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Abstract. Courses centered around a capstone project are common in Computer 

Science (CS) and Software Engineering (SE) programs. They are normally of-

fered towards the end of the study program and give students the possibility to 

work on realistic and engaging projects, at the same time giving them hands-on 

experience of working with external actors, hereafter customers. In this paper we 

investigate the type of projects that are proposed by external customers. The 

study is based on a specific course at our university, where capstone projects are 

proposed by external customers from industry, start-ups, non-governmental or-

ganizations, and research organizations. In the scope of this work, we analyzed 

the 134 project proposals that were submitted for our course over the last five 

years, 2018-2022. 

The research question that we are addressing is: Which type of projects are pro-

posed by external customers? To answer this question, we categorize the submit-

ted project proposals into nine categories: compulsory or volunteer system, prod-

uct driven or goal oriented, new product or enhancement, general audience or 

specific target group, information system or embedded system, sustainability as-

pects, type of license and competency-based classification. By classifying the 

proposals, we identify trends that might be used as a starting point to reflect on 

course and program organization.  Based on our study, we suggest classifying 

projects from external customers as an important strategic tool for helping teach-

ers to reflect on their work. 
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1 Introduction 

Project-based learning (PJBL) is a pedagogical approach often used in Computer Sci-

ence and in Software Engineering (SE) education to help students develop multiple 

skills in the context of a single course [1]. In the context of specific courses, the focus 

generally remains on the subject matter. For example, in a course on requirement engi-

neering the focus will tend to be on requirement-related processes rather than e.g., on 

budgeting, planning or coding [2]. 

In order to focus on the overall project experience and bring together competencies 

in a more holistic way, courses based on capstone projects are often adopted. During 

``the capstone projects, students apply the previously learned skills, deepen the 
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understanding of the acquired knowledge, extend the area of knowledge, and apply 

their knowledge and skills in a realistic simulation of professional experience in the 

university environment.`` [3], pg.1.  Capstone projects are recommended by Associa-

tion for Computer Machinery (ACM)/ Institute of Electrical and Electronics Engineers 

(IEEE) [4, 5] for both the Computer Science and Software Engineering undergraduate 

programs as well as by Software Engineering Body of Knowledge (SWEBOK) V3.0 

[6]. Capstone projects in Software Engineering have long been a topic of research. The 

approach is reported as helping students to develop multiple skills as well as their learn-

ing capabilities [2, 7]. Capstone projects also play a critical role in bridging the gap 

between the skills developed during studies and industry demands, playing a critical 

role in the professional life of graduates [8–10]. 

A recent literature review pointed out the wide adoption of capstone projects, but 

also the different ways they might be implemented [11]. Capstone projects might vary 

in terms of e.g., credits, duration, number of students. One important difference is the 

involvement of external clients. According to the review (ibid.), only 58% of the 

courses included in the literature survey involved external clients. Main reasons for not 

involving external clients include lack of external contacts, time issues, and in general 

projects with clients are considered as more cumbersome for the teaching staff. 

At the same time, the involvement of external clients, or customers in the terminol-

ogy that we use, has known benefits. In general, pedagogical approaches with a strong 

focus on work are known to enhance the achievements of learning outcomes at the same 

time helping students to adjust better to work-life needs [12]. Projects with real cus-

tomers are also reported to help achieve the learning outcomes for SE program and 

bridge the gap between academia and industry [10]. They also promote the develop-

ment of key professional skills like knowing how to interact with a client [13].  

In this paper, we focus on capstone projects that are proposed by external customers. 

We contribute to the research in this area by investigating the type of projects that in-

dustry is proposing. With this effort we aim at (i) identifying emerging trends and (ii) 

reflecting on the implications for course and program design. The study is based on the 

analysis of the 134 project proposals submitted to one of the capstone projects at our 

university during the period 2018-2022.  

The rest of the paper is organized as follows: Section 2 provides the description of 

the capstone project course analyzed in this paper; Section 3 presents the research meth-

odology; Section 4 the categorization of the projects; Section 5 a detailed analysis of 

results; Section 6 reflects on the implications of the results for course and program 

organization and finally Section 7 concludes the paper with some future directions.  

