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Abstract

Recent changes of needs to engineering education and growth of student-centered teaching
and learning activities accompany an educational reform of aircraft design at university. This
dissertation focused on an implementation of flying robot projects applied development of one
kind of unmanned aerial vehicles. The research also discussed an evaluation of educational
effectiveness of the student flying robot activities through the projects. Chapter 1 explained
these motivations of the research.

Chapter 2 presented stakeholder requirements about university aircraft design education and
flying robot projects through review of industry examples, qualitative and quantitative surveys
with aircraft industry stakeholders and an interview to an aircraft designer. The investigations
explained a necessity of understanding and experiences of real world practice related to aircraft
design for university engineering students. The surveys also indicated requirements of team
activities and project management under aircraft design contexts.

Chapter 3 showed prior experiences of the project students about design through field works,
gualitative and quantitative surveys, interviews, and video observations. The chapter also com-
pared perceptions in design of the project students with other participants, using quantitative
surveys. The result of the surveys indicated that the project students lacked experiences of
aerospace design practices. Their design perceptions of applying knowledge to real world de-
sign and confidences with design were also fiisient in the comparison with other students.

The results were combined with the stakeholder requirements and elicited educational interven-
tion specifications.

In Chapter 4, the specifications that derived from the former studies produced two kinds of
flying robot projects in which student design, build and fly original unmanned aerial vehicles
through a backward design. The method developed learning objectives and criteria of summa-
tive assessment of the flying robot projects. The design demonstrated two teaching and learning
activities relevant to flying robot activities. One activities was teacher-centered design activi-

ties of three-view drawings of flying robots in a conceptual design phase. The other focused

12



on constructivism and contained student-centered design activities applied the Kolb’s learning
cycle.

Chapter 5 demonstrated the two projects and evaluated the student design activities through
a comparison of three-view drawings. Criteria of the evaluation which was produced through
analyses of assessment sheets of projedisstand video observations of educator meetings
produced consistent evaluation of the student products. The results indicated the similarity of
the products through the two learning activities.

Chapter 6 explained summative assessment including student self-evaluationgfgmussta
evaluations with all student design activities of the projects. KJ method categorized student self-
evaluation results. The dtaassessments were applied to the assessment criterion derived from
the curriculum design. The results indicated that though the constructivism learning activities
didn’t have distinct characteristics through thefistssessments, the self-evaluations demon-
strated diferences of the student perceptions in design and team activities. The research also
referred that many students who engaged in student-centered activities pointed out importances
of applying aeronautics knowledge to real world design and consciousness with team activities
and project management.

This dissertation ended with conclusions in Chapter 7. The paper illuminated the aircraft
stakeholder requirements with flying robot projects and the prior experiences and knowledge of
the project students and designed the flying robot projects, using the curriculum design method.
The research concluded that the project was able to activate the student educational perceptions
in design and team activities through the constructivism learning curriculum of designing flying

robots.
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Chapter 1 Introduction

1.1 Motivation

Recently a revolution of higher engineering education and an immediate developing of aero-
nautics demand university innovation about aircraft education. Aircraft design education is also
required to change its educational system and learning outcomes. Students required acquiring
not only fundamental knowledge of engineering but also team activities skills, including project
management, communication skills through real world engineering practice such as team activ-
ities related to industrial aeronautical design works, and developing real world unmanned aerial
vehicles or flying robots. This background makes evaluations of educatibectiveness more
critical with more pedagogical and objective methods. Accumulations of information about stu-
dent design processes and assessments of student activities and evaluations of education system
can give positive #ects the next engineering educations. However many aircraft design edu-
cation have taken in many universities and some isolated design courses out of aeronautics try
to evaluate the student activities, only a few research showed the detailed assessment of student
aircraft design activities (Butler, 2012; Coso, 2014).

This research showed an implementation and an evaluation of one kind of aircraft design
education through developing unmanned aerial vehicles by multidisciplinary student teams: the
Flying Robot Project at The University of Tokyo. In this project student teams design, build, and
fly an original flying robot which conformed to the competition regulation through one semester
curriculum. The research consisted of three phases. The first phase included quantitative and
qualitative surveys of an industrial engineers and an interview of a professional aircraft designer.
The objectives of aircraft design education in higher education faculty was summarized and the
learning outcomes of developing flying robot activities through aeronautical curriculum was de-
fined. At the second phase, | analyzed concrete student design activities of flying robots of each
semester. At first, | compared student perceptions about design through qualitative and quanti-
tative surveys. Oferences of three categories students was shown. The first group consisted of

students who have received the curriculum of developing original flying robots, the second is a
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group of aeronautical students who have not experienced developing flying robots, and the third
is students participated in the contest of developing flying robots. Then concrete student design
activities of developing flying robots under the curriculum was designed. accumulation of data
about student activities could be acquired through field observations, student documentation in-
cluding mail documents, deliverables, student blogs, products, and presentations. Comparisons
of several student design activities of flying robots were shown and good processes of how to
design the vehicles were apparent. | also conducted the qualitative and quantitative surveys and
instructors evaluation of student learning outcomes. These works illuminatefiebeve ways

of student developing flying robot activities from the standpoint of design education.

1.2 Literature Review

Aircraft design is a critical discipline in aeronautics and many aerospace department of univer-
sity adopted as contents in the curriculum. Some university conducted curriculum which focus
on understanding conceptual design, it is a main stream of university engineering education in
aeronautics fields, and others tried to include experiences of fabrication, detail design, operation,
and maintenance through developing unmanned aerial vehicles (Brodeur et al., 2002; Crawley
etal., 2011). The latter one is developing through student club activities and design competition
managed by national aerospace conferences or institutions (Bovais et al., 2006; Roberts, 2010;
Suzuki and Kanegawa, 2013; Cole et al., 2011). Recently some universities tried to add these
contents into their curriculum (Mason, 2010; Crawley et al., 2011; The University of Tokyo and
Boeing, 2016; KIT, 2015), dealing with requirements from engineering industry (ABET, 2015;
Stephens and Richey, 2013; Stephens, 2013). However these educational activities had prob-
lems of faculty burden in order to prepardfdrent things related to develop real world aircraft
(Mason, 2010), and the educational research is developing relatively.

One of the causes offfiiculties of these practical aircraft design curriculum which come form
the dfficulties of evaluating student design activities correctly is that aircraft design is large and
complicated and student need a lot of time even if the problems are to develop UAVs (Mason,
2010). In addition, aircraft fabrication depended on mainly knowledge and experiences of expert
designers and there were no deductive absolute solution (Raymer, 2012). Therefore faculty had
to depend on their own subjective thoughts with students. These problems are implicit in design
education generally (Dym et al., 2005) but recently design education study illuminated several

evaluation methods for design (Atman et al., 2008; Mosborg et al., 2005; S.Adams and Fral-
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ick, 2010) and Butler (2012) applied these methods to conceptual aircraft design and compared
simulation-based learning class with teacher centered class in aircraft design. (Coso, 2014) de-
signed educational interventions in which student could integrate stakeholder consideration into
aircraft design. These research characteristics was to evaluate student activities in aircraft design
curriculum objectively and discuss them. However analysis of crafting something wefé-insu
cient in aircraft design education. This research focused on student activities of developing real
world unmanned aerial vehicles as a team, we called them flying robots, investigated meanings
of conducting these activities from both aspects of industry and student consciousness. Then
this research designed the project in which student design, build, and fly original flying robots

as a team under university curriculum and evaluatediiecveness.

1.3 Paper Overview

Introduction
(Chapter 1)

Phase I: Examination of Current Context in Industry and Education !

Aircraft Industry Stakeholder
Requirements (Chapter 2)

Educational Intervention Specifications (Chapter 3)

Participating Student Prior Knowledge
& Experiences (Chapter 3)

| Phase II: Design of Educational Interventions L

Design of the Flying Robot Project N
(Chapter 4)
Learning Outcomes

Evaluation of Student Design

:> Activities
(Chapter 3

Feedback Procedure , Summative Assessment
Learning & Teaching Activities (Chapter 6)

Fig. 1.1: Research Overview

Conclusion

(Chapter 7)

The flow of this dissertation is subject to Fig. 1.1. This paper is organized as follows. Chap-
ter 2 presented the learning objectives of aircraft design education through surveys of industrial
stakeholders and an interview of an aircraft designer. Chapter 3 showed the context of the

Flying Robot Project and indicated student prior perceptions in design through field observa-
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tions and qualitative and quantitative surveys. It also brought out educational specifications of
this dissertation. In Chapter 4, curriculum design methodology applied to developing flying
robots and learning outcomes, feedback and assessment procedures, and teaching and learning
activities were indicated. In Chapter 5, concrete student activities of developing flying robots
under curriculum were compared and evaluation of student outcomes were explained through
student artifacts. In Chapter 6, each team activity was compared and redefined through student
self-assessment and Staummative assessment. This dissertation ended with conclusions and

future works of the research in Chapter 7.
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Chapter 2  Skill Requirement for Aircraft
Design and Developing Flying
Robots

This chapter answers the following research questions about engineering education demand

from aircraft industry.
RQ#1 What learning outcomes does aircraft industry think are needed for university graduates?

Fig. 2.1 showed an overview of this chapter. The research started from industry examples
according to literature review. The survey included aircraft stakeholder requirements with flying
robot activities and interview with an aircraft designer. The results were analyzed by statistical
methods and the conclusion included specifications of educational interventions in which this

research focused on.
Aircraft Industry Examples

Surveys to Aircraft Industry Stakeholder

Educational Intervention

Specifications #1

Qualitative Survey W
" :
A e
) Comparison
Interview to Aircraft Designer Concept Map

Fig. 2.1: Overview of Aircraft Stakeholder Requirement Surveys

2.1 Industry Examples

This section indicated several examples of recommendation of practical engineering educa-
tion in aircraft industry.In 2013, Rick Stephens and Mike Richey explained about growing the
business leader especially in industry (Stephens and Richey, 2013; Stephens, 2013). In the past
2 years, the Boeing Company hired 33,000 new employees, and they observed important phe-

nomena, e.g. these new employees were generally quite good at using digital tools, however,
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they had rarely had the experience using their knowledge and skills to create a product of value.
Consequently, the Boeing Company now spends 13 weeks training employees for manufacturing
job. They were also alarmed that “engineering majors who fail in industry are those who have
all the right technical competencies but not the soft or people skills to be successful " (Stephens,
2013). They also insisted that they should create more internship opportunities and promote
more hands-on problem-solving activities in universities.

EMBRAER, the largest aerospace industry in Brazil which had been leading one aspect of
industrial aircraft design was pressed for a decision of a revolution of educating engineers for the
company right after a large success of ERJ-145 at 1999. It established a systematic and strategic
program named EMBRAER'’s Engineering Specialization Program (PEE) which trained selected
students who want to entire the company with 18 months. This program brought some profit for
the industry, however its costs became very high because the company hired all the full-time
students as EMBRAER employees who were receiving their salaries and all the social benefits.
After all, the managers looked for affdirent approach for education and concluded with the
establishment of Master Program with the Technological Institute of Aeronautics (ITA) and the
Casimiro Montenegro Filho Foundation (FCMF) (de Andrade et al., 2003; EMBRAER, 2016).

This program was similar with ordinal master degree programs, but the contents were ad-
vanced. The class included contexts of real engagement for aircraft development in the company,
so the students was highly selected through several examinations and interviews. The program
consisted of four phase. Phase 1 was a basic class of fundamental aeronautics. Phase 2 was a
career program of distinct major of real world aircraft development. In Phase 3, student engaged
in the real work of aircraft conceptual design as one of design team members. In the last phase,
they prepared and presented a dissertation.

It is critical through all the program that “besides the technical competence, students be con-
stantly observed on their planning, controlling and organizing skills (de Andrade et al., 2003)".
Especially in Phase 3, real world design activities, “a whole set skills are observed: technical,

behavioral, teamwork, leadership (de Andrade et al., 2003)".
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2.2 Engineering Education Guideline

2.2.1 Roadmap for promotion of research and development of aeronautical sci-
ence and technology

On August 21, 2012, Ministry of Education, Culture, Sports, Science and Technology in
Japan published a roadmap for promotion of research and development of aeronautical science
and technology which described guidelines of Japan’s aeronautical faculty, institution, and in-
dustry (MEXT, 2012). The roadmap was considered by the aeronautical science and technology
committee including Japan’s aeronautical industry, institution, and university. This roadmap
summarized doctrines of Japan’s aviation in 10 years and technology and priority that Japan
should strengthen and realize.

This roadmap also explained images of human resources and cultivation of human resources
for the aeronautical science and technology which included “general things”, “conceptual de-
sign”, “technology development”, “management”, “certification”, “manufacture”, and “opera-
tion”. Tab. 2.1 was summarized the categories which was thought related to aircraft design

education.
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Tab. 2.1: Roadmap’s Category Related to Engineering Prakctice

Categories Images of human resources  Examplesfiins

Conceptual (:Engineers who can de-(I-1) Lectures, practices, and contests of aircraft
design sign aircraft concept conceptual design

Technology (HPractical engineers and(ll-1) Aircraft design project and flight demonstra-
development researchers tion

(I Avionics and soft en- (lll-1) Develop domestic avionics industry
gineer of aircraft

Management (V) Who can cope with (MV-1)  Management education and acquisition
project management of air-of a qualification of project management
craft development

(IV-2)  phasing from experiences of a design
leader to an assistant project manager and a
project manager

(IV-3) Acquire fundamental knowledge about air-
craft, Comprehend of correlation of multiple dis-
ciplines and acquire sense of their balances

(Iv-4) Improve communication skill and ac-
commodation capability

Manufacture (V1) Engineers who acquaint(VI-1) Interaction with interdisciplinary human re-
with high rate and low cost sources
manufacturing

(M) Who can guarantee (VII-1) Develop and manage logical and rational
quality of products which qualifications of products
fulfill design requirements

This guideline also referred training and improvement of excellent young researchers, certi-
fiers, engineers who would be responsible for the next generation in the field of aviation tech-
nology as a common activity for human resources development. It mentioned construction of
a systematic specialized education program and implementation of education linked to aircraft
development as an example dfarts of the improvements.

After all not only in acquiring basic knowledge in each field but also developing human re-
sources who had practical project management skills was critical in aircraft design. In order
to solve the problem facing the modern society, it is necessary to apply the knowledge to ac-

tual problems and derive solutions. At the same time, the challenges in the current aircraft are

Translation by the author.
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not solved by individual and it was important to know how to achieve good performance as a
team, interact dferent human resources with multiple disciplines, experience as a design leader,

experience in project management , improve communication and adjustment skills.

2.2.2 JABEE

This section also indicated one stream of engineering practices at university education. The
Ministry of Education, Culture, Sports, Science and Technology in Japan convened Cooperative
Conference on Practical Engineering Education at University and discussed what engineering
education systems and structures were suitable for the country with faculty leaders (MEXT,
2010). The discussion ended at June 4 on 2010 and the following concrete activities has been
taken over in JABEE (Japan Accreditation Board for Engineering Education). JABEE created
criterion for engineering university program as the following, referring to the ABET criterion
(ABET, 2015).

Tab. 2.2: JABEE Criterion

(a) An ability of multidimensional thinking with knowledge from global perspective

(b) An ability of understanding offeects and impact of professional activities on society and nature, and of
professionals’ social responsibility

(c) Knowledge of and ability to apply mathematics and natural sciences
(d) Knowledge of the related professional fields, and ability to apply

(e) Design ability to respond to requirements of the society by utilizing various sciences, technologies and
information

(f) Communication skills including logical writing, presentation and debating
(g) An ability of independent and life-long learning
(h) An ability to manage and accomplish tasks systematically under given constraints

(i) An ability to work in a team

This criterion also included abstract concepts and concrete teaching and learning activities or

assessment procedures were committed to each faculties.
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2.3 Industry Engineers’ Perceptions

2.3.1 Methodology

2.3.1.1 Aircraft Stakeholder Survey for Developing Flying Robot Activities

The survey investigated with participants of two workshop of aeronautical innovation for aero-
nautical stakeholders. The first seminar was on January 1, 2014 and the second was on February
4, 2014. The participants included aircraft manufacturers, airlines, commercial firms, university
and research institutes, governments, and otligiates relating to aeronautical industry. The
investigation contained six questions. The four questions was about developing flying robots

and the others was about project management which was explained in the next subsection.

Tab. 2.3: Survey List for Aircraft Stakeholders about Developing Flying Robots

# Question Format
1 Have you experienced developing real world products likéesNo

model airplane and small satellites at your university age?
2 Do you think developing aerospace vehicles at university agéistrongly agree~

useful for your business experiences? 1: strongly disagree
3 Describe your opinion about university student activities of dree

veloping real world products like student competitions of flying

robot.
4 Describe any projects you want students engage in. free

2.3.1.2 Aircraft Stakeholder Survey for Project Management

The two questions about project management was asked to the seminars’ participants. The
survey contained two Likert questions in which participants selected with the given question

from 5: strongly agree to 1: strongly disagree.
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Tab. 2.4: Survey List for Aircraft Stakeholders about Project Management

# Question Format

5 Do you think the below skills are important for your businessstrongly agree~
work? 1:strongly disagree

6 Do you think the below skills are what students should learn&strongly agree~
university? 1:strongly disagree

e Progress management

¢ Budget management

e Human resources management
¢ Negotiation

e Communication skill

e Internationality

¢ Problem solving skill

2.3.1.3 Aircraft Chief Designer Interview

This section indicated one example of aircraft designer perception. | interviewed an aircraft
designer who have experienced more than two aircraft design as a chief. The interview was

performed over one and a half hours and main contents of questions were as follows (Tab. 2.5).

Tab. 2.5: The Interview Contents

Interview protocols

What abilities or skills do you think aircraft designers have to have?

What abilities or skills for aeronautics do you think aircraft designers have to have?
What abilities or skills for teamwork do you think aircraft designers have to have?
What are the dierences between a good aircraft designer and a not good designer?

2.3.1.4 Limitations

This examination only illuminated limited perceptions of an aircraft chief designer. The well-
experienced aircraft designer like a chief designer was relatively limited in this research, com-
paring the prior-research circumstances (Coso, 2014). More concrete and collect surveys should
be required. However this investigation could unwrap the mindset of real world aircraft design

and indicate the way to go for future researches.
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2.3.2 Results
2.3.2.1 Aircraft Stakeholder Survey Results

Ninety-three participants answered the seminar surveys. Fifty-three respondents were on the

first survey and the others were on the second.

2.3.2.1.1 Participant Background
This investigation also examined patrticipafiil@tions at the Tokyo's session and ages in
the both surveys. Fig. 2.2 showed the result. Fig. 2.3 also indicted the age distributions of the

respondents.

Airline
m Trading Company
7.4% = University, Research Institution
m Government Agency
= Others

7.4%

18.5%
27.8%
m Aircraft Heavy Industry
m Aircraft EQuipment Manufacturer
7.4% ‘ = Other Manufacturer

9.3%
14.8%

7.4%

Fig. 2.2: Participant filiations at the first seminar £53)

Negova (n=25) NI
Tokyo (v=ss) NI N

0% 20% 40% 60% 80% 100%

W 20-29 m30-39 m40-49 50-59 m60-69 m70-

Fig. 2.3: Participant Ages at the first semina:H3)

These responses of the respondents of the second seminar could not acquire in the surveys.
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2.3.2.1.2 Relationship between University Experiences and Perceptions in Developing Flying
Robot Activities

0% 20% 40% 60% 80%  100%

Have experiences of developing

(n=9)

el
(n=13)

M 1: strongly disagree ™ 2: disagree ™ 3: neutral m 4: agree m 5: strongly agree

Fig. 2.4: Results of the second questi@u you think developing aerospace vehicles at univer-
sity age is useful for your business experiences?

Only nine of ninety participants engaged in developing aerospace vehicles like model airplane
and satellites at their university age. However thirteen of participants who answered “No” at the
first question replied the second question and this survey could refer to the relationships of
experiences of developing real world products with perceptions in the activities at university
level.

Fig. 2.4 showed the result of the second question. Over 60 % of the participants who had
experiences of developing the aerospace vehicles at university age selected “strongly agree”
whereas half of no own experience people answered item 3:*neutral”. However the results of
the experienced groupM = 4.6, SD = 0.7) did not show a statistically fference with the
no-experience groupM = 3.1, SD = 1.1) with the MannWhitney U-testp = 0.591, partly

because this research did not acquire enough number of respondents.

