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ABSTRACT: This study examined several factors that affect the performance of student project teams that participated
in the capstone design curriculum of industrial and management engineering for six years from 2014 to 2019, and it
aimed to identify student-centred effective and efficient measures to improve team performance. The dependent
variables regarding team performance in the capstone curriculum were the project team’s course results (pass or fail)
and the grade point average. Factors affecting the project execution were based on previous studies and included:
academic achievement, multi-disciplinary ability, project subject, team size and gender ratio composition, individual
initiative, communication and teamwork as independent variables. From two models, multiple factors affected team
performance in different ways. Similarly to previous studies, it was found that the better the existing academic
achievement and teamwork, the more positive effect on team performance, but contrary to expectations, the project team
with knowledge of corporate topics or various majors was found to have a negative effect. These results are expected to
serve as effective guidelines for students’ team formation, project topic selection, and team execution and operation of
future capstone design curricula.

Keywords: Capstone design, student performance, performance factor, industrial and management engineering, logistic
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INTRODUCTION

In order to meet societal needs for competent practitioners who will be ready for the multifaceted challenges of rapid
advancement of technology as well as changes in the global economy, the paradigm of college education has been changing,
especially in engineering schools. Recently, industrial practices usually require that students who majored in engineering
disciplines be equipped not only with knowledge of their major, but also have other competencies, such as communication
skills, collaborative capability, teamwork skills, systematic thought and leadership, as well as an understanding of business
issues associated with legal or environmental concerns [1]. The capstone design of engineering schools seeks to prepare
engineering students for work in industry by challenging teams to synthesise solutions to open-ended, real-world problems,
typically through the employment of project-based learning activities constructed from industrial problems [2].

In most engineering schools, therefore, the capstone course has been offered to senior students as a gateway to achieving
their academic degree. Typically, in one or two semesters of the course, teams define a problem, plan their approach,
propose creative solutions, analyse the proposed solutions, produce or implement the solutions, and then communicate
them internally and externally. Participation in capstone design provides students with the opportunity to transition from
student communities of practice to professional communities of practices, i.e. from classroom to real industry.

Working with a client-advisor from the field (industrial engineers, start-up companies, company representatives,
teaching staffs, laboratories, etc) in a type of apprenticeship, students are challenged with real-world needs. While the
students in the capstone course are not full members in the professional community, contextualising the problems, needs
or services within the field’s practices provides them with the opportunity for situated learning and affords them the
opportunity to apply their knowledge and skills toward the development of a robust understanding of what it means to be
an engineer [3]. This facilitates an identity shift from student to professional engineer [4].

There are various studies on the educational effectiveness of capstone design [5-8]. Capstone design shows various effects
of the project-based learning model [8], and also shows positive effects on employment [5]. Therefore, not only instructors
but also learners have recognised the importance of the capstone design curriculum and have been seeking various ways to
successfully function in the capstone design curriculum. In particular, research on various factors that can effectively and
efficiently guide student team projects is essential for the performance of the capstone design curriculum. Accordingly, this
study analysed major factors affecting the project team performance of students who participated in the capstone design
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curriculum conducted from 2014 to 2019 in the Department of Industrial and Management Engineering (IME) at Hankuk
University of Foreign Studies (HUFS) in Korea.

TEAM PERPORMANCE AND FACTORS

In capstone design, the performance of student team projects can be evaluated in a variety of ways. Examples include
learner satisfaction with the curriculum, learning achievement and quantified grades [9]. When analysing the
performance of various educational programmes or methods, satisfaction and learning achievement are set as main
performance factors [10-12]. However, on the other hand, there are many studies that use the grades obtained by
students as learning outcomes [13-15]. Although there are limitations in using grades as a proxy variable for curriculum
achievement, there is an advantage in that a wide range of past grade data can be used for analysis.

