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Abstract

The goal of this study is to research Turkish student’s perception in the black body radiation,
photoelectric effect and compton scattering phenomena. 26 11th grade students receiving
education at a Turkish high school participated in the study. The black body radiation,
photoelectric effect and compton scattering subjects were carried out throughout a 4 week
period in 16 academic hours in accordance with the constructivist learning theory. 7
open-ended questions were applied as pre-study and post-study. This study is a descriptive
research. Content analysis method was used in the study. While majority of students defined
the black body as ‘a body that cools down the light falling upon it’ during the post-study, they
gave examples of objects with black exterior and that these examples could not represent the
black body radiation. Students could not identify the metal plates as anode and cathode in
photocell circuit, so they could not predict the direction of current in photocell circuit correctly.
Also, students had a misconception that light intensity is the light energy and, therefore, with
the increase of light intensity, the kinetic energy of snatched electrons would increase and they
would reach the plate faster.
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1. Introduction

Despite the fact that positive effect of relation between science and math teaching and daily
life on the learning process of concepts and processes is being emphasized, it is known that
many teaching methods nowadays relate little to the daily life. This situation gives rise to a
teaching approach in the form of exact reflecting of the knowledge and memorization based
activities (Cam, 2008). In other words, knowledge cannot be sufficiently structured by
available learning processes; it cannot be conveyed to real life experiences. It is stated that
concepts of the High School Physics Academic Program should be presented by making
relations to the real life and students should be provided with an opportunity to interpret and
resolve the events encountered in daily life using the knowledge obtained from the class.
Significant learning during the physics class can be performed in a learning environment that
ensures the verification of students' prior knowledge, is based on context encountered in real
life, is cognitively and physically active and provides conceptual changes. In this regard, a
solution can be expressed in the need for creating a practice based on a constructivist learning
theory that would encourage cognitive and physical participation by students, verify their
prior knowledge, include laboratory experiments and class activities that bring individual
differences to the foreground that could be benefited from and implemented by the teachers
in classrooms.

In a physics class, besides the situation of being able or unable to learn a certain concept,
there is a situation of learning said concept wrong and embracing the incorrect concept with
time, thus transforming it into a misconception. This case prevents meaningful and permanent
learning. Therefore, in order to correctly teaching a concept, the prior information and
misconceptions of students, if any, should be strictly identified and the teaching process
should be planned with these in consideration (Psillos, Koumaras & Tiverhien, 1988; Beasley,
2005). In this regard, the constructivist learning model emphasizes the consideration of
students' prior knowledge and identification of such knowledge in terms of wvalidity,
correctness and misconceptions. The constructivist learning model based on the idea
developed by Wittrock and expressed by Ausubel as "the important factor that affects
learning is a student's available knowledge"” can be seen by us as a learning model that
attempts to define the acquisition of new knowledge by students using their prior knowledge,
the learning process and creation of specific knowledge (Hand & Treagust, 1991; Turgut et
al., 1997; Appleton, 1997). In other words, the constructivist learning model focuses on the
idea that knowledge is formed by the learner, every student is gaining new knowledge
acquired from the environment by relating it to their available prior knowledge (Cepni, Ayas,
Ekiz & Akyildiz, 2010).

