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Astronomy Diagnostic Test Alternative Conceptions

Instructions:

Add your initial to indicate that you have coded some of the data. We know which bits.

Items 1 to 4 

Lena and David score the drawing

Diagram score

0 – no drawing

1 – wrong drawing

2 – correct drawing

GG & RW to score the alternative conceptions ONLY.

Lena and David will score the SOLO response.

Items 5 to 27 

Lena and David will score the tick boxes (Items are not marked correct or wrong…the response ticked of 1-5 is used to code their answer.)

GG & RW to score the alternative conceptions ONLY.

Lena and David will score the SOLO response.

Overall Alternative conceptions (Items 1-25)

GG or RW to add pairs of numbers for each item. A maximum of TWO alternative conceptions as written by the students.

	Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer?
	The RULE

	If the explanation is correct then no alternative conceptions are evident.
	99

	Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)


	03

27

(for example)

	If only one alternative conception is identified then the second is recorded as 00.
	00


The following section gives the ADT question, the correct answer is bolded for each item Q5-Q25 (though this is NOT coded as right or wrong at this stage), and a list of possible alternative conceptions for each item from the list of possible ones.

If a NEW alternative conception is encountered, please tell David and Lena. Assign it a new number – Current Maximum is 55 – next one will be 56. 

Some items do not need a list of alternative conceptions as the alternative is already given in the distractors.

Astronomy Diagnostic Test Answers and Alternative Conceptions for each Question.

1a.
Draw a picture of the Earth and the Sun in the space below to show why day-time and night-time happen. Include these labels: The Earth, The Sun, day-time, night-time
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	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The amount of daylight increases each day of summer.
	09

	· The Earth’s revolution around the Sun causes night and day. Earth orbits the Sun daily.
	10

	· Day and night are caused by the Sun going around the Earth.
	11

	· Moon blocks sunlight at night. This also indicates that the Moon orbits the Earth daily.
	41

	· Earth rotates at the centre of the system with the Sun going around the Earth.
	42

	· May not understand light travels in straight lines and does not show half of the Earth lit with the other half in darkness. Obvious from their drawing.
	43

	· Earth orbits the Sun by day and the Moon by night.
	45

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


SEE OVER:

Key Components of Q1.

Key Components to get a 99:

· the rotation of the Earth causes day and night 
· the side facing the Sun is in daylight. 
Example: “The Earth moves around the Sun and therefore it makes the Seasons. It spins on its axis to make day and night.” The diagram clearly shows day and night. The first part of the answer is additional information not relevant to the question. 
If only one of these then a 70. If no mention is made of rotation then a 70. 

Example: “Because the Sun is shining on half the Earth for 12 hours it makes day and night for the other 12 hours it shines on the opposite side of the Earth making day there.”
In the previous example there is an implication that perhaps the Sun goes around the Earth but there is no evidence in the answer.
2a. 
Imagine you are out in space looking down on the Earth, the Moon and the Sun. Draw a picture to show how they would move. - Show their orbits. - Label each thing.
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	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Moon goes around the Earth in a single day.
	06

	· The Sun goes around the Earth (Orbit alternative explanation).
	21

	· The Sun goes around the Earth in less than a year.
	22

	· Moon and the Earth orbit the Sun together
	30

	· Earth rotates at the centre with Sun and Moon going around the Earth
	42

	· Moon orbits the Sun.
	44

	· Earth orbits the Sun by day and the Moon by night.
	45

	· Sun and Moon go around the Earth along the same orbital path
	53

	· Sun, Moon and Earth go around in the same orbit. (Crash avoidance may be mentioned)
	55

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

(for example)

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q2.

Some diagrams may be difficult to interpret with peculiar orbits for the Moon as students make it go around the Sun but try to make it stay close to the Earth. Some students have the Sun going round the Earth. Their explanations can be very interesting and quite revealing. If they do not know, you can expect the explanation to be left blank.