2 Our Case 

The capstone project course that we are analyzing is mandatory for students in the last 

semester of their Bachelor’s degree in Informatics. The course is 15 ECTS (European 

Credit Transfer System). If we consider the classification of capstone projects presented 

in [11], our case can be classified as a course spanning over one semester; with a team 

size of 5-7 students; with external stakeholders proposing project ideas and acting as 



customers; software prototypes and reports produced and assessed during the semester, 

but with project phases and technologies varying depending on the characteristics of 

each project. The goal of the course is to ensure that each group delivers a product 

accepted by the customers. Students develop applied skills in software engineering as 

well as specific skills about programming languages and tools depending on the specific 

project they work with.  

A description of the course and its organization is beyond the scope of the paper, 

that focuses on the projects proposed by external customers. We therefore limit our 

description of the course to the initial phase of collecting the project proposals. External 

customers are contacted a few months before the beginning of the course through the 

personal network of the teaching staff and are invited to submit proposals. Customers 

are informed about the general constraints of the course in terms of time and workload. 

Apart from the general constraints, customers are free to propose any project that they 

consider relevant and feasible to complete within the given timeframe. The suitability 

of the proposals is then assessed by the teaching staff. 

Customers are asked to use a predefined template to present their proposals and to 

stay within 1 page. Proposals are kept short to limit the workload for the customers. 

Short proposals also make it easy for students to go through all of them quickly at the 

beginning of the course and express their preferences. These proposals are the docu-

ments we analyze in this paper. The template is provided in Table 1.  

 
Table 1. Project Proposal Template 

1. Name of the company and contact information. 

2. Language of the report, by default English 

3. Project description. Customers must provide a brief description to help students 

select the project during the initial meeting. More information can be provided 

later. The project must have clear boundaries, to evaluate the group's contribution. 

We do not accept a generic task where students will work on the overall company 

product, contributing in a fragmented way to distinct parts.  The project should 

involve design, development, and testing of the expected product. All projects 

should include a development phase, so we do not accept, e.g., tasks that only in-

volve a literature review, product or market analysis, user evaluation of an existing 

product, ...  

4. Suggested number of students, by default 5-7 

5. Competencies, distinguishing between competencies required and the ones that are 

considered useful but not critical. 

6. Software License under which the product will be released. By default, if not dif-

ferently specified, we assume that the software produced will be released under an 

open-source license.  

7. Any additional information that customers want to provide.  

8. Plan B. This field was added during the pandemic to make sure that customers 

consider challenges, for example with accessing specific resources. 

 

The template remained stable in the years, with (8) introduced in 2021 and (6) intro-

duced in 2022 to clarify a project element that might cause conflicts later in the project. 
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3 Methodology 

For this study we focus solely on the content of the project proposals with the aim of 

identifying the type of projects that external customers are interested in and the impli-

cations for academia. More specifically, we analyze the 1-page project proposals sub-

mitted using the template presented in the previous section in the period 2018-2022.  

After collecting all the proposals from the course organizers, we categorized them 

combining an inductive/deductive approach [14]. Given the nature of the documents, 

our goal was to identify categories that could help us to clearly characterize the pro-

posals and identify trends in the course project portfolio.  

Based on the experience with the course and existing literature, the authors identified 

an initial set of categories as relevant themes to analyze the documents. The authors 

then read the documents, categorized them, and revised the categorization as needed. 

The process was highly iterative. The first iteration on a sub-set of proposals was con-

ducted by the two authors to assure a common understanding of the categories. The first 

author then proceeded with the analysis of all the documents, in an iterative way and 

with revisions based on discussion with the second author. The first author does not 

have experience with the course. This helped us to look at the documents with a fresh 

eye, avoiding possible biases due to previous knowledge of the material. The conver-

sation with the second author, with extensive course experience, added reliability by 

avoiding the risks connected with a single person analyzing the data.   

The analysis was conducted in Microsoft Excel year-wise. At the end, the graphs 

presented in Section 5 were generated to provide an overview.  

