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Capstone projects are a common part of engineering education. In a capstone project, learning takes place mainly through solving 
problems during the project. Therefore, understanding what problems the capstone project teams encounter increases understanding 
on what the students can learn. We collected problems encountered by eleven capstone project teams in a software development 
project course at Aalto University. Each team used a root cause analysis method twice during their project to identify the problems 
and their cause-and-effect relationships. The number of identified problems was 103–247 per team. We analyzed the problems 
qualitatively and summarized them under the following four main topics: system functionality, system quality, communication, and 
taking responsibility. The problems created opportunities for learning about software engineering. However, in some teams the 
problems worsened so much that they created educationally detrimental situations. For example, learning a new programming 
language from scratch is valuable for a student, but it may start grabbing too much attention from many other educational aspects of 
the project. We give suggestions for mitigating the educationally detrimental situations in capstone projects. The suggestions include 
an iterative development process, team formation practicalities, reasonable project topics, customer education, instructions on 
selecting and adopting crucial tools, emphasizing learning, and adding control to ensure the usage of the desired work practices. Our 
results help the teachers of similar courses in evaluating the potential that their courses have on reaching specific educational goals 
and in improving their courses by decreasing educationally detrimental situations. 

  
Keywords: capstone project; education; problems; root cause analysis; software engineering 

1. Introduction 
Capstone projects are large, realistic projects, where engineering students solve real-life problems putting their 

learning into practice in the later phase of their studies. In addition to technical skills, a capstone project is an 
opportunity to rehearse soft skills such as team work, project management and communication. As defined by Fincher 
et al. [1] the overall aim of the capstone projects is “to integrate and consolidate acquired concepts and skills through 
use on project work”. Capstone projects have been widely used in engineering education [2] and professional 
organizations such as ACM and IEEE-CS recommend their inclusion in computing curricula [3]. 

In a capstone project course, learning takes place mainly through solving problems encountered during the project. 
For example, problems encountered in requirements elicitation motivate the students to analyze and improve their 
requirements elicitation practices as the project proceeds. Some educators have taken the idea of learning through 
problems so far that they intentionally introduce additional problems, such as an uncertain and naïve customer, in all 
their projects [4]. However, in typical capstone project courses, problems are solved when they spontaneously arise. 
Unfortunately, in such a setting the teacher may not get a complete picture of the problems that the students encounter, 
and thus of the learning opportunities that the students have. Knowing the realized problems and the related learning 
opportunities would allow the teacher evaluate whether they cover the learning goals of the course.  

Sometimes, a problem may worsen so much during the project that it creates an educationally detrimental situation. 
Firstly, a problem may require so much attention, that the students start ignoring other educationally relevant topics. For 
example, learning a new programming language is valuable for a student, but for some students it may be too large a 
task to be done during the course. Secondly, a problem that cannot be solved adequately during the project may prevent 
the team from encountering some other educational problems. For example, if testing always starts too late due to 
planning problems, the team fails to learn from conducting practical testing work. 

The goal of our study is to increase the understanding about the software engineering problems encountered by the 
capstone project teams. In this paper software engineering problems mean any problems that threaten the achievement 
of the project goals set by the customer and the project team. Previous studies on the topic are surprisingly scarce as 
will be described in section 2. We conducted the study in our capstone software project course at Aalto University. 
During the projects, eleven project teams each had two retrospective meetings, where they used a root cause analysis 
(RCA) method in order to identify problems and their cause-and-effect relationships. We present a summary of the 
identified problems, and discuss what learning opportunities they provided. We also give suggestions that aim at 
mitigating the educationally detrimental situations caused by problems that worsened too much in some projects. Our 
course is similar to capstone project courses in many other universities that teach computer science or software 
engineering. Thus many teachers can use our results to evaluate better the potential that their courses have on reaching 
specific educational goals, and to improve their courses by decreasing educationally detrimental situations.  

The structure of the paper is as follows. Section 2 summarizes the previous studies on the problems encountered by 
capstone project teams. Our capstone project course is described in section 3. The research method and limitations of 
the study are presented in section 4. Section 5 summarizes the encountered problems and discusses the educational 
viewpoints related to the problems. Section 6 concludes the paper.  
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2. Related work 
Previous studies on problems encountered by the capstone project teams are scarce, even though hundreds of papers 

on capstone projects have been published including those in a special issue of the topic in the International Journal of 
Engineering Education in 2014. Dugan [5] conducted a literature review, which included about 200 studies on computer 
science capstone project courses. His study analyzed fourteen course or project issues that emerged as common topics 
from the reviewed papers, but the topics did not include problems encountered by the project teams. We went through 
the capstone project papers listed in Dugan’s study plus dozens of similar papers from the SCOPUS database, founding 
only two papers [6,7], where the focus was in understanding the problems encountered by the student teams. 

Ahtee et al. [6] studied which risks realized in capstone projects. Each realized risk can also be considered as a 
problem. In 76 studied projects, the most commonly realized risks were “scheduling problems”, and “tools and skills”, 
which both realized in 61% of the projects. “Scheduling problems” meant that a project was not able to follow its initial 
schedule, for example due to effort estimation difficulties. “Tools and skills” meant difficulties in using development 
tools and programming languages. The third common risk was “technological problems” such as breaking hardware or 
internet connection problems, which realized in 51% of the projects. The fourth common risk, which realized in 45% of 
the projects, was “working or studying too many courses during the project”.  

