APPENDIX A: FINAL TSPCK ASSESSMENT TOOL
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Electric Circuit TSPCK Tool

The parpose of this research &= tn find the difficulties teachers experience and the srategles teachers wse
when teaching Electric circalts at the Grade 10 level. The azsesseeent instrumeent consists of two parts; |1
Eleciric circolt content tood and (] Electric cirowit Topic Specifc Pedagogical Conbent Enowiedge ool

The informaton will be used for research purpases ondy: your responses will be treated confidentially. Codes
will b nsed o protect your bdentity

Demographic Information

| CODE: |
MAME:
GENDER Male Female
SUEJECTS YO U ARE
CUREENTLY TEACHING
NUMBER OF YEARS TEACHING SCIENCE
QUALIFICATIONS
Degree [ Where Obiained Main Subjects Year
Diiploma
Have vou taught eleciric drouits? [ ¥ES | [ wo |
If yes, please indicate the grade and the number of years for each Grade.
Grade Number of years Years [eg. 2008, 2009)




There are 5 categories of questions in this tool

CATEGORY A

. Category & containg typleal studsnt responsss. Plesss Indlcate how you would respond (o
lamrs In sach case L. what fesdback you would give lsamsrs. Provide @ much detall s

possibla.
CATEGORY B:
L B relates fo E‘l‘.‘ﬁm of § . Your regponses will aEslst n
ngammtgm maln ldaas. m:matatammtw
u g that must be lsamt in 3 tople.
CATEGORY C:

. Category C asks you to reflect on which ldeas about slectric circults ars difficult to teasch and
get acroas to lsamers. This will help ue gendeats a kst of dMcult lbses that we can wss for

fufure reasarch.

CATEGORY D:

. o z of and analogiss. Think about which ones
i St LTl et T v ot Tatai b0 the SMoeirvenats of fass andiogis n'tne
ciasaroom sating

CATEGORY E

. WE%M;M&WEMHmmuﬂwlnmmmrml'mm:imm
thi= lsarner o her conceptual understanding of sbectric circults.

Instructions

*  Please type or write responses directly into the response hoxes.
#*  Please be as detailed as possible as to how yow respond in your teaching setting

Thank you for your valued input and assistance




Electric Circuit TSPCK Instrument
Category A - Typical Smdent Responses

The two gquestions below are typical multiple choice items that students have answered

incorrectly. A selection of possible teacher responses are provided, none of which are incorrect.
Select the response you would most likely use in your practice and explain the reason lor your

response

Al, How would you comment in writing to the stodent who gelects B as the answer to the question
below, where A&; and A; are ammeters

Which one of the following options is correct for the cirooit shown helow?

A .ﬂz?-l'h

P

Response Ar Keep in mind that thiz iz 2 =series crcuit so corrent iz not divided; therefore the

correct answer ks & The corrent is the same throughowt the dincwit

Response B: Current is the rate of flow of charge. In this cise the charge flowing iz electrans.

Electrons are particles that have mass and cannot disappear as they flow around the drcwit. None
of the electrons disappear through the circuit so the correct answer is C

Response Ci Charged partickes move under the influence of the electric field created by the
battery, all the charged partickes are in the same field, with the easiect path being in the single,
undivided canductor. The flow of the charged particles is s=ame throughout, so the correct answer
isC

Response Dt None of the abowve




Choose your response, and expand on the reason for your selection in the space provided

My chaice is

My reazonis ...

AZ. How would you respond wertally to a student who answers B to the following question?

1 2

3
ore] IKe

Fizure & Figure 7

Compare the brightness of Bulb A in Figores 6and 7.

&

Brighter in Figare &
B. Brighter in Figure 7
. Thesame inthe hoth figures




Response Ar Just because there are bwo light bulbhs in figere &, doesn't mean that & will burn
brighter. The brightness is dependent on the amount of current moving through the bulb. In
Figure & the carrent has been divided at the parallel connedion. The presence of the parallel
connection means resismnce is halved so current is doubled o the amount of current through the
parallel branches, in this case, is the same as through the single bulb so there is oo difference in

brightness.

Reszponse B: All the bulhs are identical; their hrightness is dependent an how efficiently they can
transform energy, which is defined by the term power. In electric cirouits power can be calculated
by F=¥L In the parallel connection if we calculate the equivalent resistance of the parallel
coanectian. If we aszame a resistance af 20 then L';r = i+ %wh.i:h iz equal to 10 exactly half

the pwerall resistance in Figure 7. Secing that as voltage stays the same current would be doabled

and then halwed 2gain at the parallel connection, so the =ame ampant of current is available to be
transformed.

Response C: Yoo seem to have missed that the balbs in figure & are connected in parallel. At the
parallel connecticn the current divides. The hulbs have identical resistznce so the current will
divide equally through hoth branches. Two bulbs in parallel halves the resistance, which doobles
the current, which is then halved agnin at the parallel connection, so the net effect is zero and
bulhs will burn equally bright

Response [ Mone of the abowe

Choose your response, and expand on the reason for your selection in the space provided

My choice is

My reason is




Category B - Planning and Sequencing

A selection of content and concepts relating to electric drowits is provided. The gquestion below
refers to how knowledge and concepts are mnked amd how a teacher makes connections between

oontent amd conoepis.

Bil. Review the list of concepts relating to electric cincuits bedow

Select amnd rank three foundational concepis, that you regard, as both basic and central
conoepls in eleciric ciroits.

[
i

To ohtain an electric carrent there needs to be 2 continuous loop from one battery
terminal to the other terminal

An glectric current is the net flow of charge.

Parallel connection in a circuit are current dividers

The materials that make up the drcuit provide the charged particles when there iz an
electric current

A battery prowides the energy for an ebectric corrent

Voltage can be defined as [.C-#

7. Obm's law can be expressed as ¥ = %

pN

B When there is 2 carrent, energy flows from the battery to the external circuwit.
% Resiztance is the oppositon to corrent flow
10. & battery creates an electric field within the materials that make wp the circuit The
electric field is the cause of current flow.
11. The resistance of a parallel connection can be calculated by Z=lyly i
Ry h T3 T
12. An electric circuitis a system in which changes in one part can affect other parts
13. Power is the rate at which energy is dissipated by the circuit component.

