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Abstract

Project Code: 5780191
Project Title: Conceptual development regarding reflection and refraction
of light for In Service Science Teachers under the Office of the

Basic Education Commission

Investigator: Dr. Kreetha Kaewkhong, Faculty of Education, Chiang Mai
University

E-mail Address: kreetha.ka@cmu.ac.th

Project Period: 2 year

Science and technology are seen as a basic but important knowledge for
developing our country in the rapid change of a very competitive economic world in
this era. Therefore, science contents are included in the National Basic Science
Curriculum, which can be grouped into 8 content areas including: living things and
living processes; life and environment; matters and properties; forces and motion;
energy; processes that shape the earth; astronomy and space; and nature of science
and technology. Teaching style and science knowledge of teachers have the most
effect to learning attitude and forming science concepts of students. From the
previous researches, Thai science teachers, are considered to lack the understanding
in science concepts. Investigating teachers’ science concepts in a local area, about
lisht phenomena, reveal that the teachers need to be developed science concepts
and guided how to teach.

This study aims to develop the basic science concepts regarding reflection
and refraction of light based on an inquiry method, for In Service Science Teachers
under the Office of the Basic Education Commission. Firstly, teachers’ concepts are
investigated using light reflection and refraction conceptual evaluation (LRRCE). Then,
they are trained and developed their concepts by doing a simply experiment set.
Finally, the teachers’ learning improvement is determined. In follow up phase, some
teachers are determined teaching practices in their classrooms using multi method
evaluation for case study.

Key words: Reflection and refraction of light/ Teachers’ conceptual development/Inquiry

method
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Abstract

CrossMark

This article introduces a low-cost, easy to make apparatus that can be used

to locate the position of an image formed by a plane mirror. The apparatus is
combined with a method used to identify an image’s position by drawing a ray
diagram, based on the principle of reflection, to show how an image is formed.
An image’s distance and an object’s distance can be measured precisely. In
addition, the size of an object and an image can be determined accurately.

Introduction

In earlier research, many students had problems
drawing a ray diagram to locate the position of
an image formed by a plane mirror [1-5]. Several
methods were recommended for solving those
problems. For example, Galili and er al (1993) sug-
gested that at least two diverging light rays propa-
gating from an object should be applied to draw
a ray diagram to locate the position of an image
formed by a plane mirror. Singer (1979) proposed
the method used to identify the position of an image
formed by a plane mirror by using an identical
unlighted candle to place at the image’s position
of a lighted candle placed in front of a transparent
glass. Karioris (1982) demonstrated how to measure
a distance between a virtual image, appearing in a
plane mirror, and a plane mirror using a measuring
stick. Layman (1979) placed a ring stand in front of
a plane mirror and asked students in each group (in
front of the plane mirror at several positions) to align
a 10 m long string along the image sight they see in
the mirror. The end of the strings, aligned from each
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position, were held by other students, across the top
of the mirror in order to point at the image position
behind the mirror. Each student holding the string is
asked to confirm its alignment. All string tips meet
together at the particular point behind the plane mir-
ror where the image position is. The method they
introduced for indicating the image position cannot
be used for drawing a ray diagram to show how an
image is formed at the same time. as they are taught
separately. The purpose of each method in the past
was only to indicate the image position. but not show
how the method and drawing a ray diagram based
on reflection relate. In Thailand. most high-school
students are taught how to draw a ray diagram sepa-
rately from locating the position of an image formed
by a plane mirror. They know that the position of an
image is behind a plane mirror by determining this
from a demonstration Kit, but they cannot draw a ray
diagram based on the principle of reflection to con-
firm that position. So. we designed some apparatus
that can be used to indicate the position of an image
formed by a plane mirror. We added the procedure

0031-9120/15/050522+7533.00



A low-cost demonstration kit for locating an image formed by a plane mirror

for drawing a ray diagram to make students under-
stand the relationship between the position of an
image, which can be seen from the demonstration
kit, and a ray diagram.

Constructing the apparatus
Materials

(a) A semi-transparent glass (20cm x 30cm X
0.3cm).

(b) Four glass clamps.

(¢) Two drawer slides.

(d) Two steel angle brackets.

(e) A piece of graph paper.

(f) Two pieces of wooden board (40cm x 60cm).

(g) Two paper clips.