Blackbody Radiation (Planck, 1900), Photoelectric Effect (Einstein, 1905), and Compton
Scattering (Compton, 1923) phenomena indicate evidence about that light consists of
particles called photons. These phenomena led to emergence of the modern quantum theory.
Additionally, it is thought that the subjects of modern physics, being one of the High School
11th grade study units, are more abstract in comparison to other physics subjects and
therefore more difficult to learn. Akdeniz and Palic (2012) determined that modern physics
topics are carried outsuperficially. It is noted that modern physics topics cannot related to
everyday life and therefore there are difficulties in teaching the modern physics topics.
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Literature shows that studies on identifying the misconceptions of students in relation to
quantum physics concepts and more effective teaching and learning of quantum physics
concepts has become an area that attracts the interest of physics education researchers in the
past years (Ayvaci, 2013; Caliskan, Selcuk & Erol, 2009; Escalada, 1997; Ozcan, 2011;
Ozdemir & Erol, 2011; Sadaghiani, 2005; Sen, 2002; Vadnere& Joshi, 2009; Yildiz, 2009;
Yildiz & Buyukkasap, 2011a; Yildiz & Buyukkasap, 2011b). Such studies determined that
students perceive the quantum lessons as difficult and hard to understand (abstract), that
quantum concepts are not learned sufficiently and the learned concepts were not permanent
(Didis, Ozcan & Abak, 2008; Didis, Eryilmaz & Erkoc, 2010; Ozcan, 2011; Steinberg,
Wittman, Bao & Redish, 1999; Singh, 2001; Singh, Belloni & Christian, 2006; Zhu, 2011).
The complex mathematical infrastructure, abstract and non-parallel to each other concepts of
the quantum physics were determined to be among the difficulties experienced in learning the
subject (Akarsu, 2007; Akarsu 2011; Didis, Eryilmaz & Erkoc, 2010). For most students
quantum physics is defined as based only on mathematical formulas and difficult to
understand (Styer, 1997). As a result, it is noted that under the effect of many misconceptions,
students exhibit very low rate of success (Didis, Ozcan & Abak, 2008; Singh, Belloni &
Christian, 2006; Styer, 1997; Yildiz & Buyukkasap, 2011a). Studies, performed in relation to
the subjects of photoelectric effect and Compton scattering, researched the effect of learning
intended writing activities which had affected the academic success rate of science teacher
candidates (Yesildag, 2009; Yildiz, 2009; Yildiz & Buyukkasap, 2011a; Yildiz &
Buyukkasap, 2011b).

The goal of this study is to research perception of 11"™ high school Turkish students in the
black body radiation, photoelectric effect and Compton scattering phenomena.

2. Method

This study was conducted with descriptive study of research method. According to Kaptan
(1998), the research which tries to identify some events, objects, entities, associations, groups
and various fields are descriptive studies. Descriptive studies aim at explaining the interaction
between the situations, by taking care of existing events and the previous events and their
relations.

26 11th grade students receiving education at a Turkish high school participated in the study.
Modern Physics Unit containing blackbody radiation, photoelectric effect, and Compton
scattering were taught in accordance with the constructivist learning theory. The study was
carried out throughout a 4-week period in 16 academic hours.

2.1 Data Collection Tool

7 open-ended questions were applied as pre-study and post-study. The open-ended questions
are presented in the following.

Q.1. Draw a black body model. Explain why your drawing is a black body.
Q.2. Give at least 3 examples of black body radiation from your environment and explain why they constitute
examples for the black body radiation.

Q3. Below is an alarm system. Explain how this circuit works.
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Q4.Indicate and explain the type of metal plate used, surface area, inter-plate gap, voltage applied to the circuit,

and the light intensity variables necessary to be changed in order to increase the current forming in the circuit.

Q5. Draw the situation of a high energy photon colliding with a free electrode. Define the scientific occurrence
that can explain this situation.

Q6.Compare the energy, frequency, wavelength, velocity, and momentums of photon and electron before and
after the collision. What can you say regarding the total energy and total momentum?

Q7. The table below indicates how classical physics, black body radiation, photoelectric effect and Compton

scattering are explained. What is the approach of modern physics with these situations?

Classical physics

Black body  As the wavelength of the light decreases, its intensity increases towards the infinity.

radiation Photon’s energy increases as light intensity increases.

As the light intensity increases, the photoelectrons snatched from the metal surface will have

Photoelectric  greater kinetic energy.

effect There is no frequency, which is energy limit for the electromagnetic waves sent to the metal
surface in order to snatch electrons from the surface and that every frequency value is able to

snatch electrons from the surface.

Electrons begin to vibrate under the effect of electric field of the electromagnetic wave
Compton reaching the metal surface, and the vibrating electrons (due to inertial movement) diffuse new

scattering electromagnetic waves in various directions.

It is also indicated that the wavelength of the dispersed electromagnetic wave is equal to the

incoming beam’s wavelength.

2.2 Data Analysis

In this study, a content analysis was conducted on students' open-ended question responses.
The basic purpose of the content analysis is to explain the concepts and relationships in the
collected data (Yildirim & Simsek, 2006).

