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ABSTRACT

To increase the interest in science, technology, engineering, and math (STEM) among high school
students, the National Aeronautics and Space Administration (NASA) created the “High Schools
United with NASA to Create Hardware” (HUNCH) program. To enhance the experience of the
students, NASA sponsored two additional projects that require universities to design and
implement educational modules to be delivered over two (fall and spring) semesters to the six high
schools in the area of project management. These modules exposed the students to project
management concepts and tools that can be applied in their HUNCH projects. The benefits of the
project management modules are: 1) acquiring knowledge in project management, 2) timely, cost-
effective execution of the HUNCH projects, and most important, 3) increased student interest in
STEM. This article discusses the details of Texas A&M University’s design and implementation of
the project management modules. The faculty members involved in the sponsored research
projects designed and taught the educational modules. The educational modules were reviewed by
the Project Management Institute-Clear Lake (PMI-CL) to ensure consistency with PMI’s project
management standards. Texas A&M University partnered with three high schools during this
project. Undergraduate students at Texas A&M University who were enrolled in a project
management course using project management techniques to complete their capstone design
projects mentored the high school students. The interactions between the undergraduate and high
school students proved beneficial to both parties. Pre- and post- tests in project management were
designed and conducted in each high school. The data are used to analyze the effectiveness of
student learning.
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INTRODUCTION

the United States in recent years (Knezek et al., 2005; Kimmel et al., 2006). It is widely accepted that

the United States’ leadership position in the world relies largely on its scientific and technical expertise
(Hummel et al. 2012). In this technological era, as the demand for the workforce in the STEM fields continues to
grow, more investments must be made in STEM education to prepare enough scientists and engineers who will
create the innovations vital for the success of the U.S. economy. However, the current output from the U.S.
educational system is struggling to meet this exponentially increasing demand for scientists and engineers (Lacey &
Wright, 2009). The impending wave of retiring baby boomer STEM professionals will worsen the situation in the
next few years (Zhan et al. 2008). The shortage in workforce in STEM related fields has a negative impact on the
economy through symptoms such as decreased competitiveness and less innovation.

%D ducation in science, technology, engineering, and mathematics (STEM) has become a major concern in

Many countries in Asia and Europe surpass the United States in STEM education in both numbers and
quality. Numerous assessments of high school and college student performance ranked the U.S. below 20" place in
the world (Alliance for Excellent Education, 2008). Both China and India have more engineering students than the
U.S. Even South Korea, a country with only a sixth of the U.S. population, generates as many engineering students
as the United States (National Science Board, 2004). The U.S. is gradually losing its competitive edge in the global
economy to these countries that are able to produce more STEM talent.
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Despite the national unemployment rate remaining above 8%, many companies cannot find enough
qualified candidates for STEM jobs and must either rely on foreign workers or simply outsource the work to other
countries, such as India and China, where labor costs are lower. Hiring employees with STEM skills from other
countries can only help so much mainly because of limitations from immigration laws. In addition, many other
countries are also increasing their efforts to attract talent in STEM from all over the world.

The consensus of industry, universities, and government is that the STEM workforce crisis is due to a
shortage of domestic talent. The source of the shortage can be traced to the low retention rate of STEM students and
lack of interest in STEM among K-12 students. There is a growing effort to enhance STEM education (National
Science Foundation, 1996; Raymond, 2007; Sundaram & Zheng, 2010). Federal and state governments are
increasing funding in STEM education. There are more than 200 federal education programs designed to increase
the number of students studying in STEM fields and/or improve the quality of STEM education (Library of
Congress, 2008; Scott, 2012). For example, National Science Foundation (NSF) has a specific program called
Science, Technology, Engineering, and Mathematics Talent Expansion Program (STEP) (National Science
Foundation, 2012) that seeks to increase the number of students (U.S. citizens or permanent residents) receiving
associate or baccalaureate degrees in established or emerging fields within STEM.