Koolmanojwong and Boehm [7] studied which risks were identified by 86 teams in a graduate level team project 
course. However, because all the identified risks do not realize and create problems for the project, their results are not 
directly comparable with our study. They present the top ten risk categories ranked according to the summed risk 
exposure values (the probability * size of loss) of the individual risks in a category. Top three categories are: 1) 
”Architecture complexity, quality tradeoffs”, e.g. generalizing the design modules for future evolutionary needs, 2) 
”Personnel shortfalls”, e.g. lack of knowledge and personnel turnover, and 3) “Budget and schedule constraints”, e.g. 
fixed schedule and no monetary budget. 

Furthermore, there are studies on capstone courses, which mention some problems even though studying them has 
not been the focus of the study. Duim et al. [8] report three main problems based on their experiences on teaching a 
capstone course. The problems are rather broad, but a few concrete examples related to each main problem are 
mentioned. The first main problem is “complexity” meaning that real-life projects are too complex and demanding for 
undergraduate students. The second problem is “focus on technology” meaning that technological aspects are 
emphasized more that human and social aspects of software engineering. The third problem is “free riding” meaning 
that some students try to pass the course without seriously contributing to their team’s effort. Umphress et al. [9] report 
also on common problem topics on their capstone project. The common problems were balancing the workload 
throughout the project, scaling skills learned in other courses (such as configuration management) to a large project, and 
unclear team responsibilities. 

None of the studies mentioned above analyzed the relationships among the identified problems. In our study, the use 
of RCA as the data collection method revealed many cause-and-effect relationships between the problems. Thus we can 
give a more comprehensive presentation of the identified problems instead of only listing separate problems. 

3. Capstone project at Aalto University  
Since the 80s, the Aalto University computer science curriculum has included a capstone software project course 

where the students develop software for real customers from industry or academia. When the study was conducted, we 
had fourteen projects carried out by teams of seven to nine students. Below, we describe the various stakeholders and 
roles involved, and the development process used in the course. 

3.1. Stakeholders and roles 
Each project team consists of four to six Bachelor-level students working as developers and of three, typically 

Master-level software engineering students, who are responsible for project management, requirements engineering, 
quality assurance, and architectural design. The BSc students have already studied programming and other computer 
science topics and an introductory software engineering course. The MSc students have already taken the project course 
as developers. They have also studied a few advanced courses on the topics they should be responsible for. Each team 
may choose six members themselves and the rest will be assigned by the course staff based on the skills and interests of 
the remaining students. The course is a mandatory part of the studies for practically all the participants. Their years of 
presence at the university before the course distributes quite evenly among three, four, five and more than five years.  

The course staff looks for customer candidates before the course begins. When the study was conducted, there were 
21 topics available for fourteen teams. During the projects, each customer actively participates in the requirements 
definition work as well as monitors project progress. Additionally, the customer must prune the scope of the project to 
suit the size, skills and progress of the team they work with. 

Most of the teams have a work space arranged by the customer. Those teams work mainly in a collocated manner 
having one to two weekly work sessions, but there are often some students who cannot attend all the sessions. A few 
teams work in a mainly distributed manner due to the incompatible schedules of the team members.  
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The course staff consists of the course teacher and several mentors. Each team has a named mentor, who guides the 
team in issues related to the development process. Each team meets their mentor at least six times in total and the team 
can use e-mail to ask for help from the mentor at any time. The project evaluation is based on both the work practices 
used and the results achieved. All projects have three iterations, after which both the mentor and the customer give the 
teams points and concrete feedback. 

3.2. Development process 
The course defines a development process framework that must be applied by all the teams. It enforces the use of 

certain, crucial or educational, work practices. The use of some practices is defined strictly but for many practices the 
students have a lot of freedom to customize them into a particular project. All projects follow the same schedule 
regarding the project duration and the timing of three six-week long iterations. The project effort is fixed to 125–200h 
per student based on the credits each student aims at.  

The first iteration focuses on setting up the project. It typically includes getting to know the team, identifying the 
project goals, choosing work practices, identifying risks, understanding why the system is built and for whom, 
identifying the most important requirements, drafting the architecture, choosing implementation technologies, and 
setting up the development environment. During the first iteration, the teams are required to write a project plan and 
requirements documents according to a given template. However, documenting the individual requirements in detail is 
not required before they are chosen for the implementation in the upcoming iterations. The second and third iterations 
focus on developing and delivering features.  

Quality assurance (QA) is emphasized in the process framework. Each team must identify the most important quality 
goals, and choose and schedule the practices for achieving the quality goals. There is much freedom in choosing the 
practices, but all teams must 1) prepare test cases for functional testing covering at least half of the system 
requirements, 2) perform a reasonable amount of unit level testing, 3) use a coding standard, 4) organize a code review 
for at least one critical component of the system 5) arrange peer testing with one other team at the end of the project 
using exploratory testing. The plans for QA must be documented in a QA plan in the beginning of the second iteration. 