14. Corrent measured with an ammeter and voltage by a voltmeter

Write the number of the concepts you have seleded, in order of importance.

Concepts

Cancept 1.

Concept 2.

Concept 3.




B2. Using the three selected concepis from Bl give the sequenoe you would teach them in and
your reasons for doing so

Lomcepl REason M sequence




B3, Using the shove three concepts as your main ideas, draw a concept map of how they inter-relate In
your concept map include other subordinate ideas, from the concepts provided in B1 and from your
own practioe that you would bring into your teaching of electric cinooits.

Draw your oonoept map here




B3: Why do you think itis important for students to learm about eledtric drouits?

Write your response here:




L

Category C - What is difficult to teach?

What three electric circait concepts, in your experience, are the mast difficult to present effectively

to students and what do you think the reason for this is? Some examples are provided, which yoo

may i2se 25 a basis for your response or give your own ideas. [Only give reasons for 3 conoepls,

either using the ones given or your own})

Fill in your response in the table below

Concept 1 - Energy in o o .. —.
circuits

Concept 2 - 0hm Law, the | Reason .—
relativnship bebaesn

volzge and current

Concept 3 - Electric R ason ..—.
circuits 25 a system

Comcept 4 - Resistors ina | Reason .—.

parallel connection
reduced the total

resistance

10




Concept 5 - What is

meant by voltage

Concept & -

Concept 7 -

Concept 8 -

Cl. Physics terminology is quite precise and presents difficulties for students. Which bwo terms in

circuits pose the most difficulty for stodents and please give a reason for youwr selection

Term 1 Reason:

Term 2 Reason:

11




Category I - Representations

01, Below are three possible representations for teaching the concept of current in a parallel
oonnection are provided. Complete the table below by describing what you like and dislike

about each representation and why one representation is better than another.

Representation 1

The tntal current in B parelie] cireub

The aurment thel comat arm 1B Battay @ the e oument. This
batal gument splits up, ared part of thes camsnt gees theaugh sazh
braneh. Yay esn meks sirng-loos models o paralis cmulE. £4
yiou 568 I Figum 5% and Figuns OO,

Figam FH A4 modd of o pamalin’ cisai with Figurs 55 A roshal of 8 parmled sone L adh
(3 g g e

Science for All Grode @ Learmer's Book [Pg 25)

Representation £

Wartsn A ruabegy
4 Wikan e waler fiow (or checge fow) b= -divided Into bao o mreoos cepacyie paluvay: (us ln o pacsilsl

Areud e s ol B currend bnsad individhuall peshae sy aqualy the boisl ot Uine (his
T lu-rl.rlr\.l.l e blanks by b folloreing e Fag ok Tha mwriers e o LETYE AT
ma iy st o raiee ke galkene per mbrads CgpEn .
#.w apm DD
9 ) p— .
40 g e _tr? (i{? # 5 qpm
e - |
[ e ] i “ ||
fi? ZiF i 0 g Eiﬂ
— = |_| e mm
¢_ S0 g 100 e
i Apply Hw zame prircipls do Al n e b laeks in e Tollosirg disgrams kor dhoargs o L. commend)
brrough o parsllsl croii
E L] ,.i 5 &
e —
== =
|I| A III| A
e -t
- —
A Y
— — A
RLER N ]
i
I.!..:— 1,
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Representation 3

Inflhnencdng the Flow Rate on a Tolbw oy
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2. Which one of abowe three representations did you like the maost and how would you use it in a lesson

HE preseniatin 1

liked the most

How would you use the representation selected ina lesson?

14




El.

Category E - Conceptual Teaching strategies

Study the student's answers 1o a classroom activity below. Read through her answers amd
describe what strategies you would employ o assist the student. The student has given a mix

of incorrect amd correct responses.

The student responses are given in bofd famlic

Actiwity
The following dicgram repressrrs Sporky who departs the cell full of snergy. Arower the

following questiors with reference fo the diogrom.

{a) Whar is represerted by Sparky?
Flectricity

{b) Whar is represerted by the shaded areas in his body?
Current

(c] ‘Where does Sparky get the erergy from?

Baltery

{d)'What happens whils Sparky moves from the positive termina to the negaotive terminal of the
cell?

Sparky’s charge gels uved up
{e}Is it correct to soy thaot the eleciric current is used wp™ Exploin your orswer.

¥ew becouse of the curment moves arcund the cirowil i gels wyed for things like heot ord
lighat ond by the tiore @ gets bock to the bottery off the current is [frished.

15




a. What conceptual ideas does this student have in place?

Write your response here

b. What are the key conceptual gaps, in your apinion, that this stodent demonstrates?

Write your response hene

16




c.  What specific strategies would you employ to bridge these gaps?

Write your response here

17




APPENDIX B: RUBRIC FOR TSPCK ASSESSMENT TOOL
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APPENDIX C: FINAL CONTENT KNOWLEDGE ASSESSMENT TOOL
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Electric Circuit Content Tool

The purpose of this research is to find the difficulties and strategies teachers’ use when teaching Electric circuits at the
Grade 10 level. The assessment instrument consists of two parts; (i) Electric circuit content tool and (i) Electric circuit
Topic Specific Pedagogical Content Knowledge tool

The information will be used for research purposes only: your responses will be treated confidentially. Codes will be used
to protect your identity.

Instructions

1. Please fill in the demographic information on the TSPCK instrument

2. Answer all the question on the answer sheet provided.

3. The questions are in the form of multiple-choice items. Please indicate the option you feel is the
most correct with a cross

4. Eachitem also has a confidence level where you indicate how sure you are of your answer.

5. All light bulbs, resistors, and batteries should be considered identical unless you are told
otherwise.

6. The battery is to be assumed ideal, that is to say. the internal resistance of the battery is
negligible.

7. In addition, assume the wires have negligible resistance,

8. Below is a key to the symbols used on this test.

- —
e s fevietor _
esistor Open
"
= ——0—
=
Closed
Batteries  Light Bulbs  Light Bulb in socket Switches

21



Answer Sheet

MC Item Answer

Confidence Level of Answer

1 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
2 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
3 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
4 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
5 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
6 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
7 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
8 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
9 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
10 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
11 A B C D E |Blind guess | Abitunsure | Confident |Completely sure
12 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
13| A B C D E | Blind guess | Abitunsure | Confident | Completely sure
14| A B C D E |Blind guess | Abitunsure | Confident |Completely sure
15 | A B C D E |Blind guess | Abitunsure | Confident |Completely sure
16| A B C D E |Blind guess | Abitunsure | Confident | Completely sure
17 | A B C D E | Blind guess | Abitunsure | Confident | Completely sure
18| A B C D E |Blind guess | Abitunsure | Confident |Completely sure
19 | A B C D E |Blind guess | Abitunsure | Confident |Completely sure
20 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
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Questions

1. Arecharges used up in a light bulb, being converted to light?

A, Yes, charges moving through the filament produce “friction” which heats up the filament and
produces light.