4 Capstone Projects Categorization   

Capstone projects are categorized differently by different researchers. In [15] the 

authors analyzed the capstone projects of a SE graduate program, finding that from 

agriculture, business, education, hospitality and social, different domains appeared in 

capstone projects. In [16], capstone projects are divided into two classes based on the 

proponent, either industry or faculty. Further, capstone projects are categorized into 

sub-categories, namely process models used to develop; intendent audience; platforms 

for which they were developed; and the programing language used to develop. The used 

classification also considers project source code availability, e.g., the software is open 

source; and whether the project is started from scratch, or it is an enhancement of an 

existing project. In [17] the researchers categorized the domains of capstone projects, 

including network, wireless technologies, data mining, business intelligence and com-

puter vision. The study in [17] also presents the different types of deliverables at the 

end of a capstone project, with most of the projects expecting the delivery of a working 

software prototype at the end. Some courses may also require additional or alternative 

forms of deliverables like design specification, requirement analysis, etc. A study pre-

sented in [18] highlights the importance of capstone projects in the field of Computer 

Science. The capstone projects are classified into service and production sectors where 

each of them is further classified into eight different categories. The service sector is 



categorized into healthcare, hospitality, distribution center, call center, nursery home, 

transportation wholesale, and education. Whereas the production sector is categorized 

into high tech, machining, pharmaceutical, textile, plastic, agriculture, food, and con-

struction. The researchers in [19] classified the software applications using a machine 

learning algorithm. The algorithm returned twenty-two different categories, including 

e.g., graphics, web, database, and bio-informatic.  Sustainability in software projects is 

an important and hot research topic. In [20] authors stated that students must be able to 

work on existing code so enhancing the features of an existing software is equally im-

portant as that of creating a new software.  In [21, 24] the authors highlight the im-

portance of sustainability in customer-driven project courses, with focus on the UN 

Sustainable Development Goals.  

As we can see from this brief overview, there have been different attempts to classify 

capstone projects. The categorization that we use in this paper is mainly based on ex-

isting project categorizations. In [24] the authors stated that software projects can be 

categorized as volunteer or compulsory system, product oriented or goal oriented, in-

formation system or embedded system, the software projects can be for a specific au-

dience or for general audience. So, Items 1-5 are borrowed by [24], though they might 

appear in slightly different forms also in other categorizations. As stated in [22], the 

three pillars of sustainability are social, economic and environment. So, we analyzed 

the sustainability aspects present in the capstone project proposal and presented them 

as item 6 named sustainability. Items 7, type of license, is introduced based on our 

experience with an important aspect of projects with external customers. This type of 

categorization is also used in [16]. In [19] the authors provided the categorization of 

projects according to different domains like web, database, front end, bio informatic 

etc. During the analysis of project proposals, we categorize the projects according to 

the competencies required to develop the Item 8 emerged as result of this analysis. For 

each category, we are presenting below a short description with examples.   

1. Volunteer or Compulsory: A project is categorized as compulsory if the produced 

system must be used to complete a task, e.g., a system to control the temperature of 

a building. If the system for temperature control is not used it may lead to overheat-

ing a building or not-functional heating system which leads to a problem of ineffi-

cient utilization of energy. A project is categorized as Volunteer when the users of 

the final prototype may decide to use it or not, e.g., a computer game-based language 

tutor.      

2. Product Driven or Goal/Objective Oriented: At the end of a project the product needs 

to be delivered, or certain goals (which are stated as artifacts in [17]) are achieved. 

E.g., a project that requires students to develop a portal to promote cooperation with 

parents in kindergartens is classified as product driven. A project intended to im-

prove the performance of a routing protocol is placed in the Goal oriented project 

category.   

3. New Product or Enhancement: The product can be designed and developed from 

scratch, or it can be the enhancement of a previously delivered product e.g., adding 

new features into a virtual reality-based job portal. Understanding and making 

changes to existing code is a very important skill. So, for capstone projects the 
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competencies required for enhancements of existing products are equally important 

than those for creating new products [20].  

4. General Audience or Specific Target Group: This category considers if the devel-

oped product is intended for anyone, then the project is classified as for general au-

dience, or it may be intended for a specific target group. For example, if a project 

proposal states that the product is intended for people who are visually impaired, this 

means that this project is intended to a specific audience group. A virtual reality-

based city tour where the audience group is not specified is classified for general 

audience.   