Each iteration starts with iteration planning. The resulting iteration plan must include the iteration goals, deliverables 
and tasks. Starting from the second iteration, the iteration plan usually includes the requirements chosen be 
implemented, tested and delivered to the customer. Half of the chosen requirements must be documented using use case 
descriptions [10], and the rest in a way the team expects to suit the most appropriately for their project, e.g. as more 
concise user stories [11]. The process framework does not enforce which work practices are to be used for the 
development work. The only exception is that the teams must use some version control system. Before the end of each 
iteration, the teams must conduct a retrospective, where they analyze the used work practices. At the end of the 
iterations, each team arranges an iteration demo for all stakeholders including the customer, mentor and course teacher. 
In the iteration demo, project results are demonstrated, used work practices are evaluated, and project status such as 
product quality and resource spending are analyzed. Many teams split the iterations into 2-3 week long sprints, and have 
less formal checkpoints after each sprint. 

Quite a lot of documentation is required including a project plan, a requirements document, a QA plan, a technical 
specification, progress reports (a slide set for an iteration demo), QA reports, and a final report. Documenting involves 
educational aspects, but is also required for increasing visibility to the project for all stakeholders including course staff.  

The process framework helps the teams define their development process more quickly than from scratch and tries to 
ensure that all teams get practical experience in using certain software engineering (SE) practices that are aligned with 
the educational goals of the course. Some of the required practices can be unnecessary for fulfilling the customer’s 
goals for the project, but from the teacher’s viewpoint it is also better to have some overhead in the process, e.g. a risk 
management process, if it decreases the rate of totally failed projects. In our course, the number of total failures is very 
low, i.e. a failed project every two or three years. The overhead lowers the productivity of the projects, but the higher 
success rate ensures good educational environment for all teams. 

The students are sometimes even too much concerned about fulfilling the expectations of the customers and may put 
too little attention to the work practices. Therefore, the teacher and the mentors have a crucial role in ensuring that the 
educational aspects are also considered. Ideally, the course attempts to provide a sandbox, where each team can 
experiment, in a rather safe environment, with tools and practices that are considered crucial in a SE curriculum. 

4. Research method 
Our research question was: What software engineering problems do the capstone project teams encounter during 

their projects? We answer it based on the data collected from eleven teams in project retrospectives that were 
conducted in each team twice using an RCA method. We analyzed the data qualitatively and summarized the identified 
problems and their relationships in the form of a cause-and-effect diagram. Below we describe the data collection and 
analysis methods used in this study. 
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4.1. Data collection 
The data for this study was collected alongside an experiment conducted in the capstone software project course at 

Aalto University. Eleven of the fourteen project teams in the course participated in the voluntary experiment. Each team 
had seven to nine student members, of which six to eight participated in the experiment. 

In the experiment, each project team conducted two retrospectives using a RCA method similar to the postmortem 
analysis method introduced in [12]. We had previously used a similar RCA method in four software companies [13]. 
RCA is a structured investigation, where the underlying cause-and-effect relationships of a problem are identified by 
asking recursively “why” for every problem and their causes. RCA generates a cause-and-effect structure of the 
perceived causes of the analyzed main problem. 

The cause-and-effect terminology and notations used in this paper are presented in Fig. 1. The causes linked to the 
right of a cause answer the question “why” for the cause on the left. Seen from the other direction, each cause is an 
effect of its sub-causes. Each cause may have sub-causes on several levels. Some causes may have several effects, i.e. 
the cause-and-effect diagram is actually a graph. We present the diagram as a tree, but a bolded cause title means that 
the cause and its sub-causes appear also elsewhere in the diagram because the cause has several effects. In the common 
language, each cause can be considered as a problem per se, and also in this paper we will call all causes as problems. 

 

 
Fig. 1. Cause-and-effect terminology and notations used in this paper. 

The first retrospectives were held in the middle of the project and the second ones approximately two weeks before 
the end of the project. Each retrospective lasted for two hours. The second author of this paper introduced the RCA 
method at the beginning of each retrospective and acted as the facilitator. The main problem analyzed in all the 
retrospectives was formulated as “Why is it difficult to reach the project goals?” The goals of each project had been 
listed by the teams together with their customer at the beginning of the project.  

The RCA method was applied in the following way. First, each participant wrote down high level problems which 
have had a negative impact on reaching the project goals on their own. Then, the participants introduced their problems 
to the others. The facilitator added the problems immediately to a document projected on the wall. Similar problems 
were grouped together by the participants. Finally, based on the perceived importance for achieving the project goals, 
the participants voted two high level problems that would be analyzed in detail. 

In the second phase, both of the chosen problems were analyzed separately. First, each participant wrote down causes 
for the problem. Second, they presented the causes to the others and simultaneously brainstormed more sub-causes for 
the presented causes. The facilitator immediately added the causes to the document projected on the wall. These two 
steps were repeated once more for the first problem, before moving to the second problem and repeating the process. 

The experiment compared two methods of documenting the causes during a session. Each team created a graph (as a 
mind map in the Mind Manager software) in one session and a structured list (as a bullet list in Microsoft Word) in the 
other session. Both methods produced a document that included the causes and the cause-effect relationships. 

In this study, we make no difference between the causes based on the method used for documenting them. The results 
of the experiment show that there was no notable difference in the characteristics of the identified causes between the 
two methods. The total number of causes per team was 103–247. 

4.2. Data analysis 
The goal of the data analysis was to merge the cause-and-effect structures from the different project teams into a 

single summarizing cause-and-effect diagram. The resulting diagram contains all the causes that made reaching the 
project goals difficult for at least some of the teams. 

