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Abstract 

 
A minimal-lecture approach to student education in software project management has 

been developed and implemented at the University of North Dakota.  In CSCI 297-

Experiential Learning, there are no lectures (aside from presenting logistical information 

and assignments).  Instead, students participate in weekly in-class discussions about 

project management topics.  During these discussions they are required to demonstrate 

their knowledge of the material covered through the topics that they respond to (or bring 

up) and also to provide critical feedback to their peers (in an appropriate professional 

manner).  They also undertake a (or participate in an ongoing) software project and 

produce applicable artifacts for the project management activities for this project.  The 

goal of the course is to provide the students with a theoretical understanding of project 

management concepts and practical experience in project management.   

 

To date, four projects have been utilized including software development as part of a 

small spacecraft program, development of software for a 3D Scanner, development of 

software for institutional instruction support and supporting the department’s charitable 

computer refurbishment program.  The learning which has occurred in this course has 

been measured via a pre-/post-test protocol which asks questions about student 

preparation and their outcome expectations and validates these through a quantitative 

assessment of knowledge and application both prior-to and after the course.  Students 

also demonstrate their knowledge via the creation of a poster about their work which is 

displayed at a local forum or symposium. 

 

This paper presents an overview of the format used for CSCI 297 and the progression of 

topics and assignments used.  Then, an overview of the educational outcomes attained by 

students, from both a quantitative (based on the surveys and pre-/post-tests) and 
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qualitative perspective is provided.  These outcomes have ranged from increased 

knowledge of and ability to apply project management techniques to experience and 

confidence with public speaking and time management skills.   
 

1 Introduction 

A minimal-lecture approach to student education in software project management has 

been developed and implemented at the University of North Dakota.  In CSCI 297-

Experiential Learning, there are no lectures (aside from presenting logistical information 

and assignments).  This paper presents an overview of the format used for CSCI 297 and 

the progression of topics and assignments used.  Then, an overview of the educational 

outcomes attained by students, from both a quantitative (based on the surveys and pre-

/post-tests) and qualitative perspective is provided.  These outcomes have ranged from 

increased knowledge of and ability to apply project management techniques to 

experience and confidence with public speaking and time management skills.   
 

2 Background 

With several studies [1, 2] presenting information technology and software development 

project failure rates as high as 50% and many of these failures being attributed to project 

management, the existence of a problem is clear.  What is less clear is where the solution 

may lie.  Problematically, as de Bakker, et al. [4] note, despite a growing knowledge base 

about the reasons for project failure it’s not being used.  They also stress the importance 

of project risk awareness in practitioners.  Bannerman [5] contends that project risks may 

be created through the project management process, identifying inflexible management 

techniques and the mismatch of control and management techniques to the environment 

as key risk drivers. 
 

2.1 Project-Based Learning 

The utility of project-based learning (PBL) has been extensively demonstrated.  It has 

been shown to be effective across the spectrum of educational levels [6, 7] and numerous 

fields of study (including electrical [8], mechanical [9], computer [10] and aerospace [11] 

engineering, computer science [12], entrepreneurship [13] and project management [14]).  

It has shown benefit in student retention in a program [15], knowledge retention [16], 

student understanding [17], preparation for the workforce [17], enhanced creativity [18], 

self-image and motivation [19] and even job placement [20]. 

 

The combination of PBL and small spacecraft has also been demonstrated [21, 22].  In 

fact the CubeSat form factor was developed to enable PBL projects in Aerospace 

Engineering [23].  The use of PBL in computer science, however, O’Grady [24] asserts is 

generally “shallow”; its prior use in teaching technical project management [14] has 

generally focused on small self-contained projects.  This, however, limits the ability to 

provide students with hands-on experience in many advanced project management 

concepts. 
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2.1 OpenOrbiter Program 

The OpenOrbiter program is a student-run effort to create a design for a CubeSat (10 cm 

x 10 cm x 10 cm, 1.33 kg) class [25] spacecraft that can be built with a parts cost of less 

than $5,000 [26], allowing the spacecraft to be constructed from institutional teaching 

funds.  This reduces the level of risk to the responsible faculty member, as educational 

benefits are the focus and science and engineering development are ancillary benefits.  

The spacecraft utilizes a new design [27] which, in conjunction with the public 

availability of the designs, facilitates innovation and exploration [28].  It allows the 

disruptive style of research advocated by Swartwout [29, 30]. 