B. Yes, charges are emitted.

C. No, charge is conserved. It is simply converted to another form such as heat and light.

D. No, charge is conserved. Charges moving through the filament produce "friction” which
heats up the filament and produces light.

2. How does the power delivered to resistor A change when resistor B is added as shown in

circuits 1 and 2 respectively
A A B

A, Increases Y
B. Decreases

C. Staysthe same Il I

Circuir 1 Crreuit 2

3. Consider the circuits shown below. Which circuit or circuits have the greatest energy delivered

to it per second?

A, Circuit 1 -

B. Circuit2 &

C. Circuit3 T LT

D. Circuit 1 = Circuit 2 z

E. Circuit 2 = Circuit 3 o o
Crirewt 1 Cireit 2 Circnit 3

4. Compare the resistance of branch 1 with that of branch 2. A branch is a section of a circuit.
Which has the least resistance?

— e o
A, Branch1
ranc Branch | — =
BE. Branch2 m
C. Neither, they are the same Branch 2

23




5. Consider the following circuits

— —n GE) T GE) —
A B ¢ D

Which circuit/s above represent(s) a circuit consisting of two light bulbs in parallel with a

battery?

A,
B
C. C
D
E. ACandD

6. Rank the potential difference between points 1 and 2, peints 3 and 4 and points 4 and 5 in the

circuit shown below from highest to lowest

land2; 3and 4: 4and 5
land 2;4and5; 1and 2
Jand4:4and5; 1land 2
Jand4=4and5; land?2
land2; 3and4=4and5

Mmoo W p

L

7. Compare the current at point 1 with the current at point 2. Which point has the larger current?

A, Point1 1 2
B. Point 2

C. Neither, they are the same
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8. Compare the brightness of bulbs A and B in circuit 1 with the brightness of bulb C in circuit 2.
Which bulb or bulbs are the brightest?

AA A B C
™ )

E. B W N )

C. C

D. A=B -_— ||

E A=C Cireuit 2

Cirenit 1

9. Why do the lights in your home come on almost instantaneously?

A, Charges are already in the wire. When the circuit is completed, there is a rapid
rearrangement of surface charges in the circuit.

B. Charges store energy. When the circuit is completed, the energy is released.

C. Charges in the wire travel very fast.

D. The circuits in a home are wired in parallel. Thus, a current is already flowing.

10. Consider the power delivered to each of the resistors shown in the circuits below. Which circuit

or circuits have the least power delivered to it/them?

A, Circuit1 J—

B. Circuit2 = = ‘ =

C. Circuit3

D. Circuit 1 = Circuit 2 T

E. Circuit 1 = Circuit 3 ) . . . o
Circuit 1 Circuit 2 Cireurt 3

11. How does the resistance between the endpoints change when the switch is closed?

A, Increases MA P

B. Decreases

C. Staysthe same

'lll'ﬁ|i
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12. Which schematic diagram best represents the realistic circuit shown below?

ALl
U
@O—® I

A B

S

T
A A _E"'B_
B. B
CC — R ——ft—
D. D
E. None of the above !' !:|]

13. What happens to the potential difference between points 1 and 2 if bulb A is removed?

A
A. Increases ,.-:;:\
Ry

B. Decreases
C. Staysthe same 1 2

_._@_._

14. Compare the brightness of bulb A in circuit 1 with bulb A in circuit 2. Which bulb is dimmer?

A, Bulb A in circuit 1 A J-
B. Bulb A in circuit 2 foy
- ~ o ®a E®B
C. Neither, they are the same
Is
I¥
Circut 1 Cireut 2
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15. Rank the currents at points 1, 2, 3, 4. 5, and 6 from highest to lowest.

1 2
A 513246 Q@ ~
B. 53,1426
C. 5=6,3=4,1=2 3 4q

D 5=6,1=2=3=4 ' 6"9 '

E. 1=2=3=4=5=6 -

16. Compare the energy delivered per second to the light bulb in circuit 1 with the energy deliveresd
per second to the light bulbs in circuit 2. Which bulb or bulbs have the least energy delivered to

it/them per second?

A B C
A A
C.C
= | I
D. B=C |= [
E. A=B=C s
Circuit 1 Circuit 2

17. Immediately after the switch is opened, what happens to the resistance of the bulb?

A, The resistance increases. ClC’_S ed
B. The resistance decreases. switch
C. The resistance stays the same. —
D. The resistance goes to zero.
I
It
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APPENDIX D: CONTENT TOOL MEMORANDUM

Answer Sheet

MC Item Answer

Confidence Level of Answer

1 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
2 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
3 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
4 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
5 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
6 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
7 A B C D E | Blind guess | Abitunsure | Confident | Completely sure
B A B C D E |Blind guess | Abitunsure | Confident | Completely sure
9 A B C D E |Blind guess | Abitunsure | Confident | Completely sure
10 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
11| A B C D E | Blind guess | Abitunsure | Confident | Completely sure
12 | A B C D E | Blind guess | Abitunsure | Confident | Completely sure
13 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
14 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
15| A B C D E | Blind guess | Abitunsure | Confident | Completely sure
16 | A B C D E | Blind guess | Abitunsure | Confident | Completely sure
17 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
18 | A B C D E |Blind guess | Abitunsure | Confident | Completely sure
19 | A B C D E | Blind guess | Abitunsure | Confident | Completely sure
20| A B C D E | Blind guess | Abitunsure | Confident | Completely sure
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APPENDIX E: PARTICIPANT INFORMATION AND CONSENT LETTER

INFORMATION SHEET: TEACHERS

DATE: 16™ April 2014
Dear Colleague

My name is Gwyneth Zimmerman, | am a senior science teacher and part-time student in the School of Education at
the University of the Witwatersrand, currently doing my Masters degree in Education, with a Science focus.

| am doing research on the ‘Design and Validation of an Instrument to Measure Topic Specific Pedagogical Content
Knowledge of Electric Circuits of Physical Sciences Teachers'. The purpose of this research is for the partial fulfilment
of the Masters degree.

