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What direction is the Earth’'s Magnetic
Field?

* In this room?
* How can we find it for ourselves?

* Is a compass enough? What about the vertical component?
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Earth’'s Magnetic Field: Global <~ Local




Problem

Students have difficulty understanding 3D fields — for example in
electromagnetism

Solution?

Smartphones contain sensors that can measure fields (gravity,
magnetic fields)

Aims

Design and test educational activities that ) Produce guides for
 Make use of smartphone sensors » Designing these

* Use students’ own smartphones — activities

* Are suitable for self-guided learning * Running these activities
« Are aimed at a first-year level )



Smartphone Sensor: 4+ Application to
Magnetometer (3D) | use it

Magnetometer Physics Toolbox
-' Sensor Suite

Total Magnetic Field = 80,22 uT




Systematically Finding the Direction of
the Earth’'s Magnetic Field

Goal: Point v axis in
magnetic field
direction

Method Zero-out other axes
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Systematically Finding the Direction of
the Earth’'s Magnetic Field

M Field Direction

Goal: Point y axis in Horizontal Component)

magnetic field
direction

Method Zero-out other axes




Systematically Findig the Direction of
the Earth’'s Magneti®®eld 1 Ficid Direction

Goal: Point y axis in
magnetic field

direction %
Method Zero-out other axes <
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In the beginning...

Previous work: Compared to:

Dedicated device Students’ smartphones
(Volkwyn, Airey et al. 2019)




... but then ...

Previous work: Compared to:

Dedicated device Students’ smartphones
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... but then ...

Previous work: Compared to:

Pivot: Students’ smartphonest serartﬁhorhes

and work self-guided at

Dedicatec
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It started with

Previous work:
Dedicatec

u ([Ikwynlj'rey

Masters

Compared to:

Pivot: Students’
and work at home

nartphones

b smartphones
)
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(Prediger,

Design-Based Research Methodology  cravemeier

et al. 2015)
Design Re-Design Re-Design Re-Design
Activities Activities Activities Activities

Final Product
of Study




(Prediger,

Design-Based Research Methodology cravemee

et al. 2015)
Design Re- De3|gn Re- DeS|gn Re-Design
In|t|al deS|gns %

« Structured but minimal guidance
Informed by:
* The physical phenomena being explored

Cycle 1 » Existing physics education activities

» Affordances of smartphone + sensor apps



(Prediger,

) dOIOQy Gravemeijer

et al. 2015)

Re-Design
Activities

Design-Bas¢ii-

« Student written responses
Design
Activities

* Observations of students
* Student measurement results |

B S

Cycle 1 Cycle 2 Cycle 3



(Prediger,

Design-Based Research Methodology cravemee

et al. 2015)

Re-Design
Activities

Final Product
of Study

Design : :
Data Analysis using grounded ’

(Bryant and
theory methodology (Bvant- 2007)




(Prediger,

Design-Based Research Methodology cravemeer

et al. 2015)

Re-Design
Activities

Interpreted results using
activity theory (Engestrom, Miettinen

et al. Ed. 1999)
Design Re-Dg¢: . (Re-Design
Activities/ 7~ Acti / '

ety

Cycle 1 Cycle 2 Cycle 3



(Prediger,

Design-Based Research Methodology cravemee

et al. 2015)

» Learning Designer’s Guide

Design Re-Dj ’ - Re-Design
e Teaphgr s Guide

o Activities

Final Product
. - : of Study

Insights which inform
literature



Design Cycle 1

App (Physics Toolbox)
used out-the-box

6 Honours students
(PER module)

Activity instructions open-ended
Magnetometer sensor not
explained (rely on app)
Methodology not prescribed

At home | Individual work

Remote, asynchronous
communication with instructor




-
DeS|gn CyC|e 1 PER module




'
DeS|gn CyC|e 1 PER module

Technical difficulties with
smartphones and app

4

Conceptual difficulties with

phone and app:
3D axes
\\
Conceptual difficulties with
magnetic field

Conclusion: Guidance too
limited




8 Honours students

DeSign CyC|e 2 (PER module)

