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Rationale

One would hope experienced teachers working in elementary schools would be

adequately prepared to teach standards-based light concepts (National Research Council,

1996; American Association for the Advancement of Science, 1993).  A study reported

by Atwood and Christopher (2004) suggests that is not the case.  In that study the

percentage of teachers responding correctly to seven light tasks ranged from 8.3 to 73.6

with a mean of 47.2%.  Apparently the teacher education programs completed by these

teachers did not adequately prepare them for their current assignments.  In order to

prevent the recurrence of this deficiency in the preparation of future generations of

teachers, science faculty and science teacher educators must be aware of conceptual

difficulties of students now entering preparation programs.  Such knowledge is needed to

inform physical science and science education coursework for prospective elementary

teachers.  The purpose of this study is to help provide that knowledge base.

Procedure

The sample consisted of 108 preservice elementary teachers from three higher

education institutions that are members of the Appalachian Mathematics and Science

Partnership (AMSP).  During the 2003 fall semester, the students in the sample were just

beginning a physical science course for preservice elementary teachers that had been

designed by AMSP.  A pretest completed by the students included eight multiple choice

tasks dealing with light phenomena.  The tasks were modeled after the Force Concept

Inventory (Hestenes, Wells & Swackhammer, 1992) in that commonly held

misconceptions were embedded in distracter options.  Literature particularly helpful in
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providing ideas for test items included work reported by Goldberg and McDermott

(1986), McDermott (1996) and Osborne & Freyberg (1985).

Results

In presenting the results the idea being assessed will be identified followed by the

task(s) used to assess it.  Following each task will be a summary showing the number of

students who selected each of the five options in the task, expressed as a frequency and a

percent.  [Note: The tasks and summary data for each task to be included in the paper

have been omitted in the proposal to conform to the 1500 word limit.]  A discussion of

the results will be placed near the task(s) being considered.

Tasks 1 and 2 are modest variations of tasks previously reported by Osborne and

Freyberg (1985), focusing on the idea light travels in a straight line until it hits

something.

 1. Suppose you are watching a candle burn during the day.  The light from the
candle flame will:

A) stay on the candle flame.
B) stay in a small “halo” very near the candle flame.
C) come out about halfway towards you.
D) come out as far as you and no further.
E) come out until it hits something.

A 29 27%
B 38 35%
C 4 4%
D 0 0%
E 37 34% Correct

Omit 0 0%
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 2. Suppose you are watching a candle burn one night during a power outage.  The
light from the candle flame will:

A) stay on the candle flame.
B) stay in a small “halo” very near the candle flame.
C) come out about halfway towards you.
D) come out as far as you and no further.
E) come out until it hits something.

A 4 4%
B 19 18%
C 15 14%
D 5 5%
E 65 60% Correct

Omit 0 0%

The most frequently chosen distracter option for both of these tasks was B., light

from the candle will stay in a small halo very near the flame.  Previous research by

Bendall, Goldberg & Galili (1993) documented that preservice elementary teachers

experience difficulty with the notion that light travels.  Clearly because of its speed, no

one can see it travel, as we think of objects traveling in our everyday experience.  The

fact that the light appears more intense near the flame also may miscue.  The selection of

A, B or C on these tasks likely indicates a lack of understanding that light must enter the

eye in order to be seen, and if an object or light source is seen, light must be traveling

into the eye from the source or object.  The interpretation is consistent with findings by

Bendall, Goldberg & Galili (1993).  The difference in the number of correct responses for

the night and day versions of the task is striking.  Certainly at night, when far less

ambient light is reaching the eye, one would be more likely to focus attention on a candle

flame.  However, the 60% of correct responses for the night setting could include a lot of

false positives.  This would be true if the more frequent selection of distracters A and B

for the day setting represents a more frequent use of common sense explanations, rather

than an application of light traveling in a straight line until it hits something.
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Responding correctly to Task 3 could have required an understanding that light

from a source and light reflected from an object go out in all directions and must enter the

eye in order for the source and objects to be seen.  However, the setting is not unlike what

might be encountered in everyday experience.  Without asking for an explanation of why

D is the best answer, it’s impossible to know whether respondents made desired

application or simply relied on everyday experience.  Unfortunately, being able to probe

students’ response through individual interviews, which we value highly, was not an

option for this study.