2.3.2.1.3 Society Perceptions in Student Activities of Developing Flying Robots

Forty participants answered open-ended third quesbascribe your opinion about univer-
sity student activities of developing real world products like the Flying Robot Conftbstse
respondents were distinguished three groups from the contexts: 1) these activities was thought
as very useful or important for students, 2) these activities was thought as useful for students but
needed some improvements, and 3) these kinds of activities was thought as useless for students.
Fig. 2.5 indicated
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8%

m Very Useful

30%

m Useful but need some
improvement

62%
m Useless

Fig. 2.5: Grouping comments of the open-ended third questimscribe your opinion about
university student activities of developing real world products like the Flying Robot Con-
test(n=40)

In order to describe more clearly, | categorized all comments of respondents. Thirty-one re-
spondents of the third question includes not only words like “it's splendid” or “That is useless”
but also the contexts relating to reasons or improvement points of concrete activities about the
Flying Robot activities. Some comments also include both positive and negative impacts of the
contest, so | extract key components of each comments and categorized them eight groups as
Fig. 2.6. Eighteen respondents of those contains reasons of positetseand fifteen partici-

pants explained the improvement points of the contest.
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0% 20% 40% 60% 80%

Know importance of real world engineering practice [
Keep motivation and confidence about aircraft [N
Experience project management and group discussion [N

Experience competition with technique [l

More contents related to industry, government, and
social community

More opportunity of activities about place, money, and
education

More emphasize theoretical aspects of aeronautics

Do not at undergraduate age but graduate age

M Effective Point (n=18) Improvement Point (n=15)

Fig. 2.6: Grouping comments of the open-ended third questmscribe your opinion about
university student activities of developing real world products like the Flying Robot Con-
test(n=31)

Effective points which eighteen participants responded were categorized four groups. First
was that students will be able to know importance of real world engineering practice. They
thought in-class lectures were noffistient learning real world products. They guessed these
activities can improve student perceptions in design or development through touching and con-
sidering real world things. Secondly, students will be able to keep motivation and confidence
about aircraft. Designing real world aircraft and watching its flight could make student more
motivated to aeronautics, they thought. Some respondents focused on an aspect of experiences
of failures. Students acquire authentic engineer minds through their own mistakes of engineering
design, and conquering problems help students grow up. In contrast, who have not experienced
crafting real world things were more likely to overestimate their own abilities, and they might
frustrate when they met theficulties, the respondents referred.

Third category is that students will be able to experience project management and group
discussion. Many industry activities consisted of numbers of teams and project management
is indispensable. Group discussion also needed in real world activities on industry. Engaging
in these behaviors at university age was very critical in order to grew authentic engineers, they
insisted.

The last point of positiveféects the respondents thought is that students will be able to expe-
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rience competition with technique. In real industry works, many things consisted under compe-
tition like a price war and considering superiority of each design and engineering behaviors was
critical.

On the contrary, fifteen of respondents included improvement suggestions about the Flying
Robot Contest activities. First is that it needed more contents related to industry, government,
and social community. They thought that developing flying robots could be only hobby if stu-
dents are not aware of the social needs of them. Therefore, some structure in the contest needed
in order to connect students with real industry works. Some participants insisted that university
should promote internships alternatively.

The second point they suggested was that it needed more opportunity of activities about place,
money, and education. They basically agreed with the contest, but these days supports by man-
agement committee of the contest were ffisient. Many students were interested in these
activities, but they don’t have enough knowledge and experiences about managing their activi-
ties in aspects of design technique, test place, and money. Therefore university and government
should help student activities more actively, they suggested.

The third and forth points were minority opinion. The former is that it need more emphasize
theoretical aspects of aeronautics and the latter is that these activities should promote not at

undergraduate age but at graduate age.
2.3.2.1.4 Society Perceptions in Project for University Students

0% 5% 10% 15% 20%

Working experiences in industry like internship
Experinces of developing real world products
Simulations of aerospace business

Any kinds of team projects

Flight experiences

Fig. 2.7: Grouping comments of the open-ended fourth quesfi®scribe any projects you
want students engage {(n=69)

Fig. 2.7 showed the result of the fourth questi@escribe any projects you want students
engage in.Sixty-nine respondents expressed other project they want students engage in. The

most numbers of answers was about working experiences in industry like internship. They held
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an importance of knowing industrial circumstances of research and development of products.
Some patrticipants noted experiences of developing real world products same as the Flying Robot

Contest. Others referred to the simulations of aerospace business at university.

2.3.2.1.5 Summary

In this surveys, many aircraft stakeholders thought developing flying robot as positive. The
stakeholders who had experiences of developing aerospace vehicles at university age argued
that developing real world products wer@egtive activities for learning aeronautics. In addition
most of the no experience participants referred positive aspects of these activities. After all
many respondents supported developing real world aerospace products with the objective of
both dfectivenesses and improvements. However, the statistical test did not indicate a significant
difference of experiences of developing real world products at university age and future works
need more participants.

Many respondents included the merit of the contest and they insisted an importance of experi-
ences of practical engineering, keeping motivation and confidence with aircraft, and experiences
of project management and group discussion.

Some participants answered some improvements about contests, including necessity of more
contents related to industry, government, and social community. They also suggested that the
committee of the contest gave students more opportunity of these activities and prepared place,
money, and education for students.

The respondents also referred other project of working experiences in industry like internship
and some comments also included necessity of experiences of developing real world products

and simulations of aerospace business.

2.3.2.2 Aircraft Stakeholder Survey for Project Management

Results of aircraft stakeholder surveys for project management (Q5 and Q6) were shown.
Eighty-eight respondents of the participants

Tab. 2.6 showed the results of the two quantitative questions.
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Tab. 2.6: Results of Stakeholder Perceptions in Project Management Skills
Q5.Importancer{= 73) Q6. Necessity for student learning=£ 80)

MEAN S.D. MEDIAN MEAN S.D. MEDIAN
Progress 425 0.75 4 333 1.02 3
Budget 3.99 0.69 4 3.08 0.92 3
Human Resources  3.77 0.77 4 285 0.90 3
Negotiation 464 0.61 5 414 0.81 4
Communication 477 045 5 468 0.54 5
Internationality 452 0.58 5 4.47 0.69 5
Problem Solving 471 0.54 5 4.42 0.70 5

One-way ANOVA using R indicated statisticallyffirences in the seven groups of (%, 504) =
26.66, p = 2.2e — 16). Multiple comparison using Tukey HSD method showed that the result of
Progress(M = 4.25,S D = 0.75) was statistically dierent fromHuman ResourceM = 3.77,

S D= 0.77) with p < 0.001, Negotiation(M = 4.64,S D = 0.61) with p = 0.004, Communi-
cation(M = 4.77,S D = 0.45) with p < 0.001, andProblem SolvindM = 4.71,S D = 0.54)
with p < 0.001 respectively. It also argued that there weffedinces statistically between the
result ofBudget(M = 3.99, S D= 0.69) andNegotiationwith p < 0.001,Communicatiorwith

p < 0.001, Internationality(M = 4.52, S D = 0.58) with p < 0.001 andProblem Solvingvith

p < 0.001. The analysis also indicated tltéiman Resourcesas statistically dferent from
Negotiationwith p < 0.001, Communicatiorwith p < 0.001, Internationalitywith p < 0.001
andProblem Solvingvith p < 0.001.

After all the multiple comparison result supported the statement aircraft stakeholders thought
importances ofNegotiation CommunicationandProblem Solvingrather tharProgress Bud-
getandHuman Resources

One-way ANOVA analysis with the results of Q.6 also showed statisticaffigrdinces be-
tween sets of datd~(6,546) = 66.20, p = 2.2e— 16). A Multiple comparison with Tukey HSD
method indicated that the result Bfogress(M = 3.33, SD = 1.02) was statistically dier-
ent fromHuman Resource@V = 2.85, S D = 0.90) with p = 0.004, Negotiation(M = 4.14,

S D= 0.81) with p = 0.004, CommunicatioM = 4.68,S D = 0.54) with p < 0.001, Interna-
tionality (M = 4.47,S D = 0.69) with p < 0.001, andProblem SolvindM = 4.42,SD= 0.70)
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with p < 0.001 respectively. It also presented statistically significafiedénce between the
result of Budget(M = 3.99, SD = 0.69) andNegotiationwith p < 0.001, Communication
with p < 0.001, Internationalitywith p < 0.001 andProblem Solvingvith p < 0.001. The
analysis also indicated theluman Resourcesas significantly dierent fromNegotiationwith

p < 0.001,Communicatiorwith p < 0.001, Internationalitywith p < 0.001 andProblem Solv-

ing with p < 0.001 statistically. In addition, the result showed that there were a significant
difference oNegotiationwith Communicationp < 0.001. In conclusion, the analyses insisted
on the existence of the significanti@rences of the results dfegotiation Communicationin-
ternationality, andProblem Solvingvith Progress Budget andHuman Resourcess contents

which the stakeholders want students learn before they graduate university.

2.3.2.2.1 Summary

The aircraft stakeholders relatively thought that communication skill, problem solving skill,
and negotiation skill were important rather than managements of progress, budget, and human
resources. They also considered the former skills were learned and taught students at university
level. On the contrary, concrete management skills were not the first priority for university
students, they thought. Though internationality was not the most important skills for project
management, the participants thought it as what students should learn at university age.

After all this surveys illuminated partly the necessity of teaching project management skills
, especially communication skill, negotiation skill and problem solving skill to students at uni-

versity age.

2.3.2.3 Aircraft Chief Designer Interview

Tab. 2.7 showed the result of the industrial aircraft designer perceptions through this survey.
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Tab. 2.7: Aircraft Designer Skills

Category Content
Fundamental Knowledge of Engineering
Aircraft Design Skill Knowledge of Design Solutions and Experiences of Design

Logical Thinking Ability
Determination
Confidence

Teamwork and Management Skill Interdependence
Responsibility and Ownership
Progress Management
Risk Management
Role Sharing
Scheduling

2.3.2.3.1 Aircraft Design Skill

Aircraft design skill included four kinds of abilities broadly. First was fundamental knowledge
of engineering. Industrial conceptual aircraft design was based on scholarly conceptual design.
Aircraft designers had to understand the fundamental of aeronautics in order to decide each
parameter of aircraft such as weight estimates, body shape determination, estimation of wing
area, and so on. Preliminary phases of aircraft design also needed the designers’ theoretical
knowledge relating to structures and aerodynamics in order to analyze aeronautical phenomena
about aircraft. In addition, these analysis was produced in design teams through documentations
or presentations, aircraft designers had to work well using linguistic things.

The second was to have knowledge of design solutions and experiences of design. Aircraft
designers should comprehend existing aircraft design solutions and design methods by the prior
designers. There were often no general solutions in real world aircraft components. There were
also not sticient time and cost for designing products, so many design solutions depended on
experiment rules through the existing design. Therefore aircraft designers had to acquire many
cases of aircraft design solutions including design objectives, design methods, troubles, and
products through observing existing aircraft materials or real things and experiences of design.
They also had to get knowledge of aircraft design but also selected and applied each design
solution to their own problems in each case. The designer who had many experiences of design
and knew rich knowledge of aircraft could decide about design with confidence.

The third one was logical thinking ability. The aircraft designers had to planftaetige and

appropriate analyses and experiments, compare results of experiment with solutions of analyses
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correctly, and recognize and explain the essence of problems accurately. Especially, a devel-
opment of real world product often contained specific issues and the designers needed abilities
of illuminating the matters authentically, using convinced theoretical knowledge. In addition,
deciding design solutions was a role of the designers, and they had obligations of their own
decisions logically.

The last ability was determination. Aircraft designer had to appropriately and immediately
determine what solutions were adopted in the problem mostly, considering phenomena logically.
They also had to select methods of experiment or test and analyses in order to develop real world

products under limited circumstances such as cost and time.

2.3.2.3.2 Teamwork and Management Skill

The first skill for teamwork and management skill was interdependence. Interdependence
with reliance each other was critical character of aircraft designers. Aircraft design needs more
than a few thousand engineers for developing aircraft and it is impossible that only one designer
comprehend the all situations of engineering activities related aircraft design. Aircraft design
need teamwork and management of it. Required management skills are not to know other engi-
neer concrete activities or detailed results of analysis precisely but believe the correctiveness of
results which others bring. Team leaders also need skills to trust the work results and to judge
whether they can trust. Works of the leader is to judge the good or bad of the conclusion given by
each team and to believe the members in order to make a decision on development. Conversely,
teammates also need to believe each team leader’s judgment and proceed with development of
aircraft.

The second one was responsibility and ownership. the leader has to take care of member work
progress and keep their motivations and mak&dant results. Therefore, the leader must bear
the fear and anxiety to fail and have patience and ability to wait for the result of teamwork. At the
same time, it is necessary to be able to give members the sense of relief. On the contrary, team
members have to keep responsibility of their own works containing understanding of the task
objectives, outputs, deadlines and constraints, deeply thinking work progress, risk management,
and explaining conclusion simply and logically. They also have to have some kinds of courage
to deny what is technically impossible in reality. The leader of the design team need to consider
for money, time and customer requirements and don’'t have allowance with making a technically
realistic decision in some cases. In this situation, team members concentrated on the aspects of

decisions from the aspects of reality and technological conclusions. The team members have to
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make claims based on real facts.

The third was role sharing. The team leader also had to know and determine members’ ability,
motivations and potential for their tasks, and define each roles in a team. They are required to
identify each characteristics of members and distribute the works for members to raise their
performances.

Fourthly, confidence was critical thoughts in aircraft design. The team members could use
their ability under a convinced leader.

The last skill was about planning. Aircraft designers has to define objectives of products
appropriately, select technology, design instruments, experiment methods and systems, detailed

schedule, and costs.

2.3.2.3.3 Discussion
This subsection redefined the concepts of aircraft designer skills. Fig. 2.8 was the new concept

maps of the necessary skills.

Fundamental Knowledge
of Engineering

Knowledge of Design
Solutions &
Experience of Design

Logical Thinking
Ability

Aircraft
/ Design Skill —— o
Aircraft Confidence |
Designer Skill
Teamwork & Interd g |
Management Skill . nterdependence
Role Sharing

Responsibility and
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'

Progress Management |
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Fig. 2.8: Industrial Aircraft Designer Perceptions

Fundamental Knowledge of Aeronautics Industry aircraft designers need to know fundamen-
tal aeronautics in order to not only acquire specialized skills and knowledge for aircraft
design but also cultivate logical thinking abilities. It also leads to acquire confidence for

designing and it is useful for teamwork.

Application of Aeronautics Skills This skills is to determine things about developing aircraft
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with confidences, basing fundamental knowledge of aeronautics, logical thinking skills

and experiences of real world engineering practice related to design. At same time.

Teamwork and Management Skill This item is needed for team activities. Aircraft designis a
teamwork and management is one of the core skills. It also includes role sharing skills and
scheduling skills. Role sharing is required to do activities with dependence to team mem-
bers and have a reliance for other workst¢rdependenck It is also important to have
responsibilities of their own rolefRkesponsibility and Ownersh)pThese team activities
consisted of each member who havéisient confidence based on knowledge and experi-
ences Confidence Especially, in environments requiring interdisciplinary collaboration,
like aircraft design, people need interdependence and collective ownership for prominent
outputs (Bronstein, 2003). In addition, scheduling is an important factor in order to design
under limited circumstances of human resources, time, and costs. The team has to manage
its progress and make enough products for deadline. Aircraft designers have to prepare a

well-thought plan at start of the design and take good risk management.

2.4 Specifications of developing Flying Robots through Industry Sur-
veys

Through above two surveys with aeronautical stakeholders in industry, this section summa-
rized specifications or requirements of activities of developing flying robots which industrial
people stated to engineering university. Tab. 2.8 showed the summary of specifications of devel-

oping flying robots as engineering higher education through industry surveys.
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Tab. 2.8: Specifications of Developing Flying Robots as Engineering Higher Education through
Industry Surveys

# Category Educational Intervention Specifications Derived from
General Shall improve student confidence and motivation abdstakeholder Survey, Aircraft
engineering design. Designer Interview
2 General Shall experience real world engineering practice. Stakeholder Survey
3 General Shall provide students with opportunities to engage in eédtakeholder Survey
gineering activities related to industry works.
4 Applying Knowl- Shall introduce creating theoretical solutions of engineéndustry Survey, Aircraft
edge to Design  ing design, applying fundamental knowledge. Designer Interview, Student
Survey
5 Teamwork Shall make students identify their own roles and have wircraft Designer Interview
sponsibility in a design team of a flying robot.
6 Teamwork Shall provide students with opportunities to discuss de&icraft Designer Interview,

sign solutions and persuade others theoretically. Industry Survey

Six items were included in the table and it also contained the reasons of deriving each contents

from. These contents was based on three categories of engineering practices: “Genera” which

influenced every aspects of projects, “Applying Knowledge to Design” was a key thought of

real world engineering practice, and “Team work” which was critical element of complicated

engineering design.

2.5 Conclusion

This chapter focused on the industry consciousness about aircraft design and student activi-

ties of developing flying robots at university level. The industry examples fiifwiebguidelines

explained improvements of engineering higher education in aspects of its objectives and edu-

cational methods. Two surveys with aircraft stakeholders illuminated industry perceptions in

university level aircraft design concretely. They stressed students the importances of experi-

ences of engineering practices under real world circumstances at university age from their rich

experiences of industrial engineering. After all, not only acquiring fundamental knowledge of

aeronautics but also applying it to real world engineering problems and create appropriate solu-

tions through team activities were critical under these days engineering situations.
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Chapter 3  Student Prior-Perceptions in
Developing Flying Robot

The last chapter explained one the stream of incorporating developing flying robot activities
into higher engineering education in Japan. In this chapter, what kind of students participated in
these activities was illuminated.

What are dfferences between students who want to develop flying robots and other students?
Some faculties would guess that they had good performances of crafting originally or were
interested in the real world products strongly because of the elective class.

In order to investigate thefectiveness of educational program or curriculum clearly, knowing
the prior-knowledge of addressing students is important because learners acquired and system-
atized their knowledge and skills through transfer based their prior-knowledge and experiences
(Bransford et al., 2000, Chapter 3). If teachers misunderstand the student capabilities of that
time, they could not convince the contents of the class and acquisitions of skills which are
defined in the curriculum may suggest. Therefore instructors have to take care of students prior-
knowledge and experiences carefully.

This chapter answers the following research questions about student background and percep-

tions of aircraft design.

RQ#2 What background do students who participate in developing flying robots activities

through engineering curriculum have?

RQ#2.1 What major and prior-experiences of design do students who participate in de-

veloping flying robot activities through engineering curriculum have?

RQ#2.2 What are diferences of perceptions about design between students who patrtici-
pate in developing flying robots activities through engineering curriculum and who
don’t have experiences of developing flying robots and don’t take part in the curricu-

lum?
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This chapter mainly focused on the question of knowledge and experiences which students
have before developing flying robot activities through curricula. First research question is about
background including student major and grade. Student prior-knowledge are mainly influenced
by belonging department. | also explained student design experiences related to develop flying
robots. Second is about student perceptions in design. It scoped student consciousness of design
like “what points do you think are important for designing aircraft?” or “do you have any

confidence of design flying robots?”

3.1 Context - Flying Robot Project and Flying Robot Contest

3.1.1 Subjects and Settings

3.1.1.1 The Flying Robot Project

The context of this study is a project-based learning class in which students design, build, and
fly real world flying robots as a team - the Flying Robot Project in the School of Engineering of
The University of Tokyo and a robot competition of original flying robots student teams develop
- the All Japan Student Indoor Flying Robot Contest.

The Flying Robot Project began as one of the project-based learning classes of the Creative

Engineering Project under the Institute for Innovation in International Engineering Education at
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the School of Engineering of The University of Tokyo on 2010 (IIIEE at the School of Engineer-
ing of The University of Tokyo, 2016) in order to give students opportunities of experiencing
real world engineering practices and learning not only fundamental disciplines but also team-
work skills and project management skills. The Flying Robot Project also have belonged to the
Boeing Higher Education Program since 2013 (The University of Tokyo and Boeing, 2016) and
one of the objectives is to grew students who may become practical aircraft engineers through
practical engineering education.

In this project, student teams design, build, and fly original flying robots which subject to meet
the regulations and rules of the Flying Robot Contest inserted later. Through these activities they
would be able to learn some of fundamental knowledge of aeronautics, application method of
the knowledge to developing real world flying robots, and soft skills including communication
skills and project management skills.

Over 150 students participated in the project from 2010 and they came ffteredt majors
and grades. (This is a cumulative total number and some students took the class twice or more
in different semesters.) The main goal of this project is to develop real world flying robots, so
about half of the members were aeronautics and astronautics students motivated by or interested
in aircraft. The department of aeronautics and astronautics of The Univ. of Tokyo recommended
student independent extracurricular activities historically, and a few students tried to build orig-
inal model aircraft with classmates. However not a few students failed to make original aircraft
by themselves because of the shortness of experiences of building real world products. For these
kind students, this class was thought as exciting and useful to satisfy their curiosity.

Also many junior students attended this class. This phenomenon was caused by the schedule
of this university curricula. Freshmen and sophomore students of this university belonged to the
College of Arts and Sciences and received wide general education. They received most of the
classes at Komaba Campus apart from Hongo Campus in which this project took and most of the
students. So, they received the project when they became junior and moved the campus because
not only they have motivations of making aircraft but also knowing informations about living
in the campus and learning from elder students attended the project such as teaching assistants.
Also a start of new semester of new grade stimulate student curiosity of challenging new works,
and three-quarters of all the students received this project at summer semester. (Japan’s school
begin the curriculum on April in general.)

On the contrary, senior students were busy to prepare graduate study. They also tackled job
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findings or entrance exams of graduate school, so they rarely take this project in this grade.

