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ABSTRACT
Although undergraduate enrollment in Computer Science
has remained strong and seen substantial increases in the
past decade, retention of majors remains a significant concern, particularly for students at the freshman and sophomore level that are tackling foundational courses on algorithms and data structures. In this work, we present BRIDGES,
a software infrastructure designed to enable the creation of
more engaging assignments in introductory data structures
courses by providing students with a simplified API that
allows them to populate their own data structure implementations with live, real-world, and interesting data sets,
such as those from popular social networks (e.g., Twitter,
Facebook). BRIDGES also provides the ability for students
to create and explore visualizations of the execution of the
data structures that they construct in their course assignments, which can promote better understanding of the data
structure and its underlying algorithms; these visualizations
can be easily shared via a weblink with peers, family, and
instructional staff. In this paper, we present the BRIDGES
system, its design, architecture and its use in our data structures course over two semesters.
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1. INTRODUCTION
Over the past several years, enrollment in computer science undergraduate degree programs has been increasing at
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rates ranging from 6-11% [9]. Despite this increase, retention of CS majors remains a critical concern, especially at
the freshmen/sophomore levels, with attrition rates of up to
66% [8]. While the factors that motivate changing majors
are many and varied [8], strategies to increase retention are
crucial to meet the national needs for graduates that can
contribute to a robust and innovative twenty-first century
workforce.
Demonstrating a connection between computing and the
real world has the potential to increase students’ motivation and interest in computing; grounding teaching in familiar, concrete, and relevant examples has been shown to
improve learning [4] and has a positive effect on the retention
of computing majors, particularly for women students [7]. In
practice, however, there is little support for educators who
want to incorporate this kind of approach into introductory
computer science courses; for most students in introductory
computer science courses, there remains a disconnect between the students’ own everyday experiences with existing
information systems that address real-world problems and
the toy examples with small, uninteresting, synthetic data
sets they encounter in course assignments that are used to
teach students how data structures and algorithms work.
In this paper, we introduce the BRIDGES (Bridging
Real-world Infrastructure Designed to Goal-align, Engage,
and Stimulate) system, which (1) facilitates student access
to live, real-world data sets for use in traditional data structures programming assignments and (2) makes it possible for
students to view and verify (debug) their own implementations of data structures, by providing visualization capabilities. The goal is to increase the engagement of students
enrolled in data structures courses in an effort to improve
retention of students in the computer science major. We
present the architecture of BRIDGES and sample projects
that can be enabled through the use of BRIDGES in a data
structures and algorithms course. We describe a study of the
application of BRIDGES in two semesters of a sophomorelevel course; results show that the majority of students indicate that the BRIDGES-enabled assignments are relevant
to career goals and increased their interest in computing.

4. RELATED WORK

instructors. As more instructors adopt BRIDGES, we
plan to perform a larger scale evaluation that measures
computing attitudes and engagement in data structures and algorithms courses across institutions.

Closely related to our work are the approaches in Buckley et al.’s Socially Relevant Computing [6] and Bart et al.’s
RealTime Web[2]; Buckley’s work incorporates real world
scientific applications into both their introductory and senior capstone courses to make them more interesting and
relevant. Bart’s RealTime Web provides a set of flexible
client libraries to request, parse and return real-time data
from a number of web sources (Yelp, weather reports, Yahoo
Finance, etc.) Our approach goes even further to make the
course material relevant; in addiiton to providing easy access
to real-world datasets, we provide instantaneous visualizations of the data structures that are built by the students
themselves that can help to improve the understanding of
the data structure and the algorithms that operate on them.
Visualizations have long been promoted as a way to improve student understanding of data structures and algorithms [1, 12, 5], and the research literature highlighting
the ability of interactive visualizations to enhance discovery
is vast. Previous efforts to increase engagement have shown
promise for the use of visual programming (e.g., Scratch and
Alice) [13, 10] for making the first programming steps easier and more engaging. In addition to providing a graphical
interface for piecing together programs, these systems let
students build graphically interesting programs and encourage them to explore, experiment, and play. Formal evaluations of Alice[11] have shown increased performance and
retention in the programing courses and improved attitudes
toward computing, especially for at-risk students.
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5. CONCLUSIONS
We have presented BRIDGES, a system that provides
students with an easy-to-use API for accessing real-world
datasets for use in data structures course projects and the
ability to explore interactive visualizations of the data structures that are created as part of a BRIDGES-enabled assignment. Rather than look at (uninteresting) textual output
of data structures assignments for verification/debugging,
students can use BRIDGES to interact with visualizations
of the execution of their assignments on real-world data,
with the added ability to share their visualizations with
peers, friends, and family. Early results of using BRIDGES
over 2 semesters in 1 section of our data structures course
are promising, with students reporting increased interest in
computing after completing assignments.
Currently, we are extending BRIDGES on 3 fronts:
• External Data Sources. Ultimately, we expect that
BRIDGES will provide access to large variety of interesting external data sources. We also hope to integrate the rich work of RealTime Web[2] to complement
BRIDGES.
• Peer Mentoring. An important component of this
project is to build strong connections within the major
through peer mentoring, using BRIDGES as a shared
interest; specifically, we plan to pair students in data
structures courses with the students in the senior-level
software development capstone course who are tackling
software development projects to extend BRIDGES.
• Extended Evaluation. BRIDGES is open source
and is available at http://bridgesuncc.github.io/.
Java and C++ versions are available for deployment by
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