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Abstract  
Student contests are becoming an increasingly popular complementary learning approach.    
Integrating contests in computer science education has shown to be effective in solving classroom 
problems and boosting overall student performance.  The increased number of student technology 
contests worldwide has emphasized the importance of individual and team coaching in producing 
winning results and achieving learning outcomes.  In team-based contests, special attention has been 
drawn to the role of team management in maximizing contestants’ performance. Literature in this area, 
however, is too limited as yet to make inferences about technology contests in specific.  To date, 
literature on coaching teams in competitions is dominated by contributions in the field of sports and 
athletics.   In this paper we attempt to add a context-specific perspective to team coaching through 
examining two types of student technology contests; programming contests and prototype 
development contests.  The paper will provide a comparative analysis of the two types of contests 
through the lenses of team management and coaching theories, underpinning the main factors that 
optimize student performance before and during contests. By identifying the nature of team-coach 
interaction within each type of contest, this paper aims to highlight the role of effective coaching in 
dealing with typical and emerging challenges in technology contests.  The first half of the paper will 
dissect the components of the two types of contests in question, using the ACM International 
Collegiate Programming Contest (ICPC) and the Microsoft Imagine Cup as examples.  Contributions 
of the two contests to the learning process will be elaborated through previous experience of 
integrating them into data structures and software engineering courses. The second half of the paper 
will establish an understanding of how individual coaching is required even within team-based 
contests, touching on the relevant psychological theories of task- oriented and person-oriented 
coaching approaches.   Best practices and recommendations for coaching teams in the two contests 
will be discussed.  
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1 INTRODUCTION  
Student contests have been gaining popularity as an effective tool in supporting educational 
approaches and solving typical problems in teaching and learning computer science.  But, to achieve 
their desired pedagogical benefits, student contests have to be supported by rigours coaching 
programs that are aligned with educational goals, and can offer solutions that address the contextual 
needs of both; the students and the professors. This paper focuses on two types of student contests 
and the ways they can be integrated within different courses to optimize the learning outcome. The 
paper also examines the coaching processes associated with each type of contests, shedding light on 
the coaching relationship, frameworks, and tools that can contribute to a good coaching program.   

But, before delving deeper into the topic of this paper, it is pertinent to briefly review the advantages of 
integrating student contests within the educational process for both students and instructors.  

2 ROLE OF STUDENT CONTESTS IN SUPPORTING STUDENT LEARNING 
OUTCOME  

2.1 Theoretical Courses 
In theoretical courses, like Analysis and Design of Algorithms and Data Structures, some of the most 
common challenges facing instructors are students’ lack of programming skills, lack of problem solving 
skills and lack of ability to develop medium sized efficient solutions for given problems. The courses 
typically aim to introduce the concepts of comparing two solutions for the same problem.   Contests 
that support programming skills, like ACM-ICPC and Google Jam, can help students grasp the taught 
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concepts in a more edutainment context, providing them with the essential problem solving skills. 
Some of the learning objectives that can be achieved by participating in ACM ICPC contest are:  

• Choose the appropriate data structure for modelling a given problem  

• Construct efficient algorithms for small problems, and demonstrate the ability to evaluate 
algorithms.  

• Explain different strategies used for solving problems (brute-force, greedy, divide-and-conquer, 
decrease-and-conquer, transform-and conquer, and dynamic programming)  

• Determine an appropriate algorithmic approach to solve a problem  

• Compare the runtime efficiency of solutions using different strategies 

2.1.1 ACM International Collegiate Programming Contest (ACM ICPC)   
ACM International Collegiate Programming Contest (abbreviated as ACM-ICPC or just ICPC) is an 
annual multi-tiered competitive programming competition among the universities of the world. The 
contest is sponsored by IBM. Headquartered at Baylor University, with autonomous regions on six 
continents, the ICPC is directed by Baylor Professor William B. Poucher, Executive Director, and 
operates under the auspices of the Association for Computing Machinery (ACM). The ACM 
International Collegiate Programming Contest, ICPC, traces its roots to a competition held at Texas 
A&M University in 1970 hosted by the Alpha Chapter of the Upsilon Pi Epsilon Computer Science 
Honor Society (UPE). The contest evolved into its present form as a multi-tier competition in 1977, 
with the first finals held in conjunction with the ACM Computer Science Conference. 

2.1.2 Team formation and eligibility 
The team consists of three university students. Participants must be university students, who have had 
less than five years of university education before the contest. Students who have previously 
competed in two World Finals or five regional competitions are ineligible to compete again. 