We used the qualitative content analysis method to reduce the data and to identify core meanings in it [14]. First, we 
read through the causes from all the projects once and used inductive analysis [14] to discover high level categories in 
the data. The resulting categories were project organization, iteration planning and control, communication, working as 
a team member, project scope management, requirements engineering, design, and quality assurance. We classified the 
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causes into these categories. Cause-and-effect relationships between the causes were retained, and often a large branch 
of linked causes were classified into the same category. Then, we conducted inductive analysis for the causes classified 
into each category in order to create more detailed sub-categories. For example, we created a sub-category called “paid 
work overrode studies” because many teams felt that daytime job had negative effects on the participation in the project.  

Finally, we created the summarizing diagram. We retained the original cause-and-effect relationships in the data, but 
pruned the diagram so that all sub-causes were answers to the question “Why”. We did this because the original data 
contained some relationships that simply described a cause further, or had a wrong causal direction (i.e. effect-cause).  

4.3. Limitations 
In each retrospective, only two of the identified high level problems were analyzed in detail with RCA. If all the high 

level problems had been analyzed, the number of causes would have been even higher. Due to this incompleteness of 
data, we do not make any statements on the commonality of the problems among the teams. However, the collected 
causes were based on the analysis of the two most important problems each team had encountered before a 
retrospective, and the analysis of the problems always expanded into many software development process areas. 
Therefore, the collected problems provide a colorful selection of the potential problems any capstone project team 
might encounter.  

Another limitation of the study is that the amount of learning from the identified problems was not measured. 
Therefore, we can only speculate on what the students learned based on the assumption that encountering a problem 
leads to at least some learning of the subject area of the problem.  

The causes and cause-and-effect relationships identified with RCA are based on the perceptions of the participants. 
However, identifying incorrect problems is not a major threat to our study because a team learns something by solving a 
problem whether or not it actually was a relevant problem. 

Qualitative analysis always involves the interpretation made by the researcher, which may introduce bias into the 
results. In this study, the authors knew the studied course very well due to being the long time teachers of the course, 
which facilitated correct understanding about the cause-and-effect structures made by the students. Furthermore, a 
systematic procedure for analyzing all the data was used to avoid bias in the results. 

The characteristics of a particular capstone project course certainly have some effect on the problems encountered by 
the project teams. For example, larger teams are likely to aggravate communication problems. When generalizing our 
results, at least the following contextual factors related to our course should be considered: 1) real customers with real 
projects, 2) enforcing documenting centered, but iterative development process, 3) large teams of seven to nine 
students, and 4) MSc students in the managerial roles. 

5. Results and discussion 
The main result of this study is the cause-and-effect diagram, which presents the summary of the causes identified by 

eleven student teams when they analyzed the problem “Why is it difficult to reach the project goals?” There were four 
top-level causes as shown in the overview diagram in Fig. 2.  
 

 
Fig. 2. Overview of the cause-and-effect diagram containing the top-level causes and their direct sub-causes. 
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Below, each subsection presents a top-level cause and its sub-causes. Furthermore, each subsection discusses the 
following educational viewpoints: 1) What learning opportunities did the causes provide, 2) Did the causes generate 
educationally detrimental situations, and 3) How the course staff could mitigate the educationally detrimental 
situations? 

5.1. System functionality did not match the goals 
System functionality, i.e. the number and content of the functionalities, did not match the project goals due to three 

causes: project scope was too large (1.1), requirements were specified on too general a level (1.2), and work was 
inefficient (1.3). These causes and their sub-causes are shown in Fig. 3, and presented in the following sections. 

 

 
Fig. 3. Why system functionality did not match the goals? 
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5.1.1.  Causes for too large a project scope 
System functionality did not match the goals because the project scope was too large (1.1). We categorized the 

related sub-causes under three causes. 
Firstly, effort estimation was difficult (1.1.1) making it difficult to know what is possible to achieve in the project 

within the fixed budget. Effort estimation was difficult because an unexpectedly large amount of effort was required 
when aiming at a high quality level and because the development work started before the developers were competent 
with the used technologies. Furthermore, learning the technologies took lots of effort, which was difficult to estimate 
because the technologies were new to the team members and materials on the technologies were poor. Learning took 
also lots of effort because it was not organized systematically and knowledge transfer did not take place. For example, 
the members studied the same topics alone, and the more experienced members did not prepare workshops or exercises 
that would facilitate learning. Ahtee et al. [6] mentioned effort estimation problems as a typical cause for schedule 
problems, which were very common in their study. Another common problem mentioned in their study was “tools and 
skills”, which is related to the problem of learning new technologies identified in our study. “Personnel shortfalls” and 
“budget and schedule constraints” risk categories in [7] also indicate similar problems in their projects. 

Secondly, requirements management was inadequate (1.1.2) because the team did not take enough action when the 
customer expected too low costs for the requirements. The expectations on costs were too low because the customer had 
no technical competence to evaluate costs, and the team did not communicate the costs because communication with the 
customer was secretive (3.4). Too low expectations on costs were also due to a technically competent project manager 
who promised more than was feasible because he or she did not take into account that less competent members need 
more effort for the tasks. Furthermore, the customer also had low expectations on costs because he or she intentionally 
tried to squeeze more results from the team. Requirements management was inadequate also because the team could not 
get the customer to prioritize requirements. This happened because the customer somewhat ignored the fixed budget, or 
the team did not communicate the principle of having a fixed budget clearly.  