This project was not a mandatory class, and most of the students don’t know this lesson es-
pecially at the beginning of the semester if wefistaembers did nothing. Before a semester
began we were preparing introducing the project partly like an inducement of club activity. We
made leaflets and posters describing the class activities and student past products and display and
distribute them every place in university.university (of course under permission of each depart-
ment). Sometimes we presented the project between an interval of department orientations and
other times took presentation sessions of Creative Engineering Project. Through these “scrupu-
lous” introduction, the students who can have any kinds of motivations about developing real
world aircraft participated in the class. After all some kinds oft&a&fforts of inviting students
to the class confirmed the participants and sustained the activity. If instructors failed the encour-
agement, the number of students who keep relatively high motivations reduced and the project

meet the crisis of disappearing.

3.1.1.2 the Flying Robot Contest

This contest was established in 2006 by the Japan Society for Aeronautical and Space Sci-
ences (JSASS). This is one of the robot competition in Japan and over 60 teamsffieyentli
high schools, colleges and universities participate in recent years. Student teams develop orig-
inal indoor UAV and compete the performances and concepts. In this contest, there are some
regulations about UAV in order to accomplish missions. The same regulation is applied in our
Flying Robot Project. The main regulations are as follows: WAV has to control by radio
control, 2 The maximum empty weight of UAV is 200g (manual control secti@s0g (auto
control section), 3 The maximum flight time is 4 minutes, and 4The main mission is to

transport objects to targets. More details were shown in the website (JSASS, 2016).

3.2 Students background and design experiences

First section of this chapter mainly focused on the student prior-knowledge and experiences

before developing flying robot activities and answeredRigg#2.1
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3.2.1 Data Collection
3.2.1.1 Student Major and Grade

Student major and grade could be evident through the student lists of each semester from 2010

Summer Semester to 2016 S Semester.

3.2.1.2 Student Design Experiences

This research also has a aspect of a trial of gathering useful informéefiectiecly under
the curriculum, so several methods were adopted on the basis of class circumstances. Tab. 3.1
showed each method of acquiring data of student prior-experiences. The implementation of the
project in this research began from 2012 Winter semester and this section included on that time

activities.

Tab. 3.1: Data Collection ways of Student Design Experiences Related to Flying Robots

Semester Data Collection

2012 Winter Hearing and field notes

2013 Summer Hearing and field notes and qualitative surveys

2013 Winter Hearing and field notes

2014 Summer Hearing and field notes

2014 Winter Hearing and field notes and qualitative pre-survey

2015 s Hearing and field notes and qualitative post-survey

2015 A Hearing, field notes, and video observation

2016 S Hearing, field notes, video observation, and qualitative pre-survey
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3.2.2 Findings
3.2.2.1 Student Major and Grade

= Aeronautics and Astronautics

= Mechanical

= Precision

Machano-informatics

3%/

4%

= Arts and Sciences (Freshman & Sophomore)

= Others

Fig. 3.2: Student Major Distribution from 2012 Winter Semester to 2016 Summer Semester
(n=112)

3%W 3%

204 12% \‘

= Freshman & Sophomore
= Junior
= Senior
Master
= Doctor

m Research Student

Fig. 3.3: Student Grade Distribution from 2012 Winter Semester to 2016 Summer Semester
(n=112)

Over 150 students patrticipated in the project from 2010 and they came ffteredt majors

and grades. (This is a cumulative total number and some students took the class twice or more in
different semesters.) Fig. 3.2 and Fig. 3.3 showed the student distribution of majors and grades
reflectively. The main goal of this project is to develop real world flying robots, so about half of
the members were aeronautics and astronautics students motivated by or interested in aircraft.
The department of aeronautics and astronautics of The Univ. Tokyo recommended student in-
dependent extracurricular activities historically, and a few students tried to build original model
aircraft with classmates. However not a few students failed to make original aircraft by them-

selves because of the shortness of experiences of building real world products. For these kind
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students, this class was thought as exciting and useful to satisfy their curiosity.

Also many junior students attended this class. This phenomenon was caused by the schedule
of this university curricula. Freshmen and sophomore students of this university belonged to the
College of Arts and Sciences and received wide general education. They received most of the
classes at Komaba Campus apart from Hongo Campus in which this project took and most of the
students. So, they received the project when they became junior and moved the campus because
not only they have motivations of making aircraft but also knowing informations about living
in the campus and learning from elder students attended the project such as teaching assistants.
Also a start of new semester of new grade stimulate student curiosity of challenging new works,
and three-quarters of all the students received this project at summer semester. (Japan’s school
begin the curriculum on April in general.)

On the contrary, senior students were busy to prepare graduate study. They also tackled job

findings or entrance exams of graduate school, so they rarely take this project in this grade.

o

5 10 15 20 25 30

2013 Summer

2014 Summer | D
2015 S I |
2016 S I

2012 Winter
2013 Winter s
2014 Winter s |
2015 A
m Aeronautics and Astronautics ® Mechanical
Precision Machano-informatics

m Science (Freshman & Sophomore) m Others

Fig. 3.4: Student Major Distribution at Each Semester (Summer &37nWinter & A: n=36)
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Fig. 3.5: Student Grade Distribution at Each Semester (Summer &&.,Winter & A: n=36)
3.2.2.2 Student Design Experiences

Tab. 3.2: Student Design Experiences Related to Flying Robots

Semester FR FR Con- Human Pow- CanSat Electronic
Project test ered Airplane Kit
2013 Summer (n=5) 0% 0% 0% 20% 40%
2014 Summer (n=17) 0% 0% 12% 0% 35%
2015 S (n=30) 10% 7% 20% 17% 47%
2016 S (n=25) 8% 4% 8% 0% -
Total (Summer & S) (877) 6% 4% 13% 8% *42%
2012 Winter (n=10) 30% 40% 10% 20% 10%
2013 Winter (n=6) 67% 67% 0% 17% 33%
2014 Winter (n=10) 60% 80% 10% 0% 50%
2015 A (n=10) 10% 0% 10% 50% 10%
Total (Winter & A) (n=36) 39% 44% 8% 22% 25%
Total (n=113) 17% 17% 12% 12% *35%

*Not include 2016 S students.

3.3 Student Perceptions in Design

This section focused on student perceptions in design and answere@##2 Some peo-
ple imagined that students who tried to participate in flying robot projects have originally high
motivations about engineering design and good-skills of engineering, like students attempting
to entry the flying robot competitions or design contests. On the contrary, others guessed that
they came the curriculum of developing real world products because they were not interested in

projects originally, but some problems or circumstances around them make the students more
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curious about designing flying robots on that time. The research in this section could reply these

kind of questions based on the information acquired through the several surveys.

3.3.1 Participants

In this section, | compared three groups relating to this research. First group was the Flying
Robot Project students on 2016 S semester. The survey took at the beginning of the project (2nd
class) and twenty-four students replied the questions.

Second was junior students belonging to the department of aeronautics and astronautics of
The University of Tokyo. Thirty-nine students participated in the survey after another class.
The reason | selected the junior students of this department was that about half of the students
participated in the Flying Robot Project were junior students, and this research also compared
in the aerospace faculty contexts.

The last group was participant students of the Flying Robot Contest on 2016. The survey
took through two methods. First was Web-based survey using Google Form. The pre-survey
managed under the Contest committee and | asked the participant registered the entry form of
the contest participate in the survey. Second was The committee hold a technical workshop for
supporting student learning of aeronautics and techniques about instruments before the contest
and | surveyed the students came to the conference.

Tab. 3.3 showed each survey information.

Tab. 3.3: A List of Design Conceptions of the Design Ranking Test

Participants Day Remarks

The 12th FR Contest Participants=3P) 4/9~7/14 Eighteen students: on Web-based
fourteen students at technical workshop
(on §25)

2016S the FR Project Students-g¥) 4/13

2016S Junior AeroAstro Students at UT=@D) 411 Except nine students of the FR Project

3.3.2 Data Collection

Several respondents was exclude because they mistook the answer, did not complete the all
guestions, or rated same scores each item in one section and answers. Finally we got the answers

as followings.
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3.3.2.1 Prior Experiences

This section discussed mainly through surveys, and the first question about illuminating the

student prior design experiences was the following.

e How long have you experienced engineering design or project including on campus and

out of campus activities, club activities, and internships?

3.3.2.2 Design Ranking Test

Design Ranking Test is an assessment method of participant perceptions in destigis test
participants selected the six most important and six least important design conceptions from the
following twenty-three conceptions about design (Tab. 3.4) (Mosborg et al., 2005). This instru-
ment could be applied in various engineering design situations (Atman et al., 2008; S.Adams and
Fralick, 2010; Oehlberg and Agogino, 2011; Hohner et al., 2012) and some researchers adopted

this tool for evaluations of aircraft conceptual design contexts(Butler, 2012; Coso, 2014).

Tab. 3.4: A List of Design Conceptions of the Design Ranking Test

Abstracting Identifying constraints Seeking information
Brainstorming Imagining Sketching

Building Iterating Synthesizing
Communicating Making decisions Testing

Decomposing Making tradeds Understanding the problem
Evaluating Modeling Using creativity

Generating alternatives Planning Visualizing

Goal setting Prototyping

In this research all of the participants were Japanese students and some of who don’t have
enough design knowledge and English knowledge. 1 tried to test it to some Japanese students
before adopt it to this research participants, but some students did not know thd iaamel
stormingand others could not understandfeiences oBuilding, Prototyping Design study is
not general in Japan and this research needed some detailed descriptions of each English con-
ception. Therefore | translated this list for Japanese students as follows. First | categorized each
conception based on original papers’ meanings (Newstetter and McCracken, 2001; Mosborg
et al., 2005), using the KJ method which is a kind of grouping theory (Kawakita, 1975, 1991)
with several native English faculties majoring aeronautics. The categoriePnalem Scop-
ing, Generating SolutionsProblem SolvingProject Managementand Implementatiorand |

described each word corresponding with the five categories. Next | pretested it to university and
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college students who had experiences of developing flying robots and repaired the translations.

The final translation of the Design Ranking Test was shown in Tab. 3.5.

Tab. 3.5: Japanese List of Design Activities
| Category \ Japanese Description (Original Design Activity)

& Z 9 (Seeking information)

HLRE% 43#19° % (Decomposing)

RREO BRI A% % 2 5 (Identifying constraints)

5.2 o iz % EA# % (Understanding the problem)
F—LTT7AT72HLH->TT LA VA =327 %175 (Brainstorming)
HLWT AT T REARHT OGS & 1372 5 A B (Using creativity)
AR 0zl 2R E A AT (Generating alternatives)

JEBOMNKT 25D T DNT VA% #E Z B (Making tradeds)

9. #8{%9 % (Imagining)

10. b EELRZEZ 2K ESH LT, fdbR< (Abstracting)

Problem solving 11. @R OEAXE 2 2 lAaEHE S (Synthesizing)

12. 277 v F %< (Sketching)

13.FART AT 7 2P, Muky, HIZRZSFIZT % (Visualizing)
14.%1% 2 < % (Building)

15. 5t % 32T % (Planning)

Project Management | 16. Hi% &3 % (Goal setting)

17. Z W€ %17 5 (Making decisions)

18. HA D& 2 % SEPXE, Nk % HWTMAIZEZ 5 (Communicating)
19. RBOEFORIZ, BFHRET IV %E DL % (Modeling)

Implementation 20. AFDMEMODENC, HWEBHO 70 b X1 7% 2<% (Prototyping)

21. 78 F XA TRETFNEAVCTREZ1TS (Testing)

22, iABRAE R & W TR 3 % (Evaluating)

23. %@ 2 < DR UFT- T, #EHERZ IS 5 (lterating)

Problem scoping

Generating solutions

©O~NOUAWNPR

This list also included the original English word (liBrainstorming and the five categories

were hidden with participants of this surveys.

3.3.2.3 Design Self-Hicacy Scale

Design Self-Hicacy Scale is one of the quantitative surveys which measured participant con-
fidence level in design by Likert scale from 0 to 10 (Carberry et al., 2010). The reason of using
eleven choices is to measure participant perceptions more sensitive. This method also applied to
aircraft design context (Coso, 2014) and it was simple dfettve way of describing student
confidence about design. The scale consists of nine items as Tab. 3.6. Using factor analysis,
latter eight items (#2:1dentify a design need#9:Redesigh have explained as one factor
which contains equivalence with itemConduct engineering desighrough further analysis
((Carberry et al., 2010; Coso, 2014)).
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Tab. 3.6: Design Selfficacy Scale

| | ltem | Item (in Japanese)
1 | Conduct engineering design THIRET 21T S
2 | Identify a design need Bt =— X 2T 5
3 | Research a design need it =— A2 VY —FF3
4 | Develop design solutions HEHEE DL B
5 | Select the best possible design FEHA W] BE 7 B B % S
6 | Construct a prototype Tu x4 TEDLD
7 | Evaluate and test a design Gt E T AN LA 5
8 | Communicate a design BEHNBE MO NZEZ S
9 | Redesign SRS

In addition, participants in this research were Japanese and | translated them as the table and

pretested before applied it to the participants.

3.3.2.4 Limitations

In this research survey was taken in the class time and some students were influenced by oth-
ers. Some students could take care of others’ atmosphere and hesitate talking their own opinions.
For example, one student had experienced designing auto control system by himself, however
he was strongly concerned &férence of aircraft autopilot system and on-ground robot system,
and he did not talk about his skills at start of the project. This example showed limitations of
class interviews.

In addition, our students did not always havéfisient time of concentrating on the project
some students because they engaged in other mandatory class. The observers had to check the
student characteristics and the opinions in limited interval times between class. The observer
also had an obligation of managing the project, time for surveying student behaviors completely
objectively was insflicient.

This survey discussed with a comparison of research students with aerospace junior students

mainly and more detailed surveys about other major students should be needed.

3.3.3 Results and Discussions

3.3.3.1 Prior Experiences

All of the participants wrote their answer in this section. Fig. 3.6 indicated design levels
of each group. Most of the Flying Robot Project Students have not had experiences of design

in comparison of the junior students of aeronautics and astronautics at the beginning of the
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semester. On the contrary, the Flying Robot Contest participants included many students who

had design experiences. Over half members had designed something in more than one year.

0% 20% 40% 60% 80% 100%
FR Project (n=24)
AeroAstro UT (n=39) I
FR Contest (n=32) [

B No experience <1 year 1-5 year >5 year

Fig. 3.6: Comparison of Student Design Level

3.3.3.2 Design Ranking Test

Several student respondents were excluded because they mistook the numbers of items they
have to select or did not fill it. showed the result of the three groups.

First, a discussion of the flierences of Flying Robot Project Students with the Aeronautics
and Astronautics Junior Students was shown. The Project student results included high ratio of
the number ofSeeking informationvisualizing Goal setting Testing andEvaluating In con-
trast, most of the aerospace junior students selefsting Visualizing Iterating, ldentifying
constraints Understanding the problenandPlanningas important design activities.

Over two groups, the flying robot project students had higietnces especially, comparing
to the junior students abo&eeking informatiomnd Goal setting On the contrary, the junior
student results selected more numbeltJoiderstanding the problenTesting Brainstorming
Generating alternativesandlterating.

AlthoughScketchingVisualizing Prototyping anditeratingtook the central role of real world
engineering design and practice curriculum like the Flying Robot Proj@dt both group didn't
selectSketching (FR=0.0%, AAJunioe0.0%). Visualizingaccounted in high ratio for both
groups (FR=50.0%, AAJunioz47.2% . (One of the reason was that most of the students
Sketchingincluded inVisualizingin Japanese atmosphere.) By contré&sgtotypingand It-
erating were not selected by the Flying Robot Students relativéRrototyping FR=18.2%,
AAJunior=30.6%,Iterating: FR=27.3%, AAJunioe41.7%).
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After all this survey explained that the students who participated in the project concentrated on
acquiring the many information about design at firSeeking informatiop) rather than under-
standing given problems correctly Decomposing» Understanding the problery) in com-
parison with thoughts of other aeronautics and astronautics junior students. They also thought an
importance of building real world products as what they could watch actudigualizing') ,
however they did not emphasize testing products and repair design repedaiisdiiing Iterat-
ingl) .

Next a distinction of consciousness of the project students and the students who addressed to
the entry of the Flying Robot Contest was discussed. The latter group especially focused on the
concepts oSeeking informatiorBuilding, Planning Testing andUnderstanding the problem
The high rate could be shown in the project studentdfaking tradeg’s andModelingand the
high rate could be shown in the contest studentdJiotierstanding the problenBuilding, and
Sketching

The Flying Robot Project students thought gathering information as important as the contest
entry students considered (Seeking informatieh They also ranked down to understanding
given the problem correctly(Understanding the problegn . In addition, the project students
took care of visualizing as building what they could look at, though the contest students also
guessed sketching as important activities in desiggketching FR=0.0%, Contest26.9%,Vi-
sualizing FR=50.0%, Contest38.5%). They also thought building real world products actually
was not more critical in design than the contest studéBisilding: FR=18.2%, Contest46.2%,
Prototyping FR=18.2%, Contest38.5%,Iterating: FR=27.3%, Contest34.6%) .

These results showed perceptions in design of the project students lacked with understanding

the problem correctively and building real world products relatively with the contest students.
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Fig. 3.7: Comparison of the Results of the Most Important Activities in Design Ranking Test
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Tab. 3.7: Comparison of Results of Design Ranking Test

(&) FR Project (b) AeroAstro (c) FR Contest GAP GAP

(n=22) UT (n=36) (n=26) ((2)-(b)) ((3)-(c))
Seeking information 63.6% 19.4% 65.4% 44.2% -1.8%
Decomposing 18.2% 22.2% 19.2% -4.0% -1.0%
Identifying constraints 36.4% 36.1% 30.8% 0.3% 5.6%
Understanding the problem 13.6% 36.1% 42.3% -22.5% -28.7%
Brainstorming 18.2% 33.3% 19.2% -15.1% -1.0%
Using creativity 27.3% 16.7% 38.5% 10.6% -11.2%
Generating alternatives 9.1% 25.0% 3.8% -15.9% 5.3%
Making tradeds 40.9% 30.6% 26.9% 10.3% 14.0%
Imagining 9.1% 19.4% 23.1% -10.3% -14.0%
Abstracting 9.1% 8.3% 11.5% 0.8% -2.4%
Synthesizing 27.3% 27.8% 23.1% -0.5% 4.2%
Sketching 0.0% 0.0% 26.9% 0.0% -26.9%
Visualizing 50.0% 47.2% 38.5% 2.8% 11.5%
Building 18.2% 11.1% 46.2% 7.1% -28.0%
Planning 40.9% 36.1% 46.2% 4.8% -5.3%
Goal setting 45.5% 30.6% 42.3% 14.9% 3.2%
Making decisions 13.6% 5.6% 15.4% 8.0% -1.8%
Communicating 9.1% 13.9% 26.9% -4.8% -17.8%
Modeling 13.6% 8.3% 3.8% 5.3% 9.8%
Prototyping 18.2% 30.6% 38.5% -12.4% -20.3%
Testing 45.5% 66.7% 46.2% -21.2% -0.7%
Evaluating 45.5% 33.3% 23.1% 12.2% 22.4%
Iterating 27.3% 41.7% 34.6% -14.4% -7.3%
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Fig. 3.8: Comparison of the Results of the Least Important Activities in Design Ranking Test

In order to examine more clearly, Kendall rank correlationfiéoents was used. Tab. 3.8
showed each cdicients between the three group results. The results indicated a significant
correlation between the most important design activities of the Flying Robot Project students
and of the aeronautics and astronautics junior students at The University of Toky6.480,

p = 0.003). A correlation between the Flying Robot Project students and the Contest students
also had a statistical significance=£ 0.311, p = 0.049) and it was lower than the former.

About the least important design activities, the Tau between the Project students and the aero-

nautics and astronautics junior students was also statistically significant. In addition, the results



of the Project students had a statistically significant correlation with the Contest students.

Tab. 3.8: Kendall Rank Correlation Ciéieients among Populations for (a)the Flying Robot
Project Students, (b)the UT Aeronautics and Astronautics Junior Students, and (c)the Flying
Robot Contest Students (p-values are in the parentheses)

(a)(b) (b)/(c) (c)(a)
Most Important Activities 0.480 (0.003) 0.439(0.006) 0.311 (0.049)
Least Important Activities 0.480 (0.002) 0.469 (0.003) 0.463 (0.003)

This result supported the statement in which the perceptions in design of the students who
entry to the Flying Robot Project was not completelffetient from the other aeronautical stu-
dents. The project students had similar consciousness about design with the aeronautics junior
students. They also had similarity with the Flying Robot Contest participants, however the cor-

relation was lower than that with the aeronautical students.

3.3.3.3 Design Self-Hicacy Scale

Several respondents was exclude because they mistook the answer, did not complete the all
questions, or rated same scores each item. clearly mistaken replies and answers. Finally we
got the answers as followings. Factor analysis was applied to the results of the survey and the
resulting factor scores was shown in Fig. 3.9. This results were corrected by the methods by
DiStefano et al. (2009); Starkweather (2012). Detailed analysis of validity and reliability were
described on Appendix A.1-A.3.