2.1.3 Rules 
During contest, the teams are given 5 hours to solve between 8 and 12 programming problems (with 8 
typical for regionals and 10 for finals). They must submit solutions as programs in C, C++, or Java. 
Programs are then run on test data. If a program fails to give a correct answer, the team is notified and 
can submit another solution. 

The winner is the team which correctly solves most problems. If necessary to rank teams for medals 
or prizes among tying teams, the placement of teams is determined by the sum of the elapsed times at 
each point that they submitted correct solutions plus 20 minutes for each rejected submission of a 
problem ultimately solved. 

For example, consider a situation when two teams, Red and Blue, tie by solving two problems each. 
The team Red submitted their solutions to A and B at 1:00 and 2:45 after the beginning of the contest. 
They had a rejected run on C, but it was ignored since they didn't solve C. The team Blue submitted 
solutions to problems A and C at 1:20 and 2:00 after the beginning. They had one rejected run on C. 
Then, the total time is 1:00+2:45=3:45 for team Red and 1:20+2:00+0:20=3:40 for team Blue. The tie 
is broken in favour of Team Blue. 

Compared to other programming contests (for example, International Olympiad in Informatics), the 
ICPC is characterized by a large number of problems (8 or more problems in just 5 hours). Another 
feature is that each team can use only one computer, although teams have three students. This 
makes the time pressure even greater. Good teamwork and ability to withstand pressure is needed to 
win. 

2.1.4 Tools 

Students submit solutions using any of the popular programming languages like: C, C++, or Java 

2.2 Practical Courses 
In practical courses, like software engineering, one of the most identified classroom challenges is 
maintaining student interest in course projects. Assigning course projects that are predefined by 
instructors may lead to students losing interest in the class and the projects. In this approach, students 
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may be required to work on a project that does not match their interests and skills. So, their main 
interest might shift to grading rather than enjoying the learning process [1]. In other cases, the 
assigned projects might be too theoretical to be applied out of the classroom, which also affects 
students’ interests in the projects 

Apart from the aforementioned challenges, it is widely agreed that most computer science students 
lack on interpersonal and communication skills [1]. This is due to the technical nature of the field. 
Students in software engineering class present their projects in front of their class mates only, which 
may not be challenging enough to prepare them for real life technical presentations and conferences.  
Software development contests, like Microsoft Imagine Cup, can help the students engage in real 
innovation within their fields of interest, while at the same time developing the essential soft skills 
needed for the profession. Microsoft Imagine cup can be integrated with Software Engineering and 
capstone courses as it helps fulfilling most of the learning objectives of both courses [1]. 

2.2.1 Microsoft Imagine Cup  

2.2.2 History  
Imagine Cup is an annual competition sponsored and hosted by Microsoft Corp. The contest brings 
together young technologists worldwide to help resolve some of the world's toughest challenges. 
Imagine cup started in 2003 as a student contest to encourage young software innovators. It developed 
over the years. The main goal is to encourage teams to develop software solutions for existing 
problems. The developed software should have business feasibility. Teams present their projects in 
front of a panel of judges. Up to 2012, the Imagine Cup comprised five major technology competitions, 
including Software Design, and four challenges. All Imagine Cup competitors create projects that 
address the Imagine Cup theme: "Imagine a world where technology helps solve the toughest 
problems".  

2.2.3 Team formation  

The team consists of up to three eligible students.  

2.2.4 Rules 
Team members and associates may come from different academic institutions and from different 
countries.  

• Each team is allowed only one mentor.  

• To register, one of the team members creates a new team and invites the remaining team 
members (and mentor) to join. As part of the registration process, each team must choose a 
country/region which it will represent. At least one member of the team must be a legal resident 
of the country the team is representing.  

The criteria to decide on the winning team is as follows: 

• Technology (50%): Does the project make effective and appropriate use of the major features of 
its chosen platform(s)? Were there significant platform features or even platforms the project 
could have benefitted from but failed to utilize? 

• Innovation (20%): Does the project clearly and meaningfully innovate beyond existing products 
or services? 

• Concept (15%): Does the project have a clear target market or audience?  

• Feasibility (15%): Does the team have a credible plan for getting their project to market in terms 
of business model, any required partnerships, or other factors? 

2.2.5 Tools 

Contestants have to mainly use Microsoft products to develop their projects. 