 3.  A light bulb is attached to the left wall of a small, bare room with no windows, as
illustrated in  Figure 3, and a clock is attached to the right wall.
The bulb attached to the wall is on and is glowing brightly.  There
are no other lights in the enclosed room.  If you were to move
about the room looking first toward the left wall and then toward
the right wall, which of the following statements would be most
accurate?

A) You could see only the bulb and see it only from near the
right wall.

B) You could see only the bulb, but see it from most places
in the room.

C) You could see the bulb and some of the clock but only
while standing near the right wall.

D) You could see the bulb and some of the clock from most
places in the room.

E) You could see neither object.

A 3 2%
B 14 13%
C 11 10%
D 74 69% Correct
E 5 5%

Omit 1 1%

In contrast to Task 3, Task 4 describes a situation students are unlikely to connect

to their everyday experiences, and only 15.0% selected the best response.  Most

respondents indicated they would be able to see a beam of light between the two walls in

bulb on clock

left
wall

right
wall

floor

Figure 3
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room B.  They probably had seen a beam of light in fog, snow or some other material that

scattered the light.  However, the fact that option A includes some of those conditions

didn’t seem to help.  Again, an opportunity was missed by most to apply the concepts that

light travels in a straight line until it hits something and light must travel from an object

or source to an observer’s eye in order for the observer to see it.

 4. Room A and Room B are adjacent to each other as shown from a side view in
Figure 4.  Suppose you are sitting on the floor in the center of Room B and looking
upward so that you can clearly see the whole space between the left wall and the right
wall of Room B.  Now, suppose that in room A, one brightly lit bulb is mounted near the
center of the wall as shown.  There is a small hole in the center of the wall separating the
two rooms.  From your position in room B, what would you
see in the space (not on any surfaces) between the left wall
and the right wall?

A) No light beam unless there is dust, smoke, or fog in
the air.

B) A light beam that gets smaller from the left wall to
the right wall.

C) A light beam that stays the same size from the left
wall to the right wall.

D) A light beam that curves towards the ceiling.
E) No light beam under any circumstances.

A 16 15% Correct
B 41 38%
C 36 33%
D 12 11%
E 3 3%

Omit 0 0%

Tasks 5 and 6 are designed to assess understanding of how light reflected from a

plane mirror.  Bendall, Goldberg and Galili (1993) reported that preservice elementary

teachers experience conceptual difficulties on this topic.  Only 2 of 10 persons they

interviewed seemed to have a good understanding of how light travels from a non-

luminous object to a mirror, and then to an observer’s eye.  In the present study 44%

chose the correct response on Task 5.

Figure 4

bulb

hole in wall

Room A Room B
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 5.  A student, a professor, an unlighted candle, and a plane mirror are arranged in a
well-lit room as shown in a top view in Figure 5.  The size of the mirror is typical of a
bathroom mirror.  The professor and the student can tilt their heads. As they look into the

mirror,

A) both the professor and the student will be able to see an image of the candle in the
mirror.

B) the professor will be able to see an image of the candle, but the student will not.
C) the student will be able to see an image of the candle, but the professor will not.
D) neither the student nor the professor will be able to see an image of the candle in

the mirror.
E) there will be no image of the candle in the mirror for anyone to see.

A 52 48%
B 47 44% Correct
C 8 7%
D 1 1%
E 0 0%

Omit 0 0%

Figure 5

mirror

professor student

candle
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 6. Light from a small light bulb, represented by a circle on the left in the diagrams
below, encounters a mirror.  Light from the mirror is observed to illuminate a small
screen, represented by a small square on the right in the figures below.  Which of the
following diagrams best represents the path the light takes in reaching the screen via the
mirror?