The research involves designing and validating a gquestionnaire to measure Topic Specific Pedagogical Content
Knowledge (TSPCK) and Content Knowledge in electric circuits. Elecfric circuits are a component of most Physics
curricula at multiple grade levels. The concepts and terminology involved in electric circuite are problematic for many
students. Electricity is part of the everyday life of most students but this familiarity can lead to the reinforcing of
misconceptions. The instruments is aimed at the concepts that would be covered at the Grade 10 level as this forms
the conceptual framework for more complex topics at the higher grades. Experienced practicing teachers often have
the ability to transform content knowledge in such a way when teaching electric circuits in order to help leamers’
understand the necessary concepts. Therefore, measuring topic specific PCK of experienced teachers can be used to
support less experienced teachers through professional development programmes in developing PCK and ultimately
assist leamers to gain a better understanding of circuits.

| would really appreciate your expertise and input by completing the Topic Specific PCK gquestionnaire (TSPCK).
Completing the questionnaires should take approximately an hour of your time. | am grateful for your willingness to
give of your time and experience.

Your name and identity will be kept confidential at all times and in all academic writing, including my final research
report, in conference proceedings and any journal articles about the study. Your individual privacy will be maintained
in all published and written data resulting from the study.

All research data will be destroyed within 3-5 years after completion of the project.

You will not be advantaged or disadvantaged in any way. You may however benefit by finding ways to incorporate the
knowledge gained to improve your teaching practice or find ways to assist less experienced teachers that have to
teaching stoichiometry in the new cummiculum for the first ime. Your participation is woluntary, so you can withdraw
your permission at any time during this project without any penalty. There are no foreseeable risks in participating and
you will not be paid for this study.

Your completed form can either be emailed back to me, or | can come at collect it when it is convenient for
you.

Please let me know if you require any further information.
Thank you very much for your help_

Yours sincerely,

SIGNATURE

MNAME: Gwyneth Jean Zimmerman
ADDRESS: 897 Alverstoke Ave Strubensvalley
EMAIL: gwynethzimmerman1@gmail.com
TELEPHONE NUMBERS: 071 202 3468
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Teacher’s Consent Form: Questionnaire

Flease fill in and retum the reply slip below indicating your willingness to fill in the questionnaire for
my voluntary research project called: "The Design and Validation of an Instrument to Measure
Topic Specific Pedagogical Content Knowledge in Electric Circuits of Physical Sciences
Teachers'.

Permission for the use of questionnaires

Give/do not give * my consent to fill in these questionnaires.

| know that my participation is voluntary and that | may withdraw from the study at any time
and that | will not be advantaged or disadvantaged in any way.

I know that | can decline to answer a specific question and that | understand | have the right
to review the questionnaires | complete before these are used for analysis if 1 so choose. |
can delete or amend any material or retract or revise any of my remarks.

I am aware that the researcher will keep all information confidential in all academic writing
and that results will be reported so that my identity is anonymous.

| understand that the results of the study may be published, but my identity will be
anonymaous.

| am aware that my questionnaires will be destroyed between 3—5 years after the
completion of the project.

Teacher Signature: Date:

| would like to thank you in advance for your time and your voluntary participation.

Contact person:

MNAME: Gwyneth Jean Zimmenmman
ADDRESS: 897 Alverstoke Ave, Strubensvalley
EMAIL: gwynethzimmermman 1@gmail.com
TELEPHOMNE NUMBERS: 071 202 3468
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APPENDIX F: INFORMATION AND MEMORANDUM GIVEN TO
TEACHERS AFTER COMPLETION OF ASSESSMENT TOOLS

Misconceptions in Electric Circuits

Hammer defined a misconception as stable cognitive structures to be changed that offect students’
understanding of scientific concepts and must be overcome so that students learn scientific concepts

effectively. (Hammer, 1296)

Below is a summary of some the common misconceptions found in the process of learning electric circuits

Misconception

Description

‘attenuation model” - Current is used up

It is intuitive for students to think that current is consumed
because charge is ‘used up’. After all, they commonly hear
that a ‘dead’ battery must be ‘re-charged’; therefore it must
have become ‘empty’. (Wainwright, 2007)

‘power supply as constant current source’ or
‘wvoltage in Closed Circuits - Batteries deliver a fixed
amount of current regardless of cell components

Even after instruction students use the wvoltage concept as
having approximately the same properties as the current
concept. They tend to think of a battery as a source of
constant current rather than a source of constant voltage.
{Wainwright, 2007)

‘sequential model’ - A change in a circuit only
affects the components after the component.

Assuming that what occurs ‘downstream’ in the circuit cannot
affect ‘upstream’ components of the circuit, again failing to
recognize the circuit as a system. (Wainwright, 2007)

‘empirical rule model’ - The further away a bulb is
away from the battery the dimmer it will be

‘short circuit’ - Wires with no circuit components
can be ignored when analysing a circuit

‘parallel circuit misconceptions’ - Increase of
resistors in parallel increases the overall resistance

Most students have difficulty with the inverse/non-additive
effect of resistors in parallel. (Wainwright, 2007)

‘local reasoning’ - Circuit not viewed as a system.
Any change only affects the component being
changed and not the whole circuit

This phenomenon occurs when students focus on what is
occurring at only one point within the circuit without
considering the circuit as an interrelated system. A student
may assume, for example, that once current reaches a
junction, i must divide equally into each branch.
{Wainwright, 2007)

‘battery origin’ - Battery a source of charges that are
pumped out rather than being recycled