Thirdly, project budget decreased (1.1.3) because a team member quit the project. If the team did not prune the 
project scope in such a situation, the scope was likely to remain too large.  

5.1.2. Educational viewpoints of too large a project scope 
It is educational to see the inherent difficulties in effort estimation in a software project. However, in the course 

projects, the estimation problems may worsen too much because students who are not necessarily familiar with each 
other start a new project using new technologies, tools and processes. Thus, the teams cannot base their estimates on 
history data. Furthermore, utilizing the data gained from the first project iterations may be difficult because the 
productivity improvements due to learning can be huge early in the project. It is educationally detrimental if the 
estimation accuracy remains so poor during the whole project that it does not provide any benefits to project planning or 
other purposes. In order to mitigate the risk of such a situation, the course can use longer projects with several short 
iterations, where the tasks will be estimated. 

Learning new technologies is a common task in software projects, and it is important to see that it may require lots of 
effort, and even more if it is not organized systematically. However, some students have poor programming skills, and 
learning, e.g. a new programming language, may take such a large proportion of their time budget for the project that 
the situation becomes educationally detrimental. Despite spending lots of effort for learning it may still be difficult to 
find tasks which they could complete successfully. The course can try to mitigate such situations by mixing more and 
less skilled students in the same teams. It increases the probability of having guidance and enough easy tasks available 
for the less skilled developers. Furthermore, the course staff can collect a large set of project topics with varying 
technologies and difficulty levels to support a better match between the topics and the skills of the students. 

The principles and consequences of a fixed budget project for the requirements management are good to learn. If the 
gap between the customer expectations and a realistic scope starts to grow too large, the course staff can remind the 
students on the importance of open and early customer communication to control the gap. However, if the customer 
threatens to give a poor grade unless the team delivers more features than is possible within the fixed budget, the 
situation becomes educationally detrimental. Such a problem can be mitigated by involving the same trustworthy 
customers year after year, and by educating the principles of a fixed budget project to new customers. Finally, the 
course staff can support the team in the scope negotiations, if the customer appears to be too demanding.  

5.1.3. Causes for specifying requirements on too general a level 
System functionality did not match the goals because the requirements were specified on too general a level (1.2). 

For example, there was just a list of features without any information on the needs behind the features or without 
verification criteria. Too general requirements did not support the implementation and testing work. The requirements 
were too general because the team failed to identify the customer needs (1.2.1) due to several causes. The customer did 
not know what the users wanted, e.g. due to his or her inadequate preparation for the project. The customer had 
contradictory requirements and ideas, and kept changing his or her mind. The team trusted too much on the initial 
requirements list provided by the domain-specialist customer, and did not refine it later, even though that would have 
been necessary. The team also failed to identify the customer needs because the team did not get input from real users. 
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5.1.4. Educational viewpoints of specifying requirements on too general level  
It is educational to see that the customer cannot easily provide the requirements that would precisely specify the 

optimal system to be built. The students realize that it is often difficult for the customer to understand and decide on 
what should be built, and that innovation with the customer is also needed on the behalf of the team continuously during 
the project. The problem of specifying requirements becomes educationally detrimental if the customer does not 
participate actively in requirements elicitation and refinement during the project. Furthermore, if the end users of the 
developed system are not the personnel of the customer company, the customer may be reluctant to allow the students 
to contact the real users. These problems can also be mitigated by involving the same trustworthy and well-behaved 
customers year after year, and by teaching requirements engineering to the new customers. 

5.1.5. Causes for inefficient work 
System functionality did not match the goals because work was inefficient (1.3). We categorized the related sub-

causes under five causes. 
Firstly, the developers were unaware of the tasks they should be working with (1.3.1) because they could not find 

them, or task priorities were unclear. Moreover, communication was not effective (3) making the situation worse. 
Secondly, the developers did not know how to do the tasks (1.3.2) for many reasons. Tasks were planned on too 

general a level because the developers were not involved in task planning, and did not give feedback to the managers on 
unclear tasks. The developers did not get help with their tasks because the inexperienced managers lacked competence 
or authority to advise them, or the customer did not help them when needed. It was also difficult to know how to do the 
tasks because the architecture documentation did not support the implementation work. For example, a single 
architecture diagram was not usually sufficient. The documentation was insufficient because the architect assumed that 
the experienced developers could work without it, or he or she wanted to give the developers the freedom to implement 
the system as they wanted. However, not all the developers had enough experience with the used technologies. There 
was also a need to utilize legacy systems which lacked documentation. Furthermore, the technologies were decided late 
in the project or they changed, making designing the architecture difficult.  

Thirdly, project status was unclear (1.3.3) for many reasons. The backlogs were not kept up-to-date. The team 
members worked with unplanned tasks, which were not added to the backlogs. Started tasks were not completed 
because they were planned on too general a level as was discussed above. Project status was also unclear because the 
used project management tool had inadequate support for the project. The tool had technical deficiencies, or it was not 
used properly. For example, it was difficult to assign realized work hours to the existing tasks because the tasks were 
either too general or detailed. 

Fourthly, the version control practices were inadequate (1.3.4). For example, code changes made by a team member 
were overwritten by another member. Fifthly, the team members did not take responsibility (4) as will be discussed in 
section 5.4.  

