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1. INTRODUCTION 
The CPU (Constructing Physics 

Understanding) materials1-4 provide 
an ideal opportunity to study 
conceptual development due to the 
extensive recording of student ideas 
in worksheets, learning journals, and 
small group reports. Throughout CPU 
lessons students are strongly made 
aware of their preconceptions and 
reasoning and how these change. 

Conceptual development studies 
often provide only snapshots of 
concept development. These 
snapshots can be pre- and posttest or 
even include interviews. Rarely is 
there an opportunity to replace the 
snapshots by a “film” of conceptual 

development. The objectives of this 
study were a) to create such a “film” 
and describe conceptual development 
in detail, compare the development of 
different students, and trace back how 
activities influenced concept 
development, and b) to test the CPU 
methodology with students in a 
typical Philippine setting. 

 

2. METHODOLOGY 
Thirty-one students -selected from 

the top 10% of High School 
graduates- were enrolled in the first 
semester of a special Science Teacher 
Education program. Philippine High 
School science emphasizes facts 
rather than concepts and reasoning as 

most teachers have a weak science 
background5. The Philippines ranked 
37 out of 39 on the 1995 and 1999 
TIMSS Science and Mathematics 
tests. 

The optics unit was taught by the 
first author who had experienced the 
CPU methodology during a 5½ 
month stay in San Diego. Most class 
time was spent on small group 
activities. Two groups of 3 students 
were followed through continuous 
videotaping of their small group 
activities, interviews, and the 
extensive writing required in the 
individual worksheets, small group 
reports, and presentations to the other 
groups in plenary sessions as well as 
writing in the CPU idea journal. The 
analog videotapes were digitized, 
recorded on CD and then transcribed 
by 3rd year students in the teacher 
education program. The group to be 
reported consisted of Alvin, Shirley, 
and Kate (pseudonyms). Retention 
interviews were administered almost 
2 ½ years after the course ended. 

 

3. RESULTS 
In this results section we will 

present a small part of the thinking of 
Shirley, regarding the straight-line 
path and point source ideas of light. 
In task one Shirley’s group predicted 
and tested their ideas on shadows 
using one point source, a card as 

The purpose of the study was to “film” the conceptual development of students 
as they were studying the optics of shadows and mirrors using lesson materials 
which were developed by the Constructing Physics Understanding (CPU) group 
of Dr. Fred Goldberg of San Diego State University. The materials were adapted 
for use in the Philippines. The CPU materials include a learning cycle 
consisting of elicitation of preconceptions followed by concept development 
activities and finally an application phase. Development of student conceptions 
could be followed through worksheets, the individual idea journal, transcribed 
videotaped small group discussions, and individual interviews. The sample was 
formed by three students of a class of 31 students. The results show that it is 
indeed possible to describe conceptual development in detail and this 
description will be provided in the paper. In spite of having only experience with 
superficial and memory oriented courses in High School, the students were able 
to actively carry out the CPU concept construction process. The sequence and 
type of American constructed lesson activities turned out to fit this Philippine 
sample. More than 2 years after the study, students still remembered the correct 
concepts, their preconceptions and the reasoning that changed them.© 2003 
Samahang Pisika ng Pilipinas (22nd SPP Cebu, Philippines) 
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blocker and a screen. She seemed to 
have the right conception of shadow 
formation but drew straight and 
curved rays. 

Alvin: Bending of waves around 
the corners? Like diffraction? (From 
his facial expression, it seems that he 
was not serious in asking this 
question.) 

Shirley: Will light bend? 

Alvin: I do not know. 

Shirley: In our illustration the light 
did not bend. It is in straight path. 

Alvin: Ok, it did not bend. 

Shirley: What if we will answer 
that the light bends? 

Alvin: That is a different story. If 
light is in a curved path, then the 
shadow would not assume the shape 
of the blocker. 

Shirley: The screen will be lit up    
and there would be no shadow. 

Then two closely spaced point 
sources were used to find out how 
Shirley would combine her ideas 
about point sources and light rays to 
make a prediction for a more 
complicated situation. The students 
predicted the shadow by shading the 
different regions in the front screen 
view (Figure 1a). They had to draw 
lines showing how light travels from 
each bulb in the side view to the 
screen to form the shadow pattern 
that they had predicted and cite which 
idea(s) about light guided their 
prediction. 

Shirley wrote: There would be a 

big shadow. The shadows formed by 
the two light sources would combine 
to form a big shadow. 

Light travels in a straight path and 
in all directions. Her drawing shows 
no difference in the shades of the 
shadows formed by each point 
source. 

Shirley realized that the resulting 
shadow would be a combination of 
the shadows formed by each source 
and mentioned that light travels in a 
straight path in all directions. Tracing 
light from each source with two 
diverging straight lines, she could 
project the shadow cast by the 
blocker on the screen. Shirley did not 
consider the possibility that light from 
the second source would fill some of 
the regions of the shadow formed by 
the first source causing them to be 
partially illuminated. Thus, the 
shadows cast by the blocker when 
light from each source is blocked just 
adds up forming a bigger shadow. 
Shirley has difficulty visualizing the 
idea that light travels in a straight line 
in all directions. This is a common 
difficulty among students whenever 
they represent light as traveling in 
straight lines in all directions by just 
two diverging straight lines from the 
source. 