Many different approaches are being used to promote STEM education. An extensive status report on
STEM education for undergraduate students was written by Fairweather (2010). Higher educational institutes are
attempting to enhance curricula to increase the retention rate, among many other efforts (Center for Science,
Mathematics, and Engineering Education, Committee on Undergraduate Science Education, 1999; DeHaan &
Schuck, 2003; Moore et al., 2000). Many universities have also participated in STEM outreach to K-12 students
(Gelano et al., 2000; Hunter, 2006; Jeffers et al., 2004). STEM has been promoted in K-12 to increase students’
interests at earlier ages (Douglas et al., 2004; Katehi et al., 2009; Kimmel et al., 2006; National Science Board,
2007). Some target elementary schools (Cunningham & Hester, 2007; Cunningham et al., 2005; Lachapelle &
Cunningham, 2007), while a few even start as early as kindergarten (Cejka et al., Erwin & Rogers, 2000). A
majority of the work has been focused on high school engineering curricula (Douglas, 2006; Hirsch et al., 2003;
Hirsch et al., 2005). In addition to the efforts made by higher educational institutes, there are organizations that are
aggressively promoting STEM education. Project Lead The Way (PLTW) is one such organization. PLTW provides
STEM curricular programs for middle and high schools across the U.S. (Ncube, 2006). There are several specialized
public high schools that focus on STEM (Subotnik et al., 2010). Typically, the K-12 STEM education focuses on
experiential learning and problem solving (Carlson & Sullivan, 1999). Corporate sponsors are also increasing their
support for STEM education at all levels. The goal of all these efforts is the same: to increase students’ interest in
STEM early, build on existing knowledge, provide them with practical experiences, and to sustain interest in STEM.

NASA HUNCH AND PROJECT MANAGEMENT

NASA, as a federal government agency, is one of the strong proponents and customers of STEM education.
To increase the interest in STEM among high school students, NASA created the “High Schools United with NASA
to Create Hardware” (HUNCH) program. NASA has been running the HUNCH program for nine years. HUNCH is
an instructional partnership between NASA and high schools (or middle schools). Each year, students from high
schools selected to participate in the HUNCH program work on space-related projects proposed by NASA or created
by themselves under the guidance of high school science and engineering teachers and NASA engineers. The
HUNCH program has the following objectives:

to provide challenging project opportunities for students to gain hands-on experience,

to expose students to professionals working in STEM careers,

to build students’ self-confidence in STEM areas,

to teach students to view mistakes as learning opportunities as opposed to failures to reduce fear of taking
risks,

to spark student creativity and a passion for learning in STEM areas,

to build students’ sense of pride and accomplishment,

to provide opportunities for students to determine if they are interested in pursuing STEM careers, and

to develop an understanding of authentic engineering research and design.
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In 2012, NASA Johnson Space Center selected a total of six high schools in the vicinity of Houston to
develop components for use by NASA. The projects proposed by NASA for 2012 include: 1) Washing Machine; 2)
Exercise Machine; 3) Mock up of the International Space Station (ISS) Destiny Laboratory module; 4) A tool that
quickly and simply measures all types of Hex and Allen sizes, 5) General Luminaire Assembly.

To enhance the experience of the students, NASA sponsored two supplemental projects that required
universities to design and implement educational modules in the areas of project management for the six high
schools to be delivered over two (fall and spring) semesters. Texas A&M University was one of the two universities
selected for these tasks. These modules were designed to expose the students to project management concepts and
tools that could be applied to their NASA HUNCH project. The benefits of the project management modules are: 1)
acquiring knowledge in project management, 2) timely, cost-effective execution of the NASA HUNCH projects, and
most important, 3) increased student interest in STEM.

Studies show that at the college level, students tend to focus their efforts on the technical aspects of the
projects and overlook the importance of other areas such as project management (Zhan & Morgan, 2011; Zhan et al.,
2009). Without a rigorous process to conduct the project, students will most likely use the trial-and-error method to
attack technical challenges. As a result, the projects can go over budget and fail to meet deadline. Future engineers
must learn early on that a process for product/system development must be followed in order to deliver the project
on time and on budget. Early exposure to the product development process for engineering students have proven
beneficial (Olds et al., 1990; Zhan et al., 2009). Project management is a necessary requirement for the successful
execution of a large scale project (Heerkens, 2001; Kerzner, 2005; Milosevic, 2003; Newell & Grashina, 2003; PMI,
2009). This is particularly the case when inexperienced students are the main workforce of the project. A successful
project will have demonstrated the students’ technical development, but just as importantly, will have enlightened
them to the importance of the project management tenets that will guide them.

