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The Case study on Analysis of Capstone Design Education based on
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Abstract NCS (National Competency Standards) has emerged as an issue of great importance amongst Korean
universities and corporations. Although previously used mostly for vocational education purposes at colleges, NCS is
currently receiving an increasing amount of attention from 4-year universities as well. In the ever-evolving information
economy, the basic workplace skills defined by NCS, which include soft skills such as communication skills,
problem-solving skills, and interpersonal skills, have now become more important than specific technical skills. This
study analyzes the correlation between the basic workplace skills of NCS with participation in Formula SAE activities,
a common component of Capstone design courses across North America and Europe. Data are derived from site visits
to Formula SAE competitions, competition-related documents drafted by student participants, and questionnaires
administered to student participants at the Formula SAE Lincoln completion and at the Korea KSAE competition.
From the study findings, we claim that the basic workplace skills of NCS are closely correlated to participation in
Formula SAE activities. Through a survey designed to measure the degree to which Formula SAE activities can
enhance an individual's NCS Basic Workplace Skills, we find that these activities overall improved NCS basic
workplace skills averaging 4.0 points above in the Likert 5-point scale. For reference the mathematical skills,
communication skills, and problem-solving skills displayed statistically significantly correlation with NCS but the
remaining 7 skills did not show a statistically strong correlation with NCS comparatively.
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Table 1. NCS Basic Workplace Skills[11]
no. NCS Basic Workplace Skills
Definition Communication skills refers to an ability to understand others' intentions and transfer
Communication correctly their own intentions through reading, writing, listening.
1 .
skills Subelement | Reading comprehension, Writing skills, Listening skills, Language skills,
skills Basic foreign language skills
.. Mathematical skills refers to an ability to understand attribute of calculation, statistics,
Definition .- .
probability theory and apply those in workplace.
2 Mathematical skills
Subelement | Basic calculation skills, Basic statistical skills, Graph analysis skills, Graph generation
skills skills
Definition Problem-solving skills refer to an ability to use creative and logical methods to accurately
3 Problem-solving perceive and solve problems that arise at the workplace.
skills
Subel t A . . .
uoe _e men Thinking skills, Problem processing skills
skills
Self-development refers to an ability to develop oneself through self-management and
Definition | understanding one’s potential, interests, and characteristics
4 Self-development to achieve a goal as a professional.
skills
Subelement . .
skills Self-awareness, Self-management skills, Career development skills
Resource management skills refer to the ability of: assessing the necessary time, budget,
Definition human and non-human capital, etc. needed to complete a task; knowing how to utilize and
Resource collecting as many resources as possible; and being able to allot such resources as
5 .
management skills planned.
Subelement | Time management skills, Budget management skills, Material resource management skills,
skills Human resource management skills
Interpersonal skills refer to the ability to maintain cooperative relationships at the
Definition | workplace, help other members of the organization, peacefully solve conflicts that arise
6 Interpersonal skills within the organization, and fulfil the client’s needs.
Subelement | Teamwork skills, Leadership, Conflict management skills, Negotiation skills, Client service
skills skills,
Definition Informatics skills refer to the basic skills needed to complete a task by collecting,
analyzing, and utilizing information thorough basic computing.
7 Informatics skills
Subel t . . . .
uoe ? men Computer skills, Information processing skills
skills
Technical skills refer to the ability to understand the basic technical elements related to
Definition | the methods, tools, operations needed at a workplace as well as the ability to select and
8 Technical skills apply technology accordingly.
1 t
Subj(;;:en Ability to understand, Select, or apply technology
Organizational understanding skills refer to the ability to develop one’s international
Definition business acumen by understanding the management and structures of the organization,
Organizational analyzing international trends as well as one’s own position within the organization, and
9 understanding skills employing such knowledge in everyday business situations.
Subelement | International mindset, Understanding organization structure, Management skills,
skills understanding business task
- Vocational ethics refer to the attitude, etiquette, and correct occupational perceptions
Definition . .
needed for an amicable work environment.
10 Vocational ethics
Subel t . . . . o . .
usel:(;;:en Professional integrity, Volunteer spirit, Responsibility, Law-abiding mentality
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Table 2. Table Formula SAE® Assesment Categories

Categories Assesment Assesment in detail Score
Vehicle Technical Inspection Form
Technical & Safety Dry and wet tires
inspection Safety equipments Pass
Structural Equivalency Spreadsheet
Structural Requirements certification Form
Presentation Content, or,gamzatlon, visual Aalds, ?ehveg and 75
the team’ response to the judges’questions.
Design Report
Static Events Design Spec Sheet
Vehicle Drawings
Engineering Design Completed vehicle 150
Formula SAE Design Judging Score Sheet
: Design(~25%)/Build/(~25%)/Refinement
/Validation (~25%)/Understanding(~25%)
Cost Report for 1000 units per year
Di . ith th
Cost and Manufacturing iscussion with the Cost Judges 100
Real Case
Costed Bill of Material (CBOM)
Acceleration The acceleration at the course length 75 m 100
Skid-Pad Lateral acceleration 75
Dynamic Events Autocross Time per approximately 0.805 km 2 laps 125
Efficiency the amount of fuel consumed on the endurance course 100
Endurance Elapsed time per 22 km (13.66 miles) long. 275
Total Points 1,000
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Table 3. Questionnaire Survey

Formula SAE® KSAE Baja/Formula/EV
Lincoln Competition Competition
Survey 20, Jun. 2017 10, Aug. 2017
Period ~ 25, Jun. 2017 ~ 12, Aug. 2017
Over junior in college | Over junior in college
Survey . . . .
. experienced in the experienced in the
subjects . .
competition competition
The questionnaire The questionnaire
composed of composed of
Survey . .
method 10 items about 10 items about
NCS basic workplace NCS basic workplace
skills skills
Respondents Collect 71 of 120 Collect 114 of 150
P distributions, select 58 | distributions, select 52
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Table 4. Relationship between NCS basic workplace skills and Formula SAE activities