During the group discussion Shirley 
recognized her incorrect application 
of the idea that light travels in a 
straight path in all directions. Shirley 
modified her thinking from one big 
total shadow resulting to a shadow 
consisting of partial and total 
shadows. This is shown in the 

transcript of their discussion when 
Sheila responded to Alvin’s question, 
“What could be the probable cause 
why this shadow at the center is 
darker compared to the shadows at 
the sides?” She attributes the lighter 
shades of the resulting shadow to 
light from the second source filling in 
part of the total shadow formed by the 
first light source. 

Two years after the study the three 
students were interviewed and still 
remembered correct and incorrect 
conceptions and the reasoning that 
supported the correct conceptions. 
CPU’s emphasis on metacognition 
had indeed contributed to a much 
enhanced awareness of their own 
conceptions and thinking. 

 

4. CONCLUSION 
Through the CPU worksheets, idea 

journal, videotapes, and interviews 
student conceptual development 
could be followed in detail. The 
students exhibited the same variety of 
preconceptions that the CPU 
materials anticipated and responded 
well to for them unusual teaching 
methods. This is proof for the 
universality of misconceptions and 
their relative independence of the 
mother tongue of students6. 
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  (a)     (b) 

Figure 1. (a) Shirley’s predicted shadow when two point light sources on the left are 
turned on. (b) Actual shadow pattern. 
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1. INTRODUCTION 
Capacitors and resistors are major 

concerns in Electricity.  The 
capacitance of a capacitor can be 
expressed as:  

C = Q/V   (1)  

where Q is the charge of each plate, V 
is the potential difference across the 
plates and C is the capacitance. In 
equation 1, C is the proportionality 
constant between Q and V and varies 
with the capacitor’s dielectric and 
geometry. Confusion arises when C is 
perceived to be proportional to Q and 
inversely proportional to V. On the 
other hand, the resistance of an ohmic 
resistor can be expressed as:  

R = V/I   (2)  

where V is the voltage across the 
resistor, I is the current along the 
resistor and R is the resistance. In 
equation 2, R is the proportionality 
constant between V and I. Confusion 
arises when R is perceived to be 

proportional to V and inversely 
proportional to I.  

It is a fact that educators often 
wonder why students, after being 
taught well about a concept, still miss 
to give the correct answers to the 
most basic questions1. In this study, 
the possibility that students (even 
after being taught about the concepts 
on capacitors, resistors and Ohm’s 
Law) still conceive all the physical 
quantities in equations 1 and 2 as 
variables was investigated.  

 

2. METHODOLOGY 
A multiple-choice type of 

questionnaire was constructed in 
order to detect students’ 
misconceptions on capacitance and 
resistance. The questionnaire was 
composed of two main parts. Part 1 
consists of 8 questions regarding the 
effects of varying the three physical 
quantities in the equation C = Q/V on 
each other. Four of the questions in 

Part 1 were designed to detect the 
misconception on capacitance and the 
remaining 4 questions were designed 
to detect the students’ basis for the 
misconception. Each of the set of 4 
questions has similar contents but 
presented differently in order to 
verify the consistency of the students’ 
answers, recognize those who are 
merely guessing, and ensure the 
reliability of the students’ answers. 
Part 2 consists of another set of 8 
questions concerning the effects of 
varying the three physical quantities 
in the equation V = IR. Four of the 
questions in Part 2 were intended to 
detect the misconception on 
resistance and the remaining 4 
questions were intended to detect the 
students’ basis for the misconception.  
Similar with Part 1, the questions 
were of similar content but presented 
differently.  

An additional part, with 2 questions 
on the equation F = k|q1q2|/r2, was 
included to aid in the analysis.  Also, 
for each item in the questionnaire, the 
students were asked to provide the 
reason(s) for their answer. 

The questionnaires were given out 
to PHYS 13 and PHYS 72 lecture 
classes during the summer of 2004 
and the 1st semester of A.Y. 2004-
2005. They were administered after 
the lecture on capacitors, resistors and 
Ohm’s law were already completed. 

The collected data were first 
grouped based on the answers to the 4 
questions regarding the effects of 
changing (increase or decrease) a 
particular parallel-plate capacitor’s 
potential difference and charge on the 

A questionnaire was constructed to assess how students analyze concepts about 
resistance and capacitance from their electricity and magnetism course. The 
questionnaire contained questions to assess how students perceive the 
relationship among: (1) capacitance C, potential difference V and charge Q in 
the equation C = Q/V, and (2) resistance R, voltage V and current I in the 
equation R = V/I. Data show that around one-third of the respondents have the 
misconceptions of looking at: (1) capacitance as dependent on the charge of the 
capacitor’s plates and the potential difference across the plates, and (2) 
resistance as dependent on the voltage across the resistor and the current along 
the resistor. The basis of the misconception was found to be the students’ use of 
plain mathematical relationship of proportionality (or inverse proportionality) 
in analyzing the relationship among the physical quantities, and thus neglecting 
which physical quantity is constant and which is variable.  It is suspected that 
the knowledge of the various values of capacitance and resistance made this 
misconception possible.© 2004 Samahang Pisika ng Pilipinas (23rd SPP Bohol, 
Philippines) 


