With the 2016 Presidential Election upcoming, one of the issues arising in debates
and on the campaign trail is education. The main debate is this: Can the government
mandate what content is taught in schools? Included in this content is STEM
(Science, Technology, Engineering, and Mathematics) education. According to the
World Economic Forum, the United States is ranked 52nd in the quality of
mathematics and science education, and 5th in overall global competitiveness [1].
The low rank of the U.S in math and science education stems in part from the lack of
resources available to STEM teachers. Although the National Research Council
(NRC) and the National Academy of Engineering (NAE) emphasize that “engineering
design” should be taught in schools in their report “Engineering in K–12 Education
UNDERSTANDING THE STATUS AND IMPROVING THE PROSPECTS,” little
information is given on how teachers should actually apply “engineering design” [2].
In this paper, a board game designed to create interest in STEM for grades six
through eight is introduced. Throughout the game, students are involved in four
phases of “engineering design”: Research and Development, Design, Engineering,
and Build [3]. The goal of the game is to not only create interest in STEM through
nontraditional methods, but to act as a teaching aid available to teachers to allow
them to reinforce and introduce STEM concepts. The game was tested at Malcolm
Bridge Middle School to evaluate the utility of the game as a teaching aid. The game
and its effects are outlined.

Development of Power Generation Design Strategy Board Game:
The goal of the game was to create a fun environment for kids to learn and become
interested in STEM. Using a game to create interest in STEM works because kids do
not notice the educational side of the game: engineering design, usage of math,
science and technology, and teamwork.

Figure 1. The design of the design strategy board game

The game consists of four loops: Research and Development, Design, Engineering,
and Build. The four loops comprise a major part of the engineering design process.
At the beginning of the game, students are allowed to choose one of three missions
(create a power generation system). In order to complete the mission successfully,
students go around each loop. On each square, students are given a card that either
asks a question or gives students information about how to complete the mission.
The question cards are designed to provide students information about how to
design their system, while at the same time test their problem solving skills. If
students answer a question correctly, they are awarded 2 Points.

Figure 2. Several card designs used throughout the game

Mission Cards
These cards are presented to the students at the beginning of the game. Students
will choose 1 of 3 possible mission cards. Each mission has a point value
proportional to the difficulty of the mission. Therefore, what they choose influences
the rest of the gameplay.
Example Mission: Design a power generation system to provide emergency power to
your space colony. The system must be lightweight because it must be transported
in space. Cost: 25 Points

Research and Development Cards
The cards in the Research and Development loop provide the student with brief
overviews of the three power systems: Solar, Wind, and Nuclear. The cards also
contain questions and trivia designed to help the students understand the power
systems.

Example R&D Cards:
Wind turbines use the motion of the
wind to produce electricity. The wind
blows on the blades, which makes
them turn. This turning motion is
converted into electricity via a
generator that spins magnets around
a coil wire. Wind turbines are often
very tall in order to capture the
higher and more consistent wind
speeds higher in the air. Wind
turbines rely on steady winds speeds
to produce electricity, so when the
wind doesn’t blow as hard, not as
much electricity is produced.

Which of the following is
NOT considered a source of
green energy?
a.
b.
c.
d.
e.

Geothermal
Solar
Hydroelectricity
Nuclear
Natural Gas

Design Cards
In the beginning of the design loop, students choose between Solar, Wind, and
Nuclear power as the source for their mission. After choosing, students move
through the loop and gather information about each part that comprises the power
system they chose. Each part has three alternatives, each with different point values.
After gathering the information for each part, students choose the variant of each
part that they want for their system.
Example Cards:
Solar Cells are the actual Silicon sheets
that capture and produce the electricity
from the sun. Efficiency can vary from
type to type.

A steam generator is used to convert
the high pressure, high temperature
water into steam. To do this, it uses
thousands of small tubes that transfer
the heat to cooler water.

Polycrystalline: These cells are
produced using less Silicon. As a result,
they are cheaper but less efficient.
P
C
W
Med.
Med.
Med.
12 Points

Helical Steam Generator: In this
design, small tubes are arranged in a
spiral pattern. This allows for more
tubes and better heat transfer.
P
C
W
High
High
Med.
12 Points

Engineering Cards
In the Engineering loop, students are given 3D printed models and perforated paper
models that illustrate what the parts look like in reality. Students are also asked
questions to evaluate the parts that they choose. These questions are designed to
foster team problem solving.