The correct answer is words to the effect that the Moon orbits the Earth and the Earth-Moon system orbits the Sun in the same direction as the Moon goes around the Earth. The direction here is unimportant since this depends on whether you are above the North or South poles looking at the orbits, i.e., they can be either clockwise or counter clockwise.

Key Components of Q2.

Key Components to get a 99:

· the Earth orbits the Sun 

· the Moon orbits around the Earth. 

Example: “The Earth revolves around the Sun while it rotates on its axis while the Moon rotates around the Earth”

The words “rotate” “revolve” “spin” and “orbit” are often used interchangeably.

A 70 is quite rare in this question.\

The student might say:

“The Sun rotates around all of them the Earth just rotates around the Sun and the Moon rotates around the Earth.”

In the previous example the first statement says that the sun goes around “all of them” and this is followed by a correct statement.
3a. Janine looked for the Moon one week. Here is what she saw: 
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	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Phases of the Moon are caused by a shadow from the Earth.
	04

	· Different countries see different phases of the Moon on the same day.
	05

	· The Moon makes light the same way the Sun does.
	07

	· Phases of the Moon caused by different amounts of sunlight shining on the Moon
	29

	· Phases of the Moon caused by different amounts of cloud covering it. Or Clouds block the light from reaching the Moon.
	34

	· Shadow of the Earth on the Moon causes the phases.
	39

	· Light is reflected from the Earth lighting up the bit of the Moon we see. 
	40

	· Moon orbits the Sun
	44

	· Phases of the Moon caused by the distance of the moon in comparison to Earth/Sun.
	50

	· Phases of the Moon caused by the sun covering the moon.
	51

	· Phases of the Moon caused by the sun orbiting the moon.
	52

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q3.

The correct explanation requires students to understand the shading patterns on a sphere (the Moon) viewed from different angles compared with the light source (the Sun) coupled with a mental model of the Moon orbiting a spherical Earth and viewed from the surface of the latter to produce the phases. The amount of the Moon visible depends solely on the angle between the Sun, Earth and the Moon in its orbit about the Earth. Correct explanations relating to the proportion of the Moon visible to the observer and which are illuminated by the Sun are not common. Students may try to explain the phase by drawing many lines.

It is rare to get a correct and full explanation here. 

Key Components to get a 99:

Example: “As the Moon orbits the Earth, the Sun shines light on half of the Moon and from the Earth we see different amounts of the lighted half of the Moon”

A 70 is common in this question.\

The student might say:

“The picture shows the lit part of the Moon and the different Moons show the different shapes as they turn in space”.

“The light reflected from the Sun off the Moon that hits the Earth varies through the month.”

4. 
Draw pictures of the Earth and the Sun to show why Summer and Winter happen.
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· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Seasons are caused by the Earth’s distance from the Sun.
	03

	· Seasons: Sun moves – makes one side of the earth hot for 6 months and the other side is colder
	28

	· In winter the Earth is further from the Sun. Diagram shows a highly elongated (elliptical) orbit of the Earth about the Sun.
	37

	· Clouds in winter block the light coming from the Sun weakening it.
	38

	· In summer the Sun is “hot” and in Winter it is “cold” or “not hot”. This can also be classified as a 70.
	54

	· Day & Night are deemed equivalent to the seasons (Day is summer and night is winter), might also involve the Moon
	57

	· One side of the Sun is cool producing winter, the other side is hot producing summer
	58

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)


	03

27

(for example)

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q4.

Correct explanations should take into account the tilting of the Earth’s axis of rotation and the fact this direction does not change as the Earth moves around the Sun. Thus, sometimes the northern hemisphere points more towards the Sun and consequently it is higher in the sky. Conversely, in wintertime, when the Earth is on the opposite side of its orbit, the axis is still pointing in the same direction in space but now the northern hemisphere is pointing away from the Sun, which is now lower in the sky. A full answer will then relate the altitude of the Sun to the amount of energy incident on the Earth per square metre caused by the changing altitude of the Sun AND the amount of time that the Sun is above the horizon. Thus, the Sun at low altitude means less energy per square metre and cooler conditions in winter.