Many students assume that the battery is the source of
mobile charge (current) in a circuit — that charges are pumped
out of a supply within the battery rather than recycled.
{Wainwright, 2007)

‘inter-changeability of terms’ - Violtage, current,
power charges, energy, used as one property

Some students have difficulty understanding the effect of
changing resistance in a dircuit, considering the battery to be
a constant current source. (Wainwright, 2007)

‘clashing model’ - Current from the positive and
negative terminal meet at the circuit component

An assumption that current must be released from both ends
of a battery, and that bulbs light when current mowves through
them in both directions. For example, many students belisve
a single bulb will light if connected to a cell with one wire;
adding a second wire just supplies it with more current.
{Mote: this model was not included in the Content Tool
because it is uncommon)
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‘shared current model” - Current is shared equally
with all circuit components

‘current as water flow’ - Current strongestin a
straight path. A bend in the wire decreases current
strength

Memo

Question | Answer Misconception

Comment — if the student answers incorrectly

1. D i. Attenuation model

Charges are seen as particles that have energy. There is
connection between this concept and the material
covered in ‘Particle Model” in the earlier grades

Power supply asa
constant current source
ii. Local Reasoning

iii. Shared current model

The student presumes that because the battery is the
same, the same current is delivered

The impact of the second resistance viewed as not
having an impact because it is placed after the resistor A
(using conventional current). The student doesn't view
the circuit as a whole system and doesn’t see that a
change anywhere in the circuit impacts the entire
cirouit.

Students will also need to know that P =VI and that
increased resistance means decreased current

Inter-changeability of

terms

ii. Parallel circuit
misconceptions

iii. Power supplyasa

constant current source

Students will need to know that the guestion is asking
for voltage (J/s) and that the resistance in all the circuits
iz the same

Students will need to see the cells connected in parallel
will produce the same voltage as the single cell

Students may be confused with the way the two cells in
series are drawn

Parallel circuit
misconceptions

Student who don't understand the impact of resistors in
series would most likely answer C

Parallel circuit
misconceptions

Most students would be able to select A but miss that C
is also parallel because the current has two possible
pathways

Local Reasoning
ii. Powersupplyasa
constant current source

Between points 1 and 2 the total V is being measured
and across the light bulbs this will be less than the total
V' but equal to each other. Students need to understand
the circuit as a whole system

Seqguential Model
ii. Local Reasoning
iii. Current as water flow

This a common misconception, where students think
current gets ‘used up” as it moves through a light bulb.
They don't see current as constant through a series
circuit. They muddling up concepts of current flow and
energy transformation

If students think about current as water flow, the idea is
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the ‘water’ somehow ‘dams’ up behind the light bulb
and that is why the current drops the light bulb

Short circuit

The connecting wire between A and B provides a much
lower resistance pathway so current wouldn't flow
through B — effectively cutting it out of the circuit.
Students will overlook the impact of the connecting
wire and just focus on the bulbs

Battery origin
Attenuation
Local Reasoning

Charges are not seen as the same particles that make
up material. Some external sources is seen as the
‘producer’ of charges. The explanation is given that
when the battery ‘runs out’ of charges the battery is
fiat.

Connecting wires are seen as empty channels and not
part of the whole system that makes up the circuit

10

Inter-changeability of
terms

Parallel circuit
misconceptions

Power supplyas a
constant current source

Similar to Question 3. Student will need to know that
the voltage delivered in Circuits 1 and 2 are the same
but less than 3, so using P = V| Circuits 1 and 2 will have
the lower power rating

11.

Parallel circuit
misconceptions

Students struggle with the idea that adding a resistor
can have the effect of dropping the overall resistor, if it
is added in parallel

12.

Parallel circuit
misconceptions

It is sometime difficult for students to see the two
possible pathways in the realistic circuit.

Students often struggle when there is a mix of parallel
and series.

Being able to translate the realistic from to the
schematic shows an understanding of how a circuit is
constructed

13.

Local reasoning
Inter-changeability of
terms

Students need to recognise that because there are no
other cell components in the circuit the voltage of the
battery is the same as the voltage across the resistors,
regardless of how the resistors are arranged.

Students who answer B (decreases) are most likely
interchanging concepts of voltage and current

14.

Parallel circuit
misconceptions

Students will first need to see voltage delivered is the
same for both circuits

The addition light bulb in parallel, in Circuit 2, will have
the effect of halving the total resistance and therefore
doubling the total current but when the current splits at
the parallel connects it halves again so the net effect on
current in the parallel branches is the same as Circuit 1

15

Parallel circuit
misconceptions
Sequential model
Attenuation

Current at 5 and & represents the total current and they
are equal — current isn't ‘used up’

Current in the parallel branches is equal and the same
after the light bulbs

33




16. D i. Local Reasoning
ii. Inter-changeability of

The total V delivered is the same for both circuits but
the available energy has to be split between two bulb

terms equally
17. C i. Inter-changeability of Resistance is a property of the materials used
terms. Current changes as a result of resistance and not the
ii. Local reasoning other way round
18. D i. Local reasoning The components and how they inter-relate is key to
ii. Inter-changeability of understanding circuits. The batter delivers and creates a
terms fields.
How energy is converted is a function of the
components in the circuit.
19 b i. Local Students sometimes battle to see that even if no
ii. reasoning current is flowing the battery still has a voltage reading.
This forms the basis for understanding emf and internal
resistance that is covered in the higher grades
20. B i. Parallel circuit The connecting wires have negligible resistance —

misconceptions

Cuestion 20 diagram is the same as the diagram below
and then it is easy to see that the current would divide
evenly three ways.

+ @ <T> ®
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Some Additional Questions

1. Compare the brightness of the bulb in circuit 1 with that in circuit 2. Which bulb is brighter?

A, Bulb in circuit 1 ™) E”l}
Likl
B. Bulb in circuit 2
_||_||_ Il
|

Circuir 1 Circuit 2

C. Meither, they are the same

2. Which circuit(s) will light the bulb?

A A
B. C
C. D
D. AandC
E. BandD
A B C D
3. What happens to the brightness of bulbs A and B when a wire is connected between points 1 and 27

| A
A. Increases - @
B. Dwecreases
C. Stays the same 2 @B
D. A becomes brighter than B
E. Meither bulb will light l

it
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6. Will all the bulbs be the same brightness?