Basic Subelement of s .
no. workplace _skills basic workplace skills Related activities in the Formula SAE project
* Understand FSAE rule, complete, submit documents(design report,
Reading comprehension, cost report, business logic case)
1 Communication Writing skills, Listening skills, * Get, process information on-site
skills Language skills, * Respond to judges and officials on the competition issues on-site
Basic foreign language skills * Competition official language : English
* Rationale : SAE Rule book, Design report, Sale presentation, on-site survey
Basic calculation skills,
. . Basic statistical skills, * Technical design assesment in design evaluation event
2 Mathematical skills Graph analysis skills, * Rationale : Design report, Sale presentation
Graph generation skills
* Understand FSAE Rule, solve the problems in the process of each
v s o judgement and assessments
3 Problem-solving Thinking ability, Problem * Select design and verify designs for completing a vehicle
skills processing skills . . . . . .
Respond to judgements and correcting design failures on-site
* Rationale : FSAE Rule, Design report, Fsaconline.com, on -site survey
* Charge of developing components as per their own interest
* Demand self control ability for long term project during 2 semesters
Self-awareness, * Demand self-directed learning about many parts of automotive technologies
Self-development . 8
4 skills Self-management skills, and theories
Career development skills * Become aware of career path and choose it
* Rationale : CV of participated students, observation students during FSAE
project
* Use schedule table for development of a car
Time management skills, Budget * Manage project budget (Materials cost, shipping cost, maintenance cost,
. 4 sponsorship, etc.)
management skills, Material . . .
Resource L * Secure materials, tools, workshop space, workshop time committed to the
5 . resource management skills,
management skills H schedule
uman resource management < All b .
skills ocate team members assignments N
* Rationale : Sale presentation, Cost report, CV of participated students,
observation students during FSAE project
* Undertake role as team member
* Undertake role as team captain for specific area(frame team, suspension
Teamwork skills, Leadership, team, brake team, body team, electric team, management team)
6 Interpersonal skills Conflict management skills, * Demand control skill for conflict among team members
i Negotiation skills, * Demand persuasion and negotiation skill to response to judges on-site
Client service skills * Require sale presentation skill to satisfy imaginary clients
* Rationale: CV of participated students, observation students during FSAE
project, Sale presentation
* Apply computer skills for design a car such as CAD/CAM/CAE
. . * Gather and analyze information on automobile design, build skills by
. . Computer skills, Information . g
7 Informatics skills rocessing skills searching many related portals and FSAEonline.com
p e * Rationale Design report, Sale presentation, Business logic case,
Fsaeonline.com, Cost report
* Demand basic engineering theories
Understanding technology, . Dcma_nd building skills such as lathe, milling machine, welding, cutting
8 Technical skills Select technology. machine, CNC. . . .
Apply technolo ’ * Demand technical design skills like 2D, 3D CAD, CAM, CAE
PPLy gy * Rationale : Design report, Sale presentation, Design spec sheet, completed
vehicle
* Benchmark international competitors and technologies
. . * Organize team structure
L International mindset,
Organizational . o * Set the team goal
- Understanding organization . .
9 understanding . * Demand management skills such as time control, plan schedule, plan
. structure, Management skills, .
skills Understanding business task budget, plan marketing strategy
s * Rationale : Design report, Sale presentation, Business logic case, Cost
report, Fsaeonline.com, observation on-site
Professional integrity * Responsibility for safety
10 | Vocational cthics Volunteer spirit, * Observe safety regulation, process, technical rule

Responsibility,
Law-abiding mentality

* Good manner to host, competitor on-site, volunteer on-site
* Rationale : FSAE Rule book, observation on-site
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Fig. 4. CV from Student who participated in the Formula
SAE Competition
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Fig. 5. Formula SAE team schedule chart
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Table 5. Questionnaire result on NCS basic workplace

skills
Basic Workplace Questioned Mean | StDev Mean P-Value
skills group gap
icati Korea participants| 4.03 | 0.92
Comml{mcatlon p A 'P 0393 | 0.011
skills U.S. participants | 4.43 | 0.65
i Korea participants| 4.08 | 0.95
Matherlnatlcal p A 'P 0464 | 0.001
skills U.S. participants | 4.55 | 0.06
-solving |Korea participants| 4.15 | 0.91
Problem solving p ' 'P 0346 | 0.03
skills U.S. participants | 4.50 | 0.73
", Korea participants| 4.17 | 0.73
Self- dcv?lopmcnt p ' 'P 012 | 0355
skills U.S. participants | 4.29 | 0.62
Korea participants| 4.17 | 0.85
Resource . p A 'P 012 | 0421
management skill§ U.S. participants | 4.29 | 0.70
Korea participants| 4.41 | 0.77
lnterpérsonal p A 'P 0.036 | 0.787
skills U.S. participants | 4.44 | 0.62
. .. |Korea participants| 4.28 | 0.77
Informat kill 0.074 | 0.587
THOMmAties SKISIT S, participants | 4.36 | 0.64
. ... |Korea participants| 4.36 | 0.68
Technical skill 0.169 | 0.18
echmical SKIS 170's . participants | 4.53 | 0.62
Organizational |Korea participants| 4.36 | 0.76
understanding 0.055 | 0.674
skills U.S. participants | 4.31 | 0.59
K rticipants| 4.38 | 0.71
Vocational ethics ored pa Alc'lpan S 0.057 | 0.671
U.S. participants | 4.32 | 0.68
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