2.3 Role of Student Contests in Developing Coaches and Mentors 
Mentoring and coaching students in computer science contests is a time consuming yet a rewarding 
process. Several advantages have been associated with this process. 
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2.3.1 Curriculum Integration 

From an educational perspective, Imagine Cup has had a significant impact on computer science 
teaching methodologies at the American University of Kuwait (AUK). A new approach to integrate 
Imagine Cup with software engineering course was adopted at AUK. Using Imagine Cup as the main 
theme of the software engineering course motivates and engages students In addition to breading 
new innovations, Imagine Cup teaches students how to integrate scientific research with project 
business viability.  

2.3.2 Publications and Grants 
In order to produce the best possible product/preparation for the world finals (in case of winning the 
regional contests), application for grants and sponsorship can be initiated directly after the country’s 
finals. In the past few years, we managed to get support from Kuwait Foundation for Advancement of 
Sciences (KFAS). KFAS is the main organization funding scientific activities and research in Kuwait.  

2.3.3 Examining new areas of research 

Observing the gender structure of Imagine Cup teams over the years and the coaching issues 
associated with these structures, lead to examine the topic of gender and education in Kuwait.  While 
mentoring an all-female team in 2010, it was noticed that the percentage of women studying computer 
science and information systems in Kuwait is far higher than the percentage in Europe and North 
America. Formal research about gender issues in computing and how cultures affect that was initiated 
since then. Statistics have shown that Kuwait has a very high female representation in the field of 
computer technology, as compared to the rest of the world.  In terms of opinion and attitude, Kuwaiti 
females have shown to be as enthusiastic and confident as males in studying computer sciences.  

3 THE COACHING PROCESS  
A critical stage associated with any student contest is the coaching process.  Many coaches fall into 
the fallacy of “one-size-fits-all” in designing coaching programs, which leads to failure in achieving 
desired goals [2]. Depending on the nature of the contest and the student team structure, appropriate 
coaching programs should be designed to build the required skills and optimize performance.  

Coaching for student contests shares similarities with organizational coaching on three main aspects. 
First, they both work on strategies to overcome weaknesses and boost strengths with the aim of 
optimizing performance. Second, they both utilize tools and strategies to optimize team development 
and team coherence. Third, they both build essential leadership skills, self-efficacy, and potential 
realization among coachees. Borrowing from organizational coaching literature, we will discuss in 
more details the key elements that can yield success in contest coaching programs.  

3.1 The Flow of the Coaching Process 
According to  [3], any coaching program operates within a framework of goals, strategies, and actions 
that help coachees utilize their strengths and overcome their weaknesses. In this respect, the 
coaching process goes through progressive phases that lead to an effective coaching conversation 
between the coach and the coaches. Flaherty  [4] refers to these phases as the flow. (Table 1) 
summarizes Flaherty’s model adapted to educational coaching. 

Flaherty’s model sets a general structure for coaching programs. It could be argued that too much 
structuring might slow down the flow or “inhibit spontaneity” of the coach.  In practice, however, an 
experienced coach will know how to move swiftly back and forth between the different stages like a 
musician who knows when to improvise while playing within a band  [4].  

Each of Flaherty’s stages comprises a research topic on its own; but for the sake of this paper, we will 
focus on two main stages identified as the most vital for the success of the coaching program; these 
are the coaching relationship and conversation [4],  [5]. 
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Table 1.  The Flow of the Coaching Program 

Stages What They Involve  

Establish Relationship This is the process of building mutual trust, respect, and freedom of 
expression. It can be accomplished through openness, appreciation, 
communication, and commitment. 

Recognize Opening Refers to recognizing the coaching opportunity emerges.  A coaching 
opportunity can be a challenge, like lack of motivation; or a change, like 
withdrawal of a team member. 

Observe/ Assess This is the stage when the coach examines the students’ competencies 
and the circumstances surrounding the coaching opportunity.  This is an 
essential step in determining the coaching path and level of expertise 
required from the coach. 

Enroll Students This involves the agreement between the coach and the students on the 
coaching structure, the intended outcome, potential difficulties, and the 
timeframe for completing the program. 

Coaching 
Conversation 

This is the actual coaching process in which the coach employs a set of 
fundamental techniques including active listening and questioning that 
help students identify their performance gaps and competitive edges  

Adapted from:  [4] 

3.2 The Coaching Relationship 
The coach-coachee relationship is the starting point, and perhaps the most critical phase of the 
coaching program  [4]. Research reveals that the coaching relationship alone accounts for 30% of the 
successful coaching outcome  [6].  Flaherty points out that “the basic ingredients for the relationship 
are mutual trust, respect, and freedom of expression” [4]. In a coaching session, the coach will not 
necessarily be like someone the coachee would take as a best friend. Rather, it is all about 
establishing the communication links that allow the coach and coachee to explore, think, and reflect 
together  [4],  [6].  This eventually will build the mutual trust, respect, and freedom of expression that 
are needed within the context of the coaching relationship  [4].   

