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CRI: Introductory Mechanics Demonstrations with Instrumented Skateboards

Abstract

This classroom ready innovation (CRI) details the construction of and plans for an instrumented
skateboard demonstration used in introductory mechanics courses. Topics from introductory me-
chanics courses (statics, dynamics, solid mechanics) can be difficult for students to conceptualize,
which can have implications for persistence in the field, as well as performance in later courses.
Such courses can benefit from in-class demonstrations and activities that promote student under-
standing by grounding topics in real-world examples. High-quality in-class demonstrations can
increase student engagement and enjoyment of course content when established best practices
(such as connecting to real-world problems and using technology to provide real-time data collec-
tion) are followed. Furthermore, active learning improves learning outcomes and lowers failure
rates. In pursuit of this goal, we have developed an instrumented skateboard that can connect and
demonstrate different topics in statics, dynamics, and solid mechanics introductory courses.There
are three different instrumented boards, where each board is instrumented to provide real-time data
relevant to the individual course content. For statics topics, the skateboard is instrumented with
load cells to allow students to measure reaction forces and compare them to theoretical values. For
dynamics topics, the skateboard is fitted with 16 inch bike wheels and motion is tracked via video,
which allow students to compare calculations of the speeds and positions of the boards and wheels.
In solid mechanics, an aluminum board is instrumented with strain gauges, which allows students
to analyze stress using beam theory. Ongoing work is to continue to measure student engagement
in these demos and connect demonstrations to learning outcomes.



Introduction

Introductory engineering mechanics courses, such as statics, dynamics, and solid mechanics, form
the foundation of many engineering curricula. These courses are traditionally taught in large lec-
ture formats that serve to convey and introduce concepts, which are then followed by smaller
discussion sections that reinforce understanding of the concepts. Students are often shown theo-
retical models in these large lectures, which are abstractly connected to physical phenomena. This
approach works to form theoretical understanding but can make it difficult for students to develop
physical intuition or connect theory to real-world behavior [1, 2]. These connections are especially
important in today’s workforce, where engineering graduates must demonstrate problem-solving
abilities, critical thinking, and create value for their organizations and society. This set of skills is
commonly called the entrepreneurial mindset (EM) and can be fostered in the classroom through
the instructional strategy of active learning [1].

Active learning is an instructional strategy in which students are engaged in the learning process
through activities, problem-solving, and in-class discussions, rather than receiving information
through lecture alone [1, 3]. Extensive evidence shows that implementing active learning in sci-
ence and engineering courses improves overall student performance and conceptual understanding
[3]. However, the efficacy of active learning is dependent on how activities are structured. Lec-
ture demonstrations are most effective when students are required to make predictions prior to the
demonstration and compare their predictions with their observations [4, 5]. Without this structure,
demonstrations veer from being pedagogically effective [4]. Additionally, in-person demonstra-
tions provide greater conceptual gains over video-based demonstrations when real-time interaction
and discussion are incorporated [6, 7].

At a large Midwest university, recent efforts have explored ways to connect theory within statics,
dynamics, and solid mechanics courses to real-world situations using active learning principles.
The culmination of this work utilizes lecture demonstrations based on instrumented skateboards for
reinforcing concepts in statics, dynamics, and solid mechanics. Skateboards provide a physically
intuitive system that supports a multitude of concepts across these courses. The repetitive use of
this skateboard system allows students to recall and revisit concepts from prerequisite courses as
the demonstrations build upon one another. The instrumented boards are designed for volunteers
to interact with during a live demonstration to maximize student engagement.

This Classroom Ready Innovation (CRI) presents the development of the skateboard demonstra-
tions across three introductory mechanics courses — Statics, Dynamics, and Solid Mechanics. We
describe the design innovation, the connection of the demonstration to each course, fabrication
plans, data acquisition, and instrumentation. Engineering drawings for manufacturing are also
provided.