It is rare to get a correct and full explanation here. 

Key Components to get a 99:

A 99 is very uncommon in this question.

Example: “The Earth’s axis of spin is tilted diagonally so when the Earth slants to the right the top is summer. Six months later the Earth is on the other side of the Sun and so the top is pointing away from the Sun and it is winter there.”

A 70 is common in this question.\

The student might say:

“The more direct the suns rays are the hotter it is.”

“The sun strongly hits one hemisphere of the Earth making summer and not as strong on the other hemisphere making winter.”
“The sun shines more directly onto one part of the earth making it warmer.”

Distance issues
The most common alternative conception is that distance matters. Exercise care to avoid misclassifying some of these as a 70.

“The Earth always tilts on its axis so its orbit around the Sun one hemisphere is closer and facing the Sun.”

The latter one would be classified as 03. 
5.
As seen from your current location, when will an upright flagpole cast no shadow because the Sun is directly above the flagpole? 

(  Every day at noon.

(  Only on the first day of summer.

(  Only on the first day of winter. 

(  On two days between beginning of spring and beginning of autumn.

(  Never from my current location.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Sun is directly overhead at noon every day.
	08

	· The Sun goes around the Earth (Orbit alternative explanation).
	21

	· The Sun goes around the Earth in less than a year.
	22

	· Moon blocks the Sunlight at night. Also indicates that the Moon orbits the Earth daily.
	41

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q5.

· The correct answer here depends on where you are on the planet. 

· If you are north of the Tropic of Capricorn or South of the Tropic of Cancer then the answer is “On two days between beginning of spring and beginning of autumn.” If you live on the equator, then the two days are 21 September and 21 March. If you live on one of the Tropics, then the two days are 21 and 22 December (Tropic of Capricorn) or 21 and 22 June (Tropic of Cancer). 

· For everyone else on the planet the correct answer is “Never from my current location.” This refers to all students surveyed.

6. When the Moon appears to completely cover the Sun (an eclipse), the Moon must be at which phase?

(  Full

(  At no particular phase

(  First quarter

(  New

(  Last quarter

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Eclipses of the Sun only happen at full Moon because only then is it BIG ENOUGH to cover the Sun.
	35

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q6.

The correct answer is that at a total solar eclipse, the Moon covers the Sun which is much further away.  That is, the Moon passes between the Earth and the Sun. When this happens we see the dark side of the Moon and when this is the case, the Moon is said to be New.
7.
Imagine that you are building a scale model of the Earth and the Moon. You are going to use a 30 cm basketball to represent the Earth and a 7 cm tennis ball to represent the Moon. To maintain the proper distance scale, about how far from the surface of the basketball should the tennis ball be placed?
(  7 cm

(  15 cm

(  90 cm

(  9 m

(  90 m

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q7.

· We have not met any alternative conceptions here. Most are guesses. A correct answer is based on proportions. That is, the 30cm basketball equals about 12,000km, thus the distance to the Moon is approximately 30 times the diameter of the Earth or 9m on the scale model.
8.
You have two balls of equal size and smoothness, and you can ignore air resistance. One is heavy, the other much lighter. You hold one in each hand at the same height above the ground. You release them at the same time. What will happen? 

(  The heavier one will hit the ground first.

(  They will hit the ground at the same time.

(  The lighter one will hit the ground first.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q8.

· The alternative conception of gravity being proportional to mass is already covered in one of the options.

We covered the explanation of this at our meeting. A full explanation (a 99) depends on the student mentioning that the Gravitational Mass and the Inertial Mass are the same thing (Einstein’s Principle of Equivalence). Thus the Inertial Force – mass x acceleration and the Gravitational Force between the Earth (mass M) and the mass of the object (m) equals G x (M x m)/ r 2  where r is the distance between the centres of the two masses and G is the Universal Constant of Gravitation. Thus G x (M x m)/ r 2  = m x a.
Thus G x M / r 2  = a  That is, the acceleration of any mass towards the Earth does not depend on its mass, only the mass of the gravitating body and their distance apart. Thus if two objects are dropped from the same height, their accelerations towards the ground will be the same and the time taken to travel the distance will be the same and equal to √[(2 x height)/a] seconds. 

