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Abstract - In spite of tremendous attention, the existing models for the introductory courses in computing majors remain problematic and dominated by programming courses.  The “programming first” model, along with ideas on how to implement it, has been the topic of endless debate for decades.  In spite of many projects and publications, the problems have not been solved, and the debate continues.  This paper will discuss the EntryPoint project.  EntryPoint seeks a better approach for the first two years of undergraduate computing programs - an approach that will improve appeal of the programs and student success in them. EntryPoint will depart substantially from the Programming-first model.  Instead, EntryPoint will develop a “Computing-first” model that will emphasize the computing discipline as the primary framework for initial study.  This paper discusses the problems that EntryPoint seeks to address, an initial re-design of courses, and principles for a more extensive re-design.
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background
For many years, computing curricula have been dominated by some flavor of a “Programming-first” approach to teaching computing [1].  These introductory programming courses and other courses early in the degree have long been a stumbling block for students interested in computing majors.  Some of the problems identified with this approach are:

· The courses imply that computing equals programming 

· A focus on programming delays coverage of theoretical topics and gives too little weight to analysis, design, testing, and evolution of software
· Programming-intensive courses disadvantage students who have no prior exposure to computers

· Introductory course sequences often assume the same content and approach is appropriate for all computing majors even though there are substantial differences across the computing disciplines
· Students begin computing degree programs with computing knowledge that varies broadly
· Students compete, and students are easily intimidated by other students.  This can affect the interaction of students and it also seems to affect women students in particular
Problems such as these combined with the general difficulty of the material contribute to the substantial drop out rates in computing majors.

Computing Curriculum 2001 [1] discusses advantages and disadvantages of a Programming-first model, but ends the discussion with this comment:

“The members of the CC2001 Task Force believe that the programming-first model is likely to remain dominant for the foreseeable future. … we acknowledge that there appear to be serious problems inherent in that approach. To date, no adequate resolution has emerged. Thus, it is imperative that we encourage continued innovation and experimentation with alternative models aimed at addressing these problems.” (p.24)  EntryPoint proposes exactly this type of innovation and aims to produce a substantially different model for the first years of computing majors.  
The approach to the EntryPoint project is incremental.  A first stage, currently in progress, uses a new set of introductory courses to gain experience with selected techniques.  While these are being offered, the project team is designing a replacement approach, called the “Computing-first” model that will replace the first two years of the curriculum with a more integrated approach.  The following sections describe the new courses and the larger re-design.
Software I - IV
The Software I - IV course series provides a first step away from the existing introductory programming course sequence.  The sequence still consists of courses focused on programming, but it will add new material and approaches to improve outcomes.  The objectives of this change are:

· To improve student learning outcomes in programming knowledge and skills

· To improve student satisfaction and retention, with particular attention to the female students

· To improve student understanding of commercial scale software development and systems 

· To increase student learning related to the broader set of software life cycle phases

· To increase student learning related to the broader set of technologies that typically comprise application systems

· To improve student understanding of the role of software knowledge for IT professionals

Some of the key changes to the teaching approach to achieve these objectives are:

· The sequence has been expanded from the existing three quarter terms for the CS1/CS2 style courses to four quarter terms.  Students also take a course prior to this sequence that is somewhat like a CS0 course.  This course will be revised for the new Software course sequence.

· Most of the programming will be done collaboratively using both pair programming and team programming.  This approach will build on research results indicating increased student success with pair programming and preference by female students for collaborative activities.  It also reflects common commercial practice and the need for students to develop teamwork skills

· Student work will have substantial scaffolding in order to allow students to get some exposure to more advanced topics earlier in the sequence

The courses will be organized around themes to emphasize the non-programming elements of each course.  Some topics will be cross cutting or smaller themes, but the primary organizing themes will be as follows:

· User concerns - Software I will emphasize notions of human-centered computing and software requirements as a basis for development

· Connections - Software II will emphasize programming in the context of other technologies including the Web, databases, and alternate platforms such as mobile devices

· Construction - Software III will emphasize issues of good design and programming technique and style

· Challenges - Software IV will emphasize problems of scale, complexity, and change in software systems

The experience with these courses will provide an initial evaluation of concepts that will be extended in the Computing-first model.  The conference presentation will provide additional detail on these courses, and present data from a first offering of them.
The Computing-first Model

The goal of creating a new model for introducing any computing degree is a very large challenge.  There has been a general lack of progress creating new models for introductory programming, even though there has been great effort [1].  For example, Valentine [2] reports that 30% of all presentations at ACM SIGCSE over the last 10 years relate to introductory programming.  Findings that a new model should build on include indicators that student learning and interest in computing is helped by:
· Self Confidence - Building self-confidence of students [3]
· Collaboration - Using collaborative approaches to learning [4,5]
· Application - Showing application of the material, connection to jobs, and potential to help others [3,6]
· Creativity - Highlighting creativity in the work [3]
· Communication - Emphasizing computing as communication and a means of expression [6]
· Classroom Environment - Overcoming stereotyping, valuing diversity, creating a non-threatening environment [3,5]
The Computing-first model will begin with an initial set of design goals shown below.  Connection of these goals to the research results listed above is shown in parentheses.  The goals are: 
· To eliminate dedicated introductory programming courses while maintaining expected learning outcomes for programming (self-confidence, application, creativity, classroom environment)
· To teach programming exclusively as a team based, collaborative activity (collaboration, self-confidence, classroom environment)
· To teach programming as an engineering activity including basic concepts of software development process at a team level (application, collaboration)
· To provide early exposure to programming integrated with common application systems components such as web user interfaces, databases, and mobile devices (application, communication)
· To provide early exposure to development of software applications using approaches that require little programming in a traditional sense (self-confidence, application)
The Computing-first model would be a significant departure from prior efforts.  Among existing models it might appear most related to the Breadth-first approach.  However, a survey conducted for [1] makes it clear that the approach proposed here is significantly different than actual Breadth-first implementations.
The conference presentation will contain results of the EntryPoint design project for the Computing-first model, and plans for implementation.

The EntryPoint project is supported in part by NSF grant NSF-EHR-DUE-0633555.
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