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Victor E. Lugo Vélez, University of Puerto Rico, Mayagüez Campus
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Applying Complexity Theory and Project-Based Learning to 

Project Designs of Complex Computing Systems 

 
Introduction 

 

In capstone courses, students solve real world problems using teamwork, their engineering 

skillset acquired through their curricular and co-curricular experiences, and management and 

planning.  Faculty try to predict the impact of student technical and non-technical skills in the 

success and quality of projects but literature on this topic is sparse. The purpose of this case study 

is to identify which variables among technical and non-technical characteristics of students impact 

engineering project development and quality in small teams of ten (10) members or fewer. The 

types of projects considered have the following characteristics: they attempt to solve a real-world, 

open-ended problem; they require a thorough investigation into the application domain; team 

members possess previous knowledge on the project; and clients and management consistently 

offer feedback.  

 

Furthermore, this case study expands on the theoretical work developed on organizational 

research in engineering education. Areas containing organizational research attempt to improve 

their project processes and management by focusing on the human factors of their developers [1, 

2]. The case study offers an alternative perspective through a holistic, analytical approach of 

developers' technical and non-technical skills to improve project development and management 

practices. It also highlights the relationship between variables that affect project completion and 

the effect variables have in different project development stages, which currently lacks literature 

on the subject.  

 

Capstone course professors and managers of engineering project development have 

concerns about project management skills as project complexity increases [1, 3]. They have 

expressed that they rely on instinct to assess project complexity [2]. One of the reasons is that they 

lack the tools to accurately assess team performance throughout the constantly changing 

complexity of project development. Erroneous assessment can lead to a loss of motivation, feeling 

overwhelmed, the inability to develop or learn new skills, the inability to accomplish outcomes, 

and the risk of an incomplete project for developers [2, 3].  

 

This case study uses a Grounded Theory methodology combined with Complexity Theory 

and Project-Based Learning to identify the variables that impact successful project completion in 

capstone courses. The organization of the rest of this paper is as follows: The objectives and 

background are presented, followed by methodology. Then results and discussion are presented 

with conclusion and future work. 

 

Objectives  

 

This case study aims to identify which variables affect successful engineering project 

completion in small teams of 10 members or less; the relationships between the variables; and how 

management from industries and engineering design courses can improve team management 

abilities and successful engineering project completion rates. A final course evaluation of 85 to 

100 points is characterized as a successful project.   



Complexity 

This research utilizes Complexity Theory, which consists of principles that describe the 

characteristics of complex systems. The principles of Complexity Theory are self-organization, 

emergence, non-linearity, feedback loops, and adaptability [4]. Of particular importance, 

emergence is the appearance of a phenomenon of the whole system during a holistic observation 

of the element's interactions [4, 5]. The edge of chaos is an example of emergence, a phenomenon 

where the system shifts between stability and instability to maintain equilibrium [6].  

 

A complex system is open to exchanging energy with its environment and is composed of 

interacting elements with hierarchy [1, 5]. This case study considers a subcategory of Complex 

Systems called Complex Computing Systems, which contain machine elements [1, 5]. 

Furthermore, this paper perceives small teams or a group of small teams as a Complex Computing 

System due to their structure, behavior, and interactions with machine elements.  

 

 Williams presents Baccarini's definition of complexity in complex systems as affected by 

differentiation and interdependence. Differentiation is the number of different elements a system 

has, while interdependence is the number of interactions with others [7]. Williams also presents 

Turner and Cochrane's definition of complexity from a continuous change and uncertainty 

perspective where something is complex because of its unpredictable nature [7]. 

 

Ranganathan and Campbell present different complexity types used to evaluate a 

distributed computing system from a technical perspective. They mention cyclomatic complexity, 

size complexity, unpredictability, chaotic complexity, and algorithmic complexity [8]. Of 

particular importance for this paper, cyclomatic complexity refers to a system's interconnected 

parts and layers, determined with a system architecture diagram. These different complexity types 

are closely related to Baccarini's and William and Turners' definitions of complexity by structure, 

process, and comprehension [7]. 

 

Case Study 

 

The Computer Engineering Capstone course observed in this case study implements 

ABET's requirements in its structure and uses open-ended, real-world problems [9, 10]. It is a one-

semester-long course where students design and develop a project focusing on software, hardware, 

communication, or a combination for a particular client. All other core courses of the program are 

prerequisites for this course. The projects only reach the prototype stage, and the course divides 

the project into three phases: design, development, and integration. Each phase has an oral 

examination at the end. The course also requires the students to write a proposal, progress, and 

final report with their respective oral presentations. During the first two oral examinations, the 

course faculty question students about their project schedule and task progress before separating 

and questioning them about their design choices and their module implementations. Student teams 

must then demonstrate their fully functional and tested prototype for the third oral examination.  

