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Representations for electricity—task analysis
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Representational systems for learning

Acquisition of coherent networks of concepts
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Table 1

Basic knowledge about electricity in terms of the two representations

Description Network diagram Equations AVOW
A single load Ohm'slaw : V=1 xr (1) 5
or isolable Powerlaw: P =V x [, or
sub-network P=1twr (2)
v 3
r
I
Fig. A
Loads in series Fioal = Fa + (3)
T
Vioal = Vi + Wy (4) Vh b
=1 (5)
P = Po+ Py (6)
V,
a ra
|
Fig. B
. 1 1 1
Loads in —_— == (7a) '
parallel ol Ta b V|
Fal' s
Tiotal = (?b)
Ty I, I
Vo=V ®) Fig. €
Ilutn] = '!u + !b (9)
Fiow = Pa + Py (]0)
Insulators and Finsulator 55 0O {11}
conductors Vinsulaor 3 0, often large (12)
!]'I'I!-'IJL'IIDI' il 0 (]3] V
Pinﬁulslnr =0 (]4] r
|
Fig. D
Reonduetor 7= 0 (15) v r
~ [——1
""mndncml =0 (]6) 1
Leonducror # 0, often large (17 Fig. E
Pconduclor =2 0 (]8) )
Table 2
Batteries and knowledge about circuit behaviours in terms of the two representations
Description Metwork diagram Equations AVOW
Voltage of an 1"rllmlmr = Voiraunr (19 A
ideal battery | )
T v harly Al haticry
T Fig.F
Effect of internal Vioal = ol % Tinernat + Vicad (20
resistance of a Feoiad = Fintersal + Tcad (21) v \flm
battery Lot = Tiemat + Tioad (22) total
Vinternal
Tinteenal I
Fig. G
Kirchhoff™s Laws L=L++f Y L=0 (23) a -
V=L g+l x40 %, ‘E---d p
V=Y ixn (24) 1]
c
Fig, H
Cul circuit (x) Cut = ignore sub-network i T
and short containing the cut (25) 5 ——""-f bd
circuit (s) Short ¢ ignore sub-networks [ H
in parallel with the short (26)

Fig. I (x and s)
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Table 3

Representative electricity problems

Frahlem

[escription

I, Single load

2. Series network

. Parallel network

el

4, Compaosite

5, Blown bulb

. Resistance matching

7. ldeal and real battenes

#. Short circuit

B, Wheasione bridge
10, Cube of bulbs

Find v and  given magnitudes of Fand £2 and God ¥ and £ given P and r,

Find ¥, {, £ for each of the two loads in series and for the whole network given
the resistance of each load.

Find I, £, P for each of the two loads in parallel and for the whole network given
the resistance of each load.

Find the power dissipated by o netwaork, with isolable sub-networks, connected
to a battery with a known voltage.

Analyse a cireuit of three bulbs when one of them bums out.

What should the resistance of a load be to maximise its power when it is directly
connected to a battery with an internal resistance?

When one, twir or three batteries are connected across a real battery, why does
their brightness change but when connected to an ideal battery there is no
change?

What happens to the power dissipated in & load and a real battery when a short
circuit occurs?

What 15 the overall resistance of a Wheatstone bridge?

What is the overall resistance of a *Cube™ of bulbs { Fiz. 417

Tahle 4
Solution to the Blown bulb problem using the algebraic approach
Steps Procedure Equations
nsed
Letr =vry =rg =¥¢
1. Before: circuit working normally EW1l, EWI1, EW2, EW3, Ell (31 (7)
Farp Fatp +rarc Frpre 3
n = +rh=— = —
Pa t e Fa+ra 2r
LoovE oo
2lp=—=m= = ==L EW1, EW2 9y, (1
S T T ). ()
; ey v ) ) ) ) . .
SPe=lirm=|5) m=(5)m EW1 EWL EW2 EW3, EW2. EIl (2011}
I Ly
— v, [(ra + ra)/(rars + rarc + rarc)] _ i
v 4 ar
4, similarly, P ( 4 v EWw4
: L Py = ry = —
imilarly, Py 4“_1_,) Sl
¥ 2
Sle=f=—=21 EWI1, EW2 i
i 3r
: Viy’ Vi . .
6. Pe=dre==) re=[=|r EWI, EWI, EW2, EW3, EW?2 (21 (1
i, rf
. + gy
- IVL'J"(' [—rﬂ L } = —L
Farp + rarc 4 rprc 9r
V7 v} 4
TP == Pyg=== Pr= = Elz2
S TR TR 9
B, Adter: cut circwil, ignore ry, rp and re in series 03 (26)
Yor=r+rc EWI ()
¥ ¥
Wh=h=—= — = — EW1, EW2, Ell (1
I i+ fg 2r
1. Py =12 Wir W EW1, EW2, EIl (2)
. = Al S e— T — . .
p'a ':"|=+"'4']'2 dr
Vi
12, Similarly, Fr = —- Ew4
4r
1,-'2 VE‘
13, g = —, Pr= L El2
B ] L 1
14, Compare powers before and after El2

Procedures per step, knowledge steps 24 9




Table 5

Solution steps in the Blown bulb problem using the AVOW diagram approach

Steps Procedures Diagrams
I, Draw AVOW diagram for good circuit (Fig. 3u) AN B.C
2, Re-draw fy as an insufator (Fig. 3b) AD1 LD
3. Re-scale &, i orelation to & (Fig. 3¢) AD2 H
4. Re-scale whole diagram (Fig. 3d) AD3 F