The Mann-Whitney test did not show a significanffelience between the Flying Robot Stu-
dents M = 4.38, SD = 1.37) and the Aeronautics and Astronautics studeMs= 5.03,

S D= 1.16),p = 0.0719. The Mann-Whitney test show a significartetience between the Fly-

ing Robot Students\M = 4.38,S D = 1.37) and the Flying Robot Contest studert$ £ 5.52,

SD = 1.36), p = 0.0070. This results indicated no distinct confidences between who partic-
ipated in the Flying Robot Project and other aerospace junior students. On the contrary the
project students did not have strong confidences relatively than who addressed the entry to the

Flying Robot Contest.
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Fig. 3.9: Resulting Factor Scores of Three Groups (Pre-test)

Then each item for design selféeacy scales was compared. The lowest level of S@lfacy
could be shown in the item #Bevelop design solutionwith the project students. Its high-
est level of self-ficacy was found aCommunicate a desigrBy contrast, the aeronautics and
astronautics junior students selected the lowéstaey with Research a design neeohd the
Evaluate and test a desigmdCommunicate a desigmas the highest. The Flying Robot Con-
test students select&kvelop design solutiorendSelect the best possible desagithe lowest
items andConstruct a prototypandRedesigras the highest.

The Mann-Whitney test showed a significanffeience between the results @bnstruct a
prototypethe Flying Robot StudentsM = 4.14, SD = 2.03) and the Aeronautics and Astro-
nautics studentsM = 6.42,SD = 1.96), p < 0.001. The Mann-Whitney test didn’t show a
significant diference between the results@dmmunicate a desighe Flying Robot Students
(M = 557, SD = 213) and the Flying Robot Contest studeni$ & 594, SD = 2.05),

p = 0.603. The Mann-Whitney test indicated a significaritatience between the resultsRé-
designthe Flying Robot StudentiM = 4.62,S D= 2.15) and the Flying Robot Contest students
(M = 6.61,S D= 2.10), p = 0.002.

In conclusion, the project students at start of the class wiereint from the student who

wanted to take part in the contest in the aspect of real world design confidence especially in

making prototype and redesigning.
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Tab. 3.9: Results of Design Selffitacy Scale among Populations for the Flying Robot Project
Students, the UT Aeronautics and Astronautics Junior Students, and the Flying Robot Contest
Students

FR Project (&21) AeroAstro UT (n=28) FR Contest (#31)
MIN MAX MEDIAN | MIN MAX MEDIAN | MIN MAX MEDIAN

1 (Conduct engineering design) (0 8 3) (0] 8 5) (0 10 5)
2 Identify a design need 0 8 5 0 7 5 0 9 5
3 Research adesignneed | 0 9 3 0 8 4 0 8 5
4 Develop design solutions | 0 7 3 1 7 5 0 9 4
5 Select the best possible design 2 8 4 2 9 5 0 9 4
6 Construct a prototype 0 7 4 2 8 5 3 10 7
7 Evaluate and test a design| 1 9 4 2 8 6 3 10 6
8 Communicate a design 1 9 6 2 9 6 2 10 6
9 Redesign 0 8 5 2 9 5 0 10 7

3.4 Conclusion

3.4.1 Summary

In conclusion, the above analysis could answer the Research Questions #2.1and #2.2. With the
first question: RQ#2.1]What major and prior-experiences of design do students who participate
in developing flying robot activities through engineering curriculum have?,

The survey examined that about half of the students came from the aeronautics and astro-
nautics department and almost all of the students were junior. The participants was about three
times of the winter semester in the summer semester. The student prior design experiences were
also distinct with summer and winter, and most of the summer students have not experienced
design of a complicated system like aircraft and spacecraft. By contrast, about half of the winter
students have participated in some aerospace design projects or similar design activities.

[RQ#2.2]What are diferences of perceptions about design between students who participate
in developing flying robots activities through engineering curriculum and who don’t have expe-
riences of developing flying robots and don’t take part in the curriculum?

The survey illuminated the summer student consciousness in design and the project students
lacked design experiences in comparison with aerospace junior students and the contest students

at the start of semesters.
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The conceptions in design of the Flying Robot Project students were moderately correlated
with the junior students, though they were not highly correlated with the contest students. The
qualitative survey of conceptions in design also illuminated that the project students also concen-
trated on acquiring information but did not focused on understanding the given problems. They
also thought visualizing, building what they could look at actually, was important in design,
however testing and iterating were not critical for design they guessed relatively.

In addition, they also lacked the confidence with design, compared with the contest entry
students, and the survey show a no significant but moder&&ratice with the aeronautics
and astronautics junior students. Especially the project students lacked their confidences with
constructing a prototype and redesigning.

After all the Flying Robot Project students have not had rich experiences of a complicated
aerospace system at the start of the summer semester and they did not flialensgonfi-
dence with design. Most of them were unfamiliar with dealing with real world problems and

developing aerospace products actually.

3.4.2 Rethinking Specifications of Developing Flying Robots

This section also rethought the specifications of developing flying robots defined at Chapter.2
because some characteristics was illuminated by the surveys in this section. First, students who
wanted to participate in developing flying robots as engineering curricula did not have confi-
dences of engineering design relatively. This result supported the specification 1. In addition,
the original specifications did not show the importances of applying fundamental knowledge to
real world engineering design and the project participants of developing flying robots lacked
these aspects, so | added two items of objectives into the specification lists. Tab. 3.10 showed

revised version of the specifications of developing flying robot curricula.
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Tab. 3.10: Revised Specifications of Developing Flying Robots as Engineering

Category Educational Intervention Specifications Derived from
General Shall improve student confidence and motivation abdatakeholder Survey, Aircraft
engineering design. Designer Interview, Student
Survey
General Shall experience real world engineering practice. Stakeholder Survey, Student
Survey
General Shall provide students with opportunities to engage in eBtakeholder Survey

Applying Knowl-
edge to Design

Applying Knowl-
edge to Design

Applying Knowl-
edge to Design

Teamwork

Teamwork

gineering activities related to industry works.

Shall introduce creating theoretical solutions of engineéndustry Survey, Aircraft
ing design, applying fundamental knowledge. Designer Interview, Student
Survey

Shall promote the importance of identify problems restudent Survey
lated to real world products.

Shall promote the importance of prototyping and iteratirgtudent Survey
design.

Shall make students identify their own roles and have mekcraft Designer Interview
sponsibility in a design team of a flying robot.

Shall provide students with opportunities to discuss d&kicraft Designer Interview,
sign solutions and persuade others theoretically. Industry Survey
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Chapter 4 Design of the Flying Robot Project

Chapter.2 and Chapter.3 showed the specifications of activities of developing flying robots
as engineering education. The next step was to integrate them with real world activities of
developing flying robots by students and create curricula which were able to manage under
university situations. It is very important that some educators pointed out that it will be just a
hobby unless educational facilitators take care of educatidreats of student activities (Mason,
2010). So this chapter also concentrated on the educational theory of acquisitions of student

skills and curriculum design techniques. The flow of this chapter was following as Fig. 4.1

Constructive Curriculum Design Method

Educational Intervention
Specifications
(Chapter2 & 3)

Learning Outcomes
Flying Robot Design Flow H
. Summative Assessment Criterion

Teaching/Learning Activities

Backward Design
Method

Focus on Focus on Focus on

Drawing with Drawing with Experiential Learning
Objectivism Constructivism with Flying Robots

I: Objective l: Constructive lll: Experiential
Intervention Intervention Intervention

Fig. 4.1: Overview of Project Design

4.1 Development Flows of a Flying Robot

This section explained a flow of developing a flying robot. Itis very similar to ordinary aircraft
design process which includes several phases, such as identifying market needs, conceptual de-

sign, preliminary design, detail design, fabrication, ground test and flight test, and maintenance
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(Raymer, 2012; Rinoie, 2011; Nicolai and Carichner, 2010).

Distinct characteristics of design of flying robots is relatively simpleness of development size.
It needs low cost, human resources, and time by comparison with large circumstances of real
world aircraft design processes in which thousands of employees have to produce millions of
parts in decades. The process of design of a flying robot needs only a half year time, about
five members, and thirty thousands yen for creating one product. In addition, it is educational.
The flying robot activities must be simple because it was managed in university as curriculum.
Real world aircraft industry should concentrate on make big results as business for contributing
national economy, however the flying robot activities have to contribute to student growth in
engineering. Although some unmanned aerial vehicle could contribute to aeronautical research
such as demonstrations of control thesis and optimization methods in some research institutions
(Igbal and Sullivan, 2012), it is very critical things for developing aeronautical technology of

course, this paper context focuses on the educational aspects of flying robot developments.

4.1.1 Research of Prior Flying Robots

Research of prior design was shown before progressing concrete designs of products.

General aircraft design needdfdrent kind of design requirements like what customers are
imagined (Customer Requirements (Torenbeek, 1982; Roskam, 1986))), what operation situa-
tions designers have to consider about (Operational Requirements (Roskam, 1986)) and what
missions are required (Mission Requirements). It also includes cost, maintenance and support,
scheduling, contractor demands and airworthiness. In order to know the appropriate request, it
is necessary to investigate what kind of aircraft is present and how it is operated and to conduct
a market research on what type of product is required in the future (Roskam, 1986; Torenbeek,
2013; Rinoie, 2011).

In the Flying Robot Project, prior research includes a comparison of prior flying robot ad-
dressed in the past Flying Robot Contest, an investigation of the competition regulations and
rules. The designers also considered about competition circumstances and what concept was

suitable for the contest.

4.1.2 Design Requirements

It is necessary to decide the design requirement after the rules and the direction of the existing

aircraft are concretely known. The design request is a more technical and specific request list
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which summarizes the specifications and performance required for the airplane and the perfor-
mance of each component level. Choose which ones you have presented so far, and put them
into elements of a specific airplane. In the flying robot, the design requirement includes the fol-
lowing: 1) specifications (empty weight, payload weight, span, length etc...), 2) performances
(maximum speed, cruise speed, tag-tanding, etc...), 3) body shape, 4) materials, 5) body
structures, 6) propulsion system, 7) other components, and 8) operation, maintenance, and reli-
ability.

This phase also includes thinkings of what technology could be applied.

4.1.3 Conceptual Design

Conceptual design is a phase in which “the designers look at a wide range of aircraft config-
uration concepts, perform trade studies of both the designs and the requirements, and ultimately
settle on a single best design and, with significant customer input, select a well-balanced set of
requirements (Raymer, 2012).” This phase is to decide the concept of aircraft from the viewpoint
of design requirements and design methods. Raymer (2012) referred that “caficadslde
aircraft be built that meets the requirements? (p.14)” and making aircraft that meets the design
requirement with any form of the concept is important. The designers are required to think
about various types of aircraft concept at the beginning, gradually narrow it down and put it in
one concept.

The details in the Flying Robot Project are following as 1) general arrangement of aircraft
components (wing, motor, stabilizer, landing gear, etc...), 2) sizing, 3) design of wing parameters
, 4) design of empennage parameters, 5) design of fuselage parameters, 6) landing gear, 7)
position of a center of gravity, 8) positions of wing and empennge, 9)initial three-view drawing,
10) control surfaces, 11) stability analysis, 12) performance analysis, 13) resizing, and 14) repair

the initial three-view drawing.
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Fig. 4.2: Conceptual, Preliminary and Some of Detail Design Flow Chart of a Flying Robot

By the way, in the Flying Robot Project, limitations of class time made some students engage

in only one concept.

4.1.4 Preliminary Design

Preliminary design phase is applied conceptual design results to decide details of aircraft pa-
rameters more concretely through aerodynamics analysis, wind tunnel test, computational fluid
dynamics, structure analysis, and component design. In this phase, major changes of aircraft
shape is refused. For example, whether the empennage is a canard or whether it is attached
to the fuselage are already determined by conceptual design (Raymer, 2012). The goal of this
phase is preparation before making full scale products. The details follows as: 1) definition of

shapes of flying robots, 2) definition of motion diagram of control surfaces, 3) structure arrange-
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ment, 4) select materials, 5) select propulsion systems, 6) component arrangements, 7) structural

three-view drawing and detail figures, and 8) redesign.

4.1.5 Detail Design

The step of detail design is to design all parts that are manufactured actually. This phase
includes not only design of structural parts but also requirements of manufacturing process,
quality assurance, consideration of distribution, management method of production. This phase
is the most personnel and expensive and thousands of employee are required. Detailed design
is usually done even during assembly and Raymer (2012) wrote “Detailed design ends with
fabrication of the aircraft (p.18).” The details are following as: 1) design of manufacturing
process, 2) determination of production procedures 3) creating a flowchart of manufacturing
plan, 4) determination of production location and time, 5) preparation of drawing for building,

6) design of jig, 7) distribution of materials, 8) strength test partly, 9) management of large parts,

10) management of small parts, and 11)specification of test methods.

| Preliminary & Detail Design |
|
— v v ¥
Existing ,—' Building Building Building
Data Fuselage Wing Empennage
Building
Landing

Gear

Detail Design & Fabrication

Building Wing-
Motor & Body Junction Building

Electric —m "] Control Surface
Devices

]
Refinement Operation Check
of Components

Assembling

Ground Test
Flight Test

Fig. 4.3: Detail Design and Fabrication Flow Chart of a Flying Robot

4.1.6 FabricatioryBuilding

Based on the design content confirmed up to the basic design, it is done concurrently with

detailed design. Since the placement of the spars and ribs of the wing has been decided to some
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extent so far, each team works from the part that can be manufactured. Also, if CAD and laser
cutter can be used, tool accuracy affiiceency can be greatly improved in many cases. Rough
component placement has been decided to some extent at the stage of three view, but for small
parts such as motor mounts and legs, there are many cases that are not designed at this stage and
there are many cases of making while looking at the real thing. Particularly when designing for
the first time, it is often that you can not successfully create parts that are not considered in the
basic design. For example, the details are various, such as the skeleton being stuck at the edge
and glued, or not designing the wing cylinder joint part in the first place. Important thing is to
feed back the contents to the design contents and the drawing properly and rebuild the design

according to purpose when there is a problem by looking at the actual thing.

4.1.7 Test

Test the finished product. There are two types of tests performed on a flying robot, the first one
is a ground test and the second is a flight test. In the ground test, after installing the battery and
the payload and the completed vehicle just before the actualffaketivate various movable
parts (moving blades, propulsion machines) and check whether there are any defects. In this
case, when vibration does not work, as well as vibration that rfiagtelight, distortion of the
aircraft, etc., it is necessary to take appropriate measures such as reinforcement and replacement
of parts. Next the flight tests are usually conducted at the gymnasium. Batteries and payloads are
loaded, and the aircraft actually fly. For beginners, first perform a ground run and & t@kdo
landing test on a straight line. First of all, it is top priority to check whether the aircraft tdkes o
properly. At this time, experts can confirm stability and transverse stability of the aircraft only
from takedrt behavior. If the stability is not sticient, adjust the position of the center of gravity
and make it fly again. Normally, if $licient examination is made on the ground test, adjustment
of the center of gravity will be the main treatment here. Subsequently, turn flight is performed
on both sides, and it is confirmed that it can fly freely. If you can confirm that you can fly to a
certain extent, adjust the thrust of the motor. If the adjustment is rfibtigmt, if you increase
the thrust, it may become head lift or head down, it may be easy to turn in the direction opposite
to the direction of rotation of the propeller, so it is necessary to consider measures such as down
thrust and side thrust Will come out. In some cases it may be necessary to review the mounting
angle of the wing. What is important in the flight test is to practice how better the flight can be

by changing any parameters of the fuselage and to find useful information for the next design. It
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is important to feed back the skipped results to the next design.

4.2 Design the Flying Robot Project as a University Curriculum

4.2.1 Methodology

4.2.1.1 Backward Design (Initial Design Phase)

This research applied integrated course design method especially of a backward design method
(Wiggins and McTighe, 2005) to design the Flying Robot Project. A backward design method
is one of the curriculum design methods and its initial design phase is subject to the following

steps as Tab. 4.2.

Tab. 4.1: Initial Design Phase of Curriculum Using a Backward Design Method

Step 1 Identify Important situational factors

Step 2 Identify Important learning goals
Step 3 Formulate appropriate feedback and assessment procedures
Step4  Selectféective teachinfiearning activities

Step5 Make sure the primary component are integrated

Generally educators plan the lesson under an axis of textbooks and constitutions of class tasks
are limited. In backward design, teachers decide learning objectives, assessment methods, and
teaching and learning methods clearly and these things make complicated contents of learning
subjects be applied to realistic curriculum logically. The methods focused on the relationships

of each content and each objectivity and promote student learning.
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Tab. 4.2: Initial Design Phase of Curriculum Using a Backward Design Method

Positive It could be applied to a complicated subject logically.
Positive It focuses on student learning processes and is suited to practices.
Positive It is easy to contain active learning techniques as teaching methods and could

contribute on increasing student motivations.

Positive It could make lesson plans which don’t depend only on educator teaching skills
by using student centered learning environment.

Negative It needs more time for designing curriculum.
Negative  Itis dificult to hand over the lesson plans to other educators.
Negative It needs specific places or conditions according to each class task.

Negative It needs facilitating skills and management skills for educators.

This design method is based on constructive alignment. Constructive alignment is one con-
ceptions about curriculum design. It focuses on that learners construct meaning from what they

do to learn.

4.2.2 Situational Factor

Chapter 3 defined necessary specifications of educational interventions at university, however
all of specifications could not include flying robot activities as curriculum. The Flying Robot
Project had only one term class a week and facilitator preparation time was limited. In addition,
many students who want to participate in the project were less confident about design and this
project had to have an aspect of introduction class of aeronautics which could give students
motivations for future study. It is very important to make a practical class, considering balances
of objectives and teaching and learning activities.

Interdisciplinary students from fierent majors and ffierent grades attended this class. How-
ever most of the participants had not only less knowledge of aircraft but also no experiences
of building or crafting something by their hands. They also don’t have any engineering team
activities in many cases.

Based on the prior experiences of managing the project, this project was under the following

assumptions.

¢ Flight tests are conducted at least once in a semester, but do not conduct excessive tests
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beyond student abilities and motivations.

¢ Most of the students participated in the project have no knowledge of aeronautics, crafting

techniques, team skills.

e The content of the task corresponds to the number of units.

4.2.3 Learning Objectives

Learning objectives were defined from combinations of educational intervention specifica-

tions with flying robot development flows.
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Tab. 4.3: Learning Outcomes of the Flying Robot Activities

# Categories Learning Outcomes Derived from
Motivation Students will be able to have confidence and motivati¢i
with engineering design.
2 Applying Knowl- Students will be able to experience real world enginegt2
edge to Design  ing practice.
3 Applying Knowl- Students will be able to create flying robot concepts suit4, #5
edge to Design  able for accomplishing missions theoretically.
4 Applying Knowl- Students will be able to describe drawings of flying rob&#, #5
edge to Design  satisfying concepts.
5 Applying Knowl- Student will be able to describe drawings of a flying robe&®, #4, #6
edge to Design  which are suitable for real world practice.
6 Applying Knowl- Students will be able to sketch or prototype flying robotb, #6
edge to Design  and iterate their own drawings, rethink them and build
more practical and good products.
7 Applying Knowl- Students will be able to discuss flying robot perfo#5, #6, #8
edge to Design  mances through flight test, using aeronautical fundamen-
tal knowledge.
8 Teamwork Students will be able to plan a schedule of developing#d, #8
fling robot and manage member roles appropriately.
9 Teamwork Students will be able to communicate their own opim3
ions, work progresses, and outcomes about flying robots
to other people.
10 Teamwork Students will be able to hear other membkerspinions, #8
work progress, and outcomes about flying robots appro-
priately.
11 Teamwork Students will be able to select appropriate solutions thets, #8

retically through discussion with others.

Tab. 4.3 excluded the specification #3 because it whdt for beginners to use specific
tools which also were used in industry only in one semester elective class actually.

There were two opportunities for students knowing relationships of industry in developing
flying robots. First was to apply specific tools using in industry for student design like specific
CAD and calculation software, however in many cases, these kinds of instruments could be
over performance with developing a simple flying robot. The students could spend more time
learning not understanding aeronautics but concentrating on how to use softigateay, and

they could be exhausted not in main contents of the class. Actually many designers of flying
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robots under this regulations did not use these kinds of softwares. Recommending only tools
that were used in industry beyond its necessity involves leading to education in which many
technological experts who did not focus on soft skills were brought in this context (Stephens
and Richey, 2013).

Second is to make the new design requirement which contribute directly to present industry
needs like researches in unmanned aerial vehicles. For example, autopilot system with image
processing and vertical také@nd landing system were very useful for setting the unmanned
aerial vehicle business boundaries (). However these kinds of concepts was extreéhiwelly di
for beginners who have not experienced engineering practices to complete only in one semester.
This objective is very critical in future aeronautics and distinct from objectives of introduction
classes.

These opportunities should be recommended under systematic organized circumstances. |
thought that it is meaningful to make excellent educational programs if these concepts were
involved systematically and strategically. However, as a result of examination in the current

environment of this research, we placed it as not being the first priority.