System description

The physical system consists of three instrumented skateboard demonstrations for use across three
introductory mechanics courses: statics, dynamics, and solid mechanics. The statics skateboard
is equipped with load cells between the bottom of the board and the top of the skateboard trucks
for measuring distribution of loading. The dynamics skateboard is equipped with 16-inch bi-



cycle wheels and visual markers for tracking rotation. The solid mechanics board is machined
from an aluminum plate and is equipped with strain gauges for measuring strain and computing
stress.

Applications Across Courses

The statics skateboard (Figure 1) demonstration is modeled as a beam with roller supports so
students can predict how vertical reaction forces vary as a rider’s position changes on the board.
Commercial wheel trainers are fitted on the board’s wheels to restrict horizontal motion. Load
cellsmeasure force in real-time and can be compared to theoretical calculations.

Length of board is 31 in.
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Figure 1: Statics Demonstration CAD Model

The dynamics skateboard focuses on rolling motion, kinematics, and rigid-body motion. The
skateboard trucks are fitted with machined steel couplersenabling the use of 16-inch bicycle wheels
to allow students to see the wheels in a large lecture hall (Figure 2). Colored markers on the edge
and center of the wheel are used to analyze particle motion in videos.
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Figure 2: Dynamics Demonstration CAD Model

The solid mechanics board is a machined aluminum skateboard designed to model a beam with
pin-roller support (Figure 3). Strain gauges allow students to measure compressive and tensile



strains as the board bends under the applied load, which are used to compare experimental results
with theoretical bending stresses, moments, and beam deflection.

Length of board is 36 in
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Figure 3: Solid Mechanics Demonstration CAD Model

Materials and Construction
Statics Demonstration Board

The statics demonstration uses a commercial 31-inch skateboard. Between the bottom of the skate-
board and each wheel truck, an S-shape load cell is bolted between two machined aluminum plates.
The load cell and aluminum plates are secured to the deck and trucks using a combination of the
original skateboard hardware and additional bolts (see Apeendix A and B for hardware specifics).
Some of the truck material was bore-cut to provide additional clearance for the 1/2”-20 bolt head to
fit to finish assembly. Commercial wheel trainers are put on each skateboard wheel to restrict hor-
izontal motion during the demonstration. The load cells are wired into an NI-9181 chassis with an
NI-9237 module to connect into a custom LabVIEW file that visualizes and records reaction force
data at a specified sample rate (Figure 4). Additional part details can be found in the Appendix
(Table 1).
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Figure 4: Statics Demonstration LabVIEW Front and Back Panels

Dynamics Demonstration Board

The dynamics demonstration uses a pre-assembled 41 by 9-inch skateboard and four 16-inch bi-
cycle wheels to allow for easier analysis of rolling motion and viewing in large lecture halls com-
pared to smaller skateboard wheels. The bicycle wheels are installed by removing the pre-installed
wheels, installing machined steel couplers on the truck axles, and mounting the bicycle wheels.
One of the wheels uses colored markers at its center and edge to make path tracking on the Tracker
software accurate and repeatable (Figure 5).

PAS-RE N <]

2 il Plotsv| O wheeledge | v []sync -

wheel edge (t, y)

T\l

| t=27005 y=0945m

wheel edge (t, vx)

A "
1 \ f
Y / \b‘/ Vi
t=2.700 5 vx=0.823 mis L
] Columns v O wheeledge v -
.
o]
=
=
=
toolbar, highlighted position) 258 72
I > — 1
08 S OF “« 1w ox 0
- =

-

IMG_2561.mov

Figure 5: Tracker Example for Dynamics Demonstration



Solid Mechanics Demonstration Board

The solid mechanics demonstration pairs a machined aluminum skateboard with commercial trucks.
Four 1/8” 350-ohm strain gauges are spaced at 8-inch intervals (three on the bottom, one top
center). One truck is secured with 3D-printed wheel-stoppers. Each strain gauge is wired in
quarter-bridge configuration to an NI-9181 chassis channel and NI-9237 input module. A custom
LabVIEW file is used to visualize and record live strain data for each pair (Figure 6).
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Figure 6: Solid Mechanics Demonstration LabVIEW Front and Back Panels

Demonstration Procedures and Classroom Integration

Each demonstration is designed to be used within lecture. Students are expected to have covered
the relevant theory in lecture prior to any demonstration. Each activity follows an active learning
structure to improve conceptual understanding following each demonstration.