Activity instructions slightly more

detailed
Magnetometer sensor explained

App (Physics Toolbox)
used out-the-box

Methodology not prescribed

Paper axes

In-person | Working in groups
Instructor present




Design Cycle 2

8 Honours students
(PER module)

AF?/Results

magnetic field direction

(though possible
| interference between

groups)

A

All 8 students found
vertical component for\

>




8 Honours students

Design CyCle 2 (PER module)

AF?/Results \

All 8 studen Positive response to

i1l explanation of magnetometer
magnetic fielc and paper axes

(though possible
| interference betwee
groups) Insights into framing the

A

methodology




Design Cycle 3

App (phyphox)
customised for activity

14 First year students
(ECP / non-majors / majors)

Activity instructions detailed
 Magnetometer sensor explained
« Methodology framed

In-person | Individual work
Instructor present

Paper
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Design Cycle 3

14 First year students
(ECP / non-majors / majors)

Cl

ﬁ?esul ts 5 students measured
magnetic inclination \

near expected value

3 students did both

/ students described
vertical component for
magnetic field direction

ned

—A

\ Remaining 5 students founc‘ /

horizontal magnetic field direction




Design Cycle 3 - Activity

Smartphone Activities Research

In this booklet you are given a learning activity that requires you to use your smartphone to take
physical measurements. Before the activity, you will be guided through installing the “phyphox”
app to make use of your smartphone sensors.

Your feedback on thegg.a
completed with mini
get stuck at some pg

)) Please write your s

hand it in when you
space in this booklet. Pea
that you use and put them in the booklet.

your workstation or
on if you run out of
of the additional pages

Most of the contents in these activities are contained in boxes, with different purposes. These
boxes are:

These boxes contain information, either on physics, smartphones or phyphox. These boxes
will not contain instructions that require you to take actions or write responses.

These boxes contain instructions that require you to take actions, but do not require written
responses.

App»



DeS|gn Cycle 3 - Activity

mhtzmi Pre-Act|V|ty Question
(Earth Magnetic Field

Direction)

You z Friend

m

et stuck a)
|

and it in

space in th

that you ug

Write down what you would say to your friend (you may also include diagrams).

App»



Design Cycle 3 - Activity

. ™~ P Follow the instructions to install phyphox based on your device:
In this boo
physical m
app to mal

Your feedb,

completed E ._I,E
~

get stuck aj

Booklet »|zzr A

space in th

e o) Install Phyphox |
boxes are: i yp -
=3 (multiple OS) |=-

Android with Play Store

Scan the QR code: Scan the QR code:

These bg

will not c ] !
4 | 3
X = I X
Write dow E ! - F
:
These b |
respons
P 0,
Acceleratio out g
& eleratio d

App» -



Design Cycle 3 - Activity
(— =

) ~ P Follow the instruf | For this activity you are provided with a custom experiment. This can be downloaded in phy-
In this boo phox by following the steps in the diagram below:
app to mal
Your feedb Scan the QR d]
completed
get stuck aj
)) Please wri
Install
space in th
that you ug Il
Most of th -
o Xperimen
You ca
Scan th TR Tk
These bg
will not c
Write dow
Save the activity when asked by phyphox; you can find it in the “Activities™ category later.
These b Please do not interact with the experiment until you have turned to the next page.
respons

App»




Design Cycle 3 - Activit

Booklet »

App»

Smd[—

In this bool
physical m
app to mal

Your feedb,
completed
get stuck aj

Please wri
hand it in
space in th
that you ug

Most of thi
boxes are:

These bg
will not c

These b

respons

'U

Write dow

Follow the instruf

i0s
Scan the QR d]

Android

You ca
Scan th

Please do not in|

For this activity
phox by following

Save the activity|

T/

Compass

Direction of
magnetic field

The magneto)
fields. The nf
resistive-effe
are outside th

The magnetq
strength in 3

is illustrated |

Introduce

Magnetometer

Sensor

y

phenomena

agnetic field
is measured




Design Cycle 3 - Activity

Smae

In this bool
physical m
app to mal
Your feedb,

completed
get stuck a]