L

C |

Yes, because they all have the same type of dircuit wiring.
Mo, because only B will light. The connections to A, C, and D, are not correct.

Mo, because only D will light. D is the only complete circuit.

O N @ pF

No, Cwill not light but A, B, and D will.

7. What happens to the brightness of bulbs A and B when the switch is closed?

C
A A stays the same, B dims

s
B. Abrighter, B dims i B
C. AandBincreass @
D. Aand B decrease

E. Aand B remain the same Il

8. Which circuit(s) will light the bulb?

a = e

=

E. AandC
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APPENDIX G: ETHICS PERMISION LETTER
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Wits School of Education

(=) (3
Hayypirdt

27 5t Andrews Road, Parktown, Johannesburg, 2193 Private Bag 3, Wits 2050, South Africa
Tel: +27 11 717-3064 Fax: +27 11 717-3100 E-mail: enguiries/® educ.wits.ac.za Website: www.wits.ac.za

Student Number:
BBO7451V

Protocol Number:
2013ECEOE4M

Date: 04-Jun-2013
Dear Gwyneth Zimmerman
Application for Ethics Clearance: Master of Education

Thank you very much for your ethics application. The Ethics Committee in Education of the Faculty of Humanities,
acting on behalf of the Senate has considered your application for ethics clearance for your proposal entitled:

The Design of an Instrument to Measure the Topic Specific Pedagogical Content Knowledge of Physical Science
Teachers in Electric Circuits

The committee recently met and | am pleased to inform you that clearance was granted.

Please use the above protocol number in all correspondence to the relevant research parties (schools, parents,
learners etc.) and include it in your research report or project on the title page.

The Protocol Mumber above should be submitted to the Graduate Studies in Education
Committee upon submission of your final research report.

All the best with your research project.

Yours sincerely

M1 |,,."]l

Matsie Mabela
Wits School of Education

011 717 3416

CC Supervisor: Prof M Rollnick and Ms. C Steinberg
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APPENDIX H: COMPLETED TSPCK ASSESSMENT TOOL

Electric Circuit TSPCK Instrument
Category A - Typical Student Responses

The two questions below are typical multiple choice items that students have answered
incorrectly. A selection of possible teacher responses are provided, none of which are incorrect.

Select the response you would most likely use in your practice and explain the reason for your
response

Al. How would you comment in writing to the student who selects B as the answer to the question
below, where A; and A; are ammeters

Which one of the following options is correct for the circuit shown below?
A A= iy

B. A =4
C A=A

oy

&

Response A: Keep in mind that this is a series circuit so current is not divided; therefore the
correct answer is C. The current is the same throughout the circuit

Response B: Current is the rate of flow of charge. In this case the charge flowing is electrons.
Electrons are particles that have mass and cannot disappear as they flow around the circuit. None
of the electrons disappear through the circuit so the correct answeris C

Response C: Charged particles move under the influence of the electric field created by the
battery, all the charged particles are in the same field, with the easiest path being in the single,
undivided conductor. The flow of the charged particles is same throughout, so the correct answer
isC

Response D: None of the above
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Choose your response, and expand on the reason for your selection in the space provided

My choice is

My reason is ...

Enswer C provides the best conceptual explanaticn
since the movement of electrons are as a result

of an electric field that is established by the
battery.

B just states the facts again, and B works with the
definition as a starting point.

The reason learners get this wrong is because

they don't understand why charge move in a circuit

in the first place, and T prowvides a part explanaticn
for that.

A2, How would you respond verbally to a student who answers B to the following question?

Figure b Figure 7

Compare the brighiness of Bulb A in Figures 6 and 7.

A, Brighter in Figure 6
B. Brighter in Figure 7
C. The same in the both figures
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Response A: Just because there are two light bulbs in figure 6, deesn't mean that A will burn
brighter. The brightness is dependent on the amount of current moving through the bulb. In
Figure 6 the current has been divided at the parallel connection. The presence of the parallel
connection means resistance is halved so current is doubled so the amount of current through the
parallel branches, in this case, is the same as through the single bulb so there is no difference in
brightness.

Response B: All the bulbs are identical; their brightness is dependent on how efficiently they can
transform energy, which is defined by the term power. In electric circuits power can be calculated

by P = VI. In the parallel connection if we calculate the equivalent resistance of the parallel

connection. If we assume a resistance of 2{} then %r' = é+ éwhich is equal to 10} exactly half

the overall resistance in Figure 7. Seeing that as voltage stays the same current would be doubled
and then halved again at the parallel connection, so the same amount of current is available to be
transformed.

Response C: You seem to have missed that the bulbs in figure 6 are connected in parallel. At the
parallel connection the current divides. The bulbs have identical resistance so the current will
divide equally through both branches. Two bulbs in parallel halves the resistance, which doubles
the current, which is then halved again at the parallel connection, so the net effect is zero and
bulbs will burn equally bright.

Response D None of the above

Choose your response, and expand on the reason for your selection in the space provided

My choice is _E

My reason is

Learners really struggle with guestions like these. In an
answer like C about halving and doubling and halwving again,
many learnsers do not follow

your explanaticn. I think the switch between words and
symbols and diagrams all the time is really difficult.

In my experience, working with numbers, by putting real
values into the circuit, helps learners makes it mozre
concrete. Possibly alsoc because one

is only working with symbols, so it is easier.

I have thersefore chosen B. It alsc brings in power, which is
needed to

explain brightness. & and C does not talk about power, only R
and I.

40




Category B - Planning and Sequencing

A selection of content and concepts relating to electric circuits is provided. The question below

refers to how kmowledge and concepts are ranked and how a teacher makes connections between

content and concepts.

EB1. Review the list of concepts relating to electric circuits below.

Select and rank three foundational concepts, that you regard, as both basic and central

concepts in electric circuits.

1. To obtain an electric cwrrent there needs to be a continuous leop from one battery
terminal to the other terminal

2. An electric current is the net flow of charge.

Parallel connection in a circuit are current dividers

The materials that make up the circuit provide the charged particles when there is an

electric current

e

A battery provides the energy for an electric current

Voltage can be defined as J.C*

Ohm's law can be expressedas 1V = ;

When there is a current, energy flows from the battery to the external circuit.
Besistance is the opposition to current flow

10. A battery creates an electric field within the materials that make up the circuit. The
electric field is the cause of current flow.