Students' open-ended question responses were analyzed according to the following rubric.
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Table 1. The rubric
Category Definition

CCD including completely correct definitions

ID including correct but incomplete definitions

ED including correct as well as incorrect definitions

CED including completely wrong definitions

ND has no response or definitions that are not relating to the question

* ‘CCD’; It means that the completely correct definition. ‘ID’; It means that the incomplete definition. ‘ED’; It
means that the erroneous definition. ‘CED’; It means that the completely erroneous definition. ‘ND’; It means

that no definition.

3. Findings

This section contains the answers provided by students to open-ended questions. Students’
responses in pre-post study related to the 1% question are presented in Table 2.

Table 2. Students’ responses to 1st question of pre-post study

Category  Students (f) Example Quote Example Drawing
CCD - - -
ID 1 S19: Round
A body that cools down the light falling upon it
and therefore seeming to be darker X
2 ED 5 S22: Round
2 ; A body with dark exterior i
Z = CED 14 S3: Scribble (no geometric shape)
A~ A body darkened due to the excessive radiation
=
ND - - -
No ND 6 - -
drawing
CCD 10 S12: Cube (box)
A body that cools down the absorbed radiation m
and does not let it out (does not reflect) v
ID 14 S18: Round
& A body that cools down the light falling upon it f__:
E a ED 2 S16: Cube (box) m
fé A body with dark exterior
CED - -
ND - - -
No ND - - -
drawing
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The pre-study shows that one student provided an incomplete definition of why the drawn
model was a black body, five students provided an erroneous definition, and fourteen
students did not provide a definition, and six students were unable to make a drawing. It was
determined that students had round, squared, scribble (no geometric shape), and rectangular
models to represent the black body but most students used the round shape. It is seen that
majority of students define the black body as "a body with dark exterior".

The post-study shows that ten students provided completely correct explanation of why their
model is a black body, fourteen students provided incomplete explanation, two students
provided erroneous explanation. It was observed that students drew the black body model in
their post-study as round, scribble (no geometric shape), cube (box) and triangular shapes but
majority drew the round shape.

Table 3. Students’ responses to 2nd question of pre-post study

Category Students (f) Example Quote
CCD - -
ID - -
o ED - -
£ CED 6 S17: Sunglasses
€ 5 ND 20 -
Z
¢ CCD - -
g ID - -
ED 2 S12: Because it does not reflect the incoming radiation
9 CED 3 S17: Reduces the passing light
& 21 -
CCD - -
ID 4 S6: Thermal thermometer, snake's visibility in the dark, thermal camera
(identification of the cracks within a pipeline)
ED 12 S21: Coal, bag, pen
o CED 5 S17: Sunglasses, mirror
. g S9: Black pen, black sweater, black t-shirt
HEES 5 -
%2 CCD - -
= ID 16 S6: Radiation from a body with temperature above 0 K / A body's radiation due
to the heat it diffuses and decrease of the wavelength as the temperature
increases
ED 6 S17: A body that cools or refracts the light falling upon it
% CED 1 S7: Being of black color
© ND 3 -

In pre-study, it has been observed that there are six students, who gave completely erroneous
example of black body radiation, and twenty students, who did not give any examples. There
are also two students, who provided wrong explanation of why their examples are examples
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of black body radiation, and three students, who provided completely wrong explanation.
Furthermore, some of the students' erroneous answers were "a body unreachable by light", "a
body that entered and is unable to escape from the black hole", a body that darkened as a
result of radiation", "a body that separated from the black hole". Among the responses of
students related to the definition of a black body, there were such incomplete explanations as
"a body that cools down the incoming light and thus seems to be dark". Some of the examples
provided by students for black body definition were such completely incorrect explanations
as "sunglasses, space, black pen, black sweater, black t-shirt". Responses of students,
regarding the reason for their examples being as examples of a dark body, contained such

completely incorrect expressions as "light is reflected when it hits a dark body", "weakens
and passes the incoming light", visible during the day but invisible during the night".

It was observed that students drew the black body model in their post-study as round, scribble
(no geometric shape), cubical (box) and triangular shapes but majority of students drew the
round shape. Students were found to give incomplete or erroneous responses regarding the
black body. Majority of students were found to define the black body as a body that cools
down the light falling upon it, a body that cools down the absorbed radiation and does not let
it out. It is seen that most examples provided by the students are objects with black color. An
example of correct explanations provided by students regarding the definition of a black body
can be the expression "a body that cools down the absorbed radiation and does not let it out".
An example of erroneous explanations can be the notion "an object with dark exterior" and "a
well cooling and well reflecting object". It is also observed that four students provided
incomplete examples to the black body radiation, twelve students provided erroneous
examples, five students provided completely incorrect examples, and five students were
unable to provide examples. An erroneous example of black body given by the student can be
the one provided by student S17 "sunglasses, mirror". As well as the examples given by
student S9 "black pen, black sweater, black t-shirt".

