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Abstract they can be used to make sense of abstract, difficult and non-observable
This study was carried out with the participation of 128 physics student teachers vg@entific concepts to accommodate the explainer and audience, the content
attended quantum physics lessons and were taught via traditional instruction mediid context (ReaucusT & Harrison, 1999).

ods. Ten questions related to a diagram were given to the students to determine theifwo primary functions of scientific models in teaching are their predic-
understanding of some quantum physics’ concepts. A six hour course was organizétféh power and their ability to provide insight into the fundamental nature
order to remedy the students’ misconceptions by using concept maps, semanticafethe phenomena (BsHan & RosenreLp 1995). Scientific models are
works and computer simulations. The ten questions were given to the students atf¥is for prediction and correlation, although their potential is not always
two months later in order to determine how the students’ understanding had chandedly used in the classroom. Nevertheless, recent advances in technology
The results have revealed that the teaching strategies and materials used, significatalye brought computer modeling and simulations into the realm of every-
improved students’ understanding of some quantum physics concepts (wave funcélay, life; so that many students experience simulation games, test their own
reflection, transition, probability flux, transition coefficient, wave constant and wavigeas in strategy games, and fly planes by means of computer simulation
amplitude). However, the course also improved their understanding of the concept§iREAGUST, CHITTLEBOROUGH & MawmiaLa, 2002). Simulations provide an
quantum physics (transition probability, reflection probability, reflection coefficientppportunity for observation, concept development and logical analysis by
tunnelling). posing questions and giving opportunities to note patterns in relationships.
Ahe use of a simulation involves the students in some of the process of
science, in which they may: (1) identify the problem, (2) ask guestions and
formulate hypotheses and (3) devise and design experiments. Careful ex-
perimentation using simulation allows the user to construct a qualitative
Resumen understanding of behaviour of the system, which can be developed into a

Este estudio fue realizado con la participacion de 128 estudiantes de licenciaturadié@litative analysis by the more able students. )

fisica que atendieron a clases de la fisica cuantica con métodos de ensefianz th's, study, a six hour course was planned to determine how the
tradicionales. Diez preguntas relacionadas con temas del curso fueron suministra d e_nts (who had taken a quantum physics course prey_lously) compre-
a los estudiantes para determinar la comprension de algunos conceptos de fig]€fsion some concepts (wave function, reflection, transition, probability
cuantica. Un curso de seis horas fue organizado para remediar las ideas alternati , wave CO_nStam' wave amplltu_d_e, tran5|t_|qn probability, reflea_'on prob-
de los estudiantes usando mapas conceptuales, redes semanticas y simulacion® 'BEY* ref_Iect_lon coefficient, transition coefficient and tunnell_ng) In quan-
computadora. Las diez preguntas fueron entregadas a los estudiantes nuevamentg‘%sl)hys'cs. IS aIt_ered .by the use of concept maps, semantic networks and
meses mas adelante, para determinar cémo ha cambiado la comprensién. Los resulta@BAPULer simulations in the course process.

han revelado que las estrategias y los materiales de ensefianza usados, mejoraron

perceptiblemente la comprension de los estudiantes en algunos conceptos de la A4EIHODOLOGY

cuantica (la funcion de la onda, reflexion, transicion, flujo de la probabilidad, The study was carried out with 128 physics student teachers who had
coeficiente de la transicion, constante amplitud de la onda). El curso también mejeitiended classes on quantum physics which were taught via traditional
la comprension de los conceptos en la fisica (probabilidad de la transicion, probabilidastructional methods in the Ziya Gokalp Education Faculty of Dicle Uni-
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networks.

de lareflexion, coeficiente de reflexion, efectos de tanel). versity in Turkey.
Palabras claveeducacion en fisica, mapas conceptuales, simulacion de computadora,The traditional method of instruction is a teacher-centred method by
redes semanticas. which topics are taught by a teacher theoretically and explained via ex-

amples and figures. Students tend to be generally passive and listeners
only. The following ten issues related to figure 1 were put to the students

INTRODUCTION to determine their levels of

i \ UiG)