In statics, students model the skateboard as a two-dimensional beam on two roller pins and cal-
culate the reaction forces at the wheels (Figure 7). The instructor then asks for student volunteers
to stand on the skateboard and the LabVIEW module plots the real-time reaction force measure-
ments, which enables students to compare theoretical predictions with experimental data. This
comparison reinforces core statics concepts, including equilibrium conditions, reaction forces, and
modeling assumptions.
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Figure 7: Theoretical Model for Statics Demonstration



In dynamics, the skateboard is configured to roll down a ramp. Students assume a no-slip condition
between the skateboard wheels and the ground. The wheels are modeled as solid disks (Figure 8).
Students will also assume that there is no energy loss as the skateboard transitions from the ramp to
flat ground. Students are asked to calculate the translational speed of the skateboard at the bottom
of the ramp by applying energy conservation laws to solve for the initial and final energies. The
instructor then performs the demonstration and records a video or presents a pre-recorded video
of the demonstration. The footage of the demonstration analyzed with Tracker software, which
is used to measure the translational speed of the skateboard at the bottom of the ramp. Lastly,
students compare their predicted and experimental values and discuss how well their assumptions
aligned with their observations.
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Figure 8: Theoretical Model for Dynamics Demonstration

In solid mechanics, students will solve for the internal stresses and strains within the beam and
the overall deflection of the beam (Figure 9). Students solve for the moment as a function of the
length of the beam, x. The moment can then be related to the bending stress and strain along the
beam. The instructor can then ask for student participants to stand on the board as the custom
LabVIEW module plots real-time strain measurements. Students then compare their predicted and
experimental values, emphasizing regions in tension and compression, neutral axis behavior, and
linear elasticity assumptions.

, w2 w2 |
‘VH‘ H R
Rax | |

A RA,yT RB,yT
| mm-Strain Gauge

X

II

Figure 9: Theoretical Model for Solid Mechanics Demonstration

Each demonstration is designed to be completed in 10-15 minutes.

Instructor Tips and Potential Sources of Error

To minimize measurement errors, zero the statics load cells before each session. In dynamics, man-
ual point selection in Tracker videos can introduce inaccuracies - precise selection is important. For



solid mechanics, improper strain gauge installation may cause pre-stress zero offset errors.

Conclusion / Summary of Impact

The skateboard demonstrations aim to reinforce learning across the introductory mechanics courses
using familiar demonstrations in statics, dynamics, and solid mechanics. The integration of sen-
sors, data acquisition, and visual analysis help bridge the gap between course theory and real-world
behavior. Continuity between demos in all three courses encourages students to recall previous
course topics as they build upon them in the next course. Future work includes formal assess-
ments of learning outcomes, expanded instrumentation, and adaptation to other mechanics course
topics and mechanics-adjacent courses. Overall, these demonstrations provide a practical and re-
producible method for bridging theoretical models and physical intuition in engineering mechanics
education.
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Appendix (Supporting Materials)