In educational contexts, the coach also plays the role of a mentor, which is more relevant when there 
is a difference between the coach and coachees in terms of experience and age.  The role of the 
mentor in this case is to primarily support the personal development of the student, so it might involve 
role modeling, exposure, protection, and emotional involvement  [6].  

Another important factor for the continuation of a good coaching relationship is understanding the 
boundaries of the coach and the coachee roles within the process. The coachee is not a passive 
recipient of input, but an active and crucial component of the coaching process  [7].  According to  [3], 
“There is a broad consensus that the coachee retains responsibility and ownership of the outcomes”, 
while the coach only “tailors the coaching around the coachee needs and remains detached”. It is 
important, however, to mention that these boundaries may vary from one culture to another.  For 
example, in the Middle East and in Japan, where coaching is less popular than Europe and North 
America, students expect the coaches to take a more directive approach by telling them what to do  
[3]. This confirms the importance of a cross-cultural awareness when dealing with students from 
different nationalities.  

3.3 The Coaching Conversation 
The coaching conversation helps students identify their personal competencies and overcome 
obstacles “in the pursuit of the contest goals  [8]. Three types (or engagement levels) of coaching 
conversations have been identified in literature; these are skills coaching, performance coaching, and 
developmental coaching (Figure1) [4]  [9]  [10]. At the lowest level (skill coaching), the coaching 
session aims at “building or sharpening a competence”, which can be achieved in one conversation  
[4]. The second level (Performance coaching) is more complex in nature and can last for several 
sessions. It aims to optimize defined performance aspects, like how to be more organized or more 
goal-oriented  [4], [9]. This is the level at which  flow model starts to come into effect due to the 
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increased length and complexity of the coaching conversation [4]. At the third level (developmental 
coaching), the process gets more sophisticated and is intended to evoke fundamental changes, like 
changing a students’ negative perception about programming  [4]. Different categories of engagement 
have also been developed by other writers. There is no universal consensus on a definition of these 
different categories; however, it is clear that the more sophisticated levels of engagement require 
highest level of coach expertise  [9]. In an ideal situation, the coach should be capable of identifying 
the level of conversation that fulfils the student needs, or alternating between the different levels if 
needed.  

 
Figure 1 -The Different Levels of the Coaching Conversations 

Sources: (Flaherty, 2005; Fillery-Travis & Lane, 2006; Witherspoon & White, 2007) 

As mentioned previously, in student coaching, there is no one-fits-all approach that can be generalized 
and applied to all contexts.  Each competition has its own circumstances and each team structure 
dictates a specific strategy.  In the coming two sections, we will shed light on two coaching and 
learning models that have gained wide popularity in coaching literature. The two models can be used 
interchangeably in student contest coaching. 

4 APPLYING TUCKMAN’S MODEL IN COACHING ACM - ICPC CONTESTS 
One of the most effective models of team development and coaching is the now-classical four-stage 
model of Dr. Bruce W. Tuckman  [11]. Being an educational psychologist and researcher, Tuckman 
theorized a that effective performance in small groups can be achieved through satisfying the four 
stages of forming, storming, norming, and performing. Although it has been criticized for not being 
able to capture the complexity of the team development process, Tuckman’s theory remains one of 
the most extensively cited theories in the literature of learning and development  [12].  

4.1 Forming  
During this phase, the coach decides on the best team structure through employing one or more team 
formation strategies.  Literature has proposed a number of team formation strategies that work most 
effectively with the ACM contest. One way is to hold local contests and allow teams to participate, 
whereby the winning teams can represent the institute. Another approach is to hold local contests 
among individuals. Top winning participants can provide a pool for the coach to form the teams. From 
our observations, while the first approach insures that the communication among team members is 
effective, the second approach gives coaches more space to reach the optimum structure. However, 
the second approach requires more time from both coach and team members.  

At this stage, goals for individual team members are set to improve their theoretical background, 
programming and debugging skills, while goals for teams are set to optimize performance at the team 
level and improve team dynamics. This can be done through organizing training boot-camps. 

