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Part 1 of this paper (Cheng and Shipstone, International Journal of Science Education, 2003) described a
new approach to the teaching of electric circuit theory using box and AVOW diagrams and discussed
the potential of the diagrams for supporting learning and problem solving. This, second paper presents
the results of preliminary trials which suggest that the programme devised helped UK Year 12 (A-level)
learners to develop useful concepts of current and voltage, acquire a more integrated understanding of
circuit behaviour and overcome their tendencies towards localized and sequential reasoning. In addition
the approach provided learners with a valuable aid for problem solving. Theé programme had quite
broad appeal amongst learners and has earned the approval of teachers who have used it.

Introduction

Part 1 of this paper (Cheng and Shipstone, 2003) described a new approach to the
teaching of d.c. circuit theory which employs box and AVOW diagrams — novel
representations of key properties of the electric circuit, which show how current,
voltage, resistance and power are distributed. That paper explained how these
representations might be used to support students’ learning of basic electrical
concepts, challenge an important range of misconceptions commonly encountered
amongst students and provide them with useful strategies for the solution of both
quantitative and qualitative problems. This second paper presents the outcomes
of preliminary trials of the approach with post-16 students, focussing particularly
on the results of an extended trial with a group of Year 12 A-level students, and
concludes with an evaluation of the approach.

Initial trials of prototype materials were conducted with a group of Year 12 A-
level physics students in a sixth-form college (Years 12—-13) at the start of their
work on electricity. Revised materials, which introduced AVOW diagrams via the
simpler box diagram representation, were later employed in two sixth-form col-
leges, in 1.5-2h revision lessons with Year 12 and Year 13 physics students who
had completed their course units on electricity. The trial which forms the main
focus of this paper followed.
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The main A-level trial

The most extensive trial carried out to date was with a group of 16 A-level physics
students in Year 12, during the third term of their 2-year course. These were
following the physics syllabus of the Northern Examinations and Assessment
Body in the last year before the post-16 curriculum was changed. The school
was very successful, mixed, comprehensive and of medium size, serving a large
dormitory village near Nottingham.

The knowledge and understanding of the experimental group were surveyed
by means of a pre-test approximately 3 weeks before the course started. The eight-
item test, which included a number of items from previous studies (Shipstone
1982, Shipstone et al. 1988), comprised five quantitative questions (e.g. Q6 and
QQ8) and three qualitative problems (e.g. Q7) (see Appendix). The test revealed a
wide range of learning problems. Most of the students were using inappropriate
models of circuit processes, for example. Ten of the 16 used sequential reasoning,
believing that only a variable resistor before a lamp in a circuit would have any
effect on its brightness. Five others, an unusually high proportion in the light of
earlier evidence (Shipstone 1982), reasoned that a resistor ‘in front of’ a lamp
would control the power entering it while a resistor ‘after’ it would control the
power leaving, so that increasing this resistor would reduce the power leaving the
lamp, causing its brightness to increase. Their explanations would fit neatly with
an analogy consisting of a water tank with inlet and outlet taps. The taps, of course,
represent the variable resistors, while the tank represents the lamp and the volume
of water in the tank represents the lamp’s brightness.

The experimental group was post-tested, using the same test, 2 weeks after the
end of the course. Comparative post-instruction data were gathered by adminis-
tering the test to two groups of Year 13 physics students in term 5 of their courses,
one group being from the same school.

In incorporating box and AVOW diagrams into the teaching of current elec-
tricity we hypothesized that their use would:

(1) develop students’ ability to break down a complex circuit into its com-
ponent parts without losing sight of its behaviour as a complete circuit;

(2) resolve any misunderstandings the students might have had and help
them to develop clear working concepts of current and voltage in circuits;
and

(3) enhance their problem solving skills.

Teaching was carried out at a rate of two lessons per week for a total of 15 lessons,
each 55 min long. The whole programme was taught by one of the authors (DS).
This offered the advantage of an intimate knowledge of the approach to be used,
but there were also many disadvantages. DS did not know the students concerned
and lacked knowledge of the extent of their prior learning. In particular, since
homework assignments could not be collected between lessons, neither he nor
the students received early feedback on the quality of the learning taking place.
Table 1 shows how the programme was constructed. The third column indi-
cates the lessons in which either box or AVOW diagrams were employed and
provides estimates of the additional time which accrued through their use. Some
time was necessarily invested in the early stages of the course, particularly in

lessons 2, 3 and 5 to introduce the students to the new approach, a total of
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Table 1. The programme of lessons.