In this study, as a result of analysis based on six years of data, the credits earned by students were used as a team
performance variable in capstone design. Also, unlike other curricula, in capstone design, projects are carried out in
teams, the results are presented and the results are evaluated. In many engineering schools, in addition to granting credit
to students, student teams are evaluated as passing if their team project results exceed a certain level established by
faculty members and/or outside experts. Otherwise, their teams will be evaluated as failed, and the passing team will be
eligible to graduate or participate in external competitions [16]. In this study, pass/fail was also used as a proxy variable
for team project performance in capstone design.

There are many factors that influence student team performance in capstone design. First, students’ grades from the first
to the third year are an important influencing factor. Several existing studies have shown that the higher the team’s grade
point average (GPA), the more effectively the project is carried out [17]. This is because the higher the grade, the higher
the understanding of major knowledge, and it can also be an objective indicator of the sincerity and responsibility
required in the collaborative learning process.

Next, the number of team members can be an important factor affecting team performance. As the number of team
members increases, social loafing within the team increases and a free-riding phenomenon may occur, which can have
a negative effect on team performance [18][19]. Conversely, if the number of team members is too small, the work load
may increase and project goals may not be achieved. Typically, the number of team members in capstone design consists
of two to five people, and the appropriate size and scope of the project are set depending on the size.

The third factor is the level of communication within the team. Communication between team members has a direct
impact on project performance. Students who have bigger difficulty in communication seem to have greater difficulty
performing project tasks [20]. Typically, the level of communication within a team is measured through surveys.

The fourth factor is teamwork, which is similar to communication within the team, but is a factor that demonstrates more
comprehensive collaborative learning capabilities. Since capstone design is a team project based on co-operative
learning, it has been shown that the higher the teamwork ability, the better the performance of learners [21]. The level of
teamwork is also usually measured through student surveys.

The fifth factor is the gender ratio of male and female students on the team. Gender diversity within the team strengthens
the group process of co-operative learning, which is an important factor in team productivity [22]. As the proportion of
female students increases in engineering schools, gender diversity in team learning is expected to have a significant
impact on team performance.

Capstone design project performance is a series of problem-solving processes in which learners identify problems and
analyse causes, and how actively they participate in this process is an important factor in the successful performance of
the project [23]. Therefore, team members’ proactivity in the project can be an important team success factor.
Currently, many universities encourage students to take double majors or multiple majors in various majors in addition
to their main major. As the need for talented individuals with multidisciplinary knowledge capabilities emerges to solve
various social and industrial problems, many universities are establishing systems to offer multiple majors. In particular,
when carrying out team-based projects, it is reported that teams with knowledge from a variety of majors have better
problem-solving abilities than teams with knowledge from a single major [5].

The final factor considered in this study that can affect team performance relates to the project target/topic. Looking at
the experience of delivering the capstone design curriculum in the Department of IME at HUFS over the past 20 years,
approximately 80% of the total topics have been industrial topics related to actual corporate issues, and the remainder to
non-industry topics, such as research papers [16]. Therefore, it is believed that the characteristics of the project topic can
affect team performance.

In summary, in this study, whether or not the project team passed (Cap_P/F) and the final grade awarded to the team
(Cap_G) were set as dependent variables in the capstone design team performance, and the following factors affecting the
dependent variables were assumed as independent variables: earned credits (GPA), number of team members (Size),
communication level within the team (Commu.), teamwork (TeamW), gender ratio (G_ratio), proactiveness (Proact.),
multidisciplinarity (M_Disp.) and project target (Target). Considering the above eight independent variables and two dependent
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variables, main factors affecting the performance of the project team in the capstone design were examined through casual
analysis, and educational implications presented for more effective operation of the capstone design curriculum.

METHODOLOGY AND DATA
Model

In this study, two causal analysis models were established under the assumption that eight factors being independent
variables affect two dependent variables, which were the performance outcome variables of the student project team.
In the first model, a logistic regression was applied because the evaluation of the student team project was a binary
variable, pass or fail. The general model of logistic regression analysis for various independent variables that affect
a binary dependent variable is expressed as follows [24]:

logit=Po + B1X1+ BaXa+. ...+ BnXn @

Here: logit = logOdds = log(p/(1-p)), and the success probability of the project team is expressed as p = Pr(Y = 1/all X).

