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Students have
difficulties because:

- Do not understand
need for basic

STEM material

- Course material

o o o Student views material Professor clearly sees
GP,Ue ars dISJ oinfe d in a disjointed fashion how pieces fit together

/f;rafessar, why didn't
you tefl us that the
material covered at
the beginning of the

semester was going to

be really important for
the labs we did ?

- Modular course environment reinforces this

disjointed appearance

- Students hit the RESET button after each course

‘ Reset I
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L~ | - Students take Math Methods in Junior year

- Learn numerical integration and

differentiation and regression in preparation
for lab

* Two projects have been added to this course
to go beyond the typical textbook
presentations of these topics

- Students can then use MATLAB
GUIs to further their
understanding
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Regression analysis
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+ Vital tool used widely in engineering analysis
» Traditional presentation:
Students are given a simple data set
Perform regression
Report R value & equation of line
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y = 11.947x - 0.0861

Magnitude (V)
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| R? = 0.9987
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Problems with traditional approach:

- Students simply apply regression over all data
points

+ Students think that increasing the order of
regression always improves the result, because
it improves the R¢ value

We want to make them THINK about how to best
perform regression on their data
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Students perform regression using hand
calculations, MATLAB, and/or Excel

Tutorial material is given

Part A: LVDT Calibration Data

2.5
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Two major points we'd like them to consider:

1. Should the regression be performed over the
whole range of the data?
2. What order of regression is most appropriate?
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Students are ||

14

12

given two data |- .
sets to study |. 6
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Fit regression line through all data points
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But an LVDT is linear only over a certain range

LVDT Calibration Data
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R% = 0.9988
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—Students can then use Matlab GUI to further
explore regression
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Different order regressions may be performed
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In this case, ignoring
one data point greatly
improves the regression
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Traditional teaching method:
Students use different
differentiation and integration 5-°"- N N— ﬁ l [
tools on simple, well-behaved l

analytical data sets

NEE S B« @& At E 20 -2 pome?
2 ﬂ =| =[E2E1)A2-A1)

Problem with traditional B g ——
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Pl
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B | 03141559 D.308017 0.960138 0.095432 0.006

7 | D37ee D.388125 0.940728 0.135516 0.002515

SfUdenfS ef fa fhe /ab B | 0.439823 0425773 0.917604 0.181283 0.01131
g 9 | 050655 0.481754 0.89086 0.232087 0.014582

1[4 [ WP sheett [ Sheetz J Shests [ k] I : A

course, and don’t understand =
how to handle real data
Interweaving Numerical Methods Techniques in 25 Tracy Van Zandt, UMass Lowell
Multi-Semester Projects Mechanical Engineering Department




Dy N a2 \C

‘&) | Numerical differentiation and integration | cys:...

Concepts that students have trouble with:

» Understanding the use of initial conditions in
Integration

* Processing data that has noise, bias, drift

* Processing data with large time steps

This project forces the students to consider
these issues when they first see the material,
so they will be better prepared when they see
these problems in lab
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Acceleration of falling object

Students are given @ .
the displacement 3°
and acceleration

of a falling object

N
[&)]

N
o

Acceleration (ft/sec”2)
o

12 Displacement of falling object
Object has initial °, y
velocity - students g /
must find this I.C. g o o
by differentiating B e
o 200 o
the displacement N |
Time (sec)
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1st Integration of Sine Wave, 30 deg increments

1.500

Students given
data with too-
large AT spacing

0.000

Amplitude

2nd Integration of Sine Wave, 30 deg increments

1.500
Numerical Solution
----- Analytical Solution
1.000
0/0 '\(OQ @0 ']/\Q r),bp (]:\Q %QQ ‘bﬁ"g O})Q
Angle (degrees)
0.500

Amplitude

0.000 \/

-0.500
-1.000
Numerical Solution
----- Analytical Solution
-1.500
N o & » o & & 4 o 4© o> <& &
Angle (degrees)
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Students given | / \ / \
data with small ===p - \ i \

bias added - \ / | \ /

-40

First integration Second integration
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Students can then use the GUI to further
explore numerical integration & differentiation

+) ink_diff o o] |
Original Data:
4 T T T T T
— Actual data
o ; 3r — Ideal data
Add factors to original signal:
2 L
Bias -2.4| I »lz [o Al
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-4
5 L . . L . L . L .
a 0.2 0.4 06 08 1 12 1.4 16 1.8 2
Result of Difterentiation/Integration:
100 T T T T T T T
X — Actual data, differentisted once
Process signal: &0 - — Ideal data, differertisted once
Differattiate otce | B0
40
Differentiate twice | |
20
L
Integrate once | 0 | | | Pt I H | | !
h iy
Integrate twice | 20+ |
.40 F
60 '
-50 L
o 0.2 0.4 06 08 1 12 1.4 16 1.8 2
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Add factors to onginal signal:
Bias -2_+| [ rz | 0
Slope of dift -1_4 | | 2 |0 oI

Original Data:
R andorm naoize anplitude [ v | ) =TT

e rmo |\ Eamr]

Sinuzoidal noize amplitude g o | | r | 0 = 12 |
_ ) _ o0 o gl
Sinusoidal noise frequency (Hz] 0 < | | o0 0 004 [oor 4l
e T "ol o 2t
Sinusoidal noize frequency (Hz) U;[J—;hggl i) 3 hH
o -4

Add different types I
0 0.2 04 06 05 1 1.2 1.4 16 18 2

of errors to original

Result of Differentiation/integration:
100 . . ;

— Actual data, differentisted once

Differentiate once

lo / Process signal: 80 r — Ideal data, differentiated once |
‘g . i

Differentiate twice

These replicate S—
problems seen with e
real lab data
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100 ’ ’ ' ' ;

. — aActual data, differentisted once
Frocess signal: 80 —— Ideal dsta, differentisted once |7

Differentiate once Difertseonce |
Differentiate twice |
Integrate once |
Differentiate bwice egatetice |

Inteqgrate once /

=
Integrate buice
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, — Actual data
irop — ldeal data | TEM

— Avctual data, differentisted once
— Ideal data, differentiated once

il | et AN
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— Actual data
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—— |deal data, integrated once
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Students have trouble retaining basic theory

Projects can help them better understand the
need for the material

Two projects were developed to help them
better understand numerical integration and
differentiation and regression

MATLAB 6UIs are available to help them
further explore these topics as they relate to
real measurements
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