=N =N =

11. The resistance of a parallel connection can be calculated by ﬁ =Zpiy i

m rz Ty
12. An electric circuit is a system in which changes in one part can affect other parts
13. Power is the rate at which energy is dissipated by the circuit component.
14, Current measured with an ammeter and voltage by a voltmeter

Write the number of the concepts you have selected, in order of importance.

Concepts

Concept 1. np ectric circuit is a system in which changes

in one part can affect other parts

Conceptl. pp =lectric current is the net flow of charge

Concept 3.2 battery creates and electric field within the
materials that maks up the circuit. The elsctric

field is the case of current flow
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E2. Using the three selected concepts from B1, give the sequence you would teach them in and

yvour reasons for doing so

Concept Reason for sequence
ILn electric cirenit I would teach the section with the
is a system in which following three questions in mind
changes in ones part What is an electric circuit?

can affect other t iz an slectric current?

parcts ma
its energy from?

An electric current 1d therefore start by introducing an

is the net flow of

ic circuit as a system,
chargs ept which they are familiar with
from primary school, and alsoc grade 8 and
=
I 1d then talk about the different
iy Jjﬂt:&"_’}.’ orsates an CONpONENTSs O a CLICUltT, and the purposes
electric field within of each.
the materials that That would lead me to what an electric
maks upn the cireonit. current is - one of the big ideas in
The electric field is circuits.
the cass of currsnt And then where do the electrons in a
fFlow. current gs=t their ensrgy from.
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B3. Using the above three concepts as your main ideas, draw a concept map of how they inter-relate. In

your concept map include other subordinate ideas, from the concepts provided in Bl and from your
own practice that you would bring into your teaching of electric circuits.

Draw your concept map here

|Electric: circuits |

Covidanm ,‘I/

hore one poavh  pav

it e par

Sucih 0F
‘Voltmeter| |A11"|meter | _ |F-'Cesistors |
1 Mg ey Mg Surts provica, Lo
| 2 PQ
Potential Electric |t %< [Resistance
difference current
I% e Cells Lamps
2 liome  p (O ] Lambel
A ) T
o 3 Cawn fu.: [ |
continuous 5 Net low of / i
[
rclosed loop | charge |F-‘arE|IIEI| |Series|
i
Vaolts Ampere 3 |Ohm
W A - Myl
§
from the
material in
the circuit
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B3: Why do you think it is important for students to learn about electric circuits?

Write your response here:

Electric circuits play an important role in modern life. They suppl}
us with energy in our homes, cars, etc. Learnsrs need to understand
that energy is the driving force for life, with no energy, no life
is peossikle. Electric circuits is one way of how we have been akle
to captures the energy in the universe so that it is useful for us
(k=ep us warm, let us cock focod, have light, communicate with
others, etc.

Enowledge of eslectric circuits are also needed for further study at
schocl lewel, e.g in electric motors or generators, and beyond scho
e.g electrical enginesring.

I also think this is general knowledge that the pubklic should hawve
bacis scientific literacy for ewveryone, especially usefulness and
importance/need to have electricity, and the dangers of electricity
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C1.

Category C - What is difficult to teach?

What three electric circuit concepts, in your experience, are the most difficult to present effectively

to students and what do you think the reason for this is? Some examples are provided, which you

may use as a basis for your response or give your own ideas. (Only give reasons for 3 concepts,

either using the ones given or your own)

Fill in your response in the table below

Concept 1 - Energy in

circuits

really difficult concept,
my opinion, the most

it is, iIn
difficult in science. It is
not tangikble, there is no really good definition
for ic, wvet it is the driving forece for life. I
am not even sure that I always understand it well,
so that makes it verv difficult to bring across,
egpecially to learners wWwho want to know more than

just "the facts'.
Concept 2 - Ohm Law, the | Reason.......
relationship between
voltage and current
Concept 3 - Electric Reason.......

circuits as a system

Learners scmetimes struggle to see
=

th
picture and with systems o needs to be able t

zses all the kits as a unit,

ften circuits

cutput, parts working together.
just presented as a bunch of calculaticns and
lzarners

n't understand how the parts fit

with an input and an

are

togs

Concept 4 - Resistorsina
parallel connection
reduced the total

resistance
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c2.

Concept 5 - What is This is a concept that is not well understocd
like with energy, I am not sure I always undersfand

meant by voltage _ ; =gy SLWaY = ;
it well encugh to ke akle to explain it to ctheys.
Often just a definition is giwven, and shown how [to
use it in an eguaticn, or to sclve a circuit,
and that is usually sufficient for most studentsg,
but for those who really want to understand,

Concept 6 - it 15 not enough. 1 realised WMy oWl UNCELLtalnty |when
I had toc explain it to a 10 year old, and I stryggleg

Concept 7 -

Concept 8 -

Physics terminology is quite precise and presents difficulties for students. Which two terms in
circuits pose the most difficulty for students and please give a reason for your selection

Term 1 Reason:

Energy I don't think a "good' definition which captpres
the nature of energy is available.
Energy cannct be created or destroyed is whaf
is often used, and this still does not tell me
what it i=.

Term 2 Reason:

potential differencs

voltage

s explained in the previcus section, this ip
the understgandin
like field,

also not well defined, and needs

of other difficult concepts,

ensrgy, or joules.
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Category D — Representations

D1. Below are three possible representations for teaching the concept of current in a parallel
connection are provided. Complete the table below by describing what you like and dislike

about each representation and why one representation is better than another.

Representation 1

The total current in 8 parallel circuit

The current that comas from the battery is the tolal curment. This
total ¢urment splits up, and part of the cument goes theough each
branch. You can make string-loop models of parallel circults, &5
you se¢ in Figure 84 and Figure BE,

Flowrs B4 A moded of & paralied circent with Figure 55 A modal of & garmisd Sireud with
[ beranehas. thres branchaes,

Science for All Grade 9 Learner’s Book (Fg 33)

Representation 2

Water Analogy:
4. Whan the water flow (or charge flow) iz divided into two or more separate pathways (as in a parallel
cireudt) the sum of the current in each indrvldual pathwray equals the total current. Utilize thiz

prirciple to fill i the Blanks in the following two diagrams, The meters in the diagram are
mwrasring water fow rates in gallons per minute {gpm).