(h) A battery holder for two AA 1.5 v batteries
and wires.

(i) A switch.

(j) A white LED (3V).

(k) Screws.

(1) Bolts and nuts.

(m) Two small magnets.

(n) Two wooden cubes.

(0) Colour spray paint cans: black, red and
vellow.

Construction

The apparatus comprises a semi-transparent
glass, as seen in figure I(a), inserted in glass
clamps, figure 1(b), fixed perpendicularly on two
drawer slides. figure 1(c). by bolts and nuts. The
drawer slides are connected with two steel angle
brackets, figure 1(d). which are fixed perpendicu-
larly at the middle on a piece of wooden board,
figure 1(f), by nuts and bolts. A piece of graph
paper is stuck with plastic tape on the board and
set under the semi-transparent glass in the mid-
dle, figure 1(e). The semi-transparent glass can
be moved up perpendicularly to the graph paper
by sliding the drawer slides as seen in figure 2.
Setting the small gap, 2mm height, between the
semi-transparent glass and the graph paper, see
figure 2, can be done by placing two paper clips
under the semi-transparent glass, which permits
the drawing of a ray diagram.

The principle of light reflection is similarly
used to explain how a plane mirror and a semi-
transparent glass form an image. But most Thai
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Figure 1. The apparatus components are composed
of: (a) a semi-transparent glass, (b) a glass clamp, (c) a
drawer slide, (d) asteel angle bracket, (e) a piece of graph
paper, and (f) a piece of wooden board (40cm x 60cm).

Figure 2. Setting the small gap, 2mm height, between
the semi-transparent glass and the graph paper using
two paper clips, which permits the drawing of a ray
diagram.

high-school students believe that image forma-
tion occurs inside a plane mirror, and an image
formed by a semi-transparent glass cannot be
used to explain the reflection of light. One impor-
tant reason that students usually quote is that a
semi-transparent glass can be looked through, but
a plane mirror cannot. Therefore, it is necessary
to design a demonstration method that corrects
students’ understanding about an image formed
by a semi-transparent glass. The black box,
made by assembling four pieces of cut wooden
plate using nuts and bolts, is constructed to cover
half of the piece of the wooden plate in order to
reduce the ambient light intensity on the other
side of the semi-transparent glass. The inside of
the black box is painted using a black spray paint.
Therefore, an image formed by the semi-transpar-
ent glass can clearly be seen, such as the image

523

PHysics Enpucartion



K Kaewkhong and R Chitaree

Figure 3. The black box is used to cover the other
half of the wooden plate to demonstrate that an image
formed by the semi-transparent glass and a plane mirror
is the same. A thin iron metal plate is fixed under the
wooden plate using nuts and bolts to attract magnets
inside the cube.

(@)

Figure 4. The electronic parts: (a) a white LED, (b) a
battery holder, (c¢) a switch, and (d) all electronic parts
are fixed together in the black box. and the white LED
is turned on.

formed by a plane mirror that will be discussed
in the next section. A thin iron metal plate is fixed
under the wooden plate using nuts and bolts in
order to avoid moving the object, as shown in
figure 3.

As shown in figure 4, a simple electronic sys-
tem is constructed by connecting a white LED, a
battery holder and a switch together in series. The
white LED is fixed by nuts and bolts on the top
of the black box. The object, a red wooden cube,
has a magnet inside, as shown in figure 5(a), to
be firmly in front of the semi-transparent glass.
Another cube, which is identical to the object,
is painted in yellow and called ‘a marker’. see
figure 5(b). This is used to locate the position of

524 PHYSsICS EDUCATION

Figure 5. (a) A red wooden cube, an object. has
a magnet put inside and is stuck using glue tape.
(b) Another yellow cube, called “a marker’, of the same
size and shape. also has a magnet put inside and is
stuck by glue tape.

Figure 6. An image appears when the LED in the
black box is turned off.

an image appearing behind the semi-transparent
glass and for determining the sizes of the object
and image.

Locating the position of an image

In this section, the method used to locate the
position of an image and the demonstration steps
are discussed as follows. The method described
here is the modified parallax method mentioned
in [7] and [8]. In a real class, most Thai high-
school students are not familiar with the word
‘parallax’, which is a technical term. So we try
to explain how to indicate an image’s position in
terms of ‘overlapping’ rather than parallax. As
follows, firstly, a piece of graph paper is stuck
with plastic tape onto the wooden board under
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Figure 7. An image appears when the LED in the
black box is turned on.

the semi-transparent glass in the middle. as in
figure 1(e).