5. Information System or Embedded System: The software used to access or provide 

information are information system. The database system, web-based system, sys-

tem accessed via internet, service sector software etc., fall  under the information 

system category [15, 17–19].  The software may use to control the machines in this 

case it will be considered as embedded system, e.g., a robotic arm is considered as 

an embedded system because in this project the robotic arm is controlled via software 

whereas a system getting daily inputs from parents of kids at kindergarten about their 

presence is considered as information system.  

6. Sustainability Aspects: in this category, we consider three dimensions of sustaina-

bility, namely environmental, economic, and social[21–23].  In the environmental 

aspects, we consider how a software system is decreasing the carbon footprint by 

efficiently utilizing the natural resources.  Economic aspects consider if a project can 

be used to decrease the costs in terms of money and its business model allows it to 

sustain itself. Impact on society is a category used when a system explicitly ad-

dresses its impact on society. For example, if a project is using software and hard-

ware (sensors) to decrease the heating costs in government buildings, it is providing 

a solution that addresses aspects of environmental and economic sustainability. As 

the energy consumption of a building decreases, its carbon footprint also decreases. 

At the same time, utilizing less energy means saving money, so it is also considering 

the economical aspect of sustainability. If a project purpose is to improve the health 

and wellbeing of a group, like for example migrants, then we place this project as 

considering the impact on society.  

7. License Type: This category considers under which license a product is expected to 

be delivered. This field is filled in by the customer in the proposal (Item 6 in Table 

1). In some project proposals this field was missing, and they were placed into the 

not mentioned category. The authors in [16] also use the same category.   

8. Competency-based Classification: This category is highly dependent on the project 

proposals provided for analysis. Each project proposal has a field named Competen-

cies (Item 5 in Table 1), where the required competencies are listed e.g., Front-End 

development, Mobile Application Development, Sensor etc. So, just like [15, 17, 

19], we analyzed the available data in terms of project proposals and categorize the 

project according to the competency required for its development. At a time, a pro-

ject may appear in more than one category e.g., a project may have a web site as well 

as a mobile application.  This category can take the following values: 

i. Web 

ii. IoT 



iii. Mobile Application  

iv. Client Server  

v. Desktop Application  

5 Results  

In this section we present the findings concerning the categorization within the projects` 

proposals of customers. 

For the analysis, we used a total of 134 proposals, distributed as following: 25 in 2018; 

23 in 2019; 29 in 2020; 28 in 2021; 29 in 2022.  

Figure 1 shows the number of projects proposal intended to develop a volunteer system 

or compulsory system over the last five years. Figure 2 shows how many projects are 

for a targeted audience and how many of them are for a general audience. Figure 3 

shows the year wise projects producing a product at the end or achieving a specific 

goal. Figure 4 depicts how many of the projects are a new product or are enhancement 

of a previous product. Figure 5 shows the distribution projects as information system 

and embedded systems. Figure 6 shows the year wise projects license status. Figure 7 

shows the sustainability aspects considered each year and Figure 8 depicts the classifi-

cation of projects according to technology. Figure 9 and Figure 10 further elaborate the 

results by showing the accumulated results of five years as a pie chart in terms of sus-

tainability and technology-based classification.  

 

5.1 Trends 

It was a hypothesis that sustainability, being a hot topic, would appear in the proposals 

submitted by customers. However, we found that the issue of sustainability is not ad-

dressed explicitly by many customers. As we can see in Figure 7 and Figure 9 on the 

overall, 75% of projects consider sustainability, but this ratio becomes lower as there 

are projects considering more than one aspect of sustainability simultaneously. We also 

do not see a significant increase in the number of projects addressing sustainability 

throughout the period, i.e., from 2018 to 2022. This seems to contrast with a significant 

increase in the awareness of issues connected to sustainability in academia, but also in 

industry, public sector, and among the general public. At the same time, the result of 

this study is fully in line with the results of a similar study presented in [21, 24]. It is 

therefore important to identify ways to make sustainability issues more visible and in-

crease awareness among customers.  