AVOW time

Lesson Lesson content [ Homework ] (min)

1 Current as flow of charge. Relation to drift velocity, I =neAv. 0
Calculation of electron drift velocity in a wire. Current density.
Potential difference. [Calculations on I =neAv.]

2 P.D. in circuits. Current continuity and current at junctions. Box 30
diagrams and open book model of circuit. Exercise 1. Resistance.

3 Power relationships. Ohm’s Law and AVOW diagrams. Charac- 10
teristic of 12V lamp (class expt). [Exercises 2 and 3.]

+ Equivalence of circuits with different layouts. Resistances in series 15
(theory). Resistances in parallel. Power distributions.

5 Resistances in parallel (theory). Use of AVOW diagram to 20

represent any resistor. Calculation of resistances of resistor
combinations by AVOW diagram and formulae. Energy transfer in
circuits. [Exercises 4 and 5.]

6 Scaling of AVOW diagrams in terms of current and voltage. 45
Exercise 6. AVOW diagrams used to predict effects of adding more
resistance. Exercise 7.

7 Exploring changes in circuits using AVOW diagrams. Exercise 8. 30
Effect of voltmeter loading on circuit. Measurement of low and
high resistances.

8 Diode characteristic (demonstration). Cells, internal resistance and 15
representation by AVOW diagrams.
9 Series and parallel combinations of cells, with and without internal 10
resistance. [Textbook exercises.]
10 Measurement of internal resistance (class expt.). 0
11 Cell combinations revisited. Power output. Kirchhoff’s Laws. 5
12 Calculations on Kirchhoff’s Laws. 5
1.3 The potential divider. Effect of drawing current from a potential 5

divider. [Textbook exercises.]
14 Resistance and resistivity. Conductance and conductivity. Atomic 0
energy levels and introduction to band theory.

Simple band theory of conductors, semi-conéluctors and insulators. 0

—_
w

60 min (approximately 1 extra lesson). The total extra time entailed, over the
duration of the course, was approximately 3 h.

Almost all students learned to construct box and AVOW diagrams quickly and
with reasonable facility. They also learned easily to use them to find values of
current, voltage, resistance and power in simple problems of the form shown in
figure 2 of Part 1 of this paper (Cheng and Shipstone, 2003) and to combine boxes
to find the total resistances of networks. The results of formative assessments
where the use of diagrams was required up to this level were very good.

Lesson 6 included the use of AVOW diagrams to solve problems such as that
shown in figure 1, which reproduces the problem posed and the completed AVOW
diagram from figure 6 of Part 1. The method of solution introduced to the students
consisted of using the given quantities to deduce a scale factor for the completed
box diagram and then scaling the whole diagram. In this instance 3 units of width




[image: image4.jpg]294 P. C-H. CHENG AND D. M. SHIPSTONE

The current in the circuit shown is 2A. Calculate (a) the separate currents in the
129 and 69 resistors, (b) the p.d. across the 6% resistor, (c) the p.d. across the
network and (d) the power delivered to the 12€) resistor.

i 2A

(a) (b)
Figure 1. Use of an AVOW diagram in problem solving.

represent 2A, i.e. 2 units of current, so that 1 unit of width represents 2/3 units of
current. This is identical to step (a) of the solution described in Part 1. The next
step, though, was to note that, by proportionality, each unit of height must there-
fore represent 2/3 units of p.d. so that the values of p.d. may be determined. The
initial calculation of current and voltage values avoids the use of squared scale
factors where calculation of power dissipation is required. This approach had
been employed with Year 13 students in the preliminary trials and at that point
no serious problems were revealed, although they had remarked that they found
scaling the whole diagram a lengthy process. In Year 12, however, even good
students seemed to find this step using proportionality difficult, particularly
with more awkward scale factors such as those encountered where resistances
are in kilohm and currents are in milliamp, and at this point the development of
the technique with them was brought to an end. The much more eclectic approach
which we have illustrated through our solution to this problem in Part 1 seems to
us to be far preferable, at least at A-level. Trials of this approach have not yet been
conducted, however.