When another half of the board is covered by
a black box, students are asked to place a red cube
in front of the semi-transparent glass as an object,
see figure 6. Then, teachers should engage stu-
dents to compare the characteristics of an image
that is formed by the semi-transparent glass and
formed by a plane mirror by increasing or decreas-
ing the light, see figures 7 and 8. Students can see
that an image formed by the semi-transparent
glass looks like an image formed by a plane mir-
ror when a light bulb inside a black box is turned
off. In fact, the principle behind image formation
from both situations is the reflection of light. This
step must be demonstrated carefully because stu-
dents may think that an image, which is formed
by a semi-transparent glass and by a plane mir-
ror, is different. Some diagnostic questions about
a shadow could be added at this stage to check
students’ understanding, because we found that
many Thai high-school students usually define
the image shown in figure 6 as a shadow. Some
explanations about a shadow should be clarified
if students are confused. Then, students are asked
to move the black box and place another wooden
cube, a marker, to overlap with the image, which
is behind the semi-transparent glass; see figure 9.
This method is an improvement on that described
by Singer (1979), where it is hard to see how the
image overlaps with the marker. In this demon-
stration kit the light intensity in the black box can
be adjusted to check how the image overlaps with
the marker.

September 2015

Marker

Figure 8. A marker is placed to overlap with an image
behind the semi-transparent glass.

Figure 9. The image distance and the object distance
are determined by counting the squares on graph

paper.

From figures 8 and 9, it is clear that the
image formed by the semi-transparent glass is
behind the glass. Students are asked to measure
the distance from the object to the glass and from
the image to the glass by counting a number of
squares on graph paper indicating the distance of
the object and marker from the glass. In this way,
students can see that an image, currently repre-
sented by the marker’s position, distance and
object distance, are equal, see figure 9. Teachers
should ask students to change the object’s dis-
tance and repeat the experiment to confirm that
an image distance is independent of the position
of an observer. This depends on an object’s posi-
tion. Overlapping between an image and a marker
proves that the sizes of an image and object are
always equal.

525
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Figure 10. (a) A selected point on the drawing of the
object acting like a light point source. (b) An incident
laser beam impinging on a surface of the glass. (¢) A
reflected laser beam.

Figure 11. Lines with an arrow representing the
direction of the incident beam and the reflective beam
are drawn on the graph paper relating to the trace of the
laser beam related to a reflection principle.

Drawing a ray diagram to confirm an
image’s position

In Thai high-schools, the topics of drawing a ray
diagram representing how a plane mirror forms
an image are usually taught separately from locat-
ing the position of an image. This is one reason
why Thai high-school students fail to understand
the relationship between a ray diagram and the
position of an image formed by a plane mirror.
Therefore, we introduced this method, which
engages students to draw a ray diagram indicat-
ing the position of an image appearing behind
the semi-transparent glass. When an image and
the marker overlap each other. students are asked
to draw boundaries around the marker and the
object, see figure 10(a), on the graph paper before
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Figure 12. Ray diagrams representing the reflection
of light emitted from an object at the same point are
drawn by inserting a ruler into the gap between the
glass and graph paper.

Figure 13. Broken lines are extended from each
reflected ray to locate a marker (an image) behind the
glass.

performing the next activities to avoid confusing
their original positions. Then, students are asked
to select a point of the drawing around an object
representing a light point source in front of the
glass. Representing a light beam emitting from
a light point source, a laser beam is shined on a
selected point of the glass. At this stage, the stu-
dent can see the path of an incident light beam
and a reflected light beam from the glass surface,
as shown in figures 10(b) and (c), respectively.
Lines with an arrow representing the direction of
an incident beam and a reflected beam are drawn
on the graph paper relating to a trace of the laser
beam. see figure 11. In addition, students are
asked to repeat the steps mentioned above to find
the ray diagrams relating to the different paths
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Figure 14. A pen. placed in front of a semi-transparent
mirror, is used to challenge students to predict the
image characteristics and locate the position of an
image.

of the laser beam coming from the same point,
see figure 12. For convenience, students can draw
a reflective ray by inserting a ruler into the gap
between the glass and the wooden plate, as shown
in figure 12. At this stage, students are asked to
determine the relationship between ray diagrams
and the reflection. Then, the broken lines dis-
cussed in [6] and [9] are drawn, extending from
each reflective ray by inserting a ruler into the
gap between the glass and the wooden plate, see
figure 13.

