the classroom.” We observed Con-
nections students forming study groups and readily engaging in peer
learning in our classes and seminars. At times, we formed the
groups for specific tasks or projects, but student also chose to form
their own groups that they tended to remain in for weeks or
months.

Sccond, Tinto observed that “learning community students be-
came more actively involved in classroom learning than other stu-
dents, even after class. ... They tended to learn and make friends at
the same time.” Connections students got to know their peers more
quickly than typical first-year students and therefore became com-
fortable in active learning situations. Trust among students and
Connections faculty was quickly established and remained strong
throughout both pilot courses. In addition, many Connections stu-
dents commented in the longitudinal survey about the life-long
friendships they had begun while in Connections including two cou-
ples who eventually married.

Third, Tinto noted that “participation in the learning community
seemed to enhance the quality of student learning.” While Conzec-
tions student grades were not significantly different than their com-
parison group peers, classroom sessions with Connections students
often consisted of rich discussions about topics we had previously in-
troduced in a module or during a seminar session. In addition, the
retrospective survey indicated strongly that Connections students be-
lieved the program enhanced their intellectual experience.

Fourth, Tinto has reported that learning community students
“persisted at a substantially higher rate than did comparative stu-
dents in the traditional curriculum.” Conmections students persisted
and ultimately graduated at rates approximately 25 percent higher
than their comparison groups and CSM undergraduates as a whole.
‘Thesc differences came despite the fact that there was no special at-
tention paid to Connections students after their freshman year.
These results cannot be explained in terms of academic preparation
as measured by SAT or ACT scores or academic performance as
measured by grade point average.

V. CONCLUSION

Given the success of the Conmections program in significantly
improving the five-ycar graduation rate of “average” CSM students
(those matriculating without the need to take remedial courses or
opportunity to advance place), we belicve that several lessons
learned are relevant to improved student retention in engineering
cducation. We believe that :

o Mentoring makes a difference. Connections students, particu-
larly in the sccond pilot group, felt that interactions with fac-
ulty and peers were the single most positive aspect of their cx-
perience.

e learning communities arc important. Our experience
strongly supports other studies that show students who feel
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that they belong from the beginning are more likely to per-
sist, even if the intervention terminates.

o Content of integrated programs like Connections, while im-
portant, docs not have the impact that personal contact has.
We lcarned that our expectations and our students’ expecta-
tions didn’t necessarily match.

e Resources spent up front to allow top faculty to teach and
mentor first-year students pay dividends in increased reten-
tion and overall satisfaction with the educational experience.

Based on our findings, CSM has increased the focus on learning
community development and social support in the first-year success
seminar required of all entering students and has experimented with
the use of block scheduling so that groups of first-year students take
at least 2-3 courses together. In addition, the concept of integrating
the first year has been expanded as a result of a curriculum revision
process that was informed by the Connections program. While these
changes are not as focused (or resource intensive) as Connections
was, modest increases in graduation rates of 5-7 percent have oc-
curred in recent years that we believe can be at least partially attrib-
uted to them.
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