Appendix A: Bill of Materials

Table 1: Budget Summary for Statics Skateboard Demonstration

Item Description Supplier Unit Cost ($) Qty Total Cost ($)
Pre-Assembled Skateboard Amazon 39.99 1 39.99
Load Cells (S-Type, 500 Ib) McMaster-Carr 230.14 2 460.28
Material for Aluminum Plates (6061-T651) OnlineMetals 171.41 2 171.41
1/27-20 3/4” length Bolt (5) McMaster-Carr 8.22 1 8.22
1/27-20 1 3/8” length Bolt (5) McMaster-Carr 9.59 1 9.59
Skateboard Wheel Trainers (4) Amazon 20.99 1 20.99
DAQ Hardware (NI-9181, NI-9237) National Instruments — — —
NI LabVIEW Software National Instruments — — —
Total 697.26
Table 2: Budget Summary for Dynamics Demonstration
Item Description Supplier Unit Cost ($) Qty Total Cost ($)
Pre-Assembled skateboard Amazon 62.99 1 62.99
Bicycle Wheels (16 in) Amazon 47.99 4 191.96
10-32 1/2” length Set Screws (16) ~ McMaster-Carr 18.25 1 18.25
17-D 3’-Long Alloy 4130 Steel Bar OnlineMetals 73.25 1 73.25
NI-DAQ Hardware National Instruments — — —
Total 345.74
Table 3: Budget Summary for Solid Mechanics Demonstration
Item Description Supplier Unit Cost ($) Qty Total Cost ($)
Pre-Assembled skateboard Amazon 62.99 1 62.99
Material for Aluminum Deck (6061-T651) OnlineMetals 171.41 1 171.41
Strain Gauges (350 €2, 97, 3 lead wire) McMaster-Carr 159.96 1 159.96
Strain Gauge Adhesive McMaster-Carr 101.65 1 101.65
Strain Gauge Installation Tape McMaster-Carr 152.78 1 152.78
Strain Gauge Surface Conditioner McMaster-Carr 32.22 1 32.22
Strain Gauge Surface Neutralizer McMaster-Carr 30.15 1 30.15
Strain Gauge Coating McMaster-Carr 79.82 1 79.82

DAQ Hardware (NI-9181, NI-9237)
NI LabVIEW Software

National Instruments
National Instruments

Total

327.49



https://www.amazon.com/Retrospec-Skateboard-Complete-Canadian-Commuting/dp/B08XZT4LSB/ref=sxin_18_pa_sp_search_thematic_sspa?content-id=amzn1.sym.f9443d6b-1d0e-4264-9353-033e179ddf47%3Aamzn1.sym.f9443d6b-1d0e-4264-9353-033e179ddf47&crid=1FBYMRPX082OB&cv_ct_cx=complete%2Bskateboards&keywords=complete%2Bskateboards&pd_rd_i=B08XZT4LSB&pd_rd_r=0ece95f5-984f-496e-ab21-987f42f5d062&pd_rd_w=i1D3E&pd_rd_wg=7bzOr&pf_rd_p=f9443d6b-1d0e-4264-9353-033e179ddf47&pf_rd_r=NKWC4Y9K9E2EMXFYZS7D&qid=1759098546&s=sporting-goods&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=complete%2Bskateboards%2Csporting%2C60&sr=1-53-f853d353-bf33-45e7-b5c2-2cb2b31abc9b-spons&xpid=1QEypjkFpjZEA&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1&psc=1
https://www.mcmaster.com/6131n46/
https://www.onlinemetals.com/en/buy/aluminum-sheet-plate-6061?q=%3Asize%3AMaterial%3AAluminum%3AShape%3ASheet%252FPlate%3AAlloy%3A6061%3AThickness%3A0.25%2522
https://www.mcmaster.com/91251A011/
https://www.mcmaster.com/91251A074/
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Appendix B: Demonstration Drawings

| 3

BILL OF MATERIALS

ITEM QTY

DESC.

SKATEBOARD

M5 SCREWS

M5 NUTS

120 BOLTS 3" LENGTH

a| | OIDN
N| N| | 0|~

120 BOLTS 1-3/8"
LENGTH

»
N

MACHINED PLATES

LOAD CELLS

NOTES:

CARE SHOULD BE TAKEN WHEN

ASSEMBLY IS DONE.

BORE HOLE THROUGH TRUCKS OF
SKATEBOARD FOR ITEM 4 IS REQUIRED.
WHEEL STOPPERS MUST BE ATTACHED
WHEN TESTING AND DEMO-ING.