 

Capstone project teams and their projects demonstrate the principles of Complexity 

Theory. Student teams have the autonomy to choose their team members, project, client, organize 

themselves, and choose their work methodology, which shows self-organization. Student 

interactions display emergence and non-linearity when they accomplish work that is not the sum 



of their abilities. Constant interaction between students, clients, and faculty members to improve 

the project is the basis for feedback loops, where these interactions help modify the project and 

guide it accordingly. Finally, the teams demonstrate adaptability at the end of the different phases 

in the course, where feedback from professors and clients helps them change their actions for the 

next phases.  

 

Furthermore, this course is team-taught employing Project-Based Learning (PBL). Project-

Based Learning is a pedagogy that has received attention in the past thirty years due to practical 

educational benefits [11]. Some PBL fundamental elements map to principles of Complexity 

Theory. These are: student autonomy, constructive investigation, centrality to curriculum, driving 

questions, and real-world problems [11].  

 

Self-determination and incremental implicit theories 

 

Two other theories are of interest to this research: Self-Determination Theory and 

Incremental Implicit Theory [12, 13]. Self-Determination Theory describes a spectrum of work 

motivation with three categories: ammotivation, controlled motivation, and autonomous 

motivation, depending on the sense of autonomy.  Similarly, Incremental Implicit Theory dives 

into the mindset of people and how they react to challenges [13]. The theory describes two states: 

fixed mindset and growth mindset. A fixed mindset characterizes an aversion to challenges due to 

fear of poor performance, while people with a growth mindset partake in challenges to improve 

themselves [13]. 

 

Various factors affect motivation throughout a project's life cycle, directly affecting how 

developers work [12, 14, 15]. Some of these factors are the types of goals people have towards 

working. Valle et al. describe two types of universal goals: performance goals based on recognition 

and learning goals based on mastery of a subject [15]. Valle et al. conclude that those with learning 

goals or multiple goals have a higher chance of succeeding in their tasks [15]. Compared to Gagné 

and Deci's Self-Determination Theory, performance and learning goals fit within the theory's 

motivation spectrum. Performance goals exhibit controlled motivation characteristics because 

people are motivated due to external factors. Learning goals exhibit autonomous motivation 

characteristics because people are motivated by an internal value of the work [12]. Likewise, the 

benefits of multiple goals are closely related to Integrated Regulation, a subcategory of controlled 

motivation that shares characteristics of both control and autonomous motivation [12].  

 

 Another factor that affects the motivation of individuals is the complexity of the work and 

the relatedness they feel with the work they participate in [16]. An example of task complexity 

affecting motivation is the research by Vos et al., where they divide elementary school students 

into two groups: those who will construct a game and those who will play an already constructed 

game [16]. The research results concluded that the students who constructed a game felt more 

motivated than the students who only had to play due to the higher complexity of the task [16].  

 

Mindset 

 

Mindset is another variable of interest. In their study of middle and high school students, 

Dweck and Yeager formalized a mindset theory called Incremental Implicit Theory [13]. This 



theory states that intelligence is a malleable quality improved through effort and practice. 

Furthermore, in their research, they concluded that people have two types of mindsets: fixed and 

growth. They argue that a growth mindset is preferable for improved performance, and, to develop 

growth mindsets, educators and parents have to praise a student's effort more than their outcomes 

[13, 17]. Similarly, in her paper, Boyd argues that professors need to change their mindset to help 

change the students [17].  

 

In the book "How Learning Works: 7 Research-Based Principles for Smart Teaching," 

Ambrose et al. present a similar idea about students' mindsets [18]. The authors argue that students 

have formed an identity throughout their lives that they use as a filter for all incoming information 

[18]. This filter affects how they interpret information and adapt to both feedback and failure [18]. 

Additionally, the authors argue that the environment plays a role in students' mindset [18].  

 

Teamwork 

 

Teamwork also affects project complexity. Huang and Chen demonstrate how teamwork 

affects project complexity by exploring the dynamics of team processes [19]. They identify that 

team members' availability and the rate at which they learn and apply new techniques and skills to 

the project's context can decrease or increase the chances for project success. Asproni furthers this 

by identifying that teamwork involves both technical and personal competencies to succeed [20]. 