It is unlikely that you will get this full explanation. The question also says that you can neglect air resistance – this is because the 2 balls are the same size and smoothness and dropped from the same height. 

9.
How does the speed of radio waves compare to the speed of visible light? 

(  Radio waves are much slower.

(  They both travel at the same speed.

· Radio waves are much faster.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Light travels faster than radio waves. They may say sound comes from their radio sets (given that they tune into radio stations) and they know sound travels more slowly.
	36

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q9.

The correct answer should include the fact that both are forms of electromagnetic (EM) radiation. All EM-radiation in a vacuum travels at the speed of light.
The most common alternative conception is 36. Sometimes it is overt and sometimes covert in the studsent’s answer.
10.
Astronauts inside the Space Shuttle float around as it orbits the Earth because 

(  they are falling in the same way as the Space Shuttle.

(  there is much less gravity inside the Space Shuttle.

(  they are above the Earth's atmosphere.

(  there is no gravity in space.

(  more than one of the above. 

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Gravity is selective; it acts differently or not at all on some matter.
	15

	· Gravity increases with height.
	16

	· Gravity cannot exist without air.
	17

	· Gravity requires a medium to act through.
	18

	· There is no gravity in space.
	20

	· Gravity is proportional to the spin of the earth
	32

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q10.

The correct answer here is that Gravity extends to infinity. The answer should mention that both the SS and the astronauts are moving in the same way around the Earth, that is they are both falling at the same rate., or are in free fall. Thus they appear to be weightless, but they still have mass.
11.
Imagine that the Earth's orbit were changed to be a perfect circle about the Sun so that the distance to the Sun never changed. How would this affect the seasons? 

(  We would still experience seasons, but the difference would be much MORE noticeable.

(  We would still experience seasons, but the difference would be much LESS noticeable.

(  We would no longer experience a difference between the seasons.

(  We would continue to experience seasons in the same way we do now.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Seasons are caused by the Earth’s distance from the Sun.
	03

	· Seasons: Sun moves – makes one side of the earth hot for 6 months and the other side is colder
	28

	· In winter the Earth is further from the Sun. Diagram shows a highly elongated (elliptical) orbit of the Earth about the Sun.
	37

	· Clouds in winter block the light coming from the Sun weakening it.
	38

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q11.

The seasons depend on the tilt of the Earth’s axis of rotation. Since the axis is still titled we will still experience the seasons as we do now. The difference will be very slight indeed. Some answers may say that at closest approach we are 147 million kilometers from the Sun and at furthest distance approximately 152 million kilometers. The difference will be too small to notice, in fact less than 2%.

The classification scheme for Q4 can be used.

12.
Where does the Sun's energy come from? 

(  The combining of light elements into heavier elements

(  The glow from molten rocks

(  The breaking apart of heavy elements into lighter ones

(  Heat left over from the Big Bang

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q12.

It s rare to award a 99 in this question. 

A correct response here would say that Hydrogen in the centre of the Sun is combined to form Helium and in the process releases a lot of energy. A comparison might be made with a hydrogen bomb.
· The alternative conceptions are covered in the distractors.

[image: image8.wmf]13.
On about September 22, the Sun sets directly to the west as shown on the diagram below. Where would the Sun appear to set two weeks later?

(  Farther south

(  In the same place 

(  Farther north

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Sun goes around the Earth (Orbit alternative explanation).
	21

	· The Sun goes around the Earth in less than a year.
	22

	· The Sun always rises in the east and sets in the west.
	46

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q13.