Part of the ‘AVOW time’ in lesson 6 and all of it in lesson 7, in total almost one
lesson, was used in an attempt to-develop students’ understanding of basic circuit
processes. Although the issues covered are not automatically addressed in A-level
courses, a strong case could be advanced for their inclusion. As an illustration of
the procedures employed, the group was presented in lesson 6 with the circuit of
figure 2a which was set up for them to see but not demonstrated until later in the
lesson. They were asked to write down their predictions of what would happen to
the brightnesses of I.; and L., when R is decreased.
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Figure 2. Use of an AVOW diagram to support teaching of basic electri-
cal principles.

An AVOW diagram for the circuit in this initial state was drawn on the board
as in figures 2b and, without changing anything else, the box representing R was
modified to show the effect of decreasing its resistance (figures 2c). A volunteer
was then invited to show how the current and the p.d.s in the circuit would change
in consequence. Since the outline of the final diagram must be rectangular, the box
representing R must shrink, without changing its shape, while both of the boxes
representing the lamps expand. This was always going to be a demanding problem
for the group but what is significant here is that the single volunteer tried to alter
the box for L, only. This clearly indicated that he was assuming that only the lamp
after the resistor would be affected (and that he was using sequential reasoning).
None of the others suggested anything like the correct solution. By this stage in the
course most students were ‘reading’ AVOW diagrams well and exercises of this
kind, which presented serious challenges to their basic understanding, proved to
be quite unsettling. It says a great deal for the resilience of students’ alternative
frameworks that, even after working for some weeks with diagrams in which they
were clearly representing current as continuous, they could still resort quite hap-
pily to localized reasoning.

Developments in learning

Answers to the questions in the pre- and post-tests were scored independently by
two resedrchers with over 98 per cent agreement. The average gains per student
between the two tests, for the first (highest) to the fourth quartiles, are shown in
table 2 and were considered good for students in the top three. The lower mean for
students in the first quartile was strongly influenced by the presence of one student
whose score decreased. By contrast, however, the mean for students in the fourth
quartile was enhanced by the presence of a student who achieved one of the highest
gains in the whole group. The remaining three performed very poorly.

The student from the first quartile whose score decreased found the box dia-
gram representations very difficult to understand initially. His higher pre-test
score appeared to be based upon some basic knowledge of circuit behaviour rather
than an analytical approach to the problems. His lower post-test score would seem
to imply that his A-level studies, and perhaps particularly the use of AVOW
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Table 2. Mean gain scores for the
experimental group arranged in

quartiles.

Students Mean Gain Score (%) SD
1-4 25.3 31.1
5-8 47.8 29.3
9-12 54.9 14.7

13-16 19.3 2315

diagrams, had encouraged an analytical approach and that he had never learned to
do that well. Throughout the course he held a number of alternative conceptions of
circuit behaviour and this may, of course, explain his difficulties with the dia-
grams. It is certainly possible, if not probable, that some of his beliefs had been
undermined during the course but still not replaced by more appropriate ones by
the time of the post-test.

Figure 3 shows the distributions of test scores for the experimental group and
for the comparison group of Year 13 students. It should be noted that this is not a
comparison of like with like and that differences extended beyond the matter of
vear. All of the students in the Year 13 groups had studied electronics as compo-
nent modules of their physics programme while the Year 12 group had not, and so
had been exposed to more teaching involving electricity and its applications. They
had also sat previous examinations on this topic and these can be potent learning
experiences. The increased maturity that students achieve as learners by the sec-
ond year of their A-level programmes, although not quantifiable, should also not
be discounted.

For the comparison group as a whole the mark distribution is bimodal, with
peaks at 30 per cent and 60 per cent approximately. The separate distributions for
the two samples which formed the comparison group were very similar. The test
employed therefore divided the comparison group into two nearly equal parts.
There was a threshold in understanding that students needed to cross before
they could score well in the test, and examination of the test results has revealed
that this was associated with understanding of p.d. The distribution of scores for
the experimental group is very different. The scores for these are skewed upwards,
with a maximum at around 85 per cent, and the lower maximum is absent.