Noticeably, all the broken lines are joined
together at the position of the selected point of
an image. a marker. From all the steps mentioned
above, it is clear that a virtual image can be seen
by the reflection of light, and a screen is not neces-
sary [10]. To promote understanding about draw-
ing a ray diagram to locate the virtual image’s
position, another object, for example a pen placed
in different way, challenges students to draw a
ray diagram locating the image position and to
predict the characteristics of the image appearing
behind the glass. The ray diagram shown in fig-
ure 14 indicates how an image of a pen is formed.

Summary

This apparatus is an effective and inexpensive
teaching aid: it can be used to precisely locate the
position of an image formed by a plane mirror.
In addition, the equal distance between an object
and an image can be clearly shown. Similarly,
the image of an object can be represented at

September 2015

the same size as the object itself. Besides, the
position of the image can be represented inde-
pendently from the position of an observer, and
the mirror image inversions mentioned in [11]
can be demonstrated effectively. The apparatus
described here helps students understand ray
diagrams representing how an image is formed
by tracing a ray diagram according to the paths
of real incident and reflected laser beams. Most
of our students have found this very helpful in
developing their conceptual understanding of
light reflection and the image formation of a
plane mirror.
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Abstract

This article aims to represent 50 Thai primary school science teachers' ideas about reflection and refraction of light. All are
volunteers participating in the optic active learning workshop designed by an inquiry method. At the beginning, they are asked to
do Light Reflection and Refraction Conceptual Evaluation (LRRCE) for checking their prior knowledge. LRRCE has 17
conceptual questions, 15 multiple choices and 2 open-ended questions. The test can be grouped into 6 domains according to
concepts: a light source, the meaning of light ray. reflection and applications, an image formed by a plane mirror, refraction of
light and applications of refractions. respectively. In this study. the results from pre-test (conly questions 1-14) indicated that most
teachers participating in the optic active learning had some misconceptions and difficulties about reflection and refraction before
they came to the workshop.

Keywords: mvestigating, reflection and refraction, i service primary school science teacher, conceptual understanding

1. Introduction

In 2013, Faculty of Education, Chiang Mai University was a leader for developing a quality of primary
school science teachers, in the north of Thailand, as Coaching and Mentoring Project. All participants were in-
service primary school science teachers in the north of Thailand. During the workshop. the conceptual questions
were used to identify their understanding in science concepts. We found that most teachers still have some naive
understanding in science concepts which one topic of all is reflection and refraction of light, the results were similar
to the previous research (Kaewkhong K., 2006, 2008). Therefore, in year 2014, in-service primary school science
teachers, in Lumphun Province, were selected to participate in the active learning workshop in optics for developing
their understanding in basic optic concepts. The results of previous research found that both students and in-service
science teachers still had some misconceptions in basic optics. The difficulties of learning basic optics occurred
generally in other countries (Anderson & Smith, 1986; Andersson & Karrqvist, 1983; Bendall & Galili, 1993;
Cummings & Grillo, 2005; Fetherstonhaugh & Treagust. 1992; Galilh, 1996: Goldberg & McDermott, 1986;
Goldberg & McDermott, 1987; Heywood, 2005; Hubber, 2006; Langley et al, 1997; Ronen & Eylon, 1993; Saxena,
1991, Selley, 1996; Shapiro, 1989; Yalcin et al., 2008, Watts, 1985). At the beginning of the workshop, the
participants were asked to do the conceptual test involving reflection and refraction of light. Light Reflection and
Refraction Conceptual Evaluation (LRRCE) which 1s composed of 17 conceptual questions. They are 15 multple-
choices questions and 2 open-ended questions. The participants understanding can be interpreted by determining
their responses in cach question which is classified according to concepts, discussed later in the next topic.
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2. Methodology

This study, science teachers understanding about reflection and refraction of light were investigated by the
series of conceptual multiple-choices questions. Each question can be grouped according to sub-concepts involved
reflection and refraction of light Teachers responses, only question 1-14, were discussed according to concept
groups. The teachers results in question 15, 16 and 17 were not represented in this article because mterpreting data
needs more complicated method.