A correct answer here would involve an explanation that in the Southern hemisphere, we would be moving into spring/summer when the Earth’s axis is pointing towards the direction of the Sun. This causes the rising and setting positions of the Sun to move towards the South giving us longer days and with the sun appearing higher in the sky at midday. 

14.
If you could see stars during the day, the diagram below shows what the sky would look like at noon on a given day. The Sun is near the stars of the constellation Gemini. Near which constellation would you expect the Sun to be located at sunset?

[image: image9.wmf] 

 

(  Cancer

(  Taurus

(  Gemini

(  Leo

· Pisces

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Sun goes around the Earth (Orbit alternative explanation).
	21

	· The Sun goes around the Earth in less than a year.
	22



	· The Sun always rises in the east and sets in the west.
	46

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q14.

A correct answer here is that the Earth moves around the Sun in 1 year. This makes the Sun appear to move against the starry background by about 1 degree per day. So between noon and sunset the time is only about 6 hours and in this time the Sun will move only about ¼ of a degree. Each of the 12 constellations of the zodiac take up about 30 degrees. So the amount the Sun would move within the constellation of Gemini would be tiny. At sunset, the Sun would still be in Gemini.

15.
Compared to the distance to the Moon, how far away is the Space Shuttle (when in space) from the Earth? 

(  Very close to the Earth

(  About half way to the Moon

(  About twice as far as the Moon

(  Very close to the Moon

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q15.

The SS’s maximum altitude above the Earth’s surface is only about 600km. More normally, it is only at 300km up, just outside the thickest part of the atmosphere.

16.
As viewed from our location, the stars of the Southern Cross can be connected with imaginary lines to form the shape of a cross. To where would you have to travel to first observe a considerable change in the shape formed by these stars? 

(  Across the country

(  Europe

(  The Moon

(  Pluto

(  A distant star

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q16.

The correct answer here relates to the fact that the stars are VERY far away. 
As the Earth orbits the Sun, the view from the Earth of the stars makes the closest star, alpha Centauri (which is 4.3 light years away) change its position by only ¾ of one second of arc. (One degree = 2 x diameter of the full Moon. Thus 1” = 1/1800 of the diameter of the full Moon. 
The Southern Cross is about 8 degrees across and the stars in it range from 125 light years to 535 light years away. To see any relative change in their position we would need to move a very long way, i.e., to a distant star. 
Incomplete explanations involve arguments that to see a change we would need to move a long way to places like the Moon or Pluto. 
17.
Which of the following lists is correctly arranged in order of closest-to-most-distant from the Earth?

(  Moon, Sun, Pluto, stars

(  Moon, Pluto, Sun, stars

(  Moon, Sun, stars, Pluto

(  Sun, Moon, Pluto, stars

(  Stars, Moon, Sun, Pluto

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Stars come out first at night.  –This conception relies on what they can see.
	47

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q17.

A correct explanation here would involve a stepwise argument – the Moon is our closest neighbour, then the Sun, then Pluto the outermost member of the Solar System and then the very distant stars.

18. Which of the following would make you weigh half as much as you do right now? 

(  Take away half of the Earth's atmosphere.

(  Make the Earth spin half as fast.

(  Take away half of the Earth's mass.

(  Double the distance between the Sun and the Earth.

(  More than one of the above

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Gravity cannot exist without air.
	17

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q18.

The force of gravity experienced by an object (its weight) depends on two things: the mass of the gravitating body and the distance of the object from its centre. To reduce the weight by half we would need to either half the gravitating mass or move the object further away by a factor equal to the square root of 2.
19.
A person is reading a newspaper while standing 2 m away from a table that has on it an unshaded 100-watt light bulb. Imagine that the table were moved to a distance of 4 m. How many light bulbs in total would have to be placed on the table to light up the newspaper to the same amount of brightness as before? 

(  Three bulbs.

(  One bulb.

(  Two bulbs.

(  Four bulbs.

(  More than four bulbs

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Inverse square law linear relationship misconception: double the distance, need to double the amount of light
	31

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q19.