3 Learning Objectives 

The objectives of this course met and exceeded the learning objectives stated relative to 

project management in the ACM / IEEE Computer Society model curriculum.  Model 

topics include [3]: 

 Team management 

 Scheduling 

 Measurement / Estimation 

 Risk 

 Quality Assurance 

 Configuration management / version control / release management 

 Project management tools 

 Process models 

 

The following learning objectives were also identified in the model [3]: 

 Team project involvement (team building / management) 

 Project plan creation (including estimation, scheduling, resource allocation, 

configuration and change management and risk identification / management) 

 Determine a risk approach 

 Compare / contrast quality assurance techniques 

 

The foregoing is attributed a minimum core coverage time of three hours [3] (which 

means three contact hours devoted to the topic plus ancillary time devoted to related out-

of-class work).  In addition to providing additional depth in the foregoing areas (and 

allowing students to work on a larger than typical-classroom project to gain experience), 

other topics were included.  These included: 

 Project Initiation / Definition and Planning 

 Work Breakdown Structures 

 Budgeting 

 Control (which is related to several of the model’s points but not directly stated) 

 Change Management 

 Deliverable Management 
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 Issue Management 

 Additional Risk Management areas 

 Additional Quality Management areas 

 Project Leadership 

 Communications Management 

 Expectations Management 

 Performance Management 

 Conflict Resolution  

 Project Closeout 

 

For each area students demonstrated knowledge acquisition via ‘flipped classroom’ 

discussions and use in managing the ongoing project or planning for it.  Practical skills 

were also gained and demonstrated via use in the context of the project.  The course 

approach is discussed in the subsequent section and experimental design for assessing 

student learning is described in Section V. 

 

4 Course Overview 

The work undertaken was performed in the context of the instruction of the University of 

North Dakota’s CSCI 297 course.  At UND, CSCI 297 is an open-format experiential 

learning opportunity.  The project management implementation (which is planned to be 

offered again in future semesters) was a one-credit elective targeted at sophomore and 

junior-level students. 
 

While a few initial lectures were given to provide an overview of the course and set 

expectations, the majority of the course was conducted via the PBL technique.  A limited 

number of ‘flipped classroom’ style discussions were used to ensure students acquired, 

understood and could apply knowledge relating to areas that it was not possible for them 

to gain direct experience with. 

 

During the course of the class, students selected one of the OpenOrbiter software teams 

and, for this team (based on information collected from other team members) they: 

 Created a project definition document 

 Created an overview of deliverables and their elements 

 Created a work breakdown structure for the group 

 Used the work breakdown structure for estimation 

 Created a schedule for the group (including dealing with dependent tasks and 

fixed start/end date tasks, where applicable) 

 Used Microsoft Project to build some of the foregoing 

 Presented their work as a poster at a local event related to space robotics 

 Broke in to two-person teams which each developed two operations-phase (risk / 

issue / change / etc. management plans) 

 Adapted their plans based on supplied additional information that they were 
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required to consider 

 Provided critical feedback to their classmates via verbal discussions and 

anonymous feedback cards 

 Interacted with team members from the team that they were supporting to gather 

information and gain buy-in for their proposed plans 

 

This one-credit course met once a week.  Students were also expected to attend the 

weekly meeting of the group that they were supporting.  Some got involved in the 

activities of their group beyond they requirements of the class, while others focused their 

involvement primarily on class activities. 
 

4 Results 

Students were given a knowledge pre- and post-test.  This test consisted of questions 

from two common project management books, commonly used in higher-level courses.  

These were selected to prevent students from ‘topping out’ the scale if they fully 

mastered the material.  Scores on the pre- and post-test, including the level of gain, are 

presented in Table 1.  Notably, both the pre- and post-test were given unannounced, 

preventing students from having an opportunity to study or otherwise prepare and, thus, 

representing actual knowledge retained through experience (and de-confounding the 

impact of short term gains attained from cramming). 
 

TABLE I 

EVALUATION RESULTS. 

  Pretest Posttest Difference 

Form A - Form A 

Pre-testers Only 50% 67% 17% 

Form A - Both   59% 9% 

Form B - Form B 

Pre-testers Only 56% 67% 11% 

Form B - Both   66% 10% 
 

Students were also asked to identify areas of benefit that they received from participation 

in the course (and related participation in the larger project).  They participated in a pre-

survey (along with students in the program but not in the class) of expected benefits (the 

results of which were presented in [35]).  Figure 1 presents the areas identified as the 

most important benefits received. 
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Figure 1. Top Areas of Benefit Identified by Participants. 

5 Conclusion 

This paper has presented an overview of the CSCI 297-Software Project Management 

Through Experiential Learning course offered at the University of North Dakota.  It has 

demonstrated student learning has occurred in the courses.  However, due to the lack of 

an objective standard for comparison to, it is impossible to say (with any certainty) how 

the performance of the approach taken compares to other approaches taken at other 

institutions that may offer courses with similar content.  Thus, the extrapolation of this 

work, in the absence of comparative data is not practical.  

  

Future work will include additional assessment of the performance of students in this 

course over multiple offerings and analysis of the differences in projects and other factors 

on student learning outcomes. 
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