Example Cards:
An equation for heat transfer through
glass is Rate = (.27)•A•(T1 -

T2)/d; where A is the surface area,
T1 and T2 are the temperature
outside and inside a vessel,
respectively. Where d is the
thickness of the glass in meters.
Calculate the rate for a pane of
glass 1.2 m wide and 1.8 m high
with a thickness of 1.4 cm. The
temperature outside is 30°C and
the temperature outside is 54°C.
a. 1340 W
b. -1000 W
c. 964 W
d. -19 W

Boron-10 in control rods
absorbs neutrons to form
Lithium. What does this
reaction look like?
a. Br10 + n  Br4 + Li7
b. B10 + n  Li7 + He4
c. B10 + n  Li11
d. Br10 + n  Li4 + Br7

Build Cards
The game concludes in the Build loop. Students tear the perforated paper models
they are given in the engineering loop. They are then allowed to play with the paper
models and the 3D printed models to construct the full power system.

Figure 3. An array of Nuclear Paper Model Designs

Design of Paper Models
The paper models given to the students were designed using Silhouette Studio and
were printed using the Silhouette Cameo Cutting Machine. Special attention was
paid to ensure accuracy in the depiction of the models. However, the models are not
to scale.

Figure 4. Design of Yaw Drive in Silhouette Studio

Evaluation Criteria
Students are evaluated using a combination of factors. The mission choice, parts
chosen, and questions answered correctly are the main factors in determining the
score.

Figure 5. Sample Scorecard
Upon completion of the four loops, students use the cards they chose in the design
loop to help complete the scorecard. Each design card has designated values for
performance, cost and weight, represented by the letters “H”, “M”, and “L”. The
letters represent High, Medium, and Low. A High performance is worth 6 points
whereas a High Cost and Weight is worth 2 Points. Medium is worth 4 points for all
cards. The point totals from the Performance, Cost, and Weight columns are totaled
and along with question and chance points are placed into the corresponding point
equation. The point equations are weighted to give an emphasis on the metrics that
are most important for the chosen mission.

Game Testing and Assessment
The game was tested at a nearby middle school, Malcolm Bridge Middle School in
Bogart, GA. Primarily, students in 7th and 8th grade played the game. All students
who played the game showed improvement in interest in STEM as a whole, problem
solving skills, and knowledge of power generation, as assessed by a survey given
both before and after playing the game.
Students were grouped into a single team of 3 with each member of the team
working together to design and build the best power generation system. Both the
novelty factor of learning about “futuristic” power generation methods and the
problem-solving factor kept students engaged throughout the game. Students
answered most questions correctly in the several tests that have occurred. The
questions are not common knowledge for students in grades 6-8, showing that in
order for the students to answer the questions right, some amount of knowledge
must have been absorbed during the R&D and Design loops.
Design of power generation systems followed a general pattern wherefore
the students chose parts and systems almost solely based on the criteria set forth in
the mission card. This is how the game is designed to play but so strong a pattern
was not hypothesized. However, the pattern shows intuition playing a part in the
choices the students make, allowing students to weigh pros and cons of their
decisions.
The students enjoyed the end of the game the most. At the end of the game,
the students look at and hold 3D printed models of the parts they chose in the
design loop, turning ideas of what the part looks like into tangible objects. One
student even remarked that he “wants to be a 3D engineer when he grows up”, again
illustrating the two functions of the game: to grow interest in STEM where it doesn’t
already exist and to foster it where it does already exist.

III. Concluding Remarks
A power generation design strategy board game was created as a tool to help create
and foster interest in STEM for students in grades 6-8. The game was created with
the engineering design process in mind, thereby allowing the students to be exposed
to the engineering design process. The game can be used either by individuals or
used in the classroom as a teaching aid. Testing of the game highlighted the value
the game possesses by creating and improving interest in STEM at a young age,
hopefully causing more students to enter STEM majors in college and matriculate
into the world with STEM degrees.
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