A primary goal of researchers in physics education is to identify poteagg%&%tr% %%nggirceshigﬂggrf e
tial and actual obstacles to student learning, and then to address t eming structure, trans
obstacles in a way that leads to more effective learning. The science edyea- -1+ reflection of’ matte
tion literature contains several studies of the students’ understandingW%jVes during the transmit
scientific phenomena. These studies have revealed that students bring vi and reflecting processe
and explanations of natural phenomena to their learning that differ from thez, potential step D
views held by science @orng 1982). A major focus of a science course ‘ [ el -
is to help the students recognize whether or not they understand the basic 0
concepts (MDermoTT, 2003). Many techniques have been developed tg; ; b el
explore learners’ cognitive structures and to organize knowledge as ﬁ'ﬁ%ﬁre 1. A potential Step | refected wave

mncident wave

ni i X
scribed in Reece (1978). Semantic networks (@QLan, 1967), round- infinitﬁemtvﬁdrt]ﬁlggtte?{t]idal 0
house diagrams ®owsriDGE & WANDERSEE, 1998), concept circles o rier.

(WanDERSEE, 1987), Vee diagrams (Nak & Gowin, 1984) and concept
maps (Mvak & Gowin, 1984; Novak, 1998) are just a few of them. In
science education, concept maps and semantic networks have been gsgshtions given to the students
mostly in the study of biology ($imMip & TELArRo, 1990; BriscoE & . o . ;
LaMaster, 1991), chemistry (diier, 1990; Wison, 1996; Mrkow & 1) Find the probablllty flux of th? matter wave in fr.o.nt of th? potential step.
Lonning, 1998) and physics fRkrarius, 1990; RTH & RovcHoubHury,  2) Explain the physical meaning of the probability flux in front of the
1993). potential step.

Learning is an active process and requires students to construct thgi; " ;
own personal schema to assimilate new concepise€y 1991). To assist *35 Find t.he probab|ll|ty flux of.the matter wave ?t the potential step zone.
in this construction process, scientific models are valuable tools becad3eExplain the physical meaning of the probability flux at the step zone.
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5)Calculate the reflection coefficient by the means of the wave constardings

6)Why is the reflection coefficient not equal to zero? The results obtained before and after the course are summarized in
7) Calculate the transition coefficient by means of the wave constants. 1able 2. The ratio test was used to test whether the differences in the ratios
hy is th I fici | " of students with an accurate comprehension before and after the course
8) Why is the transition coefficient not equal to one? were statistically significant or not. The significant results are shown in
9) Find the sum of the reflection and transition coefficients and commeable 2.
on the results.

10) How would the matter wave behave if the energy of the incident matter Table 2
wave is smaller than the height of the potential? The numbers and ratios of students’ giving correct responses to the

The students’ responses to the above questions were evaluated. The questions before and after the course

ratio and number of students giving correct responses were determined-for

each question. Topic related to question Question Before After Z-values
A six hour course was then organized in order to determine how the number the course _ the course
students’ understandings of the reflection, transition, probability flux and n Raties n  Ratios
wave nature of the matter concepts would be affected by using a different -
teaching strategy that employed tools such as simulations, concept m@jsiating probability flux. 1 60 0468 77 0601 -2.1%
and semantic networks. Explaining physical meaning probability
The course was conducted as follows: flux in front of potential step. 2 13 0101 25 0195 -2.1T
* Students involved in the course were divided into three groups of 43jculating probability flux. 3 54 0422 76  0.593 -2.750°

43 and 42 respectively. The reason of dividing 128 students into th
groups was that each classroom would hold about 40 students.
* The course was taught by same lecturer.
* The course was conducted between 8.00 and 11.30 o’clock am.
erpreting why the value of reflection

» The course was completed in two consecutive days for each groﬂp. 2
coefficient does not equal to zero. 6 6 0.047 14 0.109 -1.863

rIgglaining physical meaning
of probability flux at the potential step zone 4 10 0.078 17 0.133 -1.424

Calculating reflection coefficient. 5 38 0.297 52 0.406 -1.833

Table 1 Calculating of transition coefficient. 7 47  0.367 69 0.539 -2.762"
Course outline Interpreting why the value of transition
N N - N . coefficient does not equal to one 8 8 0.062 28 0.218 -3.596
Region Course topics Teaching and learning activities
Time Interpreting the sum of reflection and
(minute) transition coefficients. 9 39 0.304 47 0.367-1.059

Fundamental postulates of Explaining the fundamental postulates of quan- Me"Preting behaviour of matter wave
10 quantum mechanics tum mechanics in case of matter wave energy smaller 10 6 0.047 11 0.086 -1.255

than height of potential step.