There are also sixteen students, who provided incomplete explanation of why their examples
are examples of black body radiation, six students, who provided erroneous explanation, and
one student, who provided completely wrong explanation. An example of incomplete
explanation provided by the students can be "radiation by anybody with temperature above 0
K / a body's radiation due to the heat it diffuses and decrease of the wavelength as the
temperature increases". "A body that cools down or reflect the light falling upon it" can be
presented as an erroneous explanation, whereas the example of a completely incorrect
explanation can be the expression "being of black color".
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Table 4. Students’ responses to 3rd question of pre-post study

Category Students (f) Example Quote

CCD - -
ID 5 S22: The light heats the plate and removes electrons from the metal, thus causing the
2 .§ alarm to ring
é g ED 8 S19: The incoming light creates a magnetic field between + and -, the rod moves and
‘-:‘E- u% the alarm rings
CED - -
ND 13 -
S23: Photons hit the photocell lamp, removes the electrons and send them to the
CCD 4 anode plate. The current formed in the circuit creates a magnetic field on the bobbin,
the rod is actuated and the alarm rings
ID 16 S7: Photons are actuated, electron transition from the - pole to + pole occurs and the
,E _§ magnetic field is formed, the object touches the rod and the alarm rings
E g ED 4 S14: Photon snatches the photoelectrons on the cathode, it cannot pass onto the
E E; anode since the battery is reversed, electrons moving from + to - pass onto another
circuit and the alarm rings
CED 1 S1: The black body cools down the light and the energy is acquired, that energy is
transferred to another circuit and the alarm rings
ND 1 -

During the pre-study, thirteen students gave an explanation to the operation of the circuit and
these explanations were found to be incomplete and incorrect. The five students gave an
incomplete explanation of the alarm circuit operation, and eight students gave an erroneous
explanation. It can be seen that majority of students attempted to explain the circuit based on
the light energy using such expressions as "the incoming light creates a magnetic field
between + and -, the rod moves and the alarm rings", "electrons are driven by the light energy
and the battery operates the alarm", electrons are driven by the light energy, the bobbin
becomes an electromagnet and the alarm rings", "beams transition from the - load to the +
load and the alarm rings", "the bobbin becomes an electromagnet due to high-energy beams,
pulls the rod and the alarm rings".

In post-study, four students provided completely correct explanation of how the alarm circuit
operates, sixteen students provided incomplete explanation, four students provided erroneous
explanation, one student provided completely incorrect explanation, and one student was
unable to provide an explanation. Most students were found to be unable to give a complete
explanation of the circuit. Also, students indicated that when the light reaches the photocell
lamp, the magnetic field occurring in the bobbin due to the current formed in the circuit pulls
or pushes the rod and the alarm will ring.
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Table 5. Students’ responses to 4th question of pre-post study

Category Students (f) Example Quote

CCD - -
ID 1 S22: The surface area of the plate should be increased, inter-plate gaps should
2 be decreased, light intensity increased, voltage increased
fg ED 14 S13: Inter-plate gap should be decreased, plate surface area decreased, light
c; intensity increased, voltage increased
CED - -
I ND 11 -
ar{) CCD - -
”E ID - -
S6:The light intensity increases as the conductor wire diameter increases, the
% 3 light intensity increases as the wire length decreases, the light intensity
o} ED increases as the voltage increases, the wire type should be of the copper nickel
composition in order to increase the conductivity
CED - -
ND 23 -
S11: A metal with low binding energy should be used, surface area of the
CCD 6 cathode should be increased, inter-plate gaps should be decreased, light
intensity should be increased, voltage should be increased
S8: There should be a metal/more conducting surface, the surface area of
2 ID 10 cathode should be increased, the inter-plate gaps should be decreased, the light
fg intensity should be increased
= S19: The surface area of the cathode should be increased, inter-plate gaps
ED 7 should be decreased, light intensity should be increased, voltage should be
decreased
CED - -
ND 3 -
-§‘ S26: More electrons will be removed if metal surface with low binding energy
g is used, if the cathode surface area is increased more photoelectrons will be
£ 1 removed, if the cathode surface area is increased it will catch more light, if the
CCD inter-plate gap is decreased the electrons will pass to the opposite side faster, if
the light intensity increases more electrons will be snatched and pass to the
opposite side/current flow, if the voltage is increased electrons will pass to the
§ anode faster
S S23: More electrons will be removed if metal surface with low binding energy
ID 5 is used, if the cathode surface area is increased it will catch more light, if the
inter-plate gap is decreased the electrons will pass to the opposite side faster, if
the light intensity increases more electrons will be snatched and pass to the
opposite side/current flow
S9: If the cathode surface area is increased it will catch more light, if the
ED 10 inter-plate gaps are decreased the electrons will pass to the opposite side faster,
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if the light intensity increases more electrons will be snatched and conveyed to
the opposite side/current flow, if the voltage is increased the number of