The total scores presented in figure 3 tell us nothing about how these were
achieved, however, and the analysis that follows has proved to be more revealing.
Two assumptions are being made here. One is that groups that have been taught
similarly and that are at the same stage in their learning about electricity will show
similar patterns of scores in the test. Differences in these patterns might reveal,
therefore, the effects of different treatments. The second assumption is that the
minimum in the mark distribution for the comparison group has some significance
in this respect, perhaps along the lines already suggested. Both groups of students
were therefore divided into sub-groups around the position of this minimum,
which produced three subgroups of comparable size in the experimental group
and four in the comparison group as shown at the foot of figure 3. For each sub-
group, their mean percentage scores on the questions or significant question sec-
tions in the test were computed and compared by scatter plots, the most informa-
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Figure 3. Mark distributions for the experimental and comparison
groups after teaching.

tive of which are set out in figure 4. The dashed line on each shows where the
points would fall if both groups scored exactly the same on each question.

Chart (al) in figure 4 shows that the weakest students in the experimental
group (E1) and in the comparison group (C1) performed quite similarly, at least
on the easier test questions. On the harder questions, where students were awarded
the occasional mark for partially correct responses, the correlation is much lower.
Chart (a2) demonstrates that the weakest experimental group was indeed weak and
performed, on average, noticeably less well than comparison group 2.

Chart (b1) is of considerable interest and shows a good correlation between the
mean scores for the second (average) experimental group and the third (above
average) comparison group. The exception here is Q8, reproduced in the
Appendix, which is an unbalanced bridge problem. In this question, the mean
score of students in the experimental group was 67 percentage points higher than
that obtained by students in comparison group 3. Chart (b2) suggests that the
average experimental group students were performing in a manner quite similar
to the most able students in the comparison group. Many of these were also able to
answer Q8 but by traditional methods. The students’ performance on Q8 will be
discussed in more detail shortly.

The final chart (¢) indicates that the most able experimental group students
outstripped the best in the comparison group on all questions, but particularly on
Q7a, Q7b and Q8. Their better performance in Q7, also shown in the Appendix,
was due partly to their enhanced ability to explain the complex changes taking
place in this circuit as a whole, rather than through resorting to localized reason-
ing. Only 12.5 per cent of the students in the experimental group gave explanations
in part (a) which assumed a non-varying total current while no less than 45 per
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Figure 4. Contrasting performances of subgroups of students from the
experimental and comparison groups.

cent in the comparison group did so. Success in Q7, though, usually entailed
reasoning in terms of voltage or p.d. and not simply in terms of current. In all,
six of the 16 students in the experimental group used voltage appropriately in their
explanations. Also, of the four experimental group students who supported their
reasoning by AVOW diagrams three referred to voltage or p.d. and the other
answered in terms of power. In the comparison group there was just one student
out of 29 who used voltage appropriately and this difference between the groups is
significant (p = 0.0054, Mann—Whitney). Explanations in part (b) tended to be less
developed than in part (a). In this case 25 per cent of the students in the experi-
mental group used the terms voltage or p.d. appropriately compared with only 7
per cent in the comparison group but the difference is not statistically significant.

Q8 presented the students with the problem of an unbalanced bridge circuit,
though in a simplified form, since the current at one point in the circuit is given
and the direction of the current in the 6€) resistor is also shown. It was, never-
theless, not expected that many A-level students taught by traditional methods
would be able to solve this problem. This was not because they would not have
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access to the physics required (all except the weakest A-level students most cer-
tainly would have), but because they would not ‘see’ the network clearly in terms
of current and voltage distributions.

Unbalanced bridge circuits did not feature in the physics syllabus of the
Northern Examinations and Assessment Body that the students in the experimen-
tal group were following. Neither had they been confronted with networks at this
level of complexity at any point during the course. Nevertheless, their success in
solving this problem increased from 2 per cent in the pre-test to 64 per cent in the
post-test, a highly significant improvement (p < 0.001). From chart (b1) in figure
4 it would seem that the average students in the experimental group had, in respect
of O8 only, learnt something different to those in comparison group 3, who were
also beyond the threshold in their test scores. The experimental group students’
ability to solve such a complex problem does not, therefore, appear to have
required any particularly advanced understanding of electricity. Their success in
Q8 seems to have resulted from the access to a problem-solving strategy that had
been provided by their introduction to box diagrams.