In the estimation of a logistic regression equation, if the regression coefficient is greater than 0, the odds ratio is greater
than 1, and if the regression coefficient is less than 0, the odds ratio is less than 1. If the odds ratio for a specific
independent variable is greater than 1, it means that if the independent variable increases by one unit, the odds ratio or
the likelihood of passing the capstone design, increases. Conversely, if the odds ratio for a specific independent variable
is less than 1, it means that increasing the independent variable by one unit will decrease the odds ratio, i.e, the passing
possibility.

Also, regardless of whether the team passes or not, each student is given credit for the capstone design course.
Typically, a team that passes receives a higher grade than a team that does not pass, but it is given in consideration of
the creativity and sincerity shown by each student in the capstone design curriculum. Therefore, the second model,
in which grades are set as the outcome variable of team performance, is a multiple regression analysis that models the
linear relationship between independent variables and a dependent variable, and is expressed as follows:

Y =Bo+PXe+PXot. ...+ BaXnte )

Data

The analysis in this study was based on a survey conducted annually for 202 fourth-year students from 2014 to 2019 in
the Department of IME and data from the undergraduate database of HUFS. The characteristics of the variables and data
collection methods applied to the two analysis models are shown in Table 1 below.

Table 1: Variables and descriptive statistics.

Variable Variable code Min. Max. Mean SD Data source/etc.
Dependent Cap_P/F 0 1 0.767 | 0.424 Department DB, binary variable
variable Cap_ G 1.0 4.5 3.645 | 0.867 University DB
GPA 2.12 4.35 3.371 | 0.425 University DB
Size 2 5 4.28 0.750 Department DB
Commu. 1.5 5.0 3.779 | 0.672 Annual survey
Independent TeamW 1.0 5.0 3.728 | 0.854 Annual survey
variable G-Ratio 0 1.0 0.365 | 0.277 Department DB
Proact. 1.25 5.00 3.999 | 0.614 Annual survey
M_Disp. 1 4 2.180 | 0.926 University DB
Target 0 1 0.535 | 0.500 Department DB, binary variable

Among the eight independent variables that affect team performance shown in Table 1, three variables, communication
level, teamwork level and proactiveness, were measured and collected from a comprehensive student survey based on
the revised students’ evaluations of educational quality (SEEQ) questionnaire [8] conducted every year at the end of the
capstone design curriculum. In order to measure the level of communication of individual students, the following two
questions were asked: Do you think you actively participated in communication with instructors in the capstone design?
Do you think you actively participated in communication with other team members in the capstone design? It was
measured using the average value of the 5-point Likert response values for the above questions. The teamwork level was
also measured as the average value of the responses to the following two questions: Do you think you actively
participated in knowledge exchange and discussion in the capstone design? and Do you think you maintained or
expanded close relationships with other students in the capstone design?

The proactiveness of individual students was similarly measured as the average of the responses to the following four
questions: As a participant in the capstone design, do you think you were enthusiastic about learning? Do you think you
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actively performed your position within the team, such as team leader or secretary of the capstone design? Do you
think you actively asked for help or advice about your problems from professors or other students when carrying out
the project? and Do you think you actively and actively participated in the team activities of the capstone design?

From the past capstone design data stored in the department office, the authors of this article collected the number of
team members, team gender ratio as proportion of female students on the team, whether the corporate topic was the
target of the student team project, and the dependent variable, whether or not each team passed. In particular,
the average of whether or not the capstone design team passed was 0.767 (Table 1), which indicates that the percentage
of team members who passed among students who took the capstone design curriculum for six years was 76.7%.