snatched electrons decreases and the current drops

CED - -

ND 10 -

In pre-study, it can be seen that the explanations provided by students in relation to changes
necessary to be applied to the variables of the type of metal plate used, inter-plate gap,
voltage applied to the circuit and light intensity in order to increase the current in the circuit
contained incomplete or incorrect expressions. "Plate surface area should be increased",
"inter-plate gap should be increased", "voltage should be decreased" are among the erroneous
expressions within the explanations provided by students. It is seen that only three of the
students provided definitions in relation to the justification and these explanations contained
erroneous expressions. For instance, students S6 gave the following incorrect definitions
"light intensity increases as the conductor wire diameter increases", "light intensity increases
as the wire length decreases", "light intensity increases as the voltage increases".

In post-study, six students provided correct explanation, ten students provided an incomplete
explanation, seven students provided erroneous explanations and three students did not
provide an explanation. One student gave correct explanation of the indicated basis, five
students gave an incomplete explanation, ten students gave an erroneous explanation and ten
students did not provide an explanation. Some of the erroneous expressions seen among the
responses of students are as follows, "if the voltage is increased the number of snatched
electrons decreases and the current drops", "decrease in voltage causes decrease in resistance

nn

and easier passing of electrons to the opposite side", "if the light intensity increases, photons
with small wavelength will come and snatch electrons more easily", "if the inter-plate gap is
decreased, more electrons will be snatched", "if voltage increases the number of snatched

electrons increased".
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Table 6. Students’ responses to 5th question of pre-post study

Category  Students Example Quote Example Drawing
®
CCD - - -
ID - - -
ED 3 S10: Explosion/big bang event )
a ERREh
g
‘3 A CED 6 S5: Reflection event
£
ND } - -
No ND 17 - R
drawing
CCD 6 S21: Correct photon electron i
collision and dispersion 4
Compton event
ID 13 S7: Correct photon electron :
collision and dispersion drawing Ce
Flexible collision occurrence
ED 1 S17: Incompletely photon
z '%ﬂ electron collision and dispersion
2 a drawing
E Photoelectric event
CED 4 S4: Photocell lamp drawing
Photoelectric event
ND - S1: Correct photon electron
collision and dispersion
No explanation
No ND 2 - -
drawing

In pre-study, the three students gave an erroneous explanation to the model drawn, six
students provided completely incorrect explanation and seventeen students did not make any
drawing during pre-study. It was observed that students drew the case of collision of
high-energy photon to a free electron incompletely or incorrectly. Whereas the students
explained their drawings as "non-flexible collision event", "explosion/big bang event",
"radiation event", bing bang event".

In post-study, students drew the case of collision of high-energy photon to a free electron
correctly, incompletely or incorrectly during the post-study. The six students provided correct
explanation of the model drawn, thirteen students provided incomplete explanation, one
student provided erroneous explanation, and two students did not make any drawing.
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Table 7. Students’ responses to 6th question of pre-post study

Category Students Example Quote

)

CCD - -

ID - -

F‘E Y ED 7 S10: Photon's energy increases, photon's frequency decreases, photon's wavelength
gz
gj_ Q decreases, electron's speed increases

CED - -

ND 19 -

CCD 2 S3: Photon's energy decreases, photon's frequency decreases, photon's momentum
decreases, photon's wavelength increases, photon's velocity constant, electron's
energy increases, electron's momentum increases, electron's velocity increases, total
momentum and energy is retained