5.1.6. Educational viewpoints of inefficient work 
It is educational to see the importance of task management for the team work. It is also good to see that involving the 

developers in task planning is necessary for creating understandable tasks. Problems in seeing the project status make 
the developers realize that the visibility to the project status, e.g. currently open tasks, is also beneficial for their own 
work, not just for the project manager. It is also educational to see that the project management tools alone seldom solve 
the project management challenges, especially if they don’t support the process used by the team, or if they are not used 
as agreed on within the team. However, if the team cannot get task management work at all, the situation becomes 
educationally detrimental because the project is in constant chaos. In such a situation, the course staff should provide 
instructions for adopting a simple project management tool that supports the development process used in the course.  

In a large team, the students learn the value of a version control system. Even though most of them have used such a 
system in previous courses, usage in a large project team makes them see that, e.g. check-in and branching principles 
need to be agreed on.  

5.2. System quality did not match the goals 
System quality did not match the goals due to two causes: quality requirements were unclear (2.1), and testing and 

quality assurance was insufficient (2.2). These causes and their sub-causes are shown in Fig. 4, and presented in the 
following sections. 
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Fig. 4. Why system quality did not match the goals? 

5.2.1. Causes for unclear quality requirements 
System quality did not match the goals because the quality requirements were unclear (2.1). Quality requirements 

included usability, code quality, maintainability and the documentation of code among others.  It was difficult to link 
unclear quality requirements to concrete tasks that would have ensured the fulfillment of the respective requirements 
during the project. 

The specification of the quality requirements had low priority because the customer initially requested only features 
and only later started to require also quality (2.1.1). For some quality requirements accurate specification early in the 
project was not viable because it was natural to iterate and refine them later. However, if the feedback about realized 
quality came late (2.1.2), for example only after six weeks long development iterations, there was not enough time left 
to iterate and implement quality requirements such as usability. 

5.2.2. Educational viewpoints of unclear quality requirements 
It is educational to experience the difficulty in specifying the quality requirements. However, if the customer has no 

interest in quality, the team may encounter this problem on too superficial a level, i.e. they cannot even start the quality 
specification work. If the customer does not understand the importance of specifying quality requirements and assumes 
that the software magically fulfills all implicit expectations, the situation can be handled by educating the customer 
either by the team or by the course staff. However, if the lack of interest is because quality is not important in the 
project, for example if the project is only about prototyping some new technology, specifying the quality requirements 
would become an artificial exercise, if forced. Then a solution is to avoid such projects in the course. 

5.2.3. Causes for insufficient testing and quality assurance 
System quality did not match the goals because testing and quality assurance was insufficient (2.2). We categorized 

the related sub-causes under five causes. 
Firstly, testing tools and practices were unclear (2.2.1). The number of alternatives for tools and practices was 

enormous, and the team had only a limited time to experiment with them. The selection of tools and practices failed 
because it was just forgotten, or the selection was done and documented, for example, in the QA plan, but the plan was 
not communicated to the developers. Furthermore, the developers did not know whether they or separate testers should 
perform testing. 

Secondly, testing tasks were not taken as seriously as coding tasks (2.2.2) because they did not produce visible 
results or give any reward. Furthermore, the customer prioritized visible results over testing and not everyone liked 
testing. Thirdly, functional testing was not performed systematically (2.2.3), but only on the side of the development 
work. This happened because the testing plan was not communicated to the developers, or the requirements were not 
accurate enough to support testing. Fourthly, unit tests were executed seldom (2.2.4) because their execution had not 
been automated as a part of the commit or deployment activities. 
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Fifthly, the resources allocated for testing were not spent (2.2.5) because testing was started late in each iteration 
leading to a low amount of testing before the end of the iteration. There were five causes for starting testing late. Firstly, 
it was unclear when certain type of testing should be performed because the testing plan had not been communicated to 
the developers. Secondly, the system was not sufficiently ready for testing because features were completed late. 
Thirdly, it was unclear, which features were ready for testing and when they had been deployed for the last time 
because communication was not effective. Fourthly, deployment was not done frequently because it was difficult and it 
had not been automated. Fifthly, testing started late also because the real target device was not available in time. 

5.2.4. Educational viewpoints of insufficient testing and quality assurance 
It is educational to see that the issues related to planning, communication and developers’ attitudes complicate testing 

and other QA activities. However, if testing is postponed so late in the project that there is no chance to conduct it 
orderly the situation becomes educationally detrimental. 

In order to emphasize the role of testing, the course staff can enforce an iterative development process. During the 
first iterations, the teams see how the development tasks easily override testing, which breaks the principle of iterative, 
time-boxed development, where the number of features should be cut down rather than cutting testing to minimum. 
Such a practice often leads to quality problems, and thereafter the students are more likely to pay attention to testing 
earlier in the following iterations. 

5.3. Communication was not effective 
The projects had several communication problems that lead to failures in transferring information among the 

stakeholders. The failures meant, e.g., that 1) no regular summaries were made on recent project activities or they did 
not contain relevant topics, 2) the team members were unaware of the problems the other members had, 3) the roles and 
responsibilities had not been discussed, or 4) the developers did not get feedback on their work, but did they did neither 
give feedback to the managers. Communication was not effective due to four causes: there was lack of communication 
(3.1), communication did not reach the recipients (3.2), content of communication was difficult to understand (3.3), and 
communication to the customer was secretive (3.4). These causes and their sub-causes are shown in Fig. 5 and presented 
in the next section. 