4.2.4 Feedback & Assessment Procedures

This section made feedback & assessment procedures based on learning outcomes. Finally
this project adopted five items as assessment procedures for the purpose of avoiding of prevent-

ing student self activities with elaborate evaluations.
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Tab. 4.4: Learning Outcomes and Feedback & Assessment Procedures of the Flying Robot

Activities
# Categories Learning Outcomes Feedback to Stu- Assessment
dents
1 Motivation Students will be able to have confidenchll/A Design Self-Efiicacy
and motivation with engineering design. Scale
2 Applying Knowl- Students will be able to experience redll/A Summative Assess-
edge to Design  world engineering practice. ment 1
3 Applying Knowl-  Students will be able to create flying roboMake  concept
edge to Design  concepts suitable for accomplishing missketches and
sions theoretically. descriptions
4 Applying Knowl- Students will be able to describe drawingslake three-view
edge to Design  of flying robot satisfying concepts. drawings and the
corrections
5 Applying Knowl- Student will be able to describe drawingMake three-view Summative Assess-
edge to Design  of a flying robot which are suitable for realdrawings and the ment2 & 3
world practice. corrections
6 Applying Knowl-  Students will be able to sketch or prototyp8uild  products
edge to Design  flying robots and iterate their own drawbased on the
ings, rethink them and build more practicaflrawings and
and good products. repair them
7 Applying Knowl- Students will be able to discuss flyingrake flight tests
edge to Design  robot performances through flight test, usand final presen-
ing aeronautical fundamental knowledge.tation
8 Teamwork Students will be able to plan a schedule dflake a team
developing a fling robot and manage menschedule & a role
ber roles appropriately. sharing table
9 Teamwork Students will be able to communicate theil/A Summative Assess-
own opinions, work progresses, and out- ment4 &5
comes about flying robots to other people.
10 Teamwork Students will be able to hear other meniN/A
bers’ opinions, work progress, and out-
comes about flying robots appropriately.
11  Teamwork Students will be able to select appropriati/A

solutions theoretically through discussion

with others.

From the above discussion, assessment procedures were following as Tab. 4.5.
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Tab. 4.5: Summative Assessment Criteria and Score Distribution

# Item Criterion Score Derived from
Participation Rate Participate in the class 10 LO2
2 Knowledge Get sufficient knowledge of developing fly- 20 LO3~LO7
ing robot
3 Implementation Develop flying robot using their skills and20 LO3~LO7

knowledge &ectively

4 Scheduling Spend activity time fectively and keep 20 LO8
the schedule

5 Team Activity Take a contribution with the team 30 LO8~LO11

4.2.5 Main Activities

Concrete teaching and learning activities were defined. Constructive alignment supported this
project learning activities and the project contents focused on student-centered learning. Details
was based on Kolb’s learning cycle (Kolb and Kolb, 2009).

Kolb’s learning cycle is a model of learning. People could learn something through four con-
ceptions: 1) concrete experience, 2) reflective observation, 3) abstract conceptualization, and 4)
active experimentation. This theory insisted that students could learn through their experiences

and it needs some feedback their own experiences detailed.
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The project ended with final presentations. The students were given an opportunity to review
their own activities, present them appropriately and get feedback from external experts who had

different perspectives with the project facilitators.

4.2.5.1 Objectivism vs Constructivism

Objectivism is an original teacher-centered philosophy of education in which teachers’s teach-
ing activities is important. Under objectivism teachers lecture techniques had the most critical
components because learning contents was based on universal knowledge, so teachers or instruc-
tors concentrate on how they could tell the essences of the knowledge stutiectisedy. On
the other hand, constructivism focused on individual student prior knowledge and understand-
ing of phenomenon (Jonassen, 1991). It's student-centered approach and teacher concentrated
not on teaching but on facilitating which help student own activities (Kubota, 1995). Tab. 4.7

indicated the characteristics of both approach in educational fields.

Tab. 4.7: Diterences of Objectivism and Constructivism

Objectivism Construcutivism

Perceptions with knowledge Knowledge could understand ob-Knowledge is subjective concep-
jectively and universal knowledge tions and depends on individual sit-
which isn't influenced by personal uations of learners.
situations exists.

What is learning ? Acquisition of universal knowledge Process of constructing deepen
knowledge based on prior knowl-
edge of learners

What is education? Activities in which teachers tell stu-  Facilitations of learners’ process of
dents structured and segmentalized constructing systematized knowl-
universal knowledge edge based on prior-knowledge

Teachingearning activities Aim to produce universal teaching Aim to produce student-centered
system based on clear quantitative learning system in which students
criterion could focus on understanding new

phenomenon with qualitative crite-
rion which could help student meta

learning.
Improvement of lesson Aim to produce €ective teaching Aim to produce student-centered
system which is teacher-centered. learning systemféectively
Area of specialty Learning fundamental knowledge practice and meta learning

and doing experiment
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4.25.1.1 Objective Intervention

From above discussion, resulting project was mainly situational and political factors and one
semester project was adopted ordinary lesson concepts: lecture & implementation. This inter-
vention focused on objectivism and concentrated on first lesson in teacher-centered method. This
class also contained the discussion section of student drawings at the latter part of the project but
the teacher more took care of how to communicate students with optimized one way lectures.

The detailed of the intervention was subject to Fig. 4.4.

Constructive

’ Class Concept : Lecture & Implementation ‘ Confirmation of Knowledge

Objective S\ ) Correction

Acquisition of Knowledge ' ‘ & Discussion

Introduction of Aeronautics Drawing

Activity : .
Flying Robots & [l Basic Lecture |  Lecture Student Activity \:> Build & Fly
Make Concept (60~90min.) (60~90min.)

Make Drawings

Hand Outs Hand Outs

Fig. 4.4: Objective Intervention (2012W)

Of course the std members understood both positive and negative aspects of this teacher-

centered approach, and next semesters other concept projects were been taking.

4.2.5.1.2 Constructive Intervention

Constructive intervention was the most popular approach in the Flying Robot Project. The
class was subject to Fig. 4.5. This class’ flow was often subject to the former approach like
beginning with introduction and aeronautics lecture class and letting students create original
drawings of flying robots. However this was constructive approach with having students under-
stand aeronautics and drawing techniques. The project focused not mainly on the lectures, in
which the st& only had students understand using learning materials, always on the student ac-
tivity phase, especially on correction and discussion of student drawings. The discussion phase
based on Kolb’s learning cycle (Kolb and Kolb, 2009), in which student had an opportunity of
concrete experience with making original drawings with learning handouts tfigostpared.
Next they met reflective observation and abstract conceptualization with correction and discus-
sion phases of drawings with the instructors. Finally they rethought their drawings as active

experimentation.
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Class Concept : Implementation & Feedback

Constructive

Confirmation of Knowledge
STAFF Correction

' Discussion

Student Activity : Make Drawings |:> Build & Fly

Objective

Acquisition of Knowledge

Introduction of

FlyingRobots & | B
Make Concept

P e S

Aeronautics ]
Basic Lecture Drawing L?Cture Hand Outs (Homework materials)
(0~20min.) (0~20min.)

Fig. 4.5: Constructive Intervention (20143

4.2.5.1.3 Experiential Intervention

Another constructivism approach was adopted at one semester as Fig. 4.6. This project shape
was experiential intervention, made under constructivism, more concretely Kolb’s experiential
learning (Kolb and Kolb, 2009). The students received introduction of flying robots at first.
Next they had opportunity of group works related specific flying robot components: learn build-
ing and aircraft dynamics session and learn flying robot structure session. The first phase had
student make a radio control airplane kit with a team and flied it. They also compare the aircraft
flight performance with another airplane which thefistaeated and discussed théfdiences
of specifications and characteristics. The second phase focused on flying robot structures, ex-
periencing wing destruction test. The students reviewed destruction test Wighedt website
and textbooks and planned wing destruction test of a prior flying robot wing through small lec-
ture of structure & material with the dfaThen they destructed the wing actually and discussed
strength and rigidity of the aircraft structures. Relations of each contents and each meaning were

summarized in Tab. 4.8.
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Class Concept : Experience & Implementation

Constructive

Objective

Acquisition of|[Knowledge

Introduction of

Flying Robots

STAFF

[
Examination of Student
Prior Knowledge

Make Concept
Presentation | Discussion

=S

Student Activity : Make Drawings

Experiential |
Acquisition of Knowledge

Learn Building & Aircraft Dynamics Session
Build & Fly Radio Control
Airplane Kit

Work Sheet

Learn Flying Robot Structure Session
Group Discussion
& Worksheet

Wing Destruction Test

Confirmation of Knowledge

Correction
Discussion

[> Build & Fly

Hand Outs (Homework materials)

Fig. 4.6: Overview of Experiential Intervention (2013S)

Tab. 4.8: Concrete Student Activities and Educational Meanings of Experiential Intervention

Kolb ’ s Learning Cycle

Learn Building & Aircraft Dynam-
ics Session

Learn Flying Robot Structure Ses-
sion

1. Concrete Experience

2. Reflective Observation

Build & Fly Radio Control Air-
plane Kit

Build & Fly Radio Control Air-
plane Kit

Review and Experiment Wing De-
struction Test (with Lecture &
Worksheet)

Group Discussion

3. Abstract Conceptualization Worksheet Group Discussion & Worksheet

4. Active Experimentation Original Flying Robot Design Original Flying Robot Design
(Building and Aircraft Dynamics) (Structure and Material)

Learning Outcomes Assessment Criterion 2. Knowl- Assessment Criterion 2. Knowl-

edge (Building & Aircraft Dynam-
ics)

edge (Structure)

4.2.6 Representative Schedule

There were limited class hours for completing all of the contents actually and concrete project

schedule depended on each semester’s situational factors (student background, student moti-
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vation, class time, workshop and gymnasium schedules). In some cases, some contents was

omitted like Tab. 4.9.

Tab. 4.9: Representative Schedule (2015 Summer Semester)

No. Contents Deliverables Place
1st Introduction Classroom
/Workshop

2nd Fix team distribution Classroom

3rd Observe workshop room, Concept sketch Workshop
Basic lecture of aeronautics /Classroom

4th Initial three-view drawing Initial three-view drawing ver.1 (by  Classroom

the day before the next class)

5th Structural three-view draw-  Structural three-view drawing ver.1  Classroom
ing (by the day before the next class)

6th Lecture about workshop Structural three-view drawing ver.2 Classroom
room and instruments (by the day before the next class) /Workshop

7th~11th Build a flying robot Workshop

12th Flight Test Gymnasium

13th Final presentation Final presentation slides Workshop

Student design process of developing flying robots has various shape by their aircraft type
and design methods likefiierent subsonic aircraft design methods caused figrdnt aircraft
designers (Raymer, 2012; Roskam, 1986; Torenbeek, 2013; Rinoie, 2011). Correspondingly de-
signing flying robots also vary by student designers. However, this project was also introduction
class of aircraft design and almost all of the students don’t haficiemt knowledge of aero-
nautics. Also we don't have enough class time (only 14 terms of 90 minutes class each), so we
indicated students a "simple method” of designing a flying robot through the project class times.

Tab. 4.9 showed the representative project schedule. The class began with an orientation,
next the class took a lecture of aeronautics introduction and fixed team distribution. Then stu-
dents worked as a decided team, wrote concept sketch, designed initial 3-view drawing, made
structural 3-view drawing, created how to make each parts and assemble them to flying robot,
built and tested them, and took flight test at a gymnasium finally. Students also explained their

activities and products in the final presentation session at the end of the semester.
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4.3 Summary

This chapter focused on the curriculum design. The design flow of flying robots was explained
and backward design connected the flying robot design with learning outcomes which brought
from educational intervention specifications in prior chapter. The design method illuminated the
relationships of learning outcomes and program specifications. The learning outcomes leaded
to each assessment and feedback methods. Finally concrete teaching and learning activities was
defined based on Kolb’s learning cycle. This chapter also showed one example of actual project
schedule in which the gathered students’ situational factors was considered and appropriate con-

tents was selected.
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Chapter 5 Evaluation of Each Student
Design Activity in the Flying
Robot Project

In this chapter, | redefined the outcomes of these projects through qualitative criterion and
evaluate and compare them. Specifications of each project were arranged into the first phase
of this chapter. In the projectfierent kind approach for learning aeronautics and engineering
practice, and what contents becanffeetive was discussed. This chapter also explained student
design activities through their drawings. An arrangement method using rubric theory was ap-
plied to each semester outputs and results were discussed. After all this chapter explained the

following research questions.

RQ#3 What kinds of design outputs did students bring out through developing flying robots

through university curriculum?

| Education Phase |

I: Objective Intervention \ELG
(n=10, Two teams) Drawings
@ @ 1~3 times

II: Constructive Intervention
(n=82, Sixteen teams)

Final Ver. of
Drawings

Staff Feedback through
Correction & Discussion
Session

Ill: Experiential Intervention
(n=5, One team)

Research Phase Database of
*Four teams (n=16) whose theme were not Student Drawings
under these interventions were excluded -
riterion of
<ex> Multikopter team Feedback Comments CHiterion ©

Three-View Drawing

Database of

Evaluation Score of
Three-View Drawings

Feedback Descriptions _ .
Statistical Analysis

Rubric Design "
Comparison of Each
KJ Method Student Activity

Fig. 5.1: Overview of Evaluation and Comparison of Student Design
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5.1 Specifications of Each Project

Though the basis of the project follows the theory of Chapter 4, each project schedule also
depended on situational factors at each semester, such as a schedule of the classroom, the work-
shop, and the gymnasium. It also was influenced by the motivation of the students and the skills
of the facilitators and we sfiadid not have sfiicient time for completing all the above contents
at same semester in some cases because the class was elective subject. This section aligned

specifications of each project and helped the next evaluation and comparison steps be indicated.
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Tab. 5.1: Specific Contents and Deliverables of Each Semester Project (The number of deliver-
able showed the submitted times of each subject.)

Specific Contents Deliverables

@ ® (@ d @ © @ (M O 6 & O ()
Conventional Flying Robot
2012W A - - - v v v - 1 1 - 2 - -
2013s v v v - - v 1 1 2 - 1 - 1
2014S A v - - v - v - - 1 - 3 - -
2014S B v - - v - v - - 2 - 2 - -
2014Ss C v - - v - ve - - 2 - 2 - -
2015S A - - - v - v - 1 1 1 2 1 -
2015S B - - - v - v - 1 1 1 2 1 -
2015S C - - - v - v - 1 1 1 2 1 -
2016S A - - - v - v 1 1 1 1 3 3 -
2016S B - - - v - v 1 1 2 2 2 2 -
2016S D - - - v - v 1 1 2 2 2 2 -
Unconventional Flying Robot
2014W A v - - v - v - 1 1 - 1 - 4
2015S E - - - v - v - 1 -
2016S C - - - v - v 1 3 1 -
Flying Robot with an Autopilot System
2015S D - - - v - v - 1 1 1 2 1 -
2016S E - - - v - v 1 1 3 3 1 1 -
2012w B - - - v v v - 1 1 - 2 - -
2014W B - - - v - v - 1 1 - 1 - 4
2015W A - - - - - v - 1 1 1 1 1 2
Improvement of Previous Flying Robot
2013w - - - - - v - 1 - - - - 1
2015W B - - - - - v - 1 - - - - 2
Others
2015S F - v - v - v - 1 1 1 2 1 -
2016S F - - - v - v 1 1 - - 2 1 -

(a): Build Rubber Powered Airplane Kit (g): Individual Concept

(b): Build Radio Controlled Airplane Kit (h): Team Concept

(c): Wing Destruction Test (i): Initial Three-View Drawing

(d): Basic Aeronautics Lecture (j): Specification Report for (i)

(e): Flight Competition (k): Structural Three-View Drawing

(f): Final Presentation (): Specification Report for (k)

(m): Schedule and Member Role
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5.2 Methodology

5.2.1 Development of Rubric

Rubric is a #ective method of assessing complicated learning outcomes of students. A
widespread definition of rubric states that “a scoring tool for qualitative rating of authentic or
complex student work”(Jonsson and Svingby, 2007, p131). More detailed description is “a
simple assessment tool that describes levels of performance on a particular task and is used to
assess outcomes in a variety of performance-based contexts from kindergarten through college
(K-16) education”(Hafner and Hafner, 2003, p1509). Rubric can not only take reliable scoring
of student performance assessment but also promote student learning and self-assesgment and
improve instructor facilitations (Jonsson and Svingby, 2007).

Recently, rubric was developing in engineering design curriculum especially in a complicated
design process. Rubric divided into analytic and holistic one. Holistic rubrics may judge overall
performance of students by one criterion. Teachers rearranged students’ performances and give
a depiction that best describes the results (Bailey et al., 2004). This method needs less time of
evaluation, and it has a merit of applicable to a wide range of contents. However the assessment
could be stereotypical and it could lack objectivity and reliability (Jonsson and Svingby, 2007).
On the contrary analytic rubric is to segment student performances into several components,
make evaluation criterion with each part. It could evaluate student activities objectively, promote
student self-learning and activities. It also could be useful to look back teachers’ activities
(Jonsson and Svingby, 2007). Teachers will describe the best activities of the students, result
details, also refer to the lowest activity. Then they divide these activities into several item and

several levels.

5.3 Team Specifications at the Beginning of the Project

5.3.1 Member Composition

Tab. 5.2 shows the summary of the member compaosition of each team. Each team compo-
sitions include two kinds of dierences with the objective of communication. Firdfatience
is a difterence of majors. This is one of the causes of tfigcdity of communication in team
because of the lack of the opportunity of meetings and tfieedity of getting in touch with each
other. The team which had a large number of class needed dtonts ef acquiring discussion

places and time. For example, the team D of the 2016 S semester included five junior students
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of department of aeronautics and astronautics, who received same curricula. They attended the
same class in the same place and it was easy to talk each other before and after of their lessons.
On the contrary, the team D in the 2015 S semester contained five kinds of majorsfiitidtdi

for them to adjust a team schedule because all of them ¢etelnt curricula.

Second dierence is a dierence of grades. It also give teams some kinds of tension. For
instance, the team B in the 2015 S semester consisted of junior students and sophomore students.
The two junior students belonged the department of aeronautics and astronautics and both oh
them had relatively richer knowledge about of aircraft than the other sophomore students. In this
case, the sophomore students had some kinds of respect and modesty with the junior students
such as "they had more familiar with the flying robot so | want to comply with their activities
and assist it”. By contrast, the junior students had some kinds of leader ship or ownership just
because they belonged to the aeronautics. These things brings uffithétdiof keeping deep

communication.
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Tab. 5.2: Member Compositions

Team Members Category
2012W A Four AeroAstro Junior, Mechanical Junior Il
2012w B Four AeroAstro Junior, One Electrical Research Student Il
2013 S Five AeroAstro Junior I
2013 W Five AeroAstro Junior and One Electrical Junior I
2014 S A Two Precision M1, One Mechanical M1, One Mechanical B4, &Il

Two AeroAstro Research Student

2014SB Three AeroAstro B3, One System Innovation B3, & Two Col-
lege of Arts and Science B2

2014sC Four AeroAstro B3, & One College of Arts and Science B2 I
2014 W A Five AeroAstro B3, & One Precision Research Student Il

2014 W B Two Precision M1, One Material B3, One AeroAstro Researchilll
Student
2015S A Two AeroAstro B3, One Biological Sciences B3, & Two College Il

of Arts and Science B2
2015SB Two AeroAstro B3, & Three College of Arts and Science B2 [

2015SC Two AeroAstro B3, One Mechanical M1, One College of Arts il
and Science B2, & One College of Arts and Science B1

2015SD Two AeroAstro B3, One Mechanical B3, Three Mechano-Ill
Informatics B3, One AeroAstro M1, & One Research Student

2015SE Three AeroAstro B3, & One Chemistry and Biotechnology D1 Il
2015SF Two Mechanical M1 and One Precision M2 [

2015AA Four AeroAstro B3, One System Innovation M1 and One ll
AeroAstro D1

2015AB Four AeroAstro B3 I

2016 SA Three College of Arts and Science B2, & One College of Artslil
and Science B1

2016 S B Four College of Arts and Science B2 Il

2016 SC Five College of Arts and Science B2 Il

2016 SD Five AeroAstro B3 I

2016 SE Four AeroAstro B3 |

2016 SF One Electrical M1, One AeroAstro M2, and One AeroAstro D1 [

| categorized these teams into three groups like Tab. 5.3 in the light of fifeeatices. Cat-
egory | is the easiest to communicate each other. It consists of same major and same grade
students and has relatively a lot of opportunities of communication in team. Category Il includes

the team which consists of same grade students fréferdint departments and they have some
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kinds of dificulty of keeping in contact with others. Category Il contains the team whose mem-
bers consist of dierent grade and fierent department students. These teams need some kinds

of efforts in order to keep in contact with each member.

Tab. 5.3: Category of Member Compositions
Category Criterion

I It consists of same major and grade students and has a lot of
opportunities of communicating

[ It consists of same grade students froffietient departments and
has some kinds of fficulty of keeping in contact

[l It consists of diferent grade students fromfidirent departments
and needs somdferts of keeping in contact

5.3.2 Prior Knowledge

Prior knowledge which was necessary in developing flying robots divided into two categories.
First is about flying robots, second is about auto control system. This research summarized
results form aspects of knowledge and application of knowledge. The data collections in-
cluded video observation of class activities (2015S, 2016S), quantitative surveys (2013S, 2015S,
2016S). Then, comparing the students who gave the same items to the same level, the data and
the criterion was adjusted into Ta®? and Tab. 5.5.

the score of the students who can judge that the same level of ability can be expected is the
same, so that the score of the students who apparently seenfietoimiability is diferent ,

And revised the standard at the same time. This was repeated several times, and each score was
decided.

| divided the teams into three Level as Tab. 5.3.2.