. ID 2 S10: Photon's energy decreases, photon's frequency decreases, total momentum and
E % energy is retained

% S ED 16 S6: Photon's energy increases, photon's frequency increases, photon's momentum is
= constant, electron's velocity is constant, total momentum and energy is retained

CED 1 S24: Photon's energy increases, photon's velocity decreases, photon's wavelength
decreases, photon's momentum increases, photon's frequency increases, photon's
energy increases

ND 5 -

In pre-study, it is seen that seven students gave erroneous explanation and nineteen students
did not give an explanation for the energy, frequency, wavelength, velocity, momentum, total
energy and total momentum. It is determined that students' responses contain such erroneous
expressions as the photon wavelength will decrease, photon velocity will increase, photon
energy will increase, photon velocity will decrease, photon frequency will increase.

In post-study, two student was able to provide correct explanation for the post photon and
electron collision energy, frequency, wavelength, velocity, momentum, total energy and total
momentum, two students provided incomplete explanation, sixteen students provided
erroneous explanation, one student provided completely incorrect explanation, and five
students were unable to provide an explanation. Explanations made by students contain
correct expressions such as that photon's energy will decrease, photon's frequency will
decrease, total momentum and energy will be retained, photon velocity will be unchanged,
photon momentum will decrease, photon wavelength will increase, electron energy will
increase, electron momentum will increase, and electron velocity will increase.
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Table 8. Students’ responses to 7th question of pre-post study

Category Students (f) Example Quote

CCD - -
FRCIE :
5
§ ED 2 -
E’ CED 1 S26: Light intensity increases as the light wavelength increases

ND 23 -

CCD - -

ID - -

(@)l
2 .5 ED 1 S18: The kinetic energy of extracted photoelectrons increases with the light
E(,n % intensity, there is no frequency and energy limit in order to remove electrons
L 8
> 5‘ from a metal surface

CED - -

ND 25 -

CCD - -

on
gD - :
£ ED ] -
=
& CED - -
o

ND 26 -

CCD 1 S10: As the light wavelength decreases the light intensity will increase to the
maximum (a certain point), as the light intensity increases the photon energy is
unchanged

g ID 12 S14: As the light wavelength decreases the light intensity will increase to the

g maximum (a certain point)

E‘ ED 6 S21: As the light wavelength decreases its intensity decreases towards infinity, as
the light intensity increases the photon energy increases

CED 4 S7: photon energy decreases as the light intensity increases

ND 2 -

CCD 3 S19: As the light intensity increases the kinetic energy of snatched photo

z electrons is unchanged, the number of photoelectrons increases (photoelectron
=]
7z kinetic energy increases as the photon energy increases), light has a certain
£ frequency and energy limit to snatch electrons from the metal surface, the light
energy should be above the binding energy in order to snatch the electrons
N
g ID 9 S17: Light has a certain frequency and energy limit to snatch electrons from the
g metal surface
E‘Q“ ED 3 S3: Light has a certain frequency and energy limit to snatch electrons from the
metal surface, the light energy should be above the binding energy in order to
snatch the electrons

CED 2 S6: When the light intensity reaches a certain frequency, the kinetic energy of
photoelectrons increases

ND 9 -

B CCD - -
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ID 9 S11: The wavelength of dispersed photons increases
ED - -
CED 6 S13: The wavelength of dispersed photons is smaller than the wavelength of

incoming photons

ND 11 -

In pre-study, two students gave erroneous definitions of the black body radiation in terms of
modern physics approach against the views indicated in classic physics, one student gave a
completely incorrect definition, twenty three students did not give any definition.
Explanations of S10 and S11 "the intensity of light decreases towards the infinity in
proportion to the decrease in the light wavelength" can be given as an example of erroneous
definitions made by the students. The twenty five students did not give any definition of the
black body radiation in terms of modern physics approach against the views indicated in
classic physics, and twenty six students were unable to give an explanation in terms of
modern physics approach against the views indicated in classic physics regarding the
Compton event.