Level	  3	  -‐	  Developmental	  Coaching	  

Level	  2-‐	  Performance	  Coaching	  

Level	  1-‐	  Skills	  Coaching	  

• Long-‐term	  
• Conversa=on	  intended	  to	  make	  
fundmental	  change	  
• Example:	  Perspec=ve	  change	  toward	  
programming	  	  

• Longer	  dura=on	  
• Complex	  conversa=on	  
• Focuses	  on	  seEng	  goals	  and	  
overcoming	  obstacles	  
• Example:	  The	  student	  is	  overwhelming	  
himself	  with	  too	  many	  goals	  

• Short-‐term	  
• Focuses	  on	  specific	  behaviours	  
• Example:	  Interviening	  in	  aimless	  
complaining	  	  
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Choosing the programming language that the team is going to use in the contest should be done at 
this stage.  

Potential challenges at this stage include; difficulty of recruiting students, cross-cultural differences 
among team members, and gender tensions among team members. 

4.2 Storming 
At this stage, the coach experiments with different team work strategies to reach the most suitable 
strategy for the team. Common strategies documented in ACM Contest literature are: Simple, 
Terminal Man, Think Tank, Hybrid  [13]. Other issues that are finalized at this stage are the material 
and code snippets that the students will use during the contest. 

Before moving on to the next stage, responsibilities for team members should be assigned. Each team 
should have member(s) to fill in the three essential roles of: Programmer, Analyst and Debugger 

4.3 Norming 
After reaching the optimum strategy, teams go through mock online and real-time contests to practice 
for the contest. The role of the coach at this stage becomes observing the performance and providing 
comments to improve the team outcome. 

4.4 Performing 
During the contest, the coach has no access to the team. Space should be given to the team to 
improvise under stress (especially in the blind hour). When in conflict, the team must have an agreed-
upon strategy on how to reach an efficient decision quickly. Most teams have a pre-assigned leader to 
make decisions when conflicts arise during the competition. 

5 APPLYING GROW MODEL IN COACHING IMAGINE CUP 
One of the oldest and most popular frameworks for conducting the coaching conversation is the 
GROW (Goal, Reality, Options, and Will) model introduced by John Whitmore  [14]. The model 
provides a structured methodology for problem solving. Through a series of questions, the coach 
facilitates the client’s route to define his/her end goals, discover the current reality and its challenges, 
explore different options to eliminate obstacles, and finally set a plan to what will be done to change 
the current reality. One of the good aspects about GROW is its simplicity and applicability to a broad 
range of scenarios. It also does not require experienced coaches to   it  [3].   

In traditional application, the GROW model assumes that the coach is not an expert in the coachee’s 
situation. This applies to Imagine Cup, since the coach does not have to be an expert in using 
Microsoft development tools. Coaches normally are professors with broad background in the field of 
computing. 

5.1 Goal 
The goal for the team should be set. This includes finding an innovative and feasible idea to develop. 
Also, teams should work on formulating a business case to verify feasibility of the idea. In addition, 
software development tools should be selected. Defining roles and responsibilities of team members 
early normally lead to success in developing innovative solutions. Coach should be looking for certain 
qualities in team members: Innovation, Creativity, Business and Presentation skills. Potential Roles in 
the team are: Business analyst, Graphics designer / UI and developer. 

5.2 Reality 
The defined goal(s) have to be achievable. Coaches have to organize frequent brainstorm meetings 
with coachees to get their feedback on the progress towards goals. 

5.3 Obstacles/Options 
Investigate possible options to reach the goal. In the context of imagine cup, this can be answering 
some of the following questions: 
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• What are the advantages and disadvantages of each software tool? 

• What are the risks of following certain approach to solve the problem? 

• What are the contingency plans? 

In some cases, coachees have to change the development tools due to technical difficulties. Some 
other risks include team conflict issues or lack of motivation. 

5.4 Will 
The main issue in this stage is to keep the team motivated. Review progress should be done on a 
regular basis to make sure the goal will be achieved.  

6 CONCLUSION 
In this paper, we compared and analysed two of the major international technology related contests. 
We showed how coaching may vary between the two contests. 

There is no one coaching framework identified as the best, but research is continuously trying to 
pinpoint good practices.  This paper outlined some features of good coaching programmes 
documented in literature. The paper touched on the coaching framework, relationship, and tools, as 
well as some important factors of success, including the choice of the coaching programme and the 
coach’s background and training. The work on coaching is still in progress.  It incorporates a broad 
spectrum of topics that have not been addressed in this paper.  Some of the topics that would be 
interesting to study in the future include outcome assessment methods, universal coaching 
frameworks, coaching ethics, and coaching for women leaders. It goes without saying that empirical 
research should definitely be a priority on future research agendas. 
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