Tab. 5.4: Level of Prior Knowledge and Experiences of Each Student

Level Criterion Related Activities

Aircraft Knowledge 3 Have enough aeronautics knows-with more than a year in aeronau-
edge and can deeply discuss proltics major
lems of aircraft

o suficient club activities related to
aircraft
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Tab. 5.4: Level of Prior Knowledge and Experiences of Each Student

Level Criterion Related Activities
2 Have partial aeronautics knowledge with more than a half year in aero-
and participate in a discussion aboutautics major
problems of aircraft
e club activities related to aircraft
1 Don't have sfiicient knowledge

Implementation 3

about aircraft

Have enough experiences of develvith more than a year in aeronau-
oping real world aeronautical prod-ics major
ucts like flying robots, unmanned
aerial aircraft, and human-powered
aircraft or equivalent products

o suficient club activities related to
aircraft

Have experiences of developing with more than a half year in aero-
real world aeronautical products onautics major

some special skills of building en-

gineering products

e club activities related to aircraft
Don't have enough experiences or

skills of developing real world aero-
nautical products

Auto Control Knowledge 3

System

Implementation 3

Have enough knowledge about com-with more than a year in specific
trol theory and electrical theory andmajor
can deeply discuss problems of con-
trol system and electrical devices

o suficient club activities related to
auto control system

Have partial knowledge about cone with more than a half year in spe-
trol theory and electrical theory andcific major

can participate in a discussion about

problems of control system or elec-

trical devices

o club activities related to auto con-
trol system

Don't have s#icient knowledge
about control theory and electrical
theory

Have enough experiences of develwith more than a year in specific
oping real world electrical control major
devices or equivalent products

o suficient club activities related to
auto control system
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Tab. 5.4: Level of Prior Knowledge and Experiences of Each Student

Level Criterion Related Activities
2 Have some kinds of experiences with more than a half year in spe-
of developing real world electrical cific major
control devices or equivalent prod-
ucts
e club activities related to auto con-
trol system
1 Don't have sfficient experiences

of developing real world electrical
control devices or equivalent prod-

ucts

Tab. 5.5: Prior Knowledge Level of Each Team

Flying Robot

Auto Control System

Knowledge Implementation Total Knowledge Implementation  Total
2012W A 2.2(0.4) 1.6 (0.5) 1.9(0.3)
2012W B 2.4(0.5) 2.4(0.8) 2.4(0.4) 2.2(0.4) 1.4 (0.5) 1.8 (0.4)
2013s 2.0 (0.0) 1.0 (0.0) 1.5(0.3)
2013w 2.8(0.4) 2.8(0.0) 2.9(0.1) 1.0 (0.0) 1.3(0.5) 1.2 (0.1)
2014S A 1.7 (0.7) 1.7 (0.7) 1.7 (0.6)
2014S B 1.5 (0.5) 10. (0.0) 1.3(0.2)
2014S C 1.8 (0.4) 1.0 (0.0) 1.4(0.2)
2014W A 2.8(0.4) 2.8(0.4) 2.8(0.1)
2014W B 2.0 (0.0 2.5(0.5) 2.3(0.2) 2.0(0.7) 2.0(0.7) 2.0(0.5)
2015S A 1.6 (0.5) 1.8(1.0) 1.7 (0.6)
2015S B 1.8 (0.4) 1.4 (0.5) 1.6 (0.2)
2015S C 1.4 (0.5) 1.0 (0.0) 1.2(0.2)
2015S D 1.5 (0.5) 1.1 (0.3) 1.3(0.2) 2.1(0.3) 1.4 (0.5) 1.8 (0.3)
2015S E 1.8(0.4) 1.0 (0.0) 1.4(0.2)
2015S F 2.0(0.8) 2.3(0.9) 2.2(0.8) 2.3(0.5) 2.3(0.5) 2.3(0.2)
2015A A 1.7 (0.5) 1.5 (0.5) 1.4 (0.2) 1.3(0.5) 1.3(0.5) 1.3(0.3)
2015AB 2.0(0.0) 2.0(0.0) 2.0(0.0) 1.5(0.5) 1.5(0.5) 1.5(0.3)
2016S A 1.0 (0.0) 1.6 (0.0) 1.3(0.1)
2016S B 1.0 (0.0) 1.0 (0.0) 1.0 (0.0)
2016S C 1.0 (0.0) 1.0 (0.0) 1.0 (0.0)
2016S D 2.0 (0.0) 1.2 (0.4) 1.6 (0.2)
2016S E 2.0(0.0) 1.0 (0.0) 1.5(0.3) 2.0 (0.0) 1.3(0.4) 1.6 (0.2)
2016S F 2.0(0.8) 2.0(0.8) 2.0(0.7) 2.3(0.5) 2.0(0.8) 2.2(0.5)

This was only ordinal scale and had no more than order. It just could show dispersion of

prior-knowledge in a team and what team was relatively superior.
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5.4 Three-View Drawings

5.4.1 Criterion of Drawings

This survey get 37 drawings of 11 teams. The correction sentences #ndistassion con-
tents using video observations was categorized 334 sentence units, using verbal protocol coding
techniques (Atman et al., 1999). KJ method made the sentences divide into 9 categories from

29 items.

2%
9% 14%

= Dimension and Description

5% = Validity of Solution
17% u Aerodynamics
A 9% Strength & Rigidity of Structure
= Stability

= Maneuverability

= Building Process
10%

17% m Operation

m Others

17%

Fig. 5.2: Rate of Comments of Three-View Drawings

Some items were little dicult for using as criterion of detail drawings because of its ambi-

guity, eight categories from 25 items were selected as criterion Tab. 5.6.
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Tab. 5.6: Criterion of Drawings (#2#6: Theoretical Aspects, #7 & #8: Practical Aspects)

# Category Iltem
#1 Dimension and Description Insuficient description
#2 Validity of Solution Insuficiency of weight estimation

Inconsistency of body shape or specifications with con-
cepts or design requirements

#3 Aerodynamics Insufficiency of wing shape
Insuficiency of consideration with airfoil
Insuficiency of wing angle of incidence
Insuficiency of consideration with wing area
#4 Strength & Rigidity of Structure Low strength of wing or wing-body junction
Low strength of empennage or tail-body junction
Low strength of control surface or surroundings
#5 Stability Insuficiency of consideration with a position of center of
gravity
Insuficiency about longitudinal stability
Insuficiency about longitudinal stability
#6 Maneuverability Insuficiency of consideration with control surface shape

Insuficiency of consideration with operation of control
surfaces

Insuficiency of consideration with position of propellers
or motors

Insuficiency of consideration with propulsion perfor-
mances

#7 Building Process Insuficiency of consideration with positions of electric
equipments
Insuficiency of significant figures in dimensions of draw-
ings
Insuficiency of consideration with materials
Insuficiency of consideration with building process

Insuficiency of consideration with arrangement of struc-
tural parts as three dimensional figures

#8 Operation Insuficiency of positions of landing gears
Insuficiency of structural consideration with landing
gears
Insuficiency of consideration with transportation for
flight test

The new criterion were applied to all drawings of the project. Sixty-three drawings from 18
teams was evaluated, using the new criterion and the results were shown in Tab. 5.6. The more
items checked, the larger the score. Generally rubric was created based on level distributions,

however, this criterion needed more detail and concrete descriptions of figures, and this research
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did not show each level.

Tab. 5.7: Evaluation Score of Each Drawing

#1 #2 #3 #4 #5 #6 #7 #8 SUM

Drawing

1
0
0

2012WA1
2012WA2
2012WA3
2012wB1
2012wWB2
2012WB3

2013s1
2013S2

10

0
0
0

0
0
0
0
0
0

12

2014SA1

2014SA2

2014SA3

2014SA4

16
10

1
1
1
0

2014SB1

2014SB2

2014SB3

2014SB4

0
0
0
0

0
1

2014SC1

2014sC2

2014SC3

2014SC4

2014WA1
2014WA2
2014wB1
2014wWB2

2015SA1

0
0

13
13

0
0
0

2015SA2

2015SA3

0
0
0

2015SB1

2015SB2

2015SB3

11
11

1
0
0
0
1
0

2015SC1

2015SC2

2015SC3

16

2015SD1

2015SD2

2015SD3

13
12

1
0
0

0
0

2015SE1

2015SE2

2015SE3

2015AA1

2015AA2

14
11

1
1
1
0

2016SA1

2016SA2

2016SA3

2016SA4

13
12

1
1

2016SB1

2016SB2
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Tab. 5.7: Evaluation Score of Each Drawing

Drawing #1 #2 #3 #4 #5 #6 #7 #8 SUM
2016SB3 1 1 0 2 1 0 3 0 8
2016SB4 0 0 0 1 1 0 3 0 5
2016SC1 1 0 2 1 3 1 4 2 14
2016SC2 1 0 1 1 2 1 4 1 11
2016SC3 0 1 0 1 2 1 4 0 9
2016SC4 0 0 0 1 2 1 4 0 8
2016SD1 1 1 2 0 2 2 4 1 13
2016SD2 1 0 0 1 0 0 5 0 7
2016SD3 0 0 0 2 0 0 3 0 5
2016SD4 1 0 0 1 0 0 2 0 4
2016SE1 1 1 2 0 3 1 5 2 15
2016SE2 0 1 1 1 3 0 6 2 14
2016SE3 1 0 2 1 1 1 3 1 10
2016SE4 1 0 0 1 1 0 3 1 7

Tab. 5.7 indicated each drawing and Fig.-5Big. 5.14 showed the results of practical aspect
scores of each intervention. Theffdrences from the initial version of drawings to the final
version could be indicated. Some team submitted mdfecgnt drawings than other teams and

the third version and the final version of the teams were substituted by the last one.
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Fig. 5.3: Results of Evaluation Scores of Initial Version of Student Drawing (Theoretical As-
pects)
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Fig. 5.4: Results of Evaluation Scores of Initial Version of Student Drawing (Practical Aspects)

100%
80%
60%

40%

20% I I

0% -

0-4 5-7 810 11-13 14-16 17-19 20-22 23-25

M Objective (n=2) m Constructive (n=16) ® Experiential (n=1)

Fig. 5.5: Results of Evaluation Scores of Initial Version of Student Drawing (Total)
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Fig. 5.6: Results of Evaluation Scores of Second Version of Student Drawing (Theoretical As-
pects)
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Fig. 5.7: Results of Evaluation Scores of Second Version of Student Drawing (Practical Aspects)
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Fig. 5.8: Results of Evaluation Scores of Second Version of Student Drawing (Total)
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Fig. 5.9: Results of Evaluation Scores of Third Version of Student Drawing (Theoretical As-
pects)
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Fig. 5.10: Results of Evaluation Scores of Third Version of Student Drawing (Practical Aspects)
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Fig. 5.11: Results of Evaluation Scores of Third Version of Student Drawing (Total)
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Fig. 5.12: Results of Evaluation Scores of Final Version of Student Drawing (Theoretical As-

pects)
100%
80%
60%
40%
20% I I
o J
3 4 5 6 7 8

0 1 2

M Objective (n=2) m Constructive (n=16) m Experiential (n=1)

Fig. 5.13: Results of Evaluation Scores of Final Version of Student Drawing (Practical Aspects)

100%
80%
60%

40%
20%
0% -

0-4 5-7 8-10 11-13 14-16 17-19 20-22 23-25

M Objective (n=2) m Constructive (n=16) ® Experiential (n=1)

Fig. 5.14: Results of Evaluation Scores of Final Version of Student Drawing (Total)
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5.4.2 Final Product

Student team final products were also compared, based on a criterion as Tab. 5.8. The criterion
consisted of both of theoretical and practical items which were similar with the drawing criterion.

The stdl get scores to each items with from 1 to 3 scores respectively.

Tab. 5.8: Criterion of Final Products

# Category Item Score
#1 Theoretical Originality 3
#2 Validity of Solution 3
#3 Aerodynamics 3
#4 Strength & Rigidity of Structure 3
#5 Stability 3
#6 Maneuverability 3
#7 Practical Building 3
#8 Operation 3

Fig. 5.15~Fig. 5.17 indicated the evaluation scores of student final products.
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Fig. 5.15: Results of Evaluation Scores of Final Products(Theoretical Aspects)
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Fig. 5.16: Results of Evaluation Scores of Final Products (Practical Aspects)
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Fig. 5.17: Results of Evaluation Scores of Final Products (Total)
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5.4.3 Discussion

5.4.3.1 Dfferences of Interventions

Each intervention characteristics can be compared from the results of drawings and products.
Though the all intervention correction and discussion session had influenced student activities
appropriately and the students improved their drawings consistently. The signififargmites
between objective intervention and constructive intervention cannot be shown with the initial
version p = 0.890) and the final versiomp(= 0.710). One of the reason was about student prior
knowledge. Tab. 5.9 indicated prior knowledge level of each intervention student, evaluated
under the prior knowledge criterion. The results showed the significéierelces in aircraft
(total) could be shown between objective intervention and constructive intervention by multiple

comparison test using Tukey HSD methqu= 0.006).

Tab. 5.9: Prior Knowledge of Each Intervention Student

Intervention Objective Constructive Experiential
(n=10) (n=82) (n=5)
Aircraft Knowledge 2.3(0.5) 1.7 (0.6) 2.0 (0.0)
Implementation 2.0 (0.8) 1.4 (0.7) 1.0 (0.0)
Total 2.2 (0.6) 1.5(0.6) 1.5(0.0)
Intervention Objective Constructive Experiential
(n=5) (n=41) (n=0)
Auto Control System Knowledge 2.2 (0.4) 1.7 (0.6) N/A
Implementation 1.4 (0.5) 1.4 (0.6) N/A
Total 1.8 (0.4) 1.5(0.5) N/A

5.4.3.2 Each Team Characteristics

Many teams redesigned their own drawings of flying robots and they were improved through
communication with std members. However several teams left somefiiancy of consid-
eration especially in building processes. Seven teams in the eighteen teams checked more than
five items in the last drawings before building phases.

The 2013S team was excluded because of no-obligation of submissions of more detailed draw-
ings.

The teams which planned relatively complicated concepts which included séinalties in

crafting such as inverted gull wing, elliptic, large area wing, 2015SC, 2016SB, 2016SC, did not
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discuss with building processes in detail before fabrication phases. During the process, they met
some problems of crafting wing spar or leading and trading edge parts, and needed many hours
building main wing parts. However, these teams relatively planned good schedulesfin sta
summative assessment and they completed the products without any big problems. These teams
asked st members to advice actively or passively at the star of the building phase and dealt
with the problems, integrating knowledge of experienced persons. In addition, through video
observations, they planned schedule included risk managements, in which they could cope with
insuficiency of considerations of drawings. As a result, they completed their tasks more early
than other teams at the same semester.

The team of 2015SE, 2015AA, 2016SE also did not consider deeply drawings before they
started the fabrications otherwise they challenged to relativéicdi and complicated prob-
lems such as no-tail plane, gull wing, hybrid of aircraft and multicopter. Video observations
showed that they spent more time discussing and being confused with their drawings during
class time in which they had to concentrate on building activities. Thy also struggled with the
problems by their own skills andterts and they did not ask for help to the other members rel-
atively. After all, their works could not go aheaffextively or include some problems such as
mistakes in detail figures, and lead to necessity of more hours at the last phase of building.

The flying robot in the team of 2015SD was ordinary type of airplane and technological severe
problems were not found in building phases. Rather, they was struggling with an adjustment of
their schedule, they tried to deal with the problems at same periods, however they could not
meet each schedule appropriately. In conclusion, they were not able to prepare enough time for

crafting and their schedule became too late for deadline direct before the flight test.

5.5 Summary

This chapter explained student activities through their prior-knowledge and their products.
Many cases indicated the necessity of preparationffective building activities of flying robots
before the team started the fabrication phase. The teams that could consider production de-
tails before practice could complete development without any big problems. On the contrary
the teams that could not image building process appropriately met some big problems in their
building phase. However some teams that was successful for discussing with other members,
especially stf or experienced members, could deal with probleffescively at the initial steps

of building in front of their prototypes, could plan better schedule including risk managements
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and complete their problems met the deadline. After all, consideration with building process
practically at the start of building phases could bring positive results of the products and total
schedule management.

The teams could stop their tasks if they met some unforeseen problems in building processes
if they neglected detail thinking of the processes because of lack of knowledge and experiences
and dificulties of the problems beyond their abilities. However they could reschedule their
plans after the start of fabrications if teachers facilitated their problems appropriately. Making
opportunities of metacognition with their own activities in building methods and schedules could
lead students to complete the tasks appropriately.

If they kept their task as original imagined schedule and developing way, their works could
fail somewhere and result to complete tasks with some problems. Some cases they could achieve
relatively good outcomes by supports of specific members tremendiauts ebut other cases
leaded to break up the team and get down student motivations remarkably. The project had to
include these points and teachers should take care of the programs which did not depend on the

student prior-skills, preparing circumstances and teaching and learning activitieeatly.
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Chapter 6 Summative Assessment

Teamwork and schedule were also discussed in this chapter. It also described what kind of
educational ffect the students self-assessed and how the educators evaluated student activities.
The result of each project was compared and what kind of activities had the educafieats e

were explained.

Summative

- Assessment Criterion
Education Phase (Chapter 4)

Student Activities

I: Objective Intervention
(n=10, Two teams)

II: Constructive Intervention Final Presentation

(n=82, Sixteen teams)

Research Phase
Ill: Experiential Intervention v

(n=5, One team) Presentation Documents Student
[

Staff Observations

*Four teams (n=16) whose theme were not Video Data
under these interventions were excluded
<ex> Multikopter team

Surveys

Summative
Assessment Score of
Each Student Activity

Database of Student Self-Assessments in
Each Student Activity

KJ Method Statistical Analysis Statistical Analysis

Categorize Each
Self-Assessment

6-2. Comparison of
Each Summative
Assessment

6-1. Comparison of
Each Student

Self-Assessment

Fig. 6.1: Overview of Summative Assessment

6.1 Student Self Assessment
6.1.1 Methodology

This study was also conducted experimentally and the measurement of the educééanal e
was done in various forms according to each term. This section aimed to compare student
educational ffect in each team of each semester, collecting and analyzing artifacts that are
considered to be expressing opinions on the educatidfedteof the project. The data was

acquired through the questionnaire conducted at the end of the project and the video observation
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at the final presentation. The details was shown in Tab. 6.1

Tab. 6.1: Data Collection Methods of Each Semester
Date Num Semester Question

3/4/2013 7 2012W Q12. Describe impressions about this project.

7/17/2013 5 2013S Q3. & Q4. Are you satisfied with this project contents?
If not, describe the reason.

Q5. If you have something which help your future jos or
research, describe it.

Q6.Describe other contents you want to learn more in this
project.

Q7.Descrobe your impressions or opinions about this
project.

1/9/2013 5 2013W Q5. Describe positivefects of the project freely.
2014S  NoData

1/282015 10 2014W  Q3.1. How successful was your activities for achieving
your goal? Describe them and their reasons.

Q3.2 Describe your learning through this project freely.

Q3.3 What contents do you want to learn using this expe-
rience?

Q3.4 If you have other opinions like new project theme,
improvements, and requests, describe them.”

7/152015 28 2015S Video Observation (Describe your impressions of the
project at the end of your final presentatibn.

1/27/2016 8 2015A Video Observation (Describe your impressions of the
project at the end of your final presentation

7/132016 24 2016S  4.2.Describe your learning through this project freely.

4.3.Describe your experiences which you didn't like or
didn’t work well in the project freely.

4.4.Describe other contents you want to learn more, im-
provements of the project, and requests.

This survey also excluded 2014 S semester data because this did not include individual data

corrections at the end of the semester.
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6.1.2 Results

This investigation acquired data from 89 students from 20 teams of 7 semesters. The com-
ments of student self-evaluations were scripted (15116 words in Japanese) and coded into several
items. Each item included one meaning of educatioffatés. The 52 items contained require-
ments for the class which did not have meanings of educatidfedts. The other 173 items
were divided into 7 categories from 26 groups, using KJ method (Kawakita, 1991). The four
categories related to applying knowledge to design, one category was teamwork and project

management, and one was motivations (the other was another content).