5, Compare areas of K., & Al

Procedures per step, knowledge steps 1 4
Tahle &

Steps in the conventional solution to the Cube of bulbs problem

Sleps Procedures Equations
I, Re-draw the cirewt i 20 (Fig, 5a) C3

2, This is not a simply decomposable eircuit 1

3. Re-conceptualise circuit in egaivalent form (Fig. 5h) 3

|
e iy A 2 EWI, Ell (T
fetrg 2
I 5 Pt
5 Fapy =g + Fay -I—J'|=]+*_-.‘~+|=?r EWI, EW2, EIll (3}
| 1 1 I 3 &
e B L S S BN N ool R . T EWI1, EW2, EIl (T
Fini Faub Fauk Ficshy Fauh 3

Procedures per step, knowledge steps 1.4 i
Table 7

Seps in the AVOW solution to the Cube of bulbs problem

Sieps Procedures Dingrams
1. Draw AVOW boxes a, b, and ¢ in parallel (Fig. ta) ADI C

2. Add boxes d and e to bax a (Fig, 6h) Al B

3. Repeat for boxes Tand g, and hamd 1, under boxes b and ¢ (Fig. 6h) A, A B,C
4. Draw box | under boxes e and £ {Fig. 6c) AD1 B

5. Repeat for box k under boxes g and h {Fig. 6c) ADI B.C
6. Draw box | split between boxes d and 1 (Fig. 6d) ADIL, ADZ H

7. Infer resistance from overall height and width Al3, Al A
Procedures per step, knowledge steps |4 T
Table 8

Steps and procedures in the solutions to the 10 problems

Prohlem Equation AVOW

Steps Mean procedures Steps Mean procedures
per step per step

1. Single load [ 1% 4 1.0

2, Series network b 21 i 1.0

3. Parallel network # 2 ] 1.0

4, Composite b 23 b 1.3

5. Blown bulb 14 24 b 1.0

6. Resistance matching 1 1.3 b l.&

7. Ideal and real batteries 22 25 7 .1

&. Short circuit 7 23 3 l.6

%, Wheatstone bridge 22 1.3 s 1.3

10, Cube of bulbs & 23 7 |4
Tortal 111 2.1 02 1.3
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Table 9
Comparisons of the two approaches over all 10 problems

MMeasure Equations ANVOW
1. Declarative knowledge items
1.1, Number of items {equation or diagrams) 27 10
1.2, Proportion of imems used at least once T0.45% 1005
1.3. Average number of problems using each item 31 .
1.4, Lack of uniformity of use of items" (160 44
2. Steps and procedures
2.1, Mumber of representation specific procedures i2 7
2.2, Mean number of steps per problem 11:1 6.2
2.3, Median number of steps per problem # i
2.4, Total number of procedures used 228 8
2.5, Mean number of procedures per slep 21 1.3
2.6, Lack of uniformity of use of procedures* (.51 34
2.7, Wumber of times general procedures (C1-5) psed 10 ]
3. Steps and knowledge items
3.1, Proportion of steps associated with items 549.5%, 7584

* This 1s a linear measure, 8, ranging from 0, for a complete umformity, to | for e maximally skewed distribution.

Table 10
Initial pre-test recall test

Electricity—categories and facts

Mumber of 5=

EQNS

AVOW

Things
Batteries
Resistorsloads
Bulbs
Switches

Properties
Voltage
Volts
Current
Amperes
Resistance
Ohms
Power
Watts
Conductors/low &
Insulatorshigh &

Metworks
Serics
Parallel

Prohlems
Battery problems
Blown bulbs
Oipen circuits
Shont circuits

Total

e B IS S e S S S R Bk Lad LA b

o

=l S

24

= = N CE T NR S B P LT SN

L

Led Ty Lad b2

Th
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Table 11
Proportions of participant in the two groups recalling various categories of electricity facts

Category AVOW participants EQMNS participants
Facts Y Facts Y
Basic relations V= height 100 V =1 = r (and vanants) T8
I = width 10K} P =1 =V {and varianis) 78
v . v?
r=g1'a.di|_'nl,r=T~1-"=.fx.r 100 P=Fxr,P=— 22
v
P=areaandor P=1 =V 100 fi=L=1 33
Series relations Stack AVOW boxes LR =V, +F 44
n=r,+nr bt
Parallel relations AVOW boxes side-by-side LY Fi=F,=F 78
=10+ 33
Either &, formula T8
Metwork overall Total resistance 22 -
Component properties Insulators are tall and thin 36 Swilch open (huge resistance) 67
Conductors are short and wide i} Switch closed (low resistance) 67
Table 12
External representation uses on delayed post-test MC questions
Cuestion type Proportion of P {correct given P {representation
questions representation used) used given correct)
AVOW EQNS ANOW EQMS AVOW EQNS
Basic I3 i 100 KL T3 g
Relations B3 A1t a2 B8 B8 A0t
Basic interactions a3 2 80 1.0:3 43 i
Complex interactions K% A3 RS 1.0} vl A5
Tostal 4 e 92 R x] T8 e

Mote. *p = 01, % p = 001, two-tailed s-tests.

Table 13

Summary of stages of EQMNS group attempted solutions to the Cube problem

Adtempled stage 526 527 528 529 530 531 832 533 534
Re-draw circuit diagram 1

Directions of current 1 1 1

Setting up some equations | I 1 |

Substitution of resistances 1

Full set of { 12) cquations
Elimination of equations
Complete solution

Answer given — - — — — — - — _

Table 14

Summary of stages of AVOW group attempred solutions to the Cube problem

Attempted stage 52 54 56 57 51 Sl 513 514 S15
Re-draw circuit diagram | 1 1

Composite AWVOW diagram

1 1 1
All hoxes same gradient | I 1 1 I 1 1 I (1
12 AVOW boxes 1 1 1 (1)
12 hoxes same gradient 1 1 1 (1)
Mearly commect configuration | | I
Correct overall orientation 1
Answer given 1.2 - 1A - 56 - 12 0.5 =1
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