'U

Please wri
hand it in
space in th
that you ug

Booklet »

Most of thi
boxes are:

These bg
will not c

Write dow

These b

respons

Follow the instruf

i0s
Scan the QR d]

You ca
Scan th

App»

Please do not in|

For this activity
phox by following

Save the activity|

The magneto)
fields. The nf
resistive-effe
are outside th

The magnetq
strength in 3

is illustrated |

Find the horizontal
direction of the
magnetic field

INCLINATION

MAGMNETOMETER X/Y

COMPASS

Keep phone horizontal

Press the button to start recording data (illustrated in the diagram below)

Start / continue recording data

COMPASS INCLINATIO

MAGNETOMETER X/Y

Keep phone horizontal

Magnetometer x -0,36 pT

14
| (W
i A M A




Design Cycle 3 - Activity

) ™~ P Follow the instruf | For this activity Use the magnetometer readings to point the y-axis of your smartphone magnetometer in the
In thl_s boo phox by following direction of the Earth's magnetic field. When you think you have found it pause recording and
physical m i0s then switch to the “Compass” view:
app to mal
Your feedb Scan the QR ¢
completed
et suck 4 The magneto MAGNETOMETER X/Y COMPASS  INCLINATION
)) Please wri fields. The m o Bl |
hand it in resistive-effe Keep phone horizontal
space in th are outside tf
that you ug S Il The magnetq
Most of th y strength in 3
boxes are: is illustrated |

oy Checkpoint: Compare

| your result with the

compass direction
, = .

These b Please do not in|
respons e —

These bg
will not c

MAGNETOMETER X/Y COMPASS  INCLINATION

Keep phone horizontal

App»




Design Cycle 3 - Activity

Booklet »

App»

Smae

In this bool
physical m
app to mal

Your feedb
completed
get stuck a]

Please wri
hand it in

space in th
that you ug

Most of thi
boxes are:

These bg
will not c

These b

respons

'U

Write dow

Follow the instru

i0s
Scan the QR d]

Android

You ca
Scan th

Please do not in|

For this activity
phox by following

Save the activit

The magneto)
fields. The nf
resistive-effe
are outside th

The magnetq
strength in 3

is illustrated |

Press the button tg

= S|

Use the magnetor
direction of the Ea|
then switch to the

Che

)'A¢
C(

magnetic field,

Switch to the “Inclination” view.

MAGNETOMETER X/¥

COMPASS  INGLINATION

Find full direction of
the magnetic field
andlnchnauon

g
horizontal plane:

Inclination
of
COMPASS

7% Horizontal
plane

MAGNETOMETER X/Y INCLINATION

Zo
Magnetometer X
1 T
Magnetometer Z ! 68 pT




Design Cycle 3 - Activity

Booklet »

App»

Smae

In this boo
physical m
app to mal

Your feedb,
completed
get stuck aj

Please wri
hand it in
space in th
that you ug

Most of thi
boxes are:

These bg
will not c

These b

respons

Write dow

Follow the instruf

i0s
Scan the QR d]

Android

You ca
Scan th

Please do not in|

For this activity
phox by following

Save the activity|

The magneto)
fields. The nf
resistive-effe
are outside th

The magnetq
strength in 3

is illustrated |

Press the button tg

L magnetic field,

Use the magnetor
direction of the Ea|
then switch to the

Che

)'A¢
C(

Switch to the "Incling

horizontal plane:

Tage o or 11

Post-Activity Question
(Earth Magnetic Field

Direction)




Design Cycle 3 - Activity

Booklet »

App»

Smae

In this boo
physical m
app to mal

Your feedb,
completed
get stuck aj

Please wri
hand it in
space in th
that you ug

Most of thi
boxes are:

These bg
will not c

These b

respons

Write dow

Follow the instruf

i0s
Scan the QR d]

Android

You ca
Scan th

Please do not in|

For this activity
phox by following

Save the activity|

The magneto)
fields. The nf
resistive-effe
are outside th

The magnetq
strength in 3

is illustrated |

Press the button tg

= S|

Use the magnetor
direction of the Ea|
then switch to the

Che

)'A¢
C(

magnetic field,

Switch to the "Incling

g
horizontal plane:

Pog

Post-Activity Survey

If you have already covered something in a written comment earlier in the booklet, then you don't
have to repeat that in the elaboration below.