Many educators have discussed the methods of teaching project management effectively at the college level
(Fisher et al., 2005; Hriso & Clark, 2007; Smit, 1998). Project management is a necessary skill for engineers
working in industry in the 21 Century (Trilling & Fadel, 2009). Due to its importance in the real-world, many
training programs target the workforce in the public and/or private sectors for improvement in their knowledge and
application of project management (Kuprenas & Nasr, 2006; Kuprenas et al., 1999). However, only a limited
amount of literature can be found in teaching project management in high schools (Byrne et al., 2008). Byrne listed
twenty-one unique issues related to teaching project management in high schools; these include finding qualified
mentors, mentor training, background checks, and security (Byrne et al., 2008). The assessment of effectiveness of
student learning in high school setting is also a topic worth discussing.

A UNIQUE APPROACH FOR LEARNING PROJECT MANAGEMENT

Based on the lessons learned by Byrne et al. (2008), the Texas A&M University Electronic Engineering
Technology (EET) Program and the Project Management Institute — Clear Lake/Galveston (PMI-CLG) Chapter
developed an innovative approach to introduce project management concepts and tools to the students working on
the NASA HUNCH projects.

The team proposed an approach that leverages its curriculum development capabilities, industry expertise,
and the energy and passion of undergraduate students to engage high school students in project management at an
early stage in their lives. The four-fold approach combines the attributes and synergistic values of in-person
workshops, teleconferencing interactions, on-line wiki-based documents, and presentations and videos to employ
experiential learning processes. These processes allow high school students to develop technical skills in an
environment conducive to learning while providing understanding of the value of project management tools to their
future careers.

The teaming of Texas A&M University and PMI-CLG took advantage of each organization’s interests,
creative strengths, and experience/expertise in developing high-quality, experiential learning opportunities for high
school STEM teachers and students in the concepts and toolsets used by professional project managers. Leveraging
established relationships with a number of high schools and middle schools in the greater Houston area, both
organizations quickly developed and delivered meaningful project management teaching materials geared towards
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projects being undertaken by secondary educational programs participating in HUNCH-sponsored projects. The
three faculty members and two PMI-CLG personnel involved in the sponsored research projects designed and taught
ten educational modules. The educational modules were reviewed by PMI-CLG to ensure consistency with PMI’s
project management standards.

Undergraduate students at Texas A&M University enrolled in a project management course and using
project management techniques to complete their capstone design projects mentored the high school students.

Over the past five years, the EET Program has fully developed its experiential learning Capstone Design
curriculum, in which project management tools have been extensively and successfully used (Morgan et al., 2005;
Porter et al., 2002). During the first semester, the teams use PMI-based project management tools to plan their
project through scope definition, scheduling, and costing. The Capstone students participated in the development
and testing of these materials and processes as a part of their own prototype design activities. These college students
then became the primary mentors for the high school teams. EET faculty coordinated and oversaw these
interactions, but having young men and women at the college level actively involved in the interaction with high
school students generated much higher levels of interest and engagement while realizing enhanced educational
opportunities for both parties. The technical skill sets of the Capstone students in completing hardware/software
design/development, testing, and documentation made them instantly relatable and acceptable to the high school
teams developing technical solutions for the NASA HUNCH problem statements. The undergraduates reinforced the
value and importance of project management in overall project success through their own Capstone design
experiences.

The delivery of the lectures included eight in-person classroom lectures, one WebEX meeting, and one
videotaping. In using this approach, the Texas A&M / PMI-CLG team was able to deliver a comprehensive project
management “learning by doing” environment. The three EET faculty members and two PMI members conducted
the formal portion of the workshop. Once the workshop lessons were delivered, the students participated in
exercises/activities that focused on their projects.