Furthermore, Asproni states that face-to-face communication and a high standard of work ethic 

can have far-reaching positive effects on teamwork and overall project success [20].  

 

 One of the most fundamental teamwork problems is the free rider problem [14, 21, 22]. 

Free riding is the phenomenon where a member or group within a team will consistently do less 

work than the rest [14, 21, 22]. Pfaff and Huddleston research which variables affect student 

attitudes towards teamwork and conclude that the absence of a free rider has positive effects on 

teamwork [21]. Additionally, they also argue that using peer evaluations is a good deterrent for 

free riders and may increase student focus and motivation [21]. Brooks and Ammons report similar 

findings in their study of free riding and peer evaluations. Furthermore, the opposite of free riding, 

such as a student trying to monopolize all the work and excluding the rest of the team, can 

negatively affect teamwork [23]. Kapp references this problem in his paper while discussing 

methods to improve teamwork in collaborative project-based courses [23]. He concludes that team 

building and team performance interventions are needed throughout the course to improve 

teamwork [23]. 

 

 Maintaining an appropriate level of teamwork, high motivation, and an appropriate mindset 

among team members are elements that constitute project management [19, 24]. In Huang and 

Chen's research, most of the complexity and teamwork quality variation comes from tasks that 

belong to the project management theme [19]. Project management also plays an impactful role in 

team members' motivation by assigning tasks to team members based on the complexity of the 

tasks and team members' skills. It is also management's responsibility to create an environment 

where the group can change from any level of a fixed mindset to a growth mindset [18].  

 

 

 



Project Management 

 

 Project management is responsible for establishing the schedule and communicating the 

project's goals to everyone involved [19]. Huang and Chen exemplify this in their research and 

discuss the consequences of not making a well-established schedule and clearly stated goals [19]. 

They argue that overall project complexity increases proportionally to the uncertainty of team 

members' thoughts on the project's [7, 19]. Additionally, Schmidt and Adams present project 

management's involvement with motivation, where their results conclude that motivation tends to 

decrease as a project progresses [7]. Therefore, project management must notice this and react 

accordingly to help maintain motivation as high as possible [7]. Considering these researches, the 

variables of interest to this study are cyclomatic complexity, motivation, mindset, teamwork, and 

project management.  

 

Research Methodology 

 

Grounded Theory is a research methodology founded by Glaser and Strauss in 1967 to 

produce theoretical accounts on observations and data [25, 26]. The methodology belongs in 

qualitative research and requires that researchers avoid having previous knowledge on the research 

topic. The methodology’s process has four main steps: note writing, coding, category 

identification, and literature comparison. Additionally, the methodology contains theoretical 

sampling, which allows the ability to direct the focus of the study, and theoretical saturation, a 

stopping condition where new data no longer offers significant benefits to the theory [25, 26].  

 

This case study uses Grounded Theory to gather and analyze data from the students of a 

Computer Engineering senior-level capstone course from a Hispanic Serving Institution. After 

obtaining consent from students each semester, observations taken spanned four semesters. The 

informal procedure consisted of recording the everyday, work-related conversations the subjects 

had in the laboratory and how they interacted using Grounded Theory's note writing procedure. 

The formal procedures were weekly faculty meetings where the course faculty would discuss the 

characteristics of each team observed. Subjects received peer assessment and feedback Google 

forms through the course's assignment website throughout the semester. These forms were 

voluntary, and they would commonly have a response rate of one-third of the group. Finally, the 

course faculty held an end of the semester meeting to discuss the lessons learned. This document 

contained information on what instruction and process techniques were impactful on the subjects' 

performance, what qualities the subjects exhibited that became obstacles to project completion, 

and suggestions to improve the course based on the observations. 

 

Open coding helped group observations by similar topics [25, 26]. This process identified 

groupings that had common concepts. The process continued by grouping related concepts into 

categories that would form the theory using Grounded Theory's axial coding procedure [25, 26]. 

Finally, new data helped to edit the theory by removing categories that did not fit. The editing 

process was a two-step process. First, the editing process began at the end of each semester by 

organizing concepts and categories. Then literature reviews became the basis for editing the theory 

before the start of the following semester.   

 



Additionally, information recorded in this case study details aspects of the course related 

to the subjects' performance and the project's complexity. These aspects were the evaluations of 

subjects obtained at each phase's end and the complexity coefficient of the design of their projects. 

The oral examination and final evaluations were the primary measures to determine successful 

project completion.  