-

Consider your overall experience with the activities. With which of the statements do you
agree?

Strongly
n " Agree

| enjoyed thq P t—A t ty O

| learnt a lo OS C IVI O
ties

| encounter S u rvey o
ficulties tha

difficult / img

O.

5
5

| needed the diagrams on
how to use the phyphox app
The instructions for the activ-
ities were clear

5
5

5
5

O.
O.

If you haven't already, please elaborate on your choices:

L gl




Design Cycle 3 - Activity

Booklet »

he hrizontal
direction of the
magnetic field

Response

Press the buttol

App»

MAGNETOMETER X/Y  COMPASS

Keep phone horizontal

MAGNETOMETER X/Y  COMPASS

Keep phone horizontal

-0,36 T

9,78 uT

Magnetometer x

INCLINATION

INCLINATION

10 A
A LM
Oy A L

Checkpoint: Compare
your result with the
compass direction

Find full direction of
the magnetic field
and inclination

L—

g

Keep phone horizontal

MAGNETOMETER X/Y COMPASS  INCLINATION

Does the directio ss direction?

Keep phone horizontal

It you answered
magnetic field.

ion of the Eal

Response

found the direction, pause data recording and guote the inclination that you read.

Using the magnetometer readings to guide you, point the y-axis of your smartphone in the
direction of the Earth's magnetic field, now including the vertical component. Once you have

V 1etomete Y V
Magnetometerz 1,68 pT

MAGNETOMETER X/Y COMPASS INCLINATION
The inclination { Vi
the angle betwee
horizontal plane: /
r4c)
Magnetometer x -1,98 uT Horizontal
) ‘ ter plane

Inclination (of y-axis) -65,96 °

in the direction Up




Challenges
and
Interesting Results

From all design cycles



Challenges designing for the remote (at-
home) environment

 Limited apparatus
* The smartphone
* The student (motion, voice, etc.)
* Household items

* Physical phenomena must be accessible, e.g.
« Earth’s gravitational field
e Earth’s magnetic field



Students’ Conceptual Difficulties

« Even honours students had conceptual difficulties when given
limited guidance

* Conceptual difficulties with:
* The apps / smartphone / sensors
(e.g. 3D axes — not communicated well in apps)
« The Earth’s magnetic field (physics concept)



Challenges Communicating Orientation

 Describing orientation of smartphone / 3D direction can be
challenging
* Reference frame required
* Instructions may use videos or diagrams
« Measure magnetic inclination instead of 3D direction

« Students used wide range of terminology to describe
orientating their smartphone
« Often used inconsistently
 Additional context (observation, measurement data) needed to interpret



Activities and Mediation

2 A

- QO -

T 5 To be avoided

2
N = T

)
g Q § Cycle 3
= n
g - O \
5 58
w 29
£ o2 —>» | Cycle 2

S S Cycle 1 |—

QT

O £ >

Individual Individual Groups

Remote Instructor | In-Person Instructor | In-Person Instructor

People



Student Models of Geomagnetic Field

Magnetic field
lines go from
magnetic pole to

Magnetic field
direction points to
a magnetic pole

magnetic pole

Both often used to justify
a horizontal magnetic field

direction (no vertical component)
Though these aren’t 2D

models...
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Special thanks to Dr. Tshiamiso Makwela, Nuraan
Majiet and Chad Leukes from PhASER

Thank You!

Any Questions / Comments?

| These slides |

Email me;:
stymay001@myuct.ac.za

LinkedIn

https://www.linkedin.com/in/mayhew-steyn
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https://www.linkedin.com/in/mayhew-steyn
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