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES
TOL ON ANGLES +1°
2PL £0.03 3 PL £0.005
INTERPRET DIM AND TOL PER
ASME Y14.5M- 2018

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

THIRD ANGLE PROJECTION

A ]
N

Title

TAM210 STATICS-SKATEBOARD ASSEMBLY

Size Material DWG NO

Scale 7 Drawn By

1:5 Lizbette Escobedo

Date Sheet No.

4

, 3

N

11/26/2025  |1/1
2 f 1

ing

: Assembly Drawi

10N

Demonstrati

Statics

.
.

Figure 10



1.63

- 0.81—

(4]
T 4X §0.25

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES
TOL ON ANGLES +1°
2PL £0.03 3 PL £0.005
INTERPRET DIM AND TOL PER

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

ASME Y14.5M- 2018 Title
LOAD CELL PLATES - TAM 210/211
THIRD ANGLE PROJECTION

} \4 Size Material DWG NO Rev

W A ALUMINUM 6061 210-01 1
g [ Scale Drawn By Date Sheet No.

1:1 7 Celeste Reynoso | 11/4/2025 11

4 3 N 2 f 1

ing

: Load Cell Plate Draw

10N

Demonstrati

Statics

Figure 11



4 , 3 ¥ 2 1
BILL OF MATERIALS
ITEM QTY DESC.
1 1 LONGBOARD
2 4 TRUCK COUPLER
3 16 10-32 3" SET SCREWS
4 4 16" BIKE WHEELS

=

RDIDIDIII)),

<=
T

K
)

S

i
=T

~z=
=

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES
TOL ON ANGLES +1°
2PL £0.03 3 PL £0.005

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

NOTES: INTERPRET DIM AND TOLPER [ Titje

CARE SHOULD BE TAKEN WHEN ASSEMBLY ASME Y14.5M- 2018

IS DONE, TIGHTEN FASTENERS SECURELY. — TAM212 DYNAMICS-LONGBOARD ASSEMBLY

WASHERS SHOULD BE USED TO ENSURE

COUPLER IS FLUSH WITH TRUCKS AND } — Sze | Materal DWG NO Rev

WHEEL AXLES. % [ m>_ Di B Dats Sheet N
cale rawn By ate et No.
1:9 7 Lizbette Escobedo | 12/12/2025 11

4 3 N 2 f 1

ing

: Assembly Drawi

10N

Dynamics Demonstrati

Figure 12



4 ¥ 2 1
1.875
1.125
0.750
Il I
I Il
I Il
I Il
_—_————— ]
= T ~
BN S -
N | X =
L \LHHHHHHH&\ /ﬂHHHHHH
@1.00 Il Il

4X 10-32 UNF - 3B

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES
TOL ON ANGLES +1°
2PL £0.03 3 PL £0.005
INTERPRET DIM AND TOL PER

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

ASME Y14.5M- 2018 Title
TRUCK COUPLER - TAM 251
THIRD ANGLE PROJECTION
} \4 Size Material DWG NO Rev
W A STEEL 251-01
g [ Scale Drawn By Date Sheet No.
2:1 7 Lizbette Escobedo | 11/19/2025 11
4 N 2 f 1

ing

: Truck Coupler Draw

10N

Dynamics Demonstrati

Figure 13



4 , 3 ¥ 2 1
BILL OF MATERIALS

ITEM Qry DESC.