In preparing the packages, EET faculty integrated its graphical toolset approach to project management
which has been documented in a recent paper published by the Journal of Management and Engineering Integration
(Douglas, 2006). These graphical tools are easy to understand and use. Some of these tools were developed by EET
capstone teams (Douglas et al., 2004; Douglas, 2006). The lectures were delivered in the following order:

Lesson 1: Course Overview and Project Charter

This lesson included the objective of the partnership among NASA, Texas A&M University, PMI-CLG,
and the high schools, project management overview, establishment of project charter, identifying the stakeholders,
defining the concept of operation, and development of functional requirement. The requirements of weekly
assignments, submitting reports, and grading were discussed.

Lesson 2: Project Management Triangle

This lesson included the introduction of the project management triangle (Fig. 1) in the context of a general
system design process. Some basic project management terminologies such as milestones, deliverables, cost, scope,
duration, WBS, RAM, and NLD were discussed.
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Q
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Figure 1: Project Triangle
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Lesson 3: Quality Function Deployment

This lesson was designed to help the students understand the process of establishing system design
requirement based on the voice of customer. The importance of Voice of Customer and Mind of Customer was
discussed. The Verbatim Analysis & Sorting Table (VAST) technique was introduced to derive the customer root
wants. The House of Quality (Fig. 2) was introduced to the students.
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Customer’s Customer
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Difficulties
Targets
Technical Competitive Assessment
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Figure 2: House of Quality
Lesson 4: Work Breakdown Structure (WBS) and Responsibility Assignment Matrix (RAM)

In this lesson, the concepts of WBS and RAM were introduced. Students used these tools to determine the
resource requirements, tasks requirements, and the individual’s responsibility for each task. This forced the teams to
plan the overall projects in the early stage of the project which then allowed them to determine the project duration
and critical path in the next lesson. These activities created buy-in by all team members while providing specific
areas of responsibility for leadership for each team member.

Lesson 5: Network Logic Diagram (NLD)

Students learned how to define a task node by finding the early start, duration, early finish, late start, slack,
and late finish (Fig. 3). Using the WBS developed in Lesson 4, students learned to build a NLD. They used the
forward pass to find the project length and the reverse pass to find the critical path and the slack (or float) for each
project work package.

Duration
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Figure 3: Task Node
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Lesson 6: Risk Management

The risk events, their probabilities and impacts were introduced in this lesson. The risk management
process of “identify, evaluate, respond & control” was taught. The USAA Risk Management Card (Fig. 4) was used
to identify the risks. Risk responses of “eliminate, transfer, mitigate, and accept” were discussed.

Risk &
Identify
WBS &#
Description
Risk Category  People Process Technol ogy.

Evaluate

High

Probability
Low
Low High
Impact
Reszponse

Eliminate Reduce Likelihood Reduce Impact
Accept Transfer

Resources Needed

Impact Horizon

Phase(s) Expected Date

Assigned Risk Person
Notes:

Figure 4: USAA Risk Management Card
Lesson 7: Costing

Direct cost such as labor, other direct cost (ODC), total direct cost (TDC) and indirect costs such as
overhead, G&A, total direct and indirect (TDID) cost were introduced to the students. Profit, price, bill of materials
(BOM), firm fixed price and cost-plus contract types were discussed. Due to the nature of the HUNCH projects,
these concepts were not discussed or used in previous years’ projects. However, these concepts are critical for the
business world and the students should be exposed to them. The high school teams were impressed with what value
they were providing to NASA through this STEM experiential learning opportunity.

Lesson 8: Planning Wrap Up

This lesson served as a wrap up for the project planning. All the concepts from previous lessons were
reviewed. A Gantt Chart was used to capture the project calendar information with key events depicted.
Relationships among various tools such as WBS, RAM, NLD, and Gantt Chart were discussed.

Lesson 9: Earned Value

This lesson covered the project control and reporting. Students were tasked to use budgeted time and cost
to get a big picture view for managing and reporting the health of the overall project. Budget Cost of Work
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Performed (BCWP) or Earned Value, Budget Cost of Work Scheduled (BCWS) or Planned Value, and Actual Cost
of Work Performed (ACWP) or Actual Value were used to calculate the Schedule Performance Index (SPI) and Cost
Performance Index (CPI) to measure the status and trend of the project:

SP1 = BCWP/BCWS (Earned/Planned) 1)
CPl = BCWP/ACWP (Earned/Actual) 2)
A plot of SPI vs CPI, as illustrated in Figure 5 was used to determine whether the project was ahead/behind

schedule and over/under budget (Terkelsen, 2008; Zhan & Morgan, 2011). The x in Fig. 5 indicates that the project
is behind schedule and over budget.