 

Data Analysis 

 

Data analysis for the observations involved identifying, analyzing, and coding related 

terms. These terms consisted of keywords or ideas repeated in various observations and described 

the subjects or faculty's themes. The analysis of concepts led to identifying shared ideas, such as 

causes, effects, or descriptions, that would later become categories. This analysis also helped 

identify any concept or category that did not appear to fit the case study. This process repeated 

throughout the semesters until the theory reached theoretical saturation. 

 

Literature analysis helped refine the concepts and categories. The concepts and categories 

identified in the previous semester directed the study to review papers on those subjects. After the 

literature review, the identification of new concepts; modification of existing concepts and 

categories; and theoretical sampling refined the core of the study. At the end of this process, the 

remaining categories formed the basis for an explanatory theory of the observations.  

 

Historical data analysis began by first extracting the data from the course faculty's archive 

evaluations and saving them in an Excel file. Excel function formulas helped identify the means, 

variances, and standard deviations from each phase from every semester. Welch’s T-Test for 

unequal variances helped determine if a significant difference between semesters existed on their 

course phase evaluation with a 5% confidence interval. Finally, box plots further visualized this 

difference between semesters.  

 

Additionally, progress reports contained the necessary diagrams to use the cyclomatic 

complexity formula. The cyclomatic complexity formula is as follows [8]: 

(1)         CC = E –N+P 

The terms in the cyclomatic complexity (CC) equation represent nodes (N), edges (E), and 

components (P). A graph containing the averages of the complexity coefficients of each semester 

helped visualize any trends in the data.  

 

Results 

 

 A total of 225 observations from informal and formal interviews of the teams helped 

identify concepts and categories. The observations produced various notes that had similar 

concepts as their central theme. These concepts are free-riding problems, projects that were too 

simple or too complex, subjects that did not want to participate, among others. Teamwork, 

motivation, mindset, complexity, and project management proficiency became the focus categories 

for this research after grouping concepts by their relatedness. 

 

 Multiple characteristics within observations required the observations’ placement under 

multiple categories. Teamwork had the highest number of observations at 73. Project management 



proficiency was the second highest with 51 observations. Mindset had 48 observations and was 

challenging to evaluate due to confusion with motivation since both categories share behavioral 

characteristics. Motivation had 42 observations. Finally, complexity had the lowest number of 

observations at 18; this constitutes only 8% of the total observations.  

 

 The results showed that average scores in all 3 phases of the course and the final score have 

decreased in recent years. The results of Welch's T-Test demonstrate that Spring 2019's average 

has been significantly lower than all other previous semesters. The box plots also demonstrate that 

the median results for each phase and final score of Spring 2019 are outside the box range of some 

previous semesters. This suggests that there might be a significant difference between them, but 

this result needs more investigation to understand how significant the difference may be. 

Additionally, the boxes leading to Spring 2019 have been decreasing consistently with respect to 

their previous semesters, with a significant difference in Figure 4 between Spring 2019 and Fall 

2018. Figures 1, 2, and 3 demonstrate similar decreases but differing variations. 

 

 
Figure 1: Oral Exam 1 Box Plot demonstrating a slight decrease in average grades for the first 

oral exam in recent semesters 

 

 
Figure 2: Oral Exam 2 Box Plot demonstrating a more significant distribution and decrease in the 

average grades for the second oral exam in recent semesters  



 

 
Figure 3: Oral Exam 3 Box Plot demonstrating a minimal decrease but higher distribution in the 

average grades for the third oral exam in recent semesters 

 

 
Figure 4: Final Evaluation Box Plot demonstrating a significant decrease in average grades for 

the final grade in Spring 2019 compared to all semesters 

 

Additionally, projects’ complexity coefficients are measured using the cyclomatic 

complexity formula. System architecture diagrams are used to calculate a project's complexity 

coefficient due to their complete representation of the project’s elements and their interactions.   

 

The projects' complexity coefficients ranged from 6 to 9, with few outliers. Furthermore, 

there are two types of system architecture diagrams used to analyze complexity coefficients: 

diagrams with components and without components. These components can represent physical or 

virtual boundaries within the system, such as having parts of the system running in different 

physical servers or abstract boundaries such as internal modular implementations. The cyclomatic 

complexity formula uses graphs composed of nodes, edges, and components to determine the 

complexity of a system. The definition of graphs comes from the theory of graph theory within 

mathematics. Nodes (N) are shown as circles on the graph representing the different modules that 



constitute the system. In contrast, edges (E) are represented as arrow lines and denote the 

communication paths for data transmission between nodes. 