Solution of the problem requires:

(1) understanding that voltages along any current track through a network
add up to the total applied voltage;

(2) understanding that current in a circuit is continuous (which implies,
amongst other things, that the total current flowing into a junction equals
the total current flowing out of it);

(3) knowledge of the relationship V =1IR linking voltage, current and resis-
tance;

(4) the ability to analyse the network into its component parts without losing
sight of the whole (e.g. to ‘see it’ as a distribution of current and p.d. in
something like the way it is portrayed in a box diagram).

Ten of the students who had followed the experimental course had these abilities
by the end of it. Five of them used AVOW diagrams to represent the network as
part of their solution. Five others did not, or at least not overtly. If those who used
AVOW diagrams are eliminated from the analysis, the experimental group still
performed better than the comparison group. There is a strong suggestion here,
then, that exposure to the use of box and AVOW diagrams had enabled these
students to build a clearer image of what is taking place in a circuit.

The performance of the experimental group on this problem contrasted shar-
ply with that of the comparison group who achieved only a 19 per cent success rate.
As expected, this was, for them, one of the most difficult questions in the test. The
difference between the experimental and comparison groups was significant
(p = 0.002, Mann—Whitney).

It is unusual in research of this nature to find strong correlations, and 1:1
correspondences in particular, between students’ responses in different questions.
It is therefore of considerable interest that the post-test results from the experi-
mental group yielded a number of significant associations between success in Q8
and success in two other questions in the test. The strongest association (highly
significant at p = 0.00013, Fisher’s Exact Test) was between success in Q8 and
success in both parts of Q6 (see Appendix), about the distribution of voltages in
circuits (see table 3).
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Table 3. Comparison of responses to Q6 and Q8.

08 correct Q8 incorrect
Q6 totally correct 10 0
Q6 totally or partially incorrect 0 6

The association between success in Q8 and complete success in Q4, designed
to identify cases of sequential reasoning, was less strong but still probably signifi-
cant (p = 0.025, Fisher’s Exact Test) (see table 4). Those students who answered
Q4 correctly were at least reasonably secure in their understanding of current and
its continuity in a circuit.

Table 4. Comparison of responses to

Q4 and Q8.
08 correct Q8 incorrect
Q4 correct 8 1
Q4 incorrect 2 5

The students who answered Q6 correctly understood how voltage is distrib-
uted right round a circuit. Those who failed, by contrast, usually subscribed to a
voltage concept which included the characteristic of ‘flowing’. Within the compar-
ison group, though, there was no 1:1 correspondence between success in Q6 and
Q8 such as was found for the experimental group. The 1:1 correspondence found
for the experimental group suggests very strongly, therefore, that the mechanisms
through which the students learnt their problem solving strategy and their mature
concepts of voltage were one and the same. A similar argument might be advanced,
though with rather less force, concerning the results presented in table 4. The use
of box and AVOW diagrams in the manner described therefore appears to have
served to integrate a range of aspects of students’ learning. A laboratory-based
experiment with two groups of students aged 16-23 years, one taught using
AVOW diagrams and the other using equations, led to a similar conclusion
(Cheng, in press).

The programme was successful in challenging students’ use of localized rea-
soning. Five questions or part questions yielded evidence on this and the mean
total percentage scores on these for the experimental group were 36.3 (SD = 18.4)
in the pre-test and 66.1 (SD = 26.6) in the post-test (p = 0.0015, Wilcoxon). The
corresponding score for the comparison group was 54.2 (SD = 21.0) and the dif-
ference between the groups after teaching approached the level at which it would
be considered probably significant (p = 0.061, Mann—Whitney). This suggests,
therefore, that the programme described may be more effective than traditional
methods in developing students’ ability to reason qualitatively about circuit beha-
viour. It is of considerable interest, however, that four students still reasoned
sequentially in the post-test and two of the five who had used the ‘water tank’
model in the pre-test also maintained their point of view. These six students
achieved the lowest total scores in the post-test. There is a strong indication
here that their learning throughout the programme had been undermined by
their retention of inappropriate conceptual models of circuit processes.
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The opinions of students and teachers

Across the various trials students’ opinions of the approach varied somewhat with
the stage that they were at in their learning and with their level of ability. Most,
though, found the experience of working with the diagrams very useful. At the
most basic level, some valued the diagrams as memory aids since, as one Year 12
student wrote, you can ‘work back from a diagram to remember the facts’. (It was
only comments of this nature that were unique to one year group.) Many students
commented that the diagrams helped them to understand the relationships
between the electrical quantities involved.