Tab. 6.2: Category of Student Self Assessments

Learning Outcomes(Chapter 4) Category Item
| was able to

Applying Knowledge to Design learn applying knowledge to pratearn real world practice did not go
tice according to theory, | could learn

from practice rather than theory

learn deeper knowledge through en-
gineering practice

| want to learn more theory relating
to practice

learn importances of both theory
and practice

Applying Knowledge to Design experience crafting learn technology and making model
airplane

experience design
learn auto control system or electric
kit

Applying Knowledge to Design learn theoretical knowledge

Applying Knowledge to Design learn something related to desitgarn an importance of understand
process the problem

learn an importance of defining ob-
jectives

learn an importance of making so-
lutions

learn an importance of tradd¥s
learn an importance of creativity

learn an importance of iterating and
redesigning

Teamwork learn about teamwork or projectearn an importance of schedule
management management

experience project
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Tab. 6.2: Category of Student Self Assessments

Learning Outcomes(Chapter 4) Category

Item

| was able to

learn an importance of information
sharing with team members and
others

learn an importance of interdepen-
dence

experience about budget
learn an importance of leadership

learn an importance of risk manage-
ment

Others

Motivation raise my motivation for learning en-It was enjoyable or interesting

gineering

Others

| wan to acquire more knowledge

| want to experience more engineer-
ing practice

Others
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Tab. 6.3: Results of the Surveys of Student Self Assessment of Their Activities

(@) B) (@) (b) (c) (d) (e) (f)
2012W A (n=5, 100%) 60% 20% | 20% 60% 20% 40% 0% 0%
2012W B (=5, 40%) 0% 0% 0% 20% 0% 0% 0% 0%
2013S (15, 100%) 80% 100% | 0% 40% 80% 40% 40% 0%
2013W (n=6, 83%) 33% 67% | 0% 17% 17% 17% 0% 17%
2014W A (n=6, 100%) 33% 17% | 33% 33% 33% 17% 67% 0%
2014W B (=4, 100%) 75% 100% | 0% 25% 50% 50% 0% 0%
2015S A (=5, 100%) 60% 0% 0% 40% 60% 20% 0% 0%
2015S B (&5, 100%) 100% 0% 0% 60% 40% 0% 20% 20%
2015S C (&5, 100%) 100% 20% | 0% 60% 40% 40% 0% 0%
2015S D (=8, 100%) 50% 50% | 0% 25% 13% 13% 25% 0%
2015S E (&4, 100%) 75% 50% | 0% 25% 50% 50% 0% 0%
2015S F (&3, 100%) 100% 0% 0% 67% 33% 0% 67% 0%
2015W A (n=6, 100%) 50% 17% | 0% 33% 17% 17% 0% 0%
2015W B (=4, 100%) 75% 50% | 0% 50% 25% 25% 0% 25%
2016S A (=4, 100%) 75% 25% | 50% 0% 25% 25% 50% 0%
2016S B (=4, 100%) 100% 0% 25% 25% 50% 50% 25% 0%
2016S C (&5, 100%) 60% 0% 20% 0% 0% 20% 40% 0%
2016S D (15, 100%) 80% 40% | 0% 0% 60% 0% 40% 0%
2016S E (r-4, 100%) 100% 0% 0% 0% 75% 75% 0% 0%
2016S F (&3, 100%) 100% 0% 0% 0% 0% 33% 33% 0%

(a): Learn about flying robot design ((&)f))
(B8): Learn about teamwork and project management

(a): Acquire basic knowledge of aeronautics

(b): Increase motivations of aeronautics

(c): Apply aeronautics knowledge to real world products

(d): Experience technology or crafting

(e): Think about design process

(f): Have other impacts (budget, easiness of flight, etc.)
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Fig. 6.2: Student Self-Assessment faf):( De-
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Fig. 6.3: Student Self-Assessment {8):(Team
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Fig. 6.4: Student Self-Assessment for (a): Aero-Fig. 6.5: Student Self-Assessment for (b): Mo-
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Fig. 6.6: Student Self-Assessment for (c): Ap- Fig. 6.7: Student Self-Assessment for (d): Ex-

plying Knowledge
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Fig. 6.8: Student Self-Assessment for (e): De-
sign Process

Fig. 6.2~Fig. 6.8 showed the fferences of student perceptions in each intervention. Each
category was subject to the category of student self assessment comdiéiest showed a
significant diference of student opinions about learning flying robot design between objective
intervention and constructive interventio?(1) = 4.69, p = 0.030) and between objective and
experiential K?(1) = 4.05, p = 0.044). The test also explained significanffeience about
applying aeronautics knowledge between objective intervention and constructive intervention
(X?(1) = 1.75, p = 0.187) and between objective and experientéd(() = 4.54, p = 0.033).
However there was no significantfidirence about confidences and motivations between objec-
tive intervention and constructive interventio?(1) = 0.28, p = 0.596) and between objec-
tive and experientialX?(1) = 0.00, p = 1.000). A significant diference about team activities
could be shown between objective intervention and experiential interveitfgh)(= 7.81 p =

0.005), but could not be indicated between objective and construetif@)= 0.39, p = 0.534).

6.2 Summative Assessment

6.2.1 Facilitator Criterion

Teachers summative assessment was made for each criteria and evaluation was conducted by

several st members who supervised student activities.

6.2.2 Results

Tab. 6.3 indicated the results of the assessment. 2012W and 2013S was fligtendiin

criterion scores and corrected. The evaluation of 2013W and 2015A were not conducted by sta
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teams with this method and excluded in the following discussion. The results showed each team
score in each item. The percentage along the participant numbers in the parenthesis indicated

response rate in team.

Tab. 6.4: Results of SEaSummative Assessments

Team (Response Rate) #1 #2 #3 #4 #5 SUM

2012W A (=5, 100%) 8.2(2.2) 16.2(1.8) 16.0(2.2) 18.0(0.0) 21.8(7.6) 80.2
(13.7)

2012W B (n=5, 100%) 9.3(1.3) 17.0(1.7) 16.3(0.8) 18.0(0.0) 26.3(3.6) 86.8(7.4)
2013S (B:5, 100%) 10.0(0.0) 18.4(0.8) 19.0(0.0) 17.2(1.0) 27.4(0.8) 92.0(1.4)

2014W A (n=6, 100%)  10.0 (0.0) 18.0(1.8) 16.8(1.8) 20.0(0.0) 26.7(2.9) 91.5(4.3)
2014W B (=4, 100%) 10.0(0.0) 17.5(1.8) 17.5(1.8) 20.0(0.0) 27.3(2.2) 92.3(3.3)
2014S A (r=6,100%)  10.0(0.0) 16.5(1.9) 16.3(2.2) 17.0(0.0) 22.5(7.8) 82.3(10.1)
2014S B (&4, 67%) 10.0(0.0) 17.0(1.4) 16.0(0.0) 17.0(0.0) 26.0(0.0) 86.0 (1.4)
2014S C (g4, 80%) 10.0(0.0) 17.8(1.8) 18.0(2.1) 18.0(0.0) 26.8(1.6) 90.5(5.0)
2015S A (r5,100%) 9.6 (0.8) 17.2(1.9) 17.8(1.3) 18.0(0.0) 27.0(1.7) 89.6(3.7)
2015S B (&5, 100%)  9.8(0.4) 16.8(1.9) 16.8(1.9) 17.0(0.0) 26.8(1.9) 87.2(5.6)
2015S C (85, 100%)  9.8(0.4) 17.2(1.9) 17.0(1.8) 20.0(0.0) 27.2(1.9) 91.2(5.7)
2015S D (&8, 100%)  9.9(0.3) 17.6(1.5) 17.0(1.4) 10.0(0.0) 20.3(1.7) 74.8(3.9)
2015S E (&4, 100%)  10.0(0.0) 19.0(1.2) 17.8(0.4) 15.0(0.0) 28.0(1.6) 89.8(2.6)
2015S F (83,100%)  9.7(0.5) 18.7(1.2) 18.7(0.9) 20.0(0.0) 28.7(0.9) 95.7(1.9)
2016S A (n=4,100%)  9.8(0.4) 17.5(2.1) 17.5(1.7) 20.0(0.0) 27.0(0.7) 91.8(3.3)
2016S B (&4, 100%)  10.0(0.0) 17.5(0.9) 17.3(0.4) 20.0(0.0) 27.3(0.4) 92.0(1.7)
2016S C (&5, 100%) 8.8(1.5) 18.8(1.6) 18.6(L7) 17.0(0.0) 25.6(2.2) 88.8(6.8)
2016S D (&5, 100%)  10.0(0.0) 15.2(0.4) 17.4(0.5) 20.0(0.0) 26.6(0.5) 89.2(1.0)
2016S E (&4, 100%)  10.0(0.0) 19.3(0.8) 17.5(0.5) 15.0(0.0) 27.3(1.3) 89.0(2.2)
2016S F (83,100%)  10.0(0.0) 18.0(0.8) 17.7(1.7) 18.0(0.0) 27.0(0.0) 90.7 (2.4)

#1: Participation Rate (10 Points)
#2: Knowledge (20 Points)

#3: Implementation (20 Points)
#4: Scheduling (20 Points)

#5: Team Activity (30 Points)

Tab. 6.4 indicated the results of ftaummative assessment results. The results was summa-
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rized in each intervention as Fig. 6:Fig. 6.11.
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Fig. 6.9: Results of Evaluation Scores of fftaummative Assessment (Design)
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Fig. 6.10: Results of Evaluation Scores offB&ummative Assessment (Team Activity)
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Fig. 6.11: Results of Evaluation Scores offB&ummative Assessment (Total)
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6.3 Discussion

6.3.1 Dfiference of Constructive Intervention and Experiential Intervention with
Objective Intervention

The stdf assessment scores were the highest in experiential intervention at both of design and
team activity. On the other hand objective intervention results were the lowest in all aspects of
the scores. However, the Mann-Whitney test did not show a significeieteice with the total
scores between the objective intervention studevits=(83.1, S D = 11.8) and the experiential
intervention studentsM = 920, SD = 1.4), p = 0.106. The test only showed a significant
difference between the design score of objective intervenibnr=(327, SD = 3.4) and ex-
periential interventionN = 37.4, SD = 0.8), p = 0.004. The constructive and experiential
intervention were strong technique for promoting student-centered learning in developing flying

robots contents, but one of the reasons of the results came from the limitations of participants.

Tab. 6.5: Results of SBBSSummative Assessments with the Students of Each Intervention

Design (40 Points) Team Activity (50 Points) Total (100 Points)

Obijective Intervention (R9) 32.7 (3.4) 41.8 (6.6) 83.1(11.8)
Constructive Intervention &73) 34.7 (3.0) 43.1 (5.8) 87.6 (7.3)
Experiential Intervention @&5) 37.4(0.8) 44.6 (1.7) 92.0(1.4)
The Mann Whitney U-test (O vs C) =0.195 p=0.864 p=0.577
The Mann Whitney U-test (O vs E) =50.004 p=1.000 p=0.106

6.3.2 Each Team Characteristics

This section discussed the results of student self-assessment firctitgeon assessment.
The two teams (2013W and 2015AB) were excluded because they did not design original ve-
hicles but improved the prior flying robots with adding new auto pilot system and the activities
was diferent with other teams. This section discussed with the teams which designed original

vehicles. Eighty-six students from eighteen teams were intended in the following explanations.
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6.3.2.1 Educational Hfectiveness for Flying Robot Design

Sixty-six students replied that they learned something related to aircraft design, knowledge
or technology about flying robots. All teams whose respond rate were 100%, except 2014 WA
and 2015SD, showed that more than 75% of team members answered that they acquired some

educational fects related to design and development of flying robots.

6.3.2.1.1 From Teamwork

The team 2015SD was the hugest team and the mistLdti team with scheduling and team-
work. They could not prepare ficient time for building until the deadline approached and
finally some students were forced to engage in a lot of work at once. In this team, about half
of members commented about teamwork, some statements included pdigtite about team-
work, the others came from reflections of each work. They became more sensitive with team-
work rather than engagements in design activities or engineering practice finally. In addition,
the stdf assessment scores of scheduling and teamwork with this team were relatively low, nev-
ertheless they assessed the student technical design outcomes relatively good. The students
concluded their activities was infiicient with teamwork and most of them reflected it. After
all, their reflections were concluded that the cause of failure was attributed to instability and
internal things in attribution theory of Weiner et al. (1971). Actually they thought midoete
for good teamwork could improve outputs and some students had motivations. Improving their

consciousness with teamwork might be educatioffakes like unfortunate happiness.

6.3.2.1.2 From Creative Design

The team 2014WA consisted of students who had superior prior-knowledge and experiences
and had high motivations of creating new ornithopter which most of students have not involved.
They engaged in the project with initiative and get appropriate feedback through advices from
technical supervisors and several flight tests. Th& st@mbers assessed their activities as
prominent with both of design and development activities and teamwork and scheduling. How-
ever the results of all flight test ended with failure and their products could not fly and some
students were disappointed with their own activities. They replied to the surveys that they could
not have understood theory of flapping wings till the end and not learn anything. This case
showed the failure due to decisive ability attribution caused by repetition of serious breakdown
(Ichikawa, 1996). They scheduled three day for flight tests and continued the test over twenty

times, however they could not get only one success. However, some students referred that they
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did not think it could fly easily, and were satisfied with their activities because they could expe-
rience how to approach new unforeseen problems.

Similarly the case where the flying robot with a new concept (for students) could not fly was
the team of 2015SE. They made no-tail airplane and all of them also had high motivations at
the start of the project and worked hard with enthusiasm. ThH&fetand their activities not so
good for scheduling but superior for design process and teamwork otherwise their could not fly
because of longitudinal unstability. However they experienced only one day flight test and the
number of failures were less than the ornithopter team. Finally more than 75% of them replied
to get some educationaffects of design nevertheless they could not be satisfied with the results.
These results showed that though a few failure experience could give students motivations came
from regret, repetitions of failures could hurt student motivations. Whether the flying robots
could fly or not has significant meanings for students.

Same phenomena could be shown in 2012 WB team though it was not appeared on the data
clearly. They engaged in flight tests five days and the objectives was to develop an autonomous
flying robot which was new concept for the students. The results did not satisfied student first
motivations. The airplane could fly by manual control precisely, but the autocontrol system was
not able to work accurately and it could not prevent the aircraft fall into a spiral. One of the
reasons was role sharing and only one student engaged in design of the auto control system.
Another student tried to help him but he had less knowledge about control theory and practice
and the output became irffigient. After all some students commented that they could not learn
avionics theory. In this case, the team continued failure several times and their motivations
decreased markedly.

One of the causes of these results came from specific characteristics of the Flying Robot
Project whose main learning outcomes were promoting to understand aeronautics through en-
gineering practice and project management. Creative activities was also important but not the
first priority and many students participated in the project with motivations of learning funda-
mental aeronautics. However some students also insisted on design of creative things and we
stdfs wanted to recommend this kinds of motivations and concluded into the above examples. In
order to deal with these problems, we made new another curriculum treating creativity as main
subjects in the project based learning class.

In conclusion, failure experiences were critical for learning generally, however it also could

become some kinds of shocking for students. Therefore facilitators had to focus on student
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efforts and take care of learning aspects such as what outcomes they could acquire and what
future works they could engage in actually. If they neglected these kinds of encouragements,

student motivations could decrease gradually and leaded to break up the project. The roles
of facilitators was to encourage students and guarantee their activities was equivalent to what
they could get indeed, monitoring their motivations, vitality, skills and growth through their

behaviors.

6.3.2.2 Applying Knowledge to Practice

Twenty-eight students replied to this educationé¢et. The students consisted of eighteen

aeronautics and astronautics junior students and ten other discipline students.

6.3.2.2.1 Djferences between Aerospace Students and Others

This category result wasfiérent between aeronautics students and other discipline students.
Thirty-six percentages of teh aeronautics and astronautics junior students answered that they had
learned relationships of theoretical aeronautics and engineering practice, but only 16% students
who majored other fields replied about applying theory to practice. A chi-squared test showed
the significant dierence between the two groupsX?(1) = 4.609 p = 0.032) . In addition,
many aerospace juniors referred that they could acquire aeronautics knowledge confirmed by
engineering practice rather than others insisted that they understiedlties of real world
practice which could not go according to theory. A few sophomores also replied that airplane
could fly even if they did not apply theoretical things sensitively.

In addition, four of the students answered that they want to study aeronautics in engineering
practice more in future. The three of them was belonging to the team of 2016SE and they
could sublimate the cause of failure as attribution to instability and internal things like their own
efforts. Their scheduling was not so superior but design activities and teamwork was evaluated
as high performances by teachers. Their objective was to design an autonomous flying robot
and the airplane could fly by manual but the auto control system could not work well and leaded
to a spiral mode through two flight tests. They felt a little disappointment with the failure and
also thought their skills was not so iffEgient that could make the products wrong. As a result,
they acquired high motivations of self-learning. Actually they received next semester class and
struggled with design of a new flying robot.

After all, skills of applying knowledge and theory to real world design and engineering prac-
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tice through flying robot activities could grew correctly based on fundamental knowledge of
aeronautics. When it was applied to aerospace students, its educaffentiteness was suf-
ficiently brought up. In order to teach the other discipline students, the project needed more
contents about theoretical aspects and some works in which students could deepen understand-

ing theory useful for engineering practice.

6.3.2.3 Design Process

Conceptions related to design process like goal setting, identifying constraints, and making
tradedfs was often replied to rich experience team like 2014WA and 2015SF. Most of them had
experienced the project and achieved great outcomes. They were some kinds of experts and
concentrated on key components of design as a result. Although student consciousness went
to what they created for the first time and they took care of aeronautics theory and engineering
practice, the experts had rich knowledge systematized through experiences and understood how
to design flying robots. Therefore their motivations of learning would go to improve their design

methods and processes.

6.3.3 Teamwork and Project Management

6.3.3.1 Interdisciplinary Team vs Non-interdisciplinary Team

Interdisciplinary team consisted of several majors and grades could bring out great outcomes
if they managed the team appropriately. In order to keep adequate teamwork, monitoring student
activities and identifying their own roles in the team.

The team of 2014WB could bring out great outcomes with both of design and teamwork. One
of the reason of success was that facilitators leaded team motivations of developing auto control
system as realistic way. One of the students referred at first that he wanted to learn building
aircraft, however class discussions found his other interest in auto control system. In addition,
facilitators let them decide student each role concretely as subject and prohibited biased activity.
As a result, the beginner had strong motivation for understanding auto control system clearly in
order to play his role. They made their consciousness of the roles by reporting the progress in
a concrete way like presentations. Finally all of them engaged in appropriate roles in the team
and the team brought the superior outcomes.

This case showed four important things of project facilitators. First, they could lead student

motivation deeply and connect them with the team motivation. Second, they let students state
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and identify concrete role concretely with responsibility and collective ownerships. Third, the
facilitators knew concrete steps for progressing tasks for completing the products and student
roles could occur periodically. Fourthly, they monitored and supported the student roles they
stated at first and let them identify the situations periodically.

In another case, 2015SD team, the team consisted of interdisciplinary team included both of
aeronautics department student and other students who knew control theory and auto control
system well like the former team, but their motivations were not illuminated clearly at the be-
ginning of the project. The project also did not let student state each role at first. In addition,
they had to report only team outcomes weekly and facilitators did not examine individual student
works appropriately. After all, their teamwork and scheduling did not bring so great outcomes.
Although some students considered importances of project management and they could imagine
good teamwork as a result, other students complained about the teamwork and his motivation
was declined.

The team of 2016SE brought the great outcomes and ths staluated it as positive how-
ever student self-consciousness did not show strong improvement about teamwork. One student
mainly engaged in development avionics, however this semester also did not let them state clear
roles of the students individually. Therefore teamwork and scheduling were not considered by
them as critical things. Besides, this team consisted of same classmates and they could discuss
easily. They also did not take care of training team skills originally.

In 2015AA team, they were interdisciplinary, facilitators let them state their roles and sched-
ule but they could not keep their motivations as team motivation. They also decided only small
team activities (like wing group, program group) and did not define individual tasks periodically.

In addition, facilitators did not keep monitoring individual activities weekly. As a result, many
students belonged to the wing group left the team after completing only wings. The scheduling
was conducted after completing the three view drawings and chief wing designer became pro-
gram group member at the start of building. After all some members of wing group did not have
high motivations because it was not their own design and their motivations could not become
collective ownership. They also did not considefidulties of adjustment of electrical perts and
components after completing wing shape and finally the leader and the designer concentrated on
the tasks with limited number members.

The team of 2013S, individual homeworks was taken regularly figreint tasks like a pre-

sentation of individual concept, building radio control airplane kit, and a destruction test. These
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activities also leaded to their team motivations. They completed only wings of a flying robot in
the semester and they stated individual role and a schedule at the beginning of building phase.
In this case, the problem was only building wing, it was relatively small problem and the state-
ment of role sharing was enough in one time. In addition, the introduction activities could let
them engage in the design of the product with enthusiasm and they achieved the great outcomes
relatively the stff team evaluated.

The team of 2014WA, it was little interdisciplinary, they did not assess by self of learning
good teamwork. This team engaged in unforeseen problems, continued enthusiastic teamwork
and get several failures with flight tests. One of the reason was that every members of the
project including the facilitators could not imagine the results. As a result, nevertheless they
stated individual roles concretely at first and reschedule them several times, their tasks were not
evaluated in aspects of whether it was realistic, every members could not evaluate it correctly,
and their learning motivations were not satisfied. However this team participated in the last
contest together and had good teamwork originally.

The mixed member team of sophomore students and junior students, like 2015SA and 2015SB,
the junior students leaded the team frequently. The sophomore students could be reserved be-
cause of low confidence with aeronautics and engineering. Some of the sophomores replied in
the end of the semester that they could not contribute to the team because they did not have
rich knowledge. These teams also did not stated individual activities at the start of the project
and reported only team progresses and outcomes. Therefore it fivaslidior sophomore stu-
dents to work with collective ownership or responsibilities. If they could engage in task with

responsibilities, they could bring by themselves like 2016S semester examples.

6.3.3.2 Summary of Interdisciplinary Team

Interdisciplinary team could bring out great outcomes if it was under good management.
These team activities showed four important things of project facilitators. First, they could
lead student motivation deeply and connect them with the team motivation. Second, they let stu-
dents state and identify concrete role concretely with responsibility and collective ownerships.
Third, the facilitators knew concrete steps for progressing tasks for completing the products and
student roles could occur periodically. Fourthly, they monitored and supported the student roles
they stated at first and let them identify the situations periodically.