 

The following two figures show two different projects: one without physical boundaries 

between elements and another with physical boundaries. Figure 5 shows an abstracted graph 

created from a system architecture diagram of a team that successfully completed their project and 

does not use components. The nodes (N) and edges (E) represent the elements within the system 

and how they communicate with each other. Figure 6 shows the other system architecture diagram 

type where the intermittent square lines denote the components (P). Figure 7 demonstrates a line 

plot with the different complexity coefficient averages among the four semesters. 

 

 
Figure 5: Abstracted System Architecture Graph depicting a system whose elements are all 

within the same component and have bi-directional data flow  

 

 
Figure 6: Abstracted System Architecture Graph depicting a system whose elements are located 

in different physical locations and have some unidirectional data flow 



 

 
Figure 7: Cyclomatic Complexity Coefficient Averages demonstrating minimal to no difference 

between averages of recent semesters 

 

Discussion  

 

 The research shows how each element of the five variables are interrelated and affect each 

other [7,13, 19]. A pattern found in the research was that students described the same behavior: 

when one variable decreased, the rest of the variables were also negatively affected. 

 

 Teamwork is the category with the most impact on the others based on the student's 

perception. As Brooks et al. and Pfaff et al. mention, aspects such as a free rider can significantly 

lower motivation and change the team members' mindset on the importance of working in groups 

[21, 22]. Huang and Chen also mention how teamwork can impact project management when tasks 

are not equally distributed, as in the presence of a dictator student who tries to monopolize all the 

tasks [19]. These effects impact the project's complexity as the students may not complete their 

prototypes [2, 7, 19]. 

 

 Many groups demonstrated the presence of a free rider student during the two-year 

observations period. This problem was most common among teams who had problems with 

communication and scheduling. One such team could not meet consistently face-to-face due to a 

member having work outside of class time that conflicted with team meetings. Another team 

suffered from a free rider problem because the team never successfully communicated their 

expectations in the prototype area that the individual was developing. Contrary to the free rider 

problem, the results contained only one case where individuals tried to accomplish all the work by 

themselves. 

 

 Project complexity appeared much less than any of the other categories within the two 

years. Most projects were complex enough for the subjects, based on the students' answers during 

interviews, and became too complex by the students' actions or external factors such as the client 

changing requirements. This increase in complexity due to changing requirements is similar to the 

uncertainty complexity mentioned by Turner and Cochrane [7]. One reason why project 



complexity was low could be due to the years of experience the faculty used to assess student 

projects. The course professors identify if the projects are adequate within the first phase of the 

semester and correct them if possible. 

 

 Motivation and mindset were difficult to differentiate during the two-year observation 

period because of the interrelatedness of their effects on behavior. Most subject teams 

demonstrated a fixed mindset initially in each semester. Regardless of the interventions and 

workshops offered during the first phase, subjects were still only concerned with their final course 

evaluation. They were not concerned with whether they acquired and developed their engineering 

skills. Their behavior is an example of controlled motivation. Subjects also admitted to a decrease 

in motivation as the semester progressed, which supports the statements made by Schmidt and 

Adams [24]. Subject teams who had successful project completion outcomes in all phases of the 

semester and the final course evaluation expressed that they had multiple goals starting the course. 

These subject teams cared about making an appropriate product and attaining a high grade at the 

end of their work. This behavior supports the work by Valle et al. where they state that multiple 

goals are essential for successful student outcomes [15]. This behavior also references Self-

Determination Theory as these subjects demonstrated integrated regulation motivation [12]. 

 

 Project management proficiency was easier to observe because the project manager's 

actions include teamwork and complexity. One prominent observation from this category was of 

a team whose project manager stopped coming to class and became less involved with the project 

due to personal reasons. Although the rest of the team kept working, they confused the steps to 

take to proceed and doubted whether the goals and objectives were clear. Another team suffered a 

similar problem where their project manager had to leave for a month, and they delegated their 

responsibility to a team member. However, they decided to establish the protocol for their 

continued working relationship at the last minute. Their teamwork collapsed, and their project was 

almost unacceptable by the course's standards. 

 

 The overall result of all observations is that the majority of subjects do not have the 

necessary skills to work on the projects even when they align with their previous knowledge. Some 

projects are successful because at least one team member is an exceptional subject who becomes 

the center of the project and helps direct everyone to a common goal. This observation is similar 

to the findings in Curtis et al.'s work, where companies depend on exceptional individuals with 

years of experience to accomplish complex projects [2].  