In post-study, the students provided limited explanations and these explanations contain
correct, incomplete or erroneous expressions. One student gave correct explanation of the
modern physics approach against the views indicated in classic physics regarding the black
body radiation, twelve students provided incomplete explanation, six students provided
erroneous explanation, four students provided completely incorrect explanation, and two
students were unable to provide an explanation. The expression "as the light wavelength
decreases the light intensity will increase to the maximum (a certain point), as the light
intensity increases the photon energy is unchanged" by student S10 can be given as an
example of correct explanation. An example of erroneous definition given by students can be
the expression of student S21 "photon's energy increases as the light intensity does". Three
students gave correct explanation of the modern physics approach against the views indicated
in classic physics regarding the photoelectric event, nine students provided incomplete
explanation, three students provided erroneous explanation, two students provided
completely incorrect explanation, and nine students were unable to provide an explanation.
An example of erroneous definition given by students can be the expression of student S3
"kinetic energy of extracted photoelectrons increases with the light intensity". Nine students
gave incomplete explanation of modern physics approach against the views indicated in
classic physics regarding the Compton event, six students provided completely incorrect
explanation, and eleven students were unable to provide explanation. An example of
completely incorrect explanations given by students can be the expression of student S13 "the
wavelength of dispersed photons is smaller than the wavelength of incoming photons".

4. Discussion and Conclusion

Students indicated during the post-study that various shapes such as round, scribble, cubic
and triangular can be used for the black body model; however, generally the round shape was
used. During the exploration stage of the procedure, an activity was implemented to conclude
that black body radiation is not based on the shape by creating round, square and rectangular
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models of various sizes for the black body model. While majority of students defined the
black body as "a body with dark exterior" during the pre-study, they defined it as "a body that
cools down the light falling upon it" during the post-study. Additionally, they made
explanations during the post-study that the radiation of a black body is invisibly because it
occurs in the invisible section, that the radiation of a black body depends on the temperature
that radiation intensity increases as the temperature of the black body increases. Nevertheless,
it was found that they gave examples of objects with black exterior and that these examples
could not represent the black body radiation. This condition is thought to be caused by the
black body models created during the activity of the exploration stage of the application for
the black body radiation.

Students were seen to make attempts to define the electric circuit without the explanation of
the photocell lamp operation principle during the pre-study. Most students were found to be
unable to give a complete explanation of the circuit during the post-study. Students indicated
that when the light reaches the photocell lamp, the magnetic field occurring in the bobbin due
to the current formed in the circuit pulls or pushes the rod and the alarm will ring.
Additionally, a misconception, the current in the circuit would increase as the voltage
decreased, was determined. This case can be said to be caused by the fact that students
thought a producer in the circuit to be connected in reverse. This case can be said to relate
to in-class practices. Students could not identify the metal plates as anode and cathode in
photocell circuit (Garnett & Treagust, 1992; Ercan, 2010; Karsli, 2011; Karsli & Calik, 2012;
Sanger & Greenbowe, 1997, 1999), so they could not predict the direction of current in
photocell circuit correctly. In this case, students may have thought that the generator is
connected in reverse the circuit photocell.

Post-study revealed that students had a misconception that light intensity is the light energy
and, therefore, with the increase of light intensity, the kinetic energy of snatched electrons
would increase and they would reach the plate faster. This situation during the post-study was
interpreted to be caused by the simulation activity during the exploration stage of the
application. During the exploration stage of the application it can be indicated that there is no
relation between the use of same frequency light with increasing intensity and then same light
intensity with different frequencies and the velocity of snatched electrons and the light
intensity. Students were found to indicate that the photon velocity would change after the
collision. "The velocity of incoming marble decreased due to the passing of a portion of its
energy to the target marble" result was obtained during the colliding marbles activity of the
application. It is thought that a wrong perception of the fact that because the marble is
considered to be a photon and that the marble's velocity would decrease after the collision
with the target marble, therefore the photon's speed would also decrease. This situation can
be caused by the example provided. Moreover, the post-study determined that there are
students stating that the electron velocity would be unchanged. This situation can be caused
by the fact that students consider the electron to be a photon. Mashhadi & Woolnough (1999)
found that high school students had very various and non-scientific representation of
electrons and photons in their minds and majority of students see the electron as a kind of
particle, while seeing the photon as a bright and round particle. Olsen (2001) determined that
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high school students did not understand the structure of an electron and a photon. Caliskan,
Selcuk & Erol (2009) determined in their study that students think of the electron as a wave
or a particle.
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