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APPENDIX 1

Interview script to investigate teacher beliefs about the goals and pedagogy of teaching and learning
physics (chapter 2)

Central questions

How do you make your subject comprehensible for your students? Please explain why you do it
this way.

What do you consider (effective) ways of motivating your students to learn the content? Please
explain why.

General questions

Could you give a short characterization of your tasks and activities at this school?

Every teacher has a specific pedagogy. What are the characteristics of your way of teaching?
Please explain why.

What, for you as a teacher, are the fun parts of physics education? Please explain why.

Are you confronted with specific difficulties in your teaching? If yes, what difficulties
exactly?

Questions about the students

Is there a difference between the students as they are now, and students as they used to
be (e.g., 10-20 years ago)? Please explain why or why not. What are the consequences for
teaching/learning physics?

There are differences between individual students, that’s a fact.

o What are, in your opinion, the most striking discrepancies?

o In your teaching, is it possible to take these differences into account? If yes, to what
extent do you do that?

What image does the subject of physics have among your students?

o lIsit necessary to motivate your students for learning physics? Please explain why or why
not.

o Ifyes, in what way are you motivating your students?

What are the specific obstacles for students when learning physics content?

o How are you dealing with these problems?

o Do you have a different approach for students in lower/upper secondary education,
and for senior general secondary education/pre-university secondary education? If yes,
please explain why.

What are the basics students should at least know of physics, including those students that

will not be taking a science track? What would you like to teach your students about your

subject? Please explain why.
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Questions about conceptual physics knowledge

What role does the textbook play in your teaching?

What is the function of practicals/lab sessions in your teaching?

Do you offer physics topics in a specific sequence or structure? Please explain why.

What do you consider important skills? Please explain why.

What in your view are the characteristics of scientific thinking? Please explain why. How is
this kind of thinking reflected in your daily teaching practice?

To what extent is conceptual physics knowledge and/or a theory fixed? Please explain why.
What is the relation between physics and other science subjects (e.g., chemistry, biology)?

Questions about assessment

Is there a central policy of testing at your school, for instance tests that are developed by the

science section?

o Ifyes, to what extent are you, as a teacher, free to deviate from the central testing policy
at your school?

o Ifyes, are you satisfied with the testing policy at your school? Please explain why or why
not.

What physics topics are tested, and how is this done?

What is the value of students’ test results for your teaching? In what way do you give feed-

back to your students based on their test results?

Questions about the community
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How important is group work in your teaching? Please explain why.

Do you manage to keep abreast of developments in the field of contemporary physics?
Please explain why or why not. If yes, how do you integrate this knowledge into your teach-
ing?

Are there role models in the field of contemporary physics that would appeal to your stu-
dents? If yes, who would you consider as a role model? Please explain why.

To what extent does your school management take into account your interests as a physics
teacher?

o What are your ‘demands’ of the management?

o What would be a reason for you to accept a job at another school?

Do you inform your students about science degree courses after secondary school? Please

explain why or why not.
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Final questions

«  What, in your opinion, is the essence of your teaching?

«  Suppose we are now ten years further on. What should secondary physics education look
like? What are its characteristics? Please explain why. What role could you, as a physics
teacher, play in this respect?

APPENDIX 2

Examples of questionnaire items to measure teacher beliefs about the goals of physics education and the
pedagogy of teaching and learning physics (chapter 3)

Orientation towards instruction and the goals of education

« Teachers should teach students how to plan their own learning (learning-oriented)
«  The most important task of a teacher is to increase the achievement level of the students
(transmission/qualification-oriented)

Beliefs about learning and the regulation of students’ learning processes

« Students learn better when they themselves make connections between different elements
of the subject matter (knowledge construction)

« Students learn better when they memorize subject matter (knowledge reproduction)

« Itis important that the sequence of subject matter should be determined by me, as the
teacher (teacher regulation)

« Students learn better when they themselves monitor if the learning process is proceeding
as planned (student regulation)

Curriculum emphases in teaching physics

« | consider knowledge about conservation of energy important, because it aids students’
understanding of a large number of different physical phenomena (fundamental physics)

+ Ithinkitis important that in my lessons relationships between socially relevant issues and
physics topics are made explicit (physics, technology, and society)

- Ithinkit is an important task of physics education to ensure that students come to under-
stand how physics knowledge is developed in the practice of contemporary research
(knowledge development in physics)
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APPENDIX 3

Examples of questionnaire items to measure teacher beliefs about the nature of science (chapter 4)

Intentional dimension: descriptivist and instrumentalist items

Scientific knowledge is unambiguous: only one theory can be true (descriptivist)

Scientific theories, principles and laws aim to correctly describe the world around us
(descriptivist)

Scientific theories and models should be functional and useful (instrumentalist)

Scientific theories and laws are primarily intended as tools for problem-solving (instrumen-
talist)

Epistemic dimension: absolutist and relativist items

A scientific theory is only true when it has been empirically tested and statistically signifi-
cant proof has been provided (absolutist)