Interdisciplinary team needed sensitive scheduling and collaboration wiitretit people
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who had diferent backgrounds in order to engage in the problems and aim to achieve objec-
tives. It also forced student carry out strugglin€fidult tasks excessively and facilitators had to

monitor student activities frequently and correctly.

6.4 Summary

This chapter explained two summative assessments. First was student self-assessment and
the second was dtaassessment using criterion. The student self-assessment indicated the ef-
fectiveness of student-centered interventions especially in design perceptions. The experiential
intervention also showed the educationfieet of team activities because it contained many
group works in diferent contexts related to development of flying robots. On the other hand,
the stdf assessment did not show stroneets of student-centered approach, partly because
of limitations of participants. In addition, the ftassessment only evaluated student activities
and sometimes excluded student subjective opinions. If someone recognized an importance of
leadership after strict failure in a team, the student self-assessment was relatively stressed in the
aspect of teamwork, but the ftassessment could be going to fall according to the student fail-
ures in the semester. This phenomenon also indicated an importance of observations not only in

student physical outputs but also in student processes of thoughts.
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Chapter 7 Conclusion & Future Works

7.1 Summary of Findings

Aircraft Development have rapidly changed these days and aeronautics education in university
need to cultivate students who could contribute to engineering practice and project management.
This dissertation aims to 1) understand contribution of developing flying robots under university
curriculum from the point of view of aeronautical stakeholders, and 2) illuminate what contri-
bution do student flying robot activities through implementation and evaluation of activities of
the Flying Robot Project.

Chapter 2 explained todays needs of practical aircraft design education from the qualitative
and quantitative surveys and the interview to aircraft stakeholders. The investigation illuminated
stakeholder requirements for engineering education and several specifications which educational
intervention should have were determined. The specifications included both aspects of design
activities and teamwork.

Chapter 3 showed the student perceptions in design activities through field observations and
the qualitative and quantitative surveys. The surveys compared several groups of students who
related to developing flying robots. It also indicated that students who wanted to participate in
the university project in which designed, built, and flied original flying robots were unfamil-
iar with real world engineering practice. They also lacked confidence with engineering design.
These examination results also added to the specifications of next educational intervention de-
sign.

Chapter 4 showed the design methodology of curriculum in which student could design,
build, and fly original flying robots, based on the above discussion about educational specifi-
cations needed for university engineering education. Backward design based on constructivism
suggested systematic way for designing programs including learning outcomes, feedback and
assessment procedures, and teaching and learning activities. This chapter also showed one ex-
ample of the concrete schedule of the Flying Robot Project.

Chapter 5 reflected student design activities in eight semesters and compared them with rubric
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systematically. The prior knowledge level and team specifications were arranged using the cri-
terion and the evaluation of the three view drawing with consistent criterion explained charac-
teristics of each student learning outcomes from the aspect of design. The assessment showed
the necessity of appropriate feedback and opportunities of reflections before fabrication phase
become complicated.

Chapter 6 indicated that summative assessment of student activities by both of student them-
selves and facilitators. Educationdiiexts about design could be shown in all of the team which
could success the flight test however the team which continued failures several times could be
frustrated and lost their motivations extremely. The surveys also illuminated the possibility of in-
terdisciplinary team. Interdisciplinary team could bring out great outcomes if it was under good
management. These team activities showed four important things of project facilitators. First,
they could lead student motivation deeply and connect them with the team motivation. Second,
they let students state and identify concrete role concretely with responsibility and collective
ownerships. Third, the facilitators knew concrete steps for progressing tasks for completing the
products and student roles could occur periodically. Fourthly, they monitored and supported the
student roles they stated at first and let them identify the situations periodically.

In conclusion, this dissertation explained the educatioffatgveness of developing flying

robot under university curriculum.

7.2 Future Works

This project contributions were belonging to grew student skills of applying knowledge to en-
gineering design under real world circumstances and project management with interdisciplinary
members. Some problems happened when the students challenged new concept of flying robots
such as flapping wing aircraft. Creativity was a next subject of engineering design but this
project could not focus on the characteristic because the regulation and rules was following the
Flying Robot Contest one. In order to make creative things and give students opportunities of
meeting unforeseen problems, the project redesigned by arranged learning outcomes into one
which had the first priority at conceptual design and mission requirements.

Engagement in real business circumstances was to be another future work. The stakeholder
surveys showed a necessity of industry-academia-government collaboration in university engi-
neering education. However it wadiitiult under this project circumstances because of limita-

tions of class hours and necessity for characteristics of aeronautics introduction contents. The
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curriculum design method which this dissertation showed also could apply to new objectives
of making educational interventions which could contribute to industry needs directly through

developing flying robots in the future.
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Appendix A Reliability and Validity of
Design Self-Hficacy Scale

A.1 Pre-test with the Flying Robot Project Students (Team A~F)

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good lavel 0.900). Eigenvalues of the
correlation coéficient matrix were indicated at Scree Plot ( Fig. A.1). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.733 and 1.074). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this
research concluded one factor existed on the test result.

ScreePlot

Eigenvalue

Number

Fig. A.1: Scree Plot of Design Selffiicacy Scale

Factor analysis using R leaded the result as Tah. Alllof the factor loadings were above 0.5
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and cumulative contribution ratio was 0.536. The resulting factor scores were calculated using
a least square regression approach. After all, Spearman’s correlatifiitieot between the
resulting factor scores and the result of ItemGdnduct engineering desigshowed statistical
significance ( = 0.742,p < 0.001) .

Tab. A.1: Factor Loadings for Design SelffiEacy Items at the Pre-test with the Flying Robot
Project students

# ltem Factor Loading
2 Identify.a.design.need 0.709
3 Research.a.design.need 0.680
4 Develop.design.solutions 0.728
5 Select.the.best.possible.design 0.524
6 Construct.a.prototype 0.825
7 Evaluate.and.test.a.design 0.818
8 Communicate.a.design 0.730
9 Redesign 0.799

A.2 Pre-test with the Aeronautics and Astronautics Junior Students
at The UT

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good level 0.867). Eigenvalues of the
correlation coféficient matrix were indicated at Scree Plot ( Fig. A.2). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.330 and 1.514). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this

research concluded one factor existed on the test result.
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ScreePlot

Eigenvalue

Number

Fig. A.2: Scree Plot of Design Selffiicacy Scale

Factor analysis using R leaded the result as Tah. &@me of the factor loadings were above
0.5 and Item #2, #3, and #5 were below 0.5. In addition, cumulative contribution ratio was 0.482.
This ratio was relatively low but this research respect the prior-research result and adopted this
value. The resulting factor scores were calculated using a least square regression approach. After
all, Spearman’s correlation cfieient between the resulting factor scores and the result of Item

#1 Conduct engineering desigithowed shortly statistical significanae<£ 0.392,p < 0.03) .

Tab. A.2: Factor Loadings for Design Selffi€acy Items at the Pre-test with the Flying Robot
Project students

# Item Factor Loading
2 Identify.a.design.need 0.382
3 Research.a.design.need 0.324
4 Develop.design.solutions 0.714
5 Select.the.best.possible.design 0.451
6 Construct.a.prototype 0.879
7 Evaluate.and.test.a.design 0.959
8 Communicate.a.design 0.729
9 Redesign 0.814
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A.3 Pre-test with the Flying Robot Contest Students

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good level 0.838). Eigenvalues of the
correlation co#ficient matrix were indicated at Scree Plot ( Fig. A.3). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.139 and 1.439). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this
research concluded one factor existed on the test result.

ScreePlot

Eigenvalue

Number

Fig. A.3: Scree Plot of Design Selffficacy Scale

Factor analysis using R leaded the result as Tab. MABnost all of the factor loadings were
above 0.5 but Item #8 was negative. Cumulative contribution ratio was 0.456. The resulting
factor scores were calculated using a least square regression approach. After all, Spearman’s
correlation cofficient between the resulting factor scores and the result of Itei@afiduct
engineering desigshowed statistical significance € 0.923,p < 0.001) and this value was

one of the causes of utilizing this result in the discussion.
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Tab. A.3: Factor Loadings for Design SelffiEacy Iltems at the Pre-test with the Flying Robot
Contest students

# ltem Factor Loading
2 Identify.a.design.need 0.879
3 Research.a.design.need 0.729
4 Develop.design.solutions 0.836
5 Select.the.best.possible.design 0.742
6 Construct.a.prototype 0.518
7 Evaluate.and.test.a.design 0.622
8 Communicate.a.design -0.017
9 Redesign 0.660

A.4 Pre-test with the Flying Robot Project Students (Team A~E)

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good laevel 0.893). Eigenvalues of the
correlation cofficient matrix were indicated at Scree Plot ( Fig. A.1). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.590 and 1.147). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this

research concluded one factor existed on the test result.
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Fig. A.4: Scree Plot of Design Selffiicacy Scale

Factor analysis using R leaded the result as Tah. Altlof the factor loadings were above 0.5
and cumulative contribution ratio was 0.536. The resulting factor scores were calculated using
a least square regression approach. After all, Spearman’s correlatifiicieoe between the
resulting factor scores and the result of ltem@Gdnduct engineering desigrhowed statistical

significance( = 0.731,p < 0.001) .

Tab. A.4: Factor Loadings for Design Selffi€acy Items at the Pre-test with the Flying Robot
Project students from Team Ato E

# Item Factor Loading
2 Identify.a.design.need 0.695
3 Research.a.design.need 0.657
4 Develop.design.solutions 0.704
5 Select.the.best.possible.design 0.507
6 Construct.a.prototype 0.793
7 Evaluate.and.test.a.design 0.801
8 Communicate.a.design 0.716
9 Redesign 0.821
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A.5 Post-test with the Flying Robot Project Students (Team A~E)

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good laevel 0.811). Eigenvalues of the
correlation coéficient matrix were indicated at Scree Plot ( Fig. A.5). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because three of eigenvalue were more than
1.0 (3.563, 1.361 and 1.163). However, the Scree Plot showed the number of eigenvalues from
a point where the inclination of graph changes greatly was one. In addition, prior research ana-
lyzed the only first factor was selected from further analysis (Carberry et al., 2010; Coso, 2014),
so this research concluded one factor existed on the test result.

ScreePlot

Eigenvalue

Number

Fig. A.5: Scree Plot of Design Selffficacy Scale

Factor analysis using R leaded the result as Tab. Atimulative contribution ratio was
0.371. The resulting factor scores were calculated using a least square regression approach.
After all, Spearman’s correlation cfieient between the resulting factor scores and the result of
Item #1Conduct engineering desighdn’t show statistical significance & 0.221,p < 0.336) ,
so there was a possibility of discussing other factors, however this research respected the prior-

research results and promoted a discussion of the first factor.
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Tab. A.5: Factor Loadings for Design Selfii€acy Items at the Post-test with the Flying Robot
Project Students from Team Ato E

# ltem Factor Loading
2 Identify.a.design.need 0.211
3 Research.a.design.need 0.283
4 Develop.design.solutions 0.882
5 Select.the.best.possible.design 0.906
6 Construct.a.prototype 0.513
7 Evaluate.and.test.a.design 0.488
8 Communicate.a.design 0.356
9 Redesign 0.786

A.6 Post-test with the Aeronautics and Astronautics Junior Stu-
dents at The UT

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating
consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
sistency of the respondents of the eight items was good level 0.900). Eigenvalues of the
correlation co#ficient matrix were indicated at Scree Plot ( Fig. A.6). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.909 and 1.318). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this

research concluded one factor existed on the test result.
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ScreePlot

Eigenvalue

Fig. A.6: Scree Plot of Design Selffiicacy Scale

Factor analysis using R leaded the result as Tab. A@mulative contribution ratio was
0.559. The resulting factor scores were calculated using a least square regression approach.
After all, Spearman’s correlation cfieient between the resulting factor scores and the result of

Item #1Conduct engineering desigiowed statistical significance € 0.606,p = 0.001) .

Tab. A.6: Factor Loadings for Design Selffieacy Items at the Post-test with the Aeronautics
and Astronautics Junior Students

# ltem Factor Loading
2 Identify.a.design.need 0.592
3 Research.a.design.need 0.268
4 Develop.design.solutions 0.736
5 Select.the.best.possible.design 0.779
6 Construct.a.prototype 0.947
7 Evaluate.and.test.a.design 0.877
8 Communicate.a.design 0.636
9 Redesign 0.913

A.7 Post-test with the Flying Robot Contest Students

Before the Design Selfficacy Scale was applied to discussions of the research, evaluating

consistency of the student respondents of the test. Cronbach’s alpha showed the internal con-
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sistency of the respondents of the eight items was good level 0.885). Eigenvalues of the
correlation cofficient matrix were indicated at Scree Plot ( Fig. A.7). It might mean an exis-
tence of two factors based on Kaiser-Guttman Rule because two of eigenvalue were more than
1.0 (4.491 and 1.196). However, the Scree Plot showed the number of eigenvalues from a point
where the inclination of graph changes greatly was one. In addition, prior research analyzed the
second factor was discarded from further analysis (Carberry et al., 2010; Coso, 2014), so this

research concluded one factor existed on the test result.

ScreePlot

Eigenvalue

Number

Fig. A.7: Scree Plot of Design Selffficacy Scale

Factor analysis using R leaded the result as Tah. Alrof the factor loadings were above 0.5
and cumulative contribution ratio was 0.491. The resulting factor scores were calculated using
a least square regression approach. After all, Spearman’s correlatifiitieot between the
resulting factor scores and the result of ItemGdnduct engineering desigshowed statistical

significance ( = 0.915,p < 0.001) .
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Tab. A.7: Factor Loadings for Design Selfii€acy Items at the Post-test with the Flying Robot
Contest Students

# ltem Factor Loading
2 Identify.a.design.need 0.872
3 Research.a.design.need 0.803
4 Develop.design.solutions 0.672
5 Select.the.best.possible.design 0.808
6 Construct.a.prototype 0.538
7 Evaluate.and.test.a.design 0.620
8 Communicate.a.design 0.595
9 Redesign 0.624
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Appendix B Leaflets for Introduction

Leaflets for introduction of the Flying Robot Project at some semesters are included from the

next pages.
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Appendix C  Sessions in Experiential
Interventions

This chapter introduced two sessions original worksheets (in Japanese) of the experiential

interventions for future research and education.

C.1 Learn Building & Aircraft Dynamics Session

QL. AT Z TN DWW T HBHE L ET, 727X —RDF X —8TH 25 Skypuppy
IZDWT, EDEIIITRITT B A D L EZ TV Lk 2 R8 0 7 ¥ OFRITHRNE (18
MERFE) 2 BHNCEIBR LT &0,

Q2. MITABEITOHIZOVWTHBHELET, Ty vryr—RoT o Ths SA-
VANNA (Z2DWT, YD ESIIRITTEEAD EEATVE LD ? R HE L ¥ DR
FTREME (BRHEREME) 2 BENCER LT 23w,

Q3. RATIRER & 4T - 7= 45, Skypuppyld & D & 5 TRt 2 - T\ L7zh, HH
WELR LT 7230,

Q4. RATRER 24T o 7245, SAVANNA (2 XD X 5 Tt 2R o T L7zh, E
HIZEEIA L TL 230,

Q5. MRATIABRZ AT o 7245 R, B 72 DFREHHEL TV BRI DWTIRITI o 72 51
WRIRELZ LB ZmDBHNITHRIZEBR L TLZET W,

C.2 Learn Flying Robot Structure Session

C.2.1 Pre Work 1: Review of Destruction Test

FHERMIERAROMAE Z N SBCEO I FROMIERBR ATV WEFEZTVET, |
BHOEHER (RITuRaVSNEEOLD) XZHb5THELTWET, ZHity L THE
BRUCHIEABR 2 1T > TH oW E VW E T, £ IRBHERARR & 130 ? 2 K HFART
KEIV, TOETUTORNEEZELHTLIEI W,

1) BEREBRZ1T> FCEHBEL R5F—T7— N (HI, #H, ZEITREHIE)
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62K H6WV?, B2, L THRWVWTY, TNTUIDWTHFIIHEL 215 K51
FELOTATLZIW,

2) F—U—FREEXAT, YOLS5REFTHREREZITD D,

WEGABR D HIIE 7212 T, ZTNEERT 2 720IIEEFTMEEZ T, €505 ilBRDS s
T, WD —EHOREBEIE 2 Z X TATLEIW, BATYy L6Vt khs e BnE
T, EEFEMAGREIIKRDEEA,

1) 2) IZ2WTHEHT, REAKE23: 59 FTITREL T ZIW,

PFARDDIFMEHRETHERVWTT L, BABY =270 r2ee 5510405 L
W9,

X1 HEOERE LT, BHREBEAREIDE, MBEz ED X DIZEIE L TV A, &0
IBEEEEZTHLIIETYT, LELAARKNIZIITENLHERE L TH S50 E
WETA, FTELERGEEZEELTWEIAD L,

X2 BREMIRBRIE N — T T RS TE S VWETH, T FRARDSBRDO TS
FEEREE BV L T,

C.2.2 Pre Work 2: Preparation for Wing Destruction Test
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THOMEEAER  FATERE

MWLV = 7[m/s] THEEPERE R =5[m] THIRY §2 & DR KRAEGEZ KD, £D L
T TEEBRB T—A L FERO L. 1272, KEAHEp =5/4[kg/m3] & L, THEBIRIT
UToEEn &35, o, HOGIRBUIEANTHRE L, CL=08L7 5. EHEAEK (i
#®) OHEEII30[g], EAMEE =9.8[m/s?] LT 5.

¢ = 30[cm] |ct = 20[cm]

b/2 = 60[cm]

2. HTOBEIRERIZIS T D W KT — A > b &R I MO XD IZHIHMT, BT~ 6720),

2ARFE &L O E AW /kfc»*% v R ELTCEMER L.
BT

= 2[cm]| D D = 2[cm]

b=03[ecm]  p=03[cm]

- MTBARICE < IR RIS 1% RD K. RO IR RIS RIS L g L, ZasR % R
i.ttb,m®ﬁgiﬂwﬁkb,ﬁamﬁ%%=%MWQk?6

4. 1. TROEE—AY FNEHRTHMEONT HE2ELT L. M E2MESE I
X, FOMBIZMIgORLH D 2O TRWMEERE L. B, TROERIIEHALTY
KR, EBROBLRIZEDLHZ L.

<ex>Hi 1 7 PricgEx 50 S, EIRICFELE—A Y M&@E 5.

[




C.2.3 Post Work

1. BIEABRIZ L D, MMPETLZ2E— AV FE2D LD, TOLITHTWEZTH
55 HIBE DI 2R L, FHANZEHR U MRS ) < &KIG D DFE R & ik
& (EREOZeR2HETLI L)

2. HERE A @ L CHdT A2 DTELZ e, HEHFHTEESS RZ 2xbNIE
SR TLAEE W,
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Appendix D  Handouts of Developing Flying
Robots

This chapter included learning materials of the Flying Robot Project. These materials are
developing and other dfamembers also improved them according to student prior knowledge
and class situations. The following pages showed one of the hand outs (in Japanese) in some

semesters for future education and research.
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Specification
Length : 1000mm
Span 1 1224mm
Wing area : 32dm?
Aspect ratio :5.0
Taper ratio :0.7
Dihedral angle : 10deg.
Total Weight 11749
Payload : 45g (max.)
Air Speed : 4m/s(design)
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Length 1140mm
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Length 880mm
Span  1423mm
Height 400mm
Wing Area 31 dm?
Aspect Ratio 6.5
Weight 137g

« http://www.youtube.com/watch?v=Ime5cNo7xQ8

« https://www.youtube.com/watch?v=09T7ARJroG8&fea

ture=youtu.be

Length 865 mm  Span 2100 mm
Height 240 mm Wing Area 38dm?
Aspect Ratio 11.6
Weight 184.5g
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Travolta (583[E]. BEHEKX)

Span  500mm
Wing Area 17.5 dm?
Aspect Ratio 1.43
Weight 145g

- http://www.indoorflight.t.u-tokyo.ac.jp/old/

« http://www.youtube.com/watch?feature=player_embe
dded&v=Tv-438Bf _M

2014/10/22

Poop (5B5[0],

2014/10/22



http://www.indoorflight.t.u-tokyo.ac.jp/old/

(msEAe. @A)

B — Rk
L ZEICULIZLY
AR

HROR

Length 1050mm
Span  1010mm
Wing Area 32.0 dm?
Aspect Ratio 3.2
Weight 148g

2014/10/22

HF— Rk
AT T

2014/10/22




EBDR—1E—3119K (4@, &Xx)

NI F AR
-FERZRLE ST URNEE

2014/10/22

DELTA-CCV (g7m1. #2s)I| T fZerfzsan)
ooz

‘BRE
ARRE
-ERM4E

« http://www.youtube.com/watch?v=-1j29R8pygg

Ladybird (8@, #2s)TK fzmsess)

- ERmEEEX Length 950mm

OO =i -B Span  1320mm
Height 445mm
Wing Area 73.8 dm?
Aspect Ratio 2.36
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Length 1240mm
Span  1110mm
Height 320mm
Wing Area 71.3 dm?
Aspect Ratio 1.7
Weight 207g

Air Speed 2.5m/s
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