Ahead of Schedule Ahead of Schedule
Over Budget Under Budget

Behind Schedule Behind Schedule
Over Budget UnderBudget

Figure 5: SPI vs. CPI
Lesson 10: Project Management Career Discussion by a Practitioner

PMI-CLG called on volunteers from its Project Management Professionals (PMP) membership to deliver
this lesson. The PMI member shared his experience over the years in managing various projects. This provided a
connection between the first nine lessons learned and the real-world experience of an actual project manager.

During the ten weeks of workshop, the high school students gained exposure to project management tenets,
contacts in various industries and mentors for their project management careers.

High school students are minors, and there are strict regulations on how faculty members and
undergraduate students can communicate with them. This unique challenge required some creative approach, as
indicated by other educators (Byrne et al., 2008). A wiki communication protocol was used to meet the requirement.
The home page of the website is illustrated in Fig. 6.
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HUNCH 4 simplemachines forum
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T ——
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on November 07, 2012,
11:41:32 am
Child Boards: Conroe High School » Cy-Woods High School, Cy-Ranch High School

Figure 6: Website for HUNCH Projects

Under the direction of the Co-Pls, EET undergraduate students established and maintained this resource.
High school students were asked to register with user names without using their real names. Only the website
manager, one of the faculty members, knows the identities of the student users. The high school teachers, the
undergraduate mentors, and the faculty members all used real names. The wiki site allowed students to log in and
use and contribute to the learning community for these projects. Students could download course materials such as
power point presentations, Excel files, and other graphical tools. Students could post questions and start a discussion
thread. They could also submit assignments for the faculty members to grade. To promote interaction among the
three high schools, individual subdirectories for each high school were created. These subdirectories were made
viewable by everyone, but each school could only edit their own subdirectory.

EVALUATION OF STUDENTS’ LEARNING

A combination of classroom lecturing and project-based learning was used. After each lecture, students
were tasked to use what they learned in their HUNCH project. The project-based learning re-enforced the
knowledge acquired during the lectures. This method seemed to work well with the high school students. To
evaluate the effectiveness of the students’ learning of the project management materials, pre- and post- tests were
designed and conducted in each high school. The pre-test was designed by faculty members at Texas A&M
University and conducted by the high school teachers prior to the commencement of the lectures. After all the
lectures were delivered, a post-test was conducted by the high school teachers. The pre- and post-tests were exactly
the same. Neither the students nor the high school teachers knew that the two tests were the same. The pre-test
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results were graded by Texas A&M faculty members and the grades were returned to the high school teachers and
the students. Solutions were not provided to the students or high school teachers.

There were twenty-six students participating in the pre-test and twenty-eight students participating in the
post-test, with 2 students added to the class after the pre-test. The tests consist of 25 multiple choice problems. Each
problem had five choices, one of which is “I don’t know”. There was no penalty for selecting a wrong answer. If a
student randomly selected answers, his/her score would be around 20%. The raw data are displayed in Table 1. The
statistics of the two test results are summarized in Table 2.

Table 1: Pre- and Post-Test Results
pre |28|36|20|12(36(44(40|24|44|32]|40|28| O 20(16|28|12(16|16|40| 8| 8|44(27|32|28
post|56|60|44|28|60(60(24(52|60|44|44|40|56|48(48(36(36|80|52|64|24|56|72(52(56(52|60|60

Table 2: Test Statistics

mean std min max range
Pre-test 26.1 12.8 0 44 44
Post-test 50.9 13.4 24 80 56

The averages for the pre- and post-test are 26.1% and 50.9% respectively. Using Minitab software, one can
easily calculate the 95% confidence level for the means of the pre- and post-tests to be (21.0, 31.2) and (45.5, 56.6).
The pre-test average is very close to the 20% score if the answers were selected randomly. The post-test average is
significantly higher than that of the pre-test scores and the 20% random selection score.