In a substantive discussion about a scientific topic | only value empirical evidence (absolut-
ist)

I think that in a substantive discussion about a scientific topic arguments related to personal
norms and/or experiences can be just as valuable as statements that have been empirically
proven (relativist)

Scientific theories change over time because of changes in the beliefs, experiences, and

values of the research community (relativist)

Methodological dimension: inductivist and deductivist items
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Scientific theorizing starts with observing the world around us in as thorough as open a
way as possible (inductivist)

A scientific theory is usually constructed or arises on the basis of conclusions derived from
individual empirical data (inductivist)

Scientific theorizing starts with testing hypotheses that are grounded in existing theories
and/or researchers’ own ideas (deductivist)

A scientific theory is usually built on the basis of hypotheses confirmed by individual

empirical observations (deductivist)
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APPENDIX 4

Format structured interview to investigate teacher beliefs about the nature of physics and science, teaching
and learning physics, and teaching intentions (chapter 5)

A. Teacher beliefs about the nature of physics

Suppose, you are asked to define the domain of physics. What elements should this defini-
tion comprise? In other words, what characterizes the nature of your subject, what is the
essence of physics in your opinion as a physicist?

What is, in your opinion, the goal of the domain of physics? What do physicists aim at, what
are they trying to achieve?

B. Teacher beliefs about the nature of science (NOS) (Lederman, et al., 2002)

After scientists have developed a theory (e.g., atomic theory), does the theory ever change?
If you believe that theories do change, explain why we bother to teach scientific theories.
Defend your answer with examples. (VNOS-Form B, question 1)

What does an atom look like? How certain are scientists about the structure of the atom?
What specific evidence do you think scientists used to determine what an atom looks like?
(VNOS-Form B, question 2)

Is there a difference between a scientific theory and a scientific law? Give an example to
illustrate your answer. (VNOS-Form B, question 3)

Scientists perform experiments/investigations when trying to solve problems. Other than
the planning and design of these experiments/investigations, do scientists use their cre-
ativity and imagination during and after data collection? Please explain your answer and
provide examples if appropriate. (VNOS-Form B, question 5)

Some astronomers believe that the universe is expanding while others believe that it is
shrinking; still others believe that the universe is in a static state without any expansion or
shrinkage. How are these different conclusions possible if all of these scientists are looking
at the same experiments and data? (VNOS-Form B, question 7)

C. Teacher beliefs about what image of physics he or she would like to portray to
secondary students (aged 12-18)

When a student asks you as a teacher what the domain of physics is all about. What aspects
of the domain would you like to emphasize in your answer to this student’s question?

o What are your arguments?

o To what extent would your answer be influenced by a student’s level or age?

What image of physics would you like to portray to your students?

o What particular aspects of the domain would you pay attention to? In what way?

o What particular aspects would you leave out of the scope on purpose? For what reasons?
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D. Assignment — Imaginary case

You are teaching an introductory lesson to secondary students in grade 2 (aged 12-14) at senior
general secondary education/pre-university secondary education. The aim is to provide your stu-
dents an image of the content of physics, what the subject is all about. If you wish, you are assisted
by a technical assistant and specific facilities and supplies are at your disposal.

Teacher beliefs about the lesson plan

+ What image of physics would you like to portray?

+  How to start the lesson?

»  What teaching and learning activities have you planned, what assignments have you
included, and in what particular sequence?

« How to finish the lesson?

- Are there any concerns with regard to lesson preparation, for example, the use of particular
instructional means, facilities, or other prerequisites?

Teacher beliefs about regular physics lessons

«  Thisintroductory lesson contains particular elements that characterize the domain of phys-
ics. Do you think it's important to pay attention to these elements during regular physics
lessons?

o If yes, in what way do you pay attention to these elements? Could you illustrate your
answer with examples?
o If no, what are your arguments?

« Would you pay attention to different aspects of the domain of physics when teaching
upper secondary students (aged 17-18) at pre-university secondary education? Could you
illustrate your answer with examples?

E. End of the interview

- We are at the end of the interview. So far, are there important issues in this respect that for
some reason have been left out of the conversation?

Thank you so much for participating in this interview study!
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APPENDIX 5

Three lesson plans that were designed for an introductory physics lesson (chapter 5)

Teacher Ann’s lesson plan

Topic: Sound

Introduction: The teacher hits a tuning fork and tells the students that the topic of the les-
son is ‘sound"

Question: The teacher tells the students: “Sound is a vibration.” Then she asks: “How can you
prove that?”The students make various suggestions.

Demonstration: The teacher hits a tuning fork and holds it against a ping-pong ball. The
students watch and see that the ball starts to vibrate.

Whole-class discussion: “What exactly is a vibration? What is the relation between a vibra-
tion and sound? You hear sound, so what is a vibration? Can we ourselves produce vibra-
tions? “and so on.