Additionally, the authors collected the GPA of students up to their third year, capstone design grades, and the
multidisciplinary variables of students who participated in capstone design from the university database. In particular,
the level of multidisciplinarity measures - how diverse the academic base within a team is - was measured by the number
of double majors of individual students within the team. For example, if a team of five includes two IME majors, two
computer engineering as a double major, and one statistics double major, the multidisciplinary level is measured as 3.

RESULTS
Factors Affecting Capstone Student Team Pass or Fail

In this study, SPSS 23.0 was used to determine the variables that affect the student team’s performance variable of
passing or not. The results of the logistic regression analysis are shown in Table 2 below. Table 2 shows the estimation
results of model 1a, which was estimated using all eight independent variables, and model 1b, which excluded the
communication variable. Since the p of the y2 statistics of models 1a and 1b are both less than 0.01, it statistically shows
that the coefficients of the variables are not all 0. And the p-value of Hosmer and Lemeshow’s goodness-of-fit statistic
(H-L) for models 1a and 1b is greater than 0.05, showing a good fitness.

Table 2: Logistic regression estimation for capstone pass/fail.

Constant| GPA | Size | TeamW | G-Ratio | Proact. | M_Dis. | Target | Commu. a H-L

Model 1a p -2.024 |0.443™|-0.278| 0.254 | 0.773 | 0.386 | -0.206* | -0.393 | 0.406 24.52 4.733
Exp(B) | 0.071 | 2.709 | 0.634 | 1.424 | 2.685 | 1.188 | 0.701 | 0.589 | 1.296 | (p=0.002) | (p=0.786)

Model 1b p -2.025 [0.440™|-0.277| 0.229* | 0.753 | 0.306 | -0.204* | -0.394 24.11 7.472
Exp(B) | 0.070 | 2.784 | 0.639 | 1.526 | 2.461 | 1.383 | 0.712 | 0.593 (p=0.001) | (p=0.487)

*p < 0.1, **p < 0.05, ***p < 0.01

From the results of the logistic model analysis, the factors that have a statistically significant impact on whether
a student team passes or not are GPA and multidisciplinarity (M_Dis.). In the second logistic model analysed that
excluded the communication level, teamwork (TeamW) was found to be a statistically significant influencing factor in
addition to the previous two factors. The analysis of the main influencing factors on the student team’s performance
based on the second model is as follows.

It was found that students” GPA up to their third year had the greatest positive effect on passing the capstone design
curriculum, which is believed to be a very natural result similar to many existing studies. The second factor that has
a positive influence is teamwork. In the capstone design curriculum, teams voluntarily formed by students carry out
freely selected project topics based on co-operative learning process, so teamwork is expected to have a positive
influence on project performance. However, contrary to the authors’ expectation, multidisciplinarity was found to have
a negative effect on project performance. This seems to be due to the fact that this study defined multidisciplinarity
simply as the number of double major students in the team, rather than as multidisciplinary knowledge or abilities that
can have a positive effect on project performance as in previous studies [5]. In particular, in the process of solving
project problems, there is a significant number of students who choose to double major in humanities or social sciences,
which is somewnhat distant from the basic knowledge and skills for direct solutions.

Although not statistically significant, some interesting facts can be found when looking at the impact of other factors on
the capstone design performance. First of all, the larger the number of team members (Size), the less likely the team is to
pass. This can be explained in connection to teamwork. The more students there are on a team, the more likely it is to
reduce teamwork, and the experience of department professors who have guided teams shows that conflicts in a team are
a major factor in team failure [16]. And in terms of the team’s gender ratio (G-Ratio), the greater the proportion of
female students, the greater the likelihood of passing the capstone project. In addition, the chances of passing projects
targeting companies (Target) are decreasing. This appears to be a statistically significant factor in the multivariate
regression analysis for capstone design grades.