2.1. Target group

The target of this article were 50 Thai primary school science teachers, m the north of Thailand. who came
to the optic traming workshop, about reflection and refraction of light year 2015. The 50 teachers represented in this
article composed of 23 teachers who came to the workshop firstly called in this article that Teacher 1 and teacher 27
teachers, called Teacher 2 in this article, who came to the workshop after the first group finished 2 weeks.

2.2, Methods of Inquiry

Light Reflection and Refraction Conceptual Evaluation (LRRCE) have been developed since 2006
Kaewkhong K., 2008). The effective reliability, difficulty and discrimination were already determined. The
conceptual test 1s composed of 17 conceptual questions. They are 15 multiple-choices questions and 2 open-ended
questions. The questions can be classified into sub-concepts of reflection and refraction as shown in table 1.

Table 1. The group of questions determined by sub-concepts about reflection and refraction of light.

Questions Sub-concept
13,7 A light source
2,45 The meaning of light ray
6.8 Reflection and applications
9,10,11,12.13 An image formed by a plane mirror
14,15 Refraction of light
16,17 Refraction and applications (open-ended)

Question 1, 3 and 7. the teachers were asked to identify a light source in different situation, represent the light ray
from a light source and apply principle of light source to explain seeing object, respectively. Question 2. 4 and 5. the
teachers were asked to identify a meaning of light ray, explain can a light beam be seen and apply principles of
scattering to solve an everyday phenomenon. Question 6 and 8. the teachers were asked to identify a reflective ray

on a curve reflector. Question 9,10,11.12 and 13, the teachers were asked to identity a position of image formed by a
plane mirror in different situations. Question 14 and 15, the teachers were asked to determine the refractive
phenomena and identify scientific explanations. Students were mvestigated before the workshop started for probing
the teachers’ prior knowledge. The results were determined for improving the instruction.
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3. Research Findings
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Diagram 1: The percentage of teachers who answered corectly in each question

All results are represented in diagram 1 related to each sub-concept. In the first sub-concept, a light source,
we need to know their understanding about a light source. There are composed of 3 questions which are question 1, 3
and 7 used to interpret their understanding. For question 1, the teacher were asked to select a light source in a total
closed room where there were a turned on light bulb, a mirror and a wooden table inside, a light source was defined
as an object which can illuminate light by itself or an object that can reflect light coming from other light sources.
The teachers' responses in this question are presented in diagram 1 we found that the teachers in both Teacher 1 and
Teacher 2 answered the this question correcly under 50% of each group but Teacher 1 is more than Teacher 2. Most
teachers m both groups thought that a light source was only the objects which produced light by themselve but they
did not realize that objects reflecting light coming from around environment were a light source as well. For the
question 3; teachers were asked to determine the appropriated ray diagram which describes a feature of light
reflected on a surface of a golf ball. The teachers’ responses in this question show that Teacher is more than Teacher
2 but both are less than 50% of all students m each group. Most teachers in both groups used the model shown in
figure 1 to represent light reflecting from an object surface which had only one ray propagating from each point on
the object surface. But they did not realize that light rays propagate from each point source in straight lines and every
directions as shown in figure 2. Some teachers said that they were familiar with the diagram shown in figure 1 rather
than the diagram in figure 2 because they usually drew a diagram to represent light propagating from the sun.
For conceptual question 7, teachers were asked if they could see an image of a light bulb formed by a plane mirror
when they were in a total closed room where light from outside could not pass through. There were a turned off light
bulb and a plane mirror m the room. The teachers’ responses i this question are quite the same, most of them
selected the correct choice which realize that an image can be seen when light coming from an object reflects on the
mirror surface and arrives at refina of an observer . number of teachers who selected the correct answer of both are
upper 50%.
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Figure 1. the model of light reflecting from an Figure 2. the right model of light reflecting from an
object surface which propagates in staight lines object surface which propagates in staight lines in
but each point source composed of only one ray. every direction from each point source.