The AVOW box method helped a lot to clarify relationships between A, V, O, W — it

was a good method of learning i.e. it made it easier to understand. (Y12)

Other students reported that the diagrams had helped them to form clear pictures
of circuits and had supported them in problem solving by providing guidance on
the progress of calculations and helping them to identify errors.

It made calculating voltages and currents much easier as you can clearly visualize the
whole circuit and the amounts/sizes of each calculation. (Y12)

They show the relationships between different features of circuits clearly and help in
problem solving. (Y12)

Calculation errors are easier to spot. (Y13)

For the students who had already studied circuit theory by traditional methods the
diagrammatic approach showed circuits in a new light and it was clear that many
found their encounter with something quite novel in a revision lesson very refresh-
ing. Students vary enormously in their preferred learning styles and it is quite
possible that some found the new approach more appealing than the algebraic
methods. Most were constructing box and AVOW diagrams quite confidently
after only 1h of instruction.

Some students included negative comments in their evaluations, however, and
examples of the concerns expressed, again drawn from the various trials, were:

Sometimes takes more time to draw correctly than it does just to use the formula

method. (Y12)
Rescaling of boxes may be quite difficult with wierd (sic) numbers. (Y12)
Sometimes it can be hard to tell when to use them and when not to. (Y12)

I felt that the method was very good for complex diagrams but conventional methods
may be easier for more simple circuits. (Y13)

Most of these comments are closely related and indicate that the new approach
should be used judiciously in combination with traditional methods. Having alter-
native methods available for attacking problems provides considerable benefits for
students but learning to select appropriately amongst them requires practice.

Since the trial described there have been major changes to the post-16 cur-
riculum in the UK. Following these changes, two teachers have used the teaching
materials in Year 12 in a comprehensive school with a mixed group of AS- (the
new Advanced Subsidiary) and A-level students. Some of the AS-level students
were not intending to study physics to A-level, however, and the teachers were
therefore selective in their use of the prepared materials. These teachers reported
that their novice Year 12 students developed a working understanding of the
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technique much more quickly than they had expected. One commented: ‘I thought
they would struggle with it. And they didn’t, they didn’t struggle with it at
all. Even the weaker ones, the basic facts about the boxes they grasped very
quickly.’

Box diagrams can be produced quickly when needed and, once students have
learned how to interpret them, they are very useful aids for teachers when dis-
cussing or explaining circuit phenomena. The same teacher’s views on this aspect
were as follows:

[WThat I thought was particularly useful was saying to them, ‘Right, come up to the
blackboard and work through it’ and, you know, they were good at doing that. They
were quite confident with drawing the boxes and explaining the properties of the
boxes. If T had done that with conventional circuits, quite often you are straight
into equations and for a lot of them that is very off-putting. So they were quite
confident to come up and draw it up on the board. So this idea of discussing circuits
using the boxes, it worked very successfully. They articulated, in a way, how they felt
circuits behaved and because they did that, and because they were confident with the
boxes, it was easy to see what they didn’t understand.

Reflecting on the overall outcomes, he had this to say:

What I did see was increased levels of confidence in dealing with circuits which
previously . . . they wouldn’t have known where to start. At least when you gave
them a complicated circuit then they could draw the boxes for this. And then when
you put the extra feature in, where the box always has to be a rectangle, that was a
great comfort to them because in a way it has provided them with a check to see . . . .
It was like an intermediate check to see whether they had analysed it correctly. If you
do that, effectively just using equations, you never get that . . . you never get an
intermediate check for this . . . . But if they had drawn it down and they had a bit
stuck out the side then there was something wrong there and they would loop back.
... And they were looping back before they had got a long way into the problem . . .