 

 
Fig. 5. Why communication was not effective? 

5.3.1. Causes for ineffective communication 
There was lack of communication (3.1) because of four causes. Firstly, there was lack of communication because 

there was no agreement on what should be communicated and how (3.1.1). For example, it had not been decided where 
different pieces of information are stored. Secondly, the team members had difficulties finding common work time 
(3.1.2) because they were busy with their day job and other studies, and project schedules were decided late. Thirdly, 
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there was lack of informal communication (3.1.3), which meant that the team members did not discuss easily with each 
other. Informal communication failed because there had not been common events where the members would have gotten 
to know each other (3.1.4). Fourthly, the team members did not take responsibility as will be discussed in section 5.4. 

Communication did not reach the recipients (3.2) because the team members did not follow the same communication 
channels regularly (3.2.1). The project used too many communication channels, or there was no agreement on the 
frequency for following each communication channel. For example, the members did not read e-mail as often as the 
sender expects. Furthermore, some members had such a strong antipathy against some tools that it prevented from using 
them. Finally, meetings did not work as the communication channel for the whole team because all the members did not 
participate in them, and therefore, important topics could not be addressed. Often the same members were not present 
repeatedly or the participants were not known in advance. Meetings were also inefficient because they had no agendas 
or defined roles such as a meeting chair. 

The content of communication was difficult to understand (3.3) in certain situations. All the stakeholders should be 
able to understand the content, but it should still be compact.  All the team members did not understand the used 
terminology (3.3.1) because there were large differences in competencies. Such a situation frustrated the more 
experienced members. Use of a foreign language decreased and complicated communication (3.3.2). Furthermore, the 
documents were not always written for the developers but instead for the course staff (3.3.3). 

Communication with the customer was secretive (3.4) because the team did not want to disappoint the customer 
(3.4.1). For example, the team promised too much, gave too low effort estimates or revealed problems only when they 
could no more be hidden. Secrecy increased if the team had problems reaching the baseline goal of the project, or if the 
team was particularly ambitious for the customer satisfaction. 

5.3.2. Educational viewpoints of ineffective communication 
Setting up the communication practices in this kind of a project is a difficult, but educationally important problem. In 

a team having at least ten members or other stakeholders, and varying levels of physical presence, communication 
challenges cannot be avoided. The students see how much more efficient co-located work is, but they also have to find 
solutions for the distributed setting during the project. 

If the team members cannot work at all together as a unified team, the situation may become educationally 
detrimental. The course staff can try to avoid such situations by considering the schedules of the students when the 
teams are formed. Due to the varying work and family situations, the students have different preferences on working 
during office hours, evenings, or on weekends and holiday seasons. The course staff can also encourage the customers 
to provide an easily accessible and comfortable workspace. The course staff should also provide support for adopting a 
minimum set of crucial communication tools if a team fails to set up a working communication environment. 

Teaching teamwork skills such as communication through lectures and exercises may be more effective than 
expecting them to improve during the practical team work [15]. If the courses preceding the capstone project do not 
emphasize such soft topics, the capstone project course should include some teaching of team work basics both to 
increase the learning effect and to avoid excess problems that may threaten the success of the whole project. 

5.4. The team members did not take responsibility 
The lack of taking responsibility was seen when the team members just expected that they are told what to do, and if 

the responsibilities were unclear, they waited that someone else takes care of the open tasks. Team members did not 
take responsibility due to four causes:  members were uncertain about their competencies (4.1), members’ roles and 
responsibilities were unclear (4.2), members had lack of motivation (4.3), and there was lack of control (4.4). These 
causes and their sub-causes are shown in Fig. 6 and presented in the next section. 

 

 
Fig. 6. Why the team members did not take responsibility? 
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5.4.1. Causes for the team members not taking responsibility 
The members had lack of motivation (4.1) because of eight causes. The members did not understand the value of the 

course (4.1.1). They thought that the credit-effort ratio was unsatisfactory, and the course was a mandatory part of their 
curricula, which did not motivate them. The members did not agree to the requirement of spending a fixed number of 
hours in the project (4.1.2). The required effort was calculated based on the credits, but on many other courses the same 
number of credits requires less effort. Paid work overrode studies (4.1.3) and the members thought that during the 
course they were doing similar work without proper monetary compensation. The tasks were too challenging (4.1.4) 
because the project required too much preliminary knowledge. Furthermore, the team members’ areas of interest were 
not utilized (4.1.5) because they were not identified at the beginning of the project. Tasks, such as testing, did not 
interest the developers (4.1.6) because they were only interested in writing functional code. The project was too long 
(4.1.7) to keep the motivation up, considering that it lasted for several months with only a dozen hours per week. The 
managers did not motivate the developers (4.1.8) because they lacked experience on leadership and had no tools such as 
rewards or penalties to give out. They neither involved the developers in the managerial tasks nor listened to their ideas. 
Lack of motivation was also mentioned in [6] as the fourth commonly realized risks in the form of working or studying 
too many courses during the project, and in [8] as free riding. 

The members’ roles and responsibilities were unclear (4.2) because communication was not effective (3) or because 
some roles and responsibilities were not filled on time or at all (4.2.1). Unclear team responsibilities were also one of 
the three common problems mentioned by Umpress et al. [9]. 