Factors Affecting Students’ Capstone Grades

The results of the multivariate regression analysis, also using SPSS 23.0, with students’ capstone design curriculum
grades as the performance variable are shown in Table 3 below. As with the logistic regression analysis, Table 3 shows
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the estimation results of model 2a, which was estimated using all eight independent variables, and model 2b, which
excluded the communication variable. The two F test statistics show that two multivariate regression estimations are
appropriate. As shown in Table 3, four factors are identified that have a statistically significant impact on student
performance including teamwork and a corporate topic of projects unlike in the logistic regression analysis.

Table 3: Multiple regression estimation for capstone grades.

Constant| GPA Size | TeamW | G-Ratio | Proact. | M_Dis. | Target | Commu. | Ad_R? F
g | 0.068 0.485™" | 0.055 | 0.291" | 0.286 0.386 |-0.134™|-0.216"| 0.085
t 0.107 3.617 | 0.700 | 3.675 1.368 1.188 | -2.081 | -1.792 | 0.668
g | 0.066 0.495™" | 0.056 | 0.314™ | 0.753 0.273 |-0.131" | -0.215"
t 0.105 3.726 | 0.708 | 4.415 2.461 1.313 | -2.036 | -1.787
*p <0.1, **p < 0.05, ***p < 0.01

Model 2a 0.218 | 7.99"

Model 2b 0.220 | 9.09"

Similar to the logistic analysis, student GPA and teamwork were identified as the most important factors that positively
affected student performance. Although students form teams autonomously, ongoing education on GPA management
and the importance of teamwork is required starting from the early grades. In particular, there is a need to educate
students on the importance of team composition in the capstone design course orientation.

Multidisciplinarity and corporate topics, which have a statistically significant negative effect on capstone design credits,
need to be interpreted more carefully. Multidisciplinarity can be judged by the results of the definition of
multidisciplinarity, such as logistic analysis. However, the low grade level of students participating in corporate-themed
projects is a very concerning phenomenon. This is because the purpose of capstone design is to secure qualifications as
a professional engineer through the process of solving more realistic corporate problems through a team co-operative
learning process. Therefore, if this phenomenon continues, students in the future will be more likely to carry out projects
by forming teams with fewer team members and easier hypothetical topics rather than realistic corporate problems,
which runs counter to the purpose of the capstone design curriculum.

CONCLUSIONS

Since capstone design shows various effects of the project-based learning model, not only instructors but also learners
have recognised the importance of the capstone design approach and have been seeking various ways to successfully
operate the curriculum. In particular, research on various factors that can effectively and efficiently operate student team
projects is essential for the performance of the capstone design curriculum. The authors of this article examined key
factors influencing student team performance targeting the capstone design conducted by the Department of IME,
HUFS, from 2014 to 2019.

It was found that the factors that have a positive effect on capstone design performance are GPA, which indicates students’
project performance ability, and teamwork, which is most necessary in the collaborative learning process for problem
solving. This is the same result as presented in previous studies. However, in this study implications on two factors that have
a negative effect on capstone design performance have been identified, i.e. multidisciplinarity and corporate topics.

Considering the importance of corporate topics in capstone design, close and continuous interaction with internal
information and companies is necessary for students to select and carry out corporate topics. This aspect is somewhat
difficult for them. Therefore, through agreements with various companies at the department or university level, there is
a need to establish institutional arrangements for student project teams to select corporate topics, interact with
companies, commercially utilise the results of this interaction, and to continuously expand this approach to companies in
various industries.

Previous studies have showed that the multidisciplinarity of the capstone design team has a positive effect on team
performance, emphasising that diverse disciplinary knowledge and methodologies are needed to solve real problems in
the industry. The multidisciplinarity concept in this study appears to have been derived by simply measuring the target
students’ double major in the school system rather than measuring their possession of multidisciplinary knowledge and
skills. It is necessary to define and measure variables that reflect the characteristics of multidisciplinarity, and this is left
for future research.

This study focused on a single department and offered suggestions to improve the operation of capstone design more
effectively and efficiently. Therefore, there are limits to its application to various other disciplines, but this study is
expected to serve as a reference for other departments in engineering schools or disciplines that wish to introduce and
operate capstone design.
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