Figure 4 depicts that over the years 2018-2021 the number of new products is always 

greater than the enchantments in the previous projects. However, just after the covid 

the year 2022 shows an increase in the number of enhancement projects. The reason 

may be that the projects developed during the covid time need improvements, however, 

for this we need to research on customer satisfaction from the capstone projects devel-

oped by students. The technology classification shown in figure 8 concludes that the 

web-based projects remained in trends throughout the time from 2018-2022. The mo-

bile application projects are second highest after web. IoT and client server are present-

ing about the same ratio, and Desktop Applications are lowest. From Figure 2 it is 
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possible to note that most of the systems are intended for a specific group i.e., developed 

for a targeted audience. These projects might ease the work of students during the re-

quirement analysis. At the same time, in many cases, these projects require students to 

elicit requirements and evaluate their system with real users, something that they have 

limited experience in doing. This topic requires further research to understand student 

preferences and experiences in capstone projects. Figure 1 depicts that 55% of the pro-

jects are volunteer systems and the rest 45% are compulsory systems. Figure 3 shows 

that 73% of the projects are product driven and the rest 27% are objective oriented or 

Goal oriented projects. This result is in line with the results in [17], where the study 

showed that most of the projects were expected to deliver a product at the end of the 

course.   

License is an explicit field in the project proposal template as shown in Table 1. In 

the course under study, customers are free to decide under which license they want to 

release the software that will be produced by the students´ team. By default, we assume 

the software will be released under an open-source license. From the analysis, we see 

that in a few cases where the software code or data need confidentiality, the customers 

specified a more restrictive license. In the year 2021 and 2022 we can see some projects 

do not specify the license. It is concerning that many customers just accept the default 

or do not specify the license in their proposals. This might create conflicts in subsequent 

phases. In general, it is important to increase awareness of customers and students about 

issues connected to intellectual property rights and different license models.   

 

 

Figure 1 Year wise Projects Volunteer Vs Compulsory  

Figure 2 Year wise Projects Targeted for a specific Audience Group Vs General audience. 



 

 

 

 

Figure 3 Product oriented Vs Goal Oriented Projects                    

Figure 4 New Product oriented Vs Enhancements Projects                    

Figure 5 Information System Vs Embedded Systems 

Figure 6 Licensed Vs Opensource Projects    
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6 Discussion       

6.1 Implications for course organization 

The analysis clearly shows the diversity of projects that are of interest to customers. 

When industry is free to propose projects based on their own interests and needs, the 

result is a portfolio of projects that use different technologies, covers different aspects 

of a project life cycle, for different domains, etc. This diversity is important because it 

provides students with (i) a realistic context for their project and (ii) an increased aware-

ness of the variety of job contexts in which they might be operating. Different projects 

also give students the possibility to build on their existing skills and/or develop new 

Figure 8 Competency-based Classification over 5 years 

Figure 9 Accumulated results of Sustaina-

bility Aspects    
Figure 10 Accumulated result of Compe-

tency-based Classification 

Figure 7 Sustainability Aspects over 5 years 



ones. However, it is also clear that the heterogeneity of projects brings along several 

challenges. We do not want here to claim that there is an ideal solution. It is up to the 

course staff to decide, considering their context, the degree of heterogeneity that is ap-

propriate for their context. The proposed classification of projects might offer a critical 

instrument to analyze the portfolio and support in decision making. How similar or 

different are the projects that are part of our portfolio? Do we offer enough variety to 

cater for the different interests of the local industry Do we have the competencies 

among the staff to supervise the projects and then evaluate them in a fair way? For 

example, the heterogeneity of projects must be considered in setting the evaluation cri-

teria. It is not fair to evaluate the outcome of a project that requires acquiring new tech-

nical competences using the same criteria than a project that is using standard technol-

ogy that students have already learned in their study. Formative and summative assess-

ment of projects is indeed one of the main challenges faced when the degree of hetero-

geneity increases. Heterogeneity of projects makes it difficult to define clear-cut crite-

ria, making the context blurred for both students and evaluators. For example, it is dif-

ficult to define a precise number of points (or percentage of the grade) for requirement 