Schrédinger wave equation. Solution of the Schrédinger wave equation.

E and obtaining the wave function. Note: n = Numbers of the students’ giving the correct response
« *  P<0.05
£ Probability flux. Calculating of the probability flux. "r P00l
Q
2 Reflection coefficient Calculating of the reflection coefficient. DISCUSSION
o
£ Matter wave properties and Designing semantic networks and concept 1 N€ results of this study revealed that the course had increased the
£ physical concepts related to maps related to matter wave, probability den- accurate comprehension ratios for all the quantum physics concepts which
£ the behaviour of the matter sity, probability 90 flux, wave constants, wave WEre considered (wave function, reflection, transition, probability flux,
wave. amplitudes, reflection. wave constant, wave amplitude, transition probability, reflection probabil-
Demonstrating computer simulations related ItY: Teflection coefficient, transition coefficient and tunelling). This is new
to reflection of the incident wave. and repeated evidence of the reality that modern strategies and technolo-
gies should be used instead of traditional methods for more successful
Classroom discussions. 30 teaching and learning. ] )
The teaching strategies and materials used during the course process
» Finite width potential Explaining differences between finite and in- have S|gn|f|cantly increased the accurate ComprEhen5|0n ratios for some
S barrierand infinite width finite potential barriers. quantum physics concepts (wave function, probability flux, wave con-
N potential 10 barrier. stant, wave amplitude, transition, transition coefficient and reflection) of
2 Schrodinger wave equation Solution of the Schrédinger wave equation the students in comparison with those from before the course (see table 2).
= and obtaining the wave function. These results are in accordan(?e with the flqdlngs of many researchers
= Probability flux. Calculating of the probability flux. (Novak, GowiN & JoHANSEN., 1983; HwsoN 1985; THORNTON & SOKOLOFF,
2 50 1990, 1998). They stated that when semantic networks, concept maps and
& Transition coefficient. Calculating of the transition coefficient. computer simulations are used in course activities that these techniques

give a better understanding of the concepts involved than do traditional
Matter wave properties and Designing semantic networks and concept M€thods. The new approaches include simulations, multimedia presenta-
physical concepts related to maps related to matter wave, probability flux, 1ONS, and more recently, virtual environments. Con'wputer-_based work is
the behaviour of the matter probability density, wave constants, wave am- useful to visualize physical and chemical processes; allowing for a better

wave. plitudes, transition. conceptual understandingifibabe, FoLHais & ALmeiba, Sep. 2002).
Demonstrating computer simulations related N @ddition, the course which was conducted also positively affected the
to transition of the matter wave. accurate comprehension ratios of the concepts (reflection coefficient, tran-

sition probability, reflection probability, tunnelling) even though the size of
Classroom discussions. 30 the effect was deemed statistically insignificant. A glance at table 2 shows

that these concepts are generally related to physical interpretations of some
quantum physics phenomena. Despite the fact that reflection phenomena
The same qguestions related to figure 1 were administrated to the ¥2@e understood by the students, the equivalency of reflection coefficients
students again two months later in order to determine how the studesgd reflection probability was not comprehended sufficiently. Similar com-
comprehension had changed with regard to reflection, transition, probalgifehension difficulties were observed for the equivalency of transition
ity density, probability flux and the wave nature of the matter. coefficients and transition probabilities. In addition, many students had not
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understood the difference between potential step and potential barrier. ThereFhe previous studies provide us with information about the relative

fore, they believe that tunnelling could occur. It is clear, and to be expectddficulty in helping students learn abstract concepts through hands-on

that physical interpretation is more difficult than calculating the numericaktivities and computer visualizations{orRnTon & SokoLorr, 1998; RseLLO

results of some functions and coefficients. On the other hand, the reséltZoLLman, 1999). The study illustrates the concepts which students find

show that the teaching strategies and materials used in the course arenust difficult at a conceptual level and shows how their attempts to under-

effective enough to reduce the misconception ratios significantly in relatand both the conceptual and mathematical aspects of quantum physics

tion to the concepts in question. Similar findings about the behaviour wiay be induced to yield improved results.