A correct answer would argue that the light from the bulb spreads out spherically. The surface area of the sphere= 4 x Pi x (radius squared). Double the radius of the sphere and the area increases by a factor of 4. Thus the intensity of the light drops to ¼. To maintain the same level of illumination we would need 4 bulbs.
The linear relationship code of 31 is the most common reason given.

20.
According to modern ideas and observations, what can be said about the location of the centre of the Universe? 

(  The Milky Way Galaxy is at the centre.

(  An unknown, distant galaxy is at the centre.

(  The Sun is at the centre.

(  The Universe does not have a centre.

(  The Earth is at the centre.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Universe is static, not expanding.
	25

	· The Universe contains only the planets in our solar system.
	26

	· Science or scientists do not know the answer
	33

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q20.

May involve explanations that the universe is very big and if infinite there is no centre. 
Even if it is not infinite, there is no physical centre in three dimensions since if we went to a distant galaxy we would see, on average, the same sorts of things that we see from here. The issue here is the 3-dimensional universe that we see actually has a 4th dimension – time. Technically, the centre of the universe would be in every direction we look since then we are looking into the past and the universe started expanding 13.7 billion years ago from the Big Bang. The big bang happened everywhere, thus when we look out from here and look far enough into the past then we should see the Big Bang. 
21.   The hottest stars are what colour? 

 Blue

 Red

 White

 Yellow

 Orange

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· The Sun is Yellow and it is hot and so that is the hottest star.
	48

	· Red, or Orange or Yellow or all are hot/warm colours.
	49

	· Darker colours absorb more than lighter colours, Blue is darker so it is hotter
	56

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation. That is, the Bunsen Burner blue flame is in this category of response.
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q21.

A correct explanation would relate to the ionization of the gases in a star. Some may use an analogy of heating a bar of iron which then glows red, orange, yellow, white and eventually blue when it vaporized. The more energy that is added to the system shifts the dominant light colour towards shorter wavelengths, i.e., the blue end of the spectrum.
Common responses involve comparisons with hot things like the Bunsen burner flame or hot metal. These can be classified as 70.
22.
With your arm held straight, your thumb is just wide enough to cover up the Sun. If you were on Saturn, which is 10 times farther from the Sun than the Earth is, what object could you use to just cover up the Sun? 

(  Your wrist

(  A hair

(  A strand of spaghetti

(  Your thumb

(  A pencil

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q22.

A correct answer here is that because the Sun is 10 times further away then it would appear to be 10 times smaller/ The spaghetti strand is approximately 1/10th the diameter of your thumb.
“Ten times thinner” or “10 strands of spaghetti make my thumb” are acceptable for the Spaghetti reason to be given a 99.


The hair option can be classified as a 70 where the student says “further away and smaller” but they do not work out how much smaller.
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23.
The diagram above shows the Earth and Sun as well as five different possible positions for the Moon. Which position of the Moon would cause it to appear like the picture below when viewed from Earth?

(  A

(  B

(  C

(  D

(  E

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Phases of the Moon are caused by a shadow from the Earth.
	04

	· Different countries see different phases of the Moon on the same day.
	05

	· The Moon makes light the same way the Sun does.
	07

	· Phases of the Moon caused by different amounts of sunlight shining on the Moon
	29

	· Phases of the Moon caused by different amounts of cloud covering it. Or Clouds block the light from reaching the Moon.
	34

	· Eclipses of the Sun only happen at full Moon because only then is it BIG ENOUGH to cover the Sun.
	35

	· Shadow of the Earth on the Moon causes the phases.
	39

	· Light is reflected from the Earth lighting up the bit of the Moon we see. 
	40

	· Moon orbits the Sun
	44

	· Phases of the Moon caused by the distance of the moon in comparison to Earth/Sun.
	50

	· Phases of the Moon caused by the sun covering the moon.
	51

	· Phases of the Moon caused by the sun orbiting the moon.
	52

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q23.

