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Scoring
Generalization
Empirical regularities or patterns that can be seen in more than one instance. It is
the general scientific idea or "truth" or "law" that describes how the world works.
It often reads as "whenever A happens, B happens" and accounts for multiple
cases (look for a plural noun).
We are interested in whether students use generalized knowledge in explaining
or modeling a specific phenomenon in question.
Generalization doesn’t necessarily include causation or step-by-step sequence.
Nor does it have to be scientifically correct.
Be conservative about what counts as G/P.
Rules of thumb for G/P evidence:
If a difficult-to-score response has at least 2 out of 3 of the following criteria, it
should be scored as having a generalization/principle. If it only has 1 out of 3, it
should NOT be scored as having a generalization/principle:
1. Past tense usually means specific, not general
2. No article (e.g. the, these, this) suggests it is a general statement; or, stepping
out of the storyline of the prompt (e.g. “a mirror is smooth so you can see your
reflection in a mirror” instead of “Monique can see her reflection in the smooth
mirror”) suggests an attempt to say something more general
3. If sentence is followed by a specific example, that sentence is likely a general
principle (see 103268 Colored Filter as an example)
Some other helpful guidelines:
- Alignment with principles list provided by curriculum suggests it is a general
principle--means student is trying to get to general ideas
- If a response reads just accounting for the specific case in the question prompt,
it's specific (not general).
- Ambiguous pronouns such as ""it"" can make it difficult to decide whether a
statement is referring to the specific scenario or a general case. Code for G/P
only if you have strong evidence that it is general (e.g. there is no article, it is
followed by a specific example, and/or it aligns with a general principle in the
curriculum). See 102521 Cookies as an example"
Naming a variable is not sufficient for G/P. It has to discuss why or how it
matters. (e.g., "Temperature is important" doesn't count as G/P, but
"Temperature is important because higher temperature will push air molecules
faster" does.)
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Multiple Levels
Response includes more than one "level" in modeling/explaining the
phenomenon. With this code, we would like to see whether students include a
level that is not obvious (or not observable) from the question stem.
Physics/Chem: nonvisible theoretical entities (particles, molecules) vs. macrolevel phenomenon (odor traveling)
Bio: individual vs. aggregate/population
Each cover story has a set of examples included in the coding guide.

Factors/Reasoning
IDENTIFYING OR NAMING FACTORS
A student names the relevant term or agent that explains the phenomenon.
There may be multiple relevant factors, which are specified as a) b) c), etc, in the
specific item guide. Generally the last factor will be "other," for factors that
students name that are not the correct response and/or for instances in which
students do reasoning about an ambiguous factor.
SPECIFIC VERBS EXPLAINING WHAT THE FACTORS DO
Given the terms or agents that a student names, this component captures
whether or not they do any reasoning about how or why that factor explains the
phenomenon. If a student names factor 1a, their reasoning is coded as 2a
regardless of whether or not it is the correct reasoning about 1a.
QUALITY OF REASONING
This captures how complete the causal story in the response is. It aligns to some
degree with the presence or absence of 2a and 2b but also requires some coder
discernment, especially in responses coded as 2c

Alternative Theory
The Alternative Theory code captures instances in which students are not
providing the correct mechanistic explanation, broadly speaking. If students are
in the ball-park range of what we would