1 1 ALUMINUM BOARD

2 4 STRAIN GAUGES

3 2 LONGBOARD WHEEL

STOPPERS
2

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES

UNIVERSITY OF ILLINOIS

NOTES: JOLONANGLES +1- URBANA -CHAMPAIGN
CARE SHOULD BE TAKEN WHEN INTERPRET DIM AND TOLPER [ Titig
ASSENBLY IS DONE. ASME Y14.5M- 2018
TAM251 SOLID MECHANICS -
SEE BUILD GUIDES FOR STRAIN GAUGE
APPLICATION DETAILS. LONGBOARD THIRD ANGLE PrROJECTION AL SKATEBOARD ASSEMBLY
WHEEL STOPPERS SHOULD BE 3D } \4 Size Material DWG NO Rev
PRINTED WITH PLA AT 15-20% INFILL. % [ m>_ E— - -
cale rawn By ate et No.
1:6 7 Lizbette Escobedo | 11/26/2025 11
4 , N 2 | 1

ing

: Assembly Draw

Demonstration

1CS

Solid Mechani

Figure 14



4XR1.00

33.00

e

DETAIL A

21.525

8X @0.225

UNLESS OTHERWISE SPECIFIED
DIM ARE IN INCHES
TOL ON ANGLES +1°
2PL £0.03 3 PL £0.005
INTERPRET DIM AND TOL PER

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

SCALE 1:2 ASME Y14.5M- 2018 Title
ALUMINUM BOARD - TAM 251
THIRD ANGLE PROJECTION
NOTE: CENTER TO CENTER OF DETAIL A IS 24" AN s 7 e " 81-01 A
MAT'L: 0.25" THICK ALUMINUM NS = L oo SHETNG:
1:4 7 Lizbette Escobedo | 11/6/2025 11
4 , 3 N 2 f 1

Board Drawing

inum

: Alum

10N

Solid Mechanics Demonstrat

Figure 15



88

70

——]

R35

60

[ 10

»

UNLESS OTHERWISE SPECIFIED
DIM ARE IN MILLIMETERS
TOL ON ANGLES +1°
0 PLACE +£0.25 1 PLACE £0.125

UNIVERSITY OF ILLINOIS

URBANA -CHAMPAIGN

INTERPRET DIM AND TOL PER
ASME Y14.5M- 2018

THIRD ANGLE PROJECTION

Title

Longboard Wheel Stopper V2

} \4 Size Material DWG NO Rev
W A
g [ Scale Drawn By Date Sheet No.
1:2 7 Adrian Marquez | 12/12/2025 171
N 2 f 1

ing

: Skateboard Wheel Stopper Drawi

10N

Solid Mechanics Demonstrat

Figure 16



References

[1]

(2]

(3]

(4]

[5]

[6]

[7]

M. Hernindez-de Menéndez, A. Vallejo Guevara, J. C. Tudén Martinez,
D. Hernandez Alcantara, and R. Morales-Menendez, “Active learning in engineering

education. A review of fundamentals, best practices and experiences,” International Journal
on Interactive Design and Manufacturing (IJIDeM), vol. 13, pp. 909-922, Sept. 2019.

S. Freeman, S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt, and M. P.
Wenderoth, “Active learning increases student performance in science, engineering, and math-

ematics,” Proceedings of the National Academy of Sciences, vol. 111, pp. 8410-8415, June
2014.

S. Freeman, S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt, and M. P.
Wenderoth, “Active learning increases student performance in science, engineering, and math-
ematics,” Proceedings of the National Academy of Sciences, vol. 111, pp. 8410-8415, June
2014. Publisher: Proceedings of the National Academy of Sciences.

D. R. Sokoloff and R. K. Thornton, “Using interactive lecture demonstrations to create an
active learning environment,” The Physics Teacher, vol. 35, pp. 340-347, 09 1997.

C. Crouch, A. P. Fagen, J. P. Callan, and E. Mazur, “Classroom demonstrations: Learning tools
or entertainment?,” American Journal of Physics, vol. 72, pp. 835-838, June 2004.

G. Kestin, K. Miller, L. S. McCarty, K. Callaghan, and L. Deslauriers, “Comparing the effec-
tiveness of online versus live lecture demonstrations,” Phys. Rev. Phys. Educ. Res., vol. 16,
p. 013101, Jan 2020.

R. E. Mayer, “Evidence-Based Principles for How to Design Effective Instructional Videos,”
Journal of Applied Research in Memory and Cognition, vol. 10, pp. 229-240, June 2021.