Experiment: Students experience that sound is a vibration: Humming/producing sound
and touching the neck in order to feel the vibrations of their vocal cords.

Definition of ‘vibration”: “What is a vibration? A vibration is something that moves back and
forth!” Making a comparison with the vibrating ping-pong ball.

Experiment: “Can we make vibrations, such as your own sound or that produced by tuning
forks, visible?” Making visible different sounds (e.g., high, low, loud, and quiet) coming from
multiple sources, such as voices, guitar, and piano, with help of a microphone and an oscil-
loscope. The students see a sinus-graph.

Demonstration: The teacher hits a tuning fork, holds it against a second tuning fork, and
holds the second tuning fork against a ping-pong ball. The tuning fork takes over the sound
of the first and the ping-pong ball starts to vibrate.

Whole-class discussion: “Can we explain what we've seen? Why did the ping-pong ball
vibrate?” Students explain the principle of ‘resonance’ based on the concept of ‘vibration’.
Preview next lesson and homework assignment: Textbook chapter ‘Sound; reading of

paragraph 2 about the gramophone and making assignments.

Teacher Brandon’s lesson plan

Multiple topics; main topic: Light

Question: The teacher asks the students: “What happens when light rays go through differ-
ent types of materials?” Students come up with various answers.

Introduction: The teacher asks the students: “What is physics?” Students call various things,
while the teacher writes these down on the blackboard. The teacher then categorizes
students’ answers in two columns, namely ‘biology’ and ‘physics’ Next, students are asked
to add other words to the list of ‘physics
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Instruction: How does a light box work and how to connect the light box to the electricity
(armatures fold out from the ceiling).

Experiment: The teacher darkens the classroom. Students connect the light boxes to the
electricity and shine light rays through a prism.

Open assignment: “Create a beautiful pattern with the light rays and the prism. The stu-
dents show the colors of the spectrum on a white paper sheet.

Focused assignment: “Create a straight light ray on your paper sheet with the light box and
the prism. Trace where the light ray is coming from, draw it on a paper and answer a couple
of questions” (provided by the teacher).

Focused assignment: “Explore the reflection of the light ray with the light box and the prism.
Draw this on your paper.”

Assignment met different types of prisms: Answering questions (provided by the teacher)
about why something is or is not reflecting light, why some fabrics are or are not transpar-
ent, and so on.

Teacher Chris’s lesson plan
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Multiple topics: Gravity and mass, electricity, magnetism, light

Introduction: The teacher shows two tennis balls and keeps them two meters above the
floor. The teacher tells the students “I'm about to drop these balls.” He then asks: “What will
happen?”and expects that the students will say something like “The balls will fall down on
the floor”

Question: The teacher asks the students: “What causes the balls to fall down?"The students
will probably give various answers, including “Gravity”

Prediction: The teacher tells the students: “We are now making a prediction. These balls are
the same, there’s no visible difference. Can we predict that they will reach the floor at the
same time?"The students think about this question.

Experiment: The teacher drops the balls and indeed, they reach the floor at the same time.
Question: The teacher asks the students: “Why did this happen? Why are the balls reaching
the floor at the same time? Why wouldn’t one ball fall down faster than the other?” The
students will probably say things like “The balls are equally heavy.”’

Experiment: The teacher throws the balls into the classroom. The students catch the balls
and are surprised; one ball turns out to be twice as heavy as the other (the teacher put water
into that ball).

Question: The teacher asks the students: “How come a ball that is twice as heavy at the
other still falls equally fast? How to explain this?” Again, the students think about a possible
explanation.

Whole-class discussion.

Multiple demonstrations: The teacher conducts several small experiments, for example
producing a spark with an electrostatic generator. In this respect, the teacher purposefully



APPENDICES

shifts the topic towards ‘electricity’ The teacher asks the students: “Could you explain short
circuiting? In what direction does the spark go?”

Picture on the digiboard-screen: The teacher shows a picture of a shopping street and asks
the students: “What topics related to physics can you identify in the picture?” The students
write their answers down on a paper sheet.

Whole-class discussion: The students tell the teacher what they have seen in the picture
and the teacher calls the appropriate physics-related topic. For instance, when students say,
“A tram that’s driving through the street’, the teacher says: “momentum”. Or when students
say, “The tram uses power’, the teacher says: “electricity”. Often, the students will call topics
such as’light; ‘atoms, molecules; and so on.

Experiment: The teacher darkens the classroom and the students connect a light box to the
electricity. They use a prism in order to show the colors of the spectrum on a white paper
sheet.

Assignment: The teacher tells the students to draw the view from above concerning the
position of light box, prism, and the rainbow’ they have created on the white paper sheet.
Whole-class discussion of the assignment: The teacher draws various views from above that
were created by students on the blackboard. The teacher asks: “Which of these drawings is
the right one?”The students become aware that they have to look very carefully at how the
different things are positioned.

Tidy up the classroom: The students must clear the table so that the classroom is nice and

tidy again.
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