The members were uncertain about their competencies (4.3). It meant that they did not have the courage to take more 
responsibility. 

There was lack of control (4.4). For example, if nobody monitored that the code was commented and unit tests were 
written, such activities did not take place. 

5.4.2. Educational viewpoints of the team members not taking responsibility 
It is educational to see the importance of people in a software project. Both, taking leadership as a manager and 

working as an active team member, involve many challenges. It is also important to see that software projects include 
many roles not related to pure programming work and it must be clear who takes the responsibility of those roles. 

The course is mandatory for almost all the participants and all the students do not consider it as their top priority task, 
for example, compared with their day job. In the worst cases the lack of motivation may create an educationally 
detrimental situation for the whole team even though only one member lacked motivation. The lack of motivation and 
too busy schedules are problems that are not essential to encounter from the educational point of view. 

 The course staff can mitigate the lack of motivation by emphasizing how unique an opportunity the course is for the 
students to experiment with new practices and tools in a safe but realistic environment where the outcome of the project 
is not the only thing that matters. The motivation can be reinforced also by course feedback from the previous years, 
which, at least in our case, shows very high ratings for the perceived utility of the course. Providing lots of different and 
interesting topics is also important to find a good match between the project topic and the desires of the students.  

In the course context, the developers may cut corners in the development process unless there is any control. The 
course staff can add control, for example, by requiring weekly reports on everyone’s participation in the project, or by 
enforcing and observing the usage of certain practices such as writing unit tests. If the conformance to the requirements 
set by the course is directly linked to the grading principles, the students pay more attention to the requirements.  

5.5. Summary of the results 
The concrete problems under the four topics were mainly related to project management, requirements engineering, 

testing and to soft skills such as communication practices and motivation. According to a recent systematic literature 
review [16], the most frequently identified gaps between the knowledge and skills of graduating computer science 
students and the expectations of industry or academia are oral communication, teamwork, project management, problem 
solving, and written communication. Our data shows that capstone project teams encounter lots of problems related to 
these soft skills. Thus, it may be that encountering such problems during the capstone project does not lead to sufficient 
learning. Unlike technical skills, soft skills can have a very small role in the computer science curriculum before the 
capstone project. However, it has been found that formal team training leads to better team knowledge skills than 
participation in a team project [15]. Therefore, including formal team work training in the capstone project courses 
might improve the learning of team work skills and thus alleviate the major gap in the abilities of the graduates. 

Overall, most of the problems encountered by the teams provided educational opportunities for the students. The 
motivational factors and too busy schedules of the students were the only problems that we would like to remove 
completely. Sometimes, also the educational problems worsened too much and generated educationally detrimental 
situations. Therefore, it makes sense to try to prevent such problems from becoming too critical. Based on our long 
experience of teaching a capstone course, we gave several suggestions that the teachers of similar capstone courses can 
use to mitigate the educationally detrimental situations. The suggestions are summarized in Table 1. 
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Table 1. Suggestions for mitigating the educationally detrimental situations. 
Suggestion Motivation 

Enforce an iterative development process. Provides better opportunities for learning testing and effort estimation techniques. 

Assign the most and least skilled students evenly in all teams. Improves the learning context for the less skilled students. 

Consider the students’ schedules in team formation. Increases the opportunities for co-located work sessions by the whole team. 

Collect a large variety of topic proposals. Helps in matching the students’ skills and the requirements of the topic. A good 
match prevents excess effort spent in learning new technologies, or a situation 
where the tasks are just too difficult for the students. 

Educate the customers and have the same trustworthy 
customers participate year after year. 

Helps in avoiding badly behaving customers. For example, simpler project scope 
negotiations, better customer availability for continual requirements elicitation 
work, and customers who appreciate high quality. 

Provide instructions on tool selection and adoption, especially 
for task management and communication. 

Helps in setting up the basic project infrastructure, if a team fails to do it 
independently. 

Emphasize the educational value of the project. Helps in motivating the students to get past difficult times during the project. 

Add control to ensure the usage of the desired work practices. Help in increasing the students’ attention on the crucial activities intended to 
prevent typical project risks and on the most important educational exercises. 

6. Conclusions 
The problems that the student teams encountered in their capstone projects were related to four topics: inadequate 

system functionality, inadequate system quality, inefficient communication, and lack of taking responsibility. The 
concrete problems under these topics were mainly related to project management, requirements engineering, testing and 
to soft skills such as communication practices and motivation. Most of the problems provided educational opportunities 
for the students. The teachers of similar courses can use the presented problems for evaluating the potential that 
capstone projects can have on reaching specific educational goals. 

Sometimes the problems worsened too much and generated educationally detrimental situations. Our suggestions for 
mitigating such situations include an iterative development process, team formation practicalities, reasonable project 
topics, customer education, instructions on selecting and adopting crucial tools, emphasizing learning, and adding 
control to ensure the usage of the desired work practices. 

Future research could aim at analyzing quantitatively the commonality of the encountered problems among different 
projects in a course and even between different course instances. Our summary gives an extensive list of potential 
problems, which could be used as a basis for a post project survey on the encountered problems. Furthermore, it would 
be valuable to analyze the causality between encountering a problem and learning from it. This could be done using pre- 
and post-tests of the understanding about various software engineering topics. 
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