Because the goal is to discover whether the mean for the post- test scores is significantly better than that of
the pre- test scores, the most appropriate analysis tool is the paired t-test with the following hypotheses:

Ho: 1, = W, (The pre- and post-test had the same mean.)
Hi: I > W, (The post-test scores had a greater mean than that of the pre-test scores.)

Since the sample size of 26 was sufficiently large, according to the Central Limit Theorem, the average can
be approximated by a Normal distribution. Therefore, there is no need to check for normality for the raw data in
order to use the paired t-test. The mean and standard deviation for the difference between the post- and pre- tests
(pre- subtracted from post-) are calculated as 24.96 and 17.61, respectively. It is worth mentioning that one student
had lower post scores than the pre score, which is not reasonable. This data point is not deleted or manipulated (for
example, making the difference equal to 0).

The paired t-test is to compare the following quantity to to g5 25 = 1.708.

d
t_sd/\/ﬁ 3)

where n is the sample size and equal to 26 in this analysis, d is the difference between the means of the post- and
pre- test scores, sq is the standard deviation of the difference, ty s, 25 is the value in the t-distribution table. A 95%
confidence level is used. The t value in equation (3) can be easily calculated as 7.23, which is much greater than tg gs,
25 (=1.708). Therefore, with a confidence level of 95%, the null hypothesis H, is rejected and the alternative
hypothesis H; is accepted. In other words, one can conclude with 95% confidence level that the students’ knowledge
levels in project management have significantly improved during the ten weeks’ time.

One goal that the Texas A&M / PMI-CLG team had was to provide a level of education and project
management experience for high school students necessary to sit for the Certified Associate Project Management
(CAPM®) examination. PMI states that the CAPM® is designed for those with little or no project experience and
demonstrates an understanding of the fundamental knowledge, terminology and processes of effective project
management. The top performers in the post-test will be sponsored to take the CAPM® exam.
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Although the pre- and post- tests showed significant improvement in students’ knowledge in project
management, the average score is not as high as one might have expected. This may have been caused by a NASA
employee supporting the technical development of the HUNCH projects unexpectedly leaving for other
opportunities. Students were delayed in their projects and could not take full advantage of “learning by using”. This
problem will be addressed and it is expected that students will gain more knowledge while using the project
management tools to manage their projects during the execution phase. Students will be given a survey at the end of
their projects to gather more information about the design and implementation of the educational modules, the
strengths versus areas for improvement, and the impact on the students’ interests in STEM. Since the project
duration is one year, the evaluation options are limited. If NASA continues to sponsor the project next year, more
effort will be focused on evaluation of the effectiveness of the teaching method and impact on students. Project
management, as other 21st Century skills required by industry (Trilling & Fadel, 2009), is harder to evaluate in
classroom compared to other academic skills. The real benefit will be seen after the students join the workforce as
engineers. With the knowledge of project management, they will be able to manage their project more efficiently.

CONCLUSIONS AND DISCUSSION

Texas A&M University and PMI-CLG deployed an innovative approach to teach project management to
high school students. This approach combines the educational expertise and real-world experience of practitioners in
the field. Various teaching methods were used, including in-person lecturing, WebEX, videotaping, and wiki website
communication. College seniors mentored the high school students and teachers in applying the project management
tools and practices to their specific projects. By participating at this level, the college students were fully aware of
the status of the projects and provided continuity and reinforcement of the lessons through the position of mentor
and advisor to the team. In addition to establishing a close working relationship with the high school students
working on the NASA HUNCH projects, the EET students reinforced their own learning of project management
principles by teaching them to others.

Texas A&M University and PMI-CLG provided the participants of the HUNCH projects a valuable
understanding of how project management skills can be applied in a variety of STEM-related industries and
applications. This exposure to real-life application of curriculum will help motivate the participants to pursue the
credentials that these organizations value.

Statistical analysis of the test scores show that the students gained a significant amount of knowledge in
project management. Additional learning will happen as the students apply project management tools and concepts
to their projects. More evaluation will be conducted for further analysis.

The established model can be readily transferred to other regions through partnerships which are
established by other PMI groups and educational institutions.
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