The correct answer relies on the relative position of the Moon and how much of the half that is lit we can see. See question 3. A common response is A or B and is related to shadow effects – code 4.
24.
You observe a full Moon rising in the east. How will it appear in six hours? 
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(  A 





(  B
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(  D 

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· Phases of the Moon are caused by the shadow of the Earth.
	04

	· Different countries see different phases of the Moon on the same day.
	05

	· The Moon makes light the same was as the Sun does.
	07

	· Phases are caused by different amounts of Sunlight shining on the Moon
	29

	· Phases of the Moon caused by different amounts of cloud covering it. Or Clouds block the light from reaching the Moon.
	34

	· Shadow of the Earth on the Moon causes the phases.
	39

	· Light is reflected from the Earth lighting up the bit of the Moon we see. 
	40

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q24.

The Moon takes 29.5 days to go through its cycles of Phases – about 12 degrees per day or 3 degrees in 6 hours. The change in phase over 6 hours is very slight.
25.   Global warming is thought to be caused by the 

(  addition of carbon dioxide.

(  destruction of the ozone layer.

(  trapping of heat by nitrogen.

	· Which code delivers us more information about the student’s written answer? OR Which code tells us more about the “Quality” of the answer? 
	The RULE

	· If the explanation is correct then no alternative conceptions are evident.
	99

	· Clearly part of the correct answer The explanation contains only part of the correct answer, i.e., it is not a full explanation
	70

	· Clearly Nonsense The explanation appears to contain material unrelated to the question in any way AND does not appear to answer the ACTUAL question.
	60

	· If nothing is written at all, OR “my friend told me” OR “my teacher told me” OR “I read it in a book”  OR “It is because it is” OR “Coz I say so” OR “Guess” or “just a guess” or “?” then enter
	00

00

	· If the student provides an alternative explanation that can be identified from the list then enter the number or combinations of two numbers to try to specify the alternative conception(s). (Total of two alternative conceptions only.)
	03

27

for example

	· If only one alternative conception is identified then the second is recorded as 00.
	00


Key Components of Q25.

A correct explanation of the greenhouse effect where short wavelength radiation from the Sun heats the Earth. This makes the Earth emit longer wavelength infra-red radiation. The carbon dioxide reflects this back heating the earth. Thus, global warming can be attributed to increased amounts of carbon dioxide. 
Item 26  -Enter the code of their response 1-5.

Item 27 - Enter the code of their response 1-5.

If they give a reason enter 1, if they write nothing, enter 0.

Questions 5 – 25

1st Code
Actual Answer (Provides some indication of the alternative conceptions held.)
2nd Code
Actual alternative conception identified from written response.

Alternative conceptions

· If the tick box and the explanation are correct then no alternative conceptions are evident, i.e., a 99 is recorded. 

· If the student provides an alternative explanation then a 01 to NN is recorded for each identified alternative conception. (Total of two alternative conceptions).

· If only one alternative conception is identified then the second is recorded as 00.

3rd code -SOLO Codes


No attempt

0

Pre-conceptual

1

Uni-structural

2

Multi-structural
3

Relational

4

Extended Abstract
5

Guess


6

Cannot decipher
9

The response is coded according to the complexity of the response, not the correctness of the response. The correctness is indicated by the diagram score.

Questions 26 and 27

· If no response to Q26 then enter a 0

· If no response to Q27 then enter a 0

· If a reason is given for Q27 then enter a 1

· If no reason given enter a 0.

Data Structures all Student Questionnaires

Case Number = student

Teacher Number=1-120

Class number in case teacher teaches more than 1 class, 1,2, 3 etc

School number

State Number

Year Level

Sex

Data Structures Teacher Questionnaire

Case Number = Teacher Number=1-120

School number

Type of School (1-4)

State Number (1-4)

Year Level, 07, 08, 09, 78, 79, 89,

Sex

[Class number in case teacher teaches more than 1 class, 1,2, 3 etc is not required.]