elicitation when some projects get most of their requirements pre-defined by the cus-

tomers, while for others that is the main challenge of the project. The same holds also 

for other aspects of the project. How much should one weight customer interaction 

management when some of the groups are dealing with high experienced and unprob-

lematic customers, while others are working in more complex contexts? Addressing 

these challenges in a successful way requires a high degree of openness and focused 

effort, towards students as well as evaluators. On one side, it is critical to make sure 

that students understand the complexity of the evaluation criteria and have a reflective 

approach to the specific challenges of their projects. In our course, we experienced with 

both peer- and self-assessment by students at mid-term, when all groups must deliver a 

draft of their report. Self-assessment seems to be an effective way to help students un-

derstand how their work is evaluated. On the other side, it is critical to get a team of 

committed and highly competent evaluators able to appreciate the challenges that each 

group has faced. In our experience, this requires long conversations to make sure that 

each group gets a fair evaluation in the general context of the course. Combining eval-

uators from academia and industry helps to bring forward different issues. This is on 

the overall a resource demanding process that requires an explicit commitment from 

the teaching staff as well as the study program to provide the necessary resources. Het-

erogeneity of projects might be important to provide students with meaningful and re-

alistic experiences, but it does not come for free. 

An issue that also needs attention is connected to licensing of the software produced 

by students, as discussed in the previous section. In general, we experience that this is 

a topic about which many students have limited knowledge. This is an important issue 

for which we need to create an increased awareness because the choice has critical 

ethical, legal, and technical implications. Whether this is an issue to be addressed at the 

level of the capstone project course or should be introduced earlier is open to debate. 
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6.2 Implications for program organization 

Capstone projects are an important tool for program organizers to assess if the compe-

tencies that are developed in previous years are adequate. Do the courses that are of-

fered in the program prepare students to successfully complete their capstone projects? 

More importantly, if we look at the capstone project as a proxy of projects that students 

will face at work, does the study prepare them to different work life experiences? For 

example, when classifying the projects, it became evident for us a gap in the preparation 

of the students. As discussed in Section 5, a large number of projects are enhancements 

on existing projects. This is something that we often experience students struggling 

with. When they reach the final capstone project, students have worked with different 

types of projects. However, mainly due to practical reasons, these projects are starting 

from scratch. Students have therefore no experience with managing and working with 

others code. So, this study shows that working on existing projects to enhance them is 

at least equally important as working on projects from scratch, in line with the results 

in [20]. Therefore, we recommend that, where possible, course learning outcomes 

(CLO) and/or program learning outcomes (PLO) should explicitly address the compe-

tencies needed to ensure the reusability and reuse of software source code. This is also 

in line with the recommendations for Sustainable Computer Science, highlighting the 

need to teach students not to waste resources in rewriting existing codes and to promote 

an open source culture [25].     

7 Conclusion and Future Work   

This paper studies a course in which students work in teams to develop a product for 

an external customer. The focus is on the type of projects that are proposed by custom-

ers at the beginning of the course. For this purpose, we analyzed the projects` proposals 

from the past five years. By classifying the proposals, we identify trends that might be 

used as a starting point to reflect on course and program organization.  

From our experience, classifying projects from external customers emerges as an 

important strategic tool for helping teachers to reflect on their work. The portfolio of 

projects that any course might propose is largely contextual, depending for example on 

the network of the teaching staff outside academia and the local actors. It is therefore 

important to work systematically on the portfolio to understand its strengths and weak-

nesses. A categorization of projects as we suggest might help to identify not only local 

trends, but also e.g., the lack of projects of a certain type and start a targeted search for 

additional projects. In addition, the analysis also helps to reflect on course and program 

issues. For example, the analysis might identify a level of heterogeneity that is not man-

ageable by the teaching staff. The study can also be used as an input for external cus-

tomer of capstone project to add the missing but required features like sustainability.  

The study is based on a single case. This is a limitation of the research. It is therefore 

necessary to conduct further research to finalize the proposed classification by applying 

it in other capstone projects. We also aim at developing more detailed guidelines for 

helping teachers to categorize their project portfolio as a strategic tool for course and 

program planning. 
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