The second sub-concept is investigating teacher understanding about a meaning of light ray. there are
composed of question three questions which are 2.4 and 5. For question 2. teacherts were asked to select a sentence
which had the best definition of «a ray diagram~ while they were let to determine a picture representing a ray
diagram of an incident ray and a reflective ray on a plane mirror. The teachers: responses in this question are quite
the same . misconceptions can be detected they thought light ray can be appeared when dust is in the path of light
ray. light ray can be seen in the area where had and had not light rays and light ray is used to indicate light intensity.
For conceptual question 4. teachers were asked to select the correct property of a light beam when they were
standing outdoors where were absolutely no dust. Their friends would turn on a torch and shine a light beam passing
in front of their faces . The teachers’ responses in this question indicated that most teachers in both group claimed
that a light beam can be seen which is a big misconception detected in this question. For the question 5. teachers
were asked to consider that if they stood in a crossroad where absolutely had no dust and light in that area as shown
in figure 3. Both main path and crossroad were surrounded by a high wall: teachers could not see their friend who
was holding a torch. When their friend was turning on a torch and shining a light beam parallel fo the main path.
could teachers see light beam at the main path Most of them thaught that the beam can be seen because light
propagates in straight line.

Thewall o‘ nair

Light beam —r-r===r-=rmomssmsssso=o e e mmnen o VP

]

crossroad

Your
position

Figure 3.the diagram used in question 5

The third sub-concept is investigating teacher understanding about reflection of light and applications which
are composed of two question. 6 and 8. For question 6. teachers were asked to indicate the position of an image
formed by a concave mirror. An object was set between a focal point (F) and a center of curvature (O). The teachers’
responses in this question. teacher in both group could not identify a position of an image formed by the concave
mirror they still have dificulties in drawing a ray diagram. However. the correct answer from Teacher 2 is more than

4
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Teacher 1 but both are less than 50e . For conceptual question 8. teachers were asked to determine a correct ray
diagram representing a reflective ray on a convex mirror. The teachers: responses in this question are quite the same,
but Teacher 1 is more than Teacher 2 a bit and both of them are upper 50«. The correct respones of this question
was high. It is possible that they was familiar with this question because they use a miror in a daily life.

The forth sub-concept is investigating teacher understanding about an image formed by a mirror. There are
composed of question 9 to 13. The question 9, teachers were asked to identify an image formed by a plane mirror of
a wooden rod. A wooden rod was placed in front of a thick plane mirror set perpendicularly to a floor. We found that
most theachers in both group thaught that an image formed by a thick plane miror is in the thick glass. However, the
correct respones of Teacher 1 are more than Teacher 2 a bit and both of them are lower than 50«. The question 10.
teachers were asked to select a correct diagram indicating a position of an image formed by a plane mirror of the
wooden rod in the case of changing location an observer. Most teachers in both group thaught that the position of an
image depended on the position of the observer. Question 11, teachers were asked to compare the height of an
image of a wooden rod which was placed at position (1) and then moved to the position (2). We found that most
teacher thaught that an image of the object moved to the position that far away from a plane mirror is smaller than
an image of the object at the beginning position where is more closer. The question 12. teachers were asked to
identify the characteristics of an image formed by a plane mirror of a wooden plate. in a shape of a letter “F~ that an
observer should see. A position of the wooden plate, an observer and a plane mirror the correct answers of theacher
in both group are upper 50¢. Noticible that they often use the idea about opposite direction between an image and an
object for solving this question. The question 13, teachers were asked to choose a position of an observer where an
image of a wooden rod placed in front of a plane mirror could not be seen. The correct answers of teachers in bothe
group were lower than 50%. The results of this question can imply that most teachers had some difficulties about a
principle of reflection of light. they could not use that prineiple to describe seeing an image.

The conceptual question 14, teachers were asked to choose the angles, between 30°, 45°, 60° and 75°, at
which the internal total reflection occurred. The critical angle (Bc) of the first medium was defined as 50 degrees. The
correct respones of this question from both group were lower than 50 It can imply that most teachers did not
understand in a critical angle.

From the results. teachers in both group answered correctly . upper 50¢%, in question 7, 8 and 12 that means
that they can apply ideas about reflective ray explained an image formation by a plane mirror, a characteristic of
reflective ray on a cureve refletor and an 1image formed by a mirror, respectively.

4. Conclusion

From the results, the teachers in this study should be improved thier understanding in the concepts of
reflection and refraction .
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