 

 Furthermore, the results from the analysis on the complexity coefficient of projects 

demonstrated that there is no significant difference in the complexity of accepted projects. Figure 

7 evidences this explanation by showing no significant difference in complexity between the 

semesters. However, although there are no significant differences, the results demonstrate that the 

project's complexity links to successful prototype completion. Subject teams that performed better 

usually had a higher complexity coefficient within the 6 to 9 range. In other words, subject teams 

who had more challenging tasks performed better than those who had fewer challenging tasks. 

One subject team in particular whose performance was below the expected had a complexity 

coefficient of 3 due to their project’s scope definition. The students demonstrated the necessary 

technical skills and knowledge to reach the capstone course, but their performance lacked behind 



similar students with appropriately complex projects. This result supports the conclusion brought 

by Vos et al. [16].  

 

Recommendations 

 

 The variables that impact a project's complexity and successful prototype completion 

change throughout the development life cycle. Complexity is an important issue at the beginning 

of the project when establishing features and requirements but becomes less prominent as the 

project progresses. Complexity only becomes a constant problem when subjects do not clearly 

state an appropriate work plan. Motivation and mindset are team-independent variables to assess 

before forming a team. These are variables inherent to an individual. Management should assess 

these individual aspects before forming teams and determine the needs of each individual to 

maintain a high level of motivation and an appropriate mindset throughout the project. Teamwork 

needs constant monitoring a few weeks after the team formation. Early, periodical peer 

assessments are necessary to deter common teamwork problems. Additionally, teamwork is 

dependent on correct project management decisions. Project management encompasses all 

activities that occur from the start of a project, such as work monitoring, team planning, schedule 

setting, and goal setting. Project management also affects all other variables. 

 

 After the project commences, the most critical variables are motivation and mindset. These 

significantly affect teamwork after team formation. Having multiple goals and high motivation 

levels with the appropriate mindset assures that teamwork can be more successful. Afterward, 

project management and teamwork become the critical variables. Motivation and mindset are 

affected by the decisions of project management and teamwork processes. When these aspects are 

not appropriate, motivation lowers, and mindset may shift entirely. The variables keep 

deteriorating as the project progresses. Giving appropriate time off and allowing more freedom of 

choice during the midway point of a project while lowering administrative or overhead activities 

can increase motivation. Finally, if goals and the amount of work are apparent, the project 

complexity does not become a problem in the long term. The most influential elements that affect 

the overall complexity of a small team developing an engineering prototype are the actions and 

behaviors taken by them. 

 

Conclusion 

 

The variables found to impact project complexity in capstone engineering projects worked 

by small teams of 10 team members or less are teamwork, motivation, mindset, project 

management, and cyclomatic complexity. This result implies that when technical skills and 

knowledge structures are similar throughout the teams, project complexity depends on team 

members’ non-technical skills. Therefore, capstone course professors must assess students’ non-

technical skills at the start of the semester to predict when interventions will be necessary. Students 

with fixed mindset, controlled motivation or ammotivation, low teamwork skills, or low project 

management ability have a higher risk of causing problems for their team and, thus, not completing 

the project. It is also essential for professors to allow students more autonomy in their choices of 

which project to work on, which members to pair with, and what work methodology they wish to 

use. 

 



After evaluating their student’s non-technical status, capstone professors should analyze 

projects using the cyclomatic complexity formula. This formula can give a clear idea about the 

project’s complexity through its resulting coefficient and aid professors in guiding students to the 

correct level of complexity for their project. However, it is the responsibility of the professors to 

determine the range of values acceptable for their course. Since students arrive at the course with 

similar technical skills and knowledge, this range should apply to all students. They should also 

provide information on successful project management and teamwork practices for students to use. 

 

Additionally, professors must re-assess students at the course’s midway point as it is typical 

for motivation and mindset to lower.  Reminding students of their freedom of choice and praising 

their effort can positively affect their mental state and help them persevere. Similarly, professors 

should provide peer assessment forms regularly throughout the semester to deter free riders and 

determine teamwork or project management problems. Incorporating these practices into their 

capstone course design should increase their successful project completion rate.    

 

Future Work 

 

This study has practical and theoretical limitations due to the resources available. 

Therefore, future work will focus on researching whether these results apply to other areas of 

engineering and with different populations. Additionally, this case study evaluated teamwork, 

project management, and motivation qualitatively through verbal and written communication with 

subjects. Future work should apply quantitative evaluation methods for these variables to further 

develop an assessment procedure for capstone professors and managers.  
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