matter wave have been published byDérmoTT (1984), dHNSTON, Therefore, the attempt should be made to produce semantic networks,

CrAFORD & FLETCHER (1998); \bkos, SHAFFER, AmBROSE & McDErRMOTT  concept maps and computer simulations, and other teaching strategies

(2000); MULLER & WEISNER (2002). RBeLLO & ZoLLman (MArcH, 1999).  which are more suitable for reducing the ratios of misconception for these

They reported that with the use of hands-on and visualization instructioancepts.

materials, students have acquired a good general understanding of som@onsequently, technology offers teachers and students enhanced op-

important quantum concepts, even though a few misconceptions pergisttunities to engage in scientific inquiry, as well as a multitude of ways to

However, there is no correlation between the richness of a concept mapresent scientific concepts. Curriculum developers, teachers, teacher

drawn by a student and her/his performance on the related exam. educators and instruction technologists should work together with re-
The data indicate that the physics student teachers that were taughtseiarchers to design teaching materials that help students develop skills in

traditional methods have a limited understanding of the quantum concepd®ducting the scientific process and to learn how to use them to make

related to the properties of the matter wave. Use of concept maps, semamtimections between life and school experiences.

networks and computer simulations resulted in an increased knowledge of

the content for all participating students. The same could be true of otfe®NCLUSIONS

quantum phenomena, which are significant in physics teaching, that stu-The study showed that physics students often fail to comprehend fun-

dents encounter; one is the nature of matter waves, which can be dlamental concepts of quantum physics in the traditional teaching environ-

abstract for the students. In addition, some students also have a signifi¢asht.

misunderstanding about the processes of the transition and reflection ofirstly, the application of instructional materials, such as concept maps,

the matter wave from a potential step. This shows a lack in the studerfsiantic networks, and computer simulations used in physics education

understanding of their own experiences and observations. Thereforeais effective in constructing new concepts that the students face. More-

the teaching-learning environment, we need to provide students with ibger, these instructional materials are useful in increasing student achieve-

skills to interpret and express their own knowledge. To do so, it is nec@sent. As is appreciated, quantum physics requires advanced thinking in

sary to devise strategies that provide students with the means to expg#sssics. Therefore, fundamental knowledge about calculus, functions, wave,

their views with analogies, concept maps and semantic networks. etc. are important to improve understanding of the quantum physics con-
Though simulation can never replace practical experiments in sciengpts required. To that end, in order to reduce misconception ratios in

education, it does offer some distinct advantages. It allows learnersgiwantum physics, the causes of misconceptions should be determined and

control complex systems, manipulate variables, run experiments, taierified. These are often due to the lack of fundamental knowledge and/or

measurements, etc., in ways which would be difficult or impossible to corresponding teaching strategies. Hence this researcher concludes that

achieve with real world systems. In addition, simulations could turn sorntewould be more reasonable to approach this issue after these determina-

abstract concepts and relationships into objects and phenomena that caiohe are done in detail.

manipulated and thus make them easier to understarBofine & O'SHea,

1996). Teachers may encourage meaningful learning by using tasks BHBLIOGRAPHY

actively engage the learner in searching for relationships between herffligsyan, N. & RosenreLg S. (1995). Metaphorical models in chemisitgurnal of

existing knowledge and new knowledge; and by using assessment strate- chemical Education72, 578-582.

gies that reward meaningful learning. According to Novak (2003), it is N@kiscog C. & LaMasTer, S.U. (1991). Meaningful learning in college biology

possible for a learner to reach high levels of meaningful learning until  through concept mappingmerican Biology TeachgB3, 214-219.

some prior relevant knowledge structures are built. Thus learning mustd&$sown, A. & Oruik, Y. (2000). The use of various schemas to assist science

an iterative process over time in order to build expertise in any domain of teaching and learningournal of Science Educatiph, 1, 43-47.

knowledge. ) ) Hewson, P.W. (1985). Diagnosis and remediation of an alternative conception of
It is important to note that simulations strengthen the power of the velocity using a microcomputer prografmerican Journal of PhysicS3, 684-

conceptual map when inserted as a meaningful component in the learning g90.
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