Discussion

The evidence presented strongly suggests that the use of box and AVOW diagrams
in the teaching of electric circuit theory at A-level can enhance learning for a large
proportion of students and provides some valuable support for each of our three
hypotheses. In our main trial, almost all students in the top three quartiles
benefited substantially from the course that they followed. Figure 3 shows that
final scores in the experimental group as a whole were far superior to those
achieved by students in the comparison group. The scatter plots in figure 4
demonstrate that the understanding of electricity displayed by the middle one-
third of students in the experimental group was very similar to that of students
forming the second quartile (from the top) in the comparison group and that, in
addition, they had acquired a powerful problem-solving strategy. In their overall
performance in the post-test the average experimental group students appeared to
be most closely similar to the top quartile comparison group students. The best
students in the experimental group went further. These had well-developed con-
cepts of potential difference with which they were able to reason in terms of the
circuit as a whole and to explain some quite complex circuit behaviour. However,
it was only those in the top one-third who surpassed the comparison group in these
last respects.
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For the second half of the course there was no compulsion on students to use
box diagrams in their problem solving and most students did not use them reg-
ularly. Evidence from QS8 in the test, however, indicates that they may well have
benefited from their earlier experience with the diagrams even if they made little or
no use of them in problem solving thereafter. A reasonable working hypothesis
would be that the earlier experience had helped them to form appropriate repre-
sentations of what was taking place in circuits.

Of the students involved in the main trial, those in the top three quartiles in
table 2 were mainly positive about the approach used; those in the lowest quartile
mostly negative. Prominent amongst the good points listed were that the diagrams
helped understanding and problem solving and were an effective memory aid. On
the negative side, students commented that formula-based methods can sometimes
be more efficient, that the diagrams can sometimes become very complex and that
having to choose which approach to use can be problematic.

The Year 13 students, who first encountered the approach when they came to
revise their A-level work on electricity, responded particularly positively to it.
These Year 13 students were able to compare the box diagram approach with
the traditional methods by which they had already been taught; the Year 12 stu-
dents were not. In addition, the Year 13 students had more developed concepts of
electricity before they encountered box and AVOW diagrams and fewer would
have found that their use challenged their existing conceptions.

The concepts of electricity and electric circuits held initially by the experi-
mental group students in the main trial were generally unsophisticated and many
held alternative frameworks. Amongst other things, following hypothesis (b), the
trial set out to discover whether or not box and AVOW diagram representations,
together with any discussions arising naturally from their use, would support
students in restructuring their beliefs concerning electricity. The students’ most
negative comments were reserved for exercises in which they had been asked to
manipulate box diagrams to explore the consequences of changes made to circuits,
in other words precisely those exercises that would have provided the most severe
challenges to any alternative frameworks they might have had. These comments
also came predominantly from those students of more modest abilities who would
have been least able to accommodate their existing beliefs in the face of challenges.
For almost all of these students the early lessons must have involved a complex
interplay between two factors. On the one hand they were trying to use their
existing, often unhelpful, conceptions to understand the new circuit representa-
tions while, on the other, the new representations were challenging those same
conceptions. Since the representations provided by box or AVOW diagrams are so
transparent in their relationships to circuit behaviour, it is quite possible that the
problems for these students were accentuated. Working with box diagrams is not
at all like working with formulae.

A few students found it impossible to accommodate their existing schemas to
much of the new subject matter to which they were introduced. In some cases what
had been preplanned was not sufficient and the circumstances of the trial meant
that some discussions could not be carried to their logical conclusions without risk
of ‘teaching to the post-test’. There are good reasons to expect that, where teachers
understand their students’ learning difficulties and discussions can have free rein,
the outcomes will be better than those reported here.
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Appendix

Q6 Look at the following circuit:

1 2

Now a second bulb of the same type is added between points 3 and 4:

1 2

i
@

Gy’ .
T (M)
4 g

For this circuit with two bulbs give the values of the voltages across the points

a) 1 and 2:........ V, b) 2 and 3:........ V, ¢)3and 4:........ M
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Q7

L Q)

Ly C‘D 4

The variable resistor R is increased.
a) Does the brightness of L,
INCREASE |___] DECREASE |:I or STAY THE SAME? D

Wiy doryou 825 ThatRi < e o s il Slagess s siblormic sl shspaitia e o 50 (603 LB S p aie gl gt vt 2 s

b) Does the brightness of L
INCREASE [l DECREASE |___| or STAY THE SAME? [___]
Why doyousay that? . .....ooiiurrereenneeioteamariertionesasirnsroenecce:

Q8 In the circuit shown below the current through the 2Q) resistor is 2A. In whatever
order you find most convenient, find the values of the currents Iy, I, I3 and I4.

I 2A
10V 14Q 2Q
—T_ 62 I,
E I Ly
3Q 4Q