& Apply the came prindple to fill in the blanks in the following diagrams for charge Bow (.2, carrent)

through a parallal circuit.

ul Z A

|||| |||| m
h .

@ 12 & @ & A _

http-/ fwwwawvindows 2universe.org fphysical science/physics felectricity/images /circnit analegy water pipes sm.jpe
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Representation 3

Influencing the Flow Rate on a Tollway

R

Lok
@@ @ m
|

E@@
@ﬁa

A Single Resistox

@\ [ ]]

(20 m | (@ (1) oo (@b @m
@

[::_—n o
@ m

Al
i
E
E

What I like and why What I dislike and why

Representation 1 It can help learners fcllofw Learnsrs might think that
the path of electrons and charge can "choocse' like
"'see' the different optiong people, which way to go.
o it makes the abstract
a bit more tangible.

Representation 2 . 5 L1 et I
This is 1 & bad analogy as it links the The .\.EltE]’_'. s & bl'_" b':_”ter kL
water examplg to a circuit and lets the the one above as it doss ngt
lzarners applly ths

wderstanding in create the impressicn that
r

a new situatcilon. n also use water to cha gs can "choose"'" which wWa
halp lea:

is switche

erstand if the water pump

n in the one side, the water

mes out on the other side, just

ons Wwhich are awvailable throughout
the circuit.

Representation 3 This can be

the flow of

immediatel
like elesct

to explain Bgain, electrons, or charge,
is like the are not like cars which can
et the rate choose where to drive, nor do
electrons flow in lanes in a

circuitc, so these might cause
further misconceptions.
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D2. Which one of above three representations did you like the most and how would you use it in a lesson

Representation I

liked the most

How would you use the representation selected in a lesson?

Possible nr 2

I don't really think any analcgy in circuits are great,
as most of them could introduce further misconceptions,
but I hawve found that the water analogy does work well
toc help learners understand that charge will flow in ths

path where there is the least resistance, alsc flow in s

paths but not necessarily in egqual amcunts, and alsc spli

where there are junctions, and come together after the
split. It is also usseful to get the idea across that
when a switch is closed, charge is awvailable everywheres
in the circuit at the same time, like water in a pipe,
it comes cut the one end immediately when the tap is
opened.

Sc in a lesson I might use this in a number of places,
as I teach different concepts, and also come back to it
various points in time. I will howewver also point out
that charge is NOT water, and that it is conly a useful
example to help us understand.

The cars analogy I would rather use toc link current with
resistance, where a higher current (mcore cars) flows in
a conductor with a lower resistance (wide road).

I have not really used, or ssen, the analocgy with the
children, so0 I am not sure how learners will undsrstand,
of misunderstand it, so0 I don't know if and how I will
use that.

[
=

|
il

ac
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El.

Category E - Conceptual Teaching strategies

Study the student’s answers to a classroom activity below. Read through her answers and
describe what strategies you would employ to assist the student. The student has given a mix

of incorrect and correct responses.

The student responses are given in bold italic

Activity
The following diogram represents Sparky who departs the cell full of energy. Answer the
following questions with reference to the diagram.

=4 Ty

I"|
Sl
o
+ ¥
! A
5
gy
[
.
g = - i1 -
|
:
A
e
%

(o) What is represented by Sparky?

Electricity Electron

() What is represented by the shaded areas in his body?

Current En=rgy

(c) Where does Sparky get the energy from?

Battery From the chemical reactions in the cell/battery

(d)What happens while Sparky moves from the positive terminal to the negative terminal of the
cell?

Sparky loses energy to the components in

Sparky’s charge gets used up
the circuit.

(e)Is it correct to say that the electric current is used up? Explain your answer.

Yes because as the current moves around the circuit, it gets used for things like heat and
light and by the time it gets back to the battery all the current is finished.

Mo, electrical energy is converted to other forms like light
(in a lamp) or heat (in a resistor) causing Sparky to lose ensrzgy.
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a. What conceptual ideas does this student have in place?

Write your response here

Electricity is what is moving through a circuit.

The bkattery supplies current to sparky, so thes battery produces currgnt

which is carried through the circuit.

Like a person who needs ensrgy to move, the electricity also needs efe

to go arcund the circuit and this energy is used up, like people "usg up
energy svery day.
The student is confusing electricity, charge and energy. No mention is
made of electrons, or snergy conversions.
b. What are the key conceptual gaps, in your opinion, that this student demonstrates?
Write your response here
Fundamentally the learnser does not understand what current is and
how it is able to flow through a circuit.
1ith

The battery has chemical compounds in it which prowvides electrons w
ensrgy (cocnverted from chemical pot energy to electrical pot ensrgy
This is where redox chemistry comes in, and can be referenced, if
learners hawve done this hefore.

The electrons move from a high energy (high potential) on the posi—
tiwve terminal) to a low potential (negative terminal) through the g
The potential difference is set up by the chemical reacticns in
the battery.

Electrical energy, which is carried by the =lectrons, is converted
in the circuit components to other forms of energy, =.g9.

to light in a light bulb, or heat/radiation in a resistor. Potentid
ensrgy is converted to kinetic energy as the electrons move in the

conductor.

ircuit.
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c.  What specific strategies would you employ to bridge these gaps?

Write vour response here

RBeteach the secticon!!

I think here cne will hawve to start from the beginning because

the learner has fundamental issues.

I guess I would start with What a circuit is? Talk abkout the
cocmponents first, and let the learners play con some circuit boards
tc see what happens if different components are added and remowed.

Then link this with the function of a battery, and what current it
Then link with energy and how this is carried in a circuit, and hoy
and why electrons flow.

EZnd then talk about potential difference, again bringing it back t

the cell and what is inside. (And I wouldn't use an analocgy with a

perscn in it as I think it creates misconceptions :-).
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Maybke just work with the sffect of more cells in a ecircuit at first
I would also open up a battery and show the learners what is inside.