A)  B)  

C)  D)  

E)  

A 9 8%
B 11 10%
C 6 6%
D 57 53% Correct
E 25 23%

Omit 0 0%

The reader should be cautioned against making too much out of the apparent

difference in results.  Multiple choice tasks tend to generate far more false positives than

individual interviews (Trundle, Atwood and Christopher, 2002).  Success on Task 5

would ideally require application of the law of reflection coupled with the notion that an

image can be seen in a mirror, when an observer is looking back along a ray that has been

reflected from the object.  Further, knowledge of the location of the image of the candle

could be useful for this task.  Task 6 appears to be somewhat easier than Task 5,

mirror

 

mirror

mirror

mirror

mirror
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requiring only application of the law of reflection.  However, only 53% selected the

correct response, indicating less understanding of the law of reflection than one might

expect.

Tasks 7 and 8 represent attempts to assess understanding of refraction of light at

interfaces between transparent materials.

 7. A light ray encounters the left side of a flat plate of glass as shown in the
diagrams below.  In each drawing the ray initially hits the glass at the same spot and at
the same angle.  Which of the drawings best indicates the path that the light ray would
follow as it travels through and exits the glass?

A)  B)  C)  

D)  E)  

A 30 28% Correct
B 16 15%
C 43 40%
D 10 9%
E 9 8%

Omit 0 0%
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 8. Drawings of five glass objects are shown below.  Which of the objects can act as
a magnifier?

A) B) C) D) E)

A 7 6%
B 56 52% Correct
C 17 16%
D 5 5%
E 23 21%

Omit 0 0%

Task 7 asks for an application involving shapes more likely to be outside of the

student’s experiences than Task 8.  In fact shape B in Task 8, which happens to be the

correct response to Task 8, could be expected to be quite familiar to most students.  The

relative performance on these tasks was as expected, with only 28% responding correctly

to Task 7 and 52% responding correctly to Task 8.  However, the absolute performance

on both of these tasks is poor.  And, Task 8 could well have been only a memory level

task, in which the convex shape is associated with magnifiers.  Of particular interest on

Task 7 is the selection of option C by 40% of the students.  It is inferred that this result

represents a misapplication of the concept, light travels in a straight line.  In this case the

light did hit something.

Conclusions and Implications

The results of this study indicate these preservice elementary teachers were not

adequately prepared to teach standards-based light concepts and needed instruction that

would adequately prepare them.  They tended to do better when the context of the
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assessment task was more consistent with their everyday experience, such as for Task 3

and 8.  It seems likely that in earlier school experiences these students had been

instructed that: light travels in a straight line until it hits something; the angle of

reflection of light off a plane mirror is equal to the angle of the incident beam; and, light

passing from one medium to another can be bent, or refracted.  The result of that

instruction apparently had limited impact on conceptual understanding, so that

applications of concepts related to light phenomena, especially applications in novel

contexts, were infrequently made.  The students’ fragments of information (diSessa,

1993) may have enabled some to develop synthetic models (Vosniadou, 2002) which

worked well in some contexts, but which lacked a coherent explanatory framework for

the light phenomena that were assessed.

The extent to which other groups of preservice elementary teachers would show

the same conceptual limitation is unknown.  Results of the complementary study by

Bendall, Goldberg & Galili (1993) suggest this is not an isolated problem.  Science and

science education faculty who are responsible for the preparation of elementary teachers

should respond by providing instruction which is consistent with the best thinking on

conceptual change.  Physics By Inquiry (1996) might be a good place to start.  Clearly,

we have no basis for expecting the typical university lecture-based survey of physical

science to have a meaningful impact on the problem.  It is our professional responsibility

to respond more appropriately than that and to respond now.

[Note: Authors will make 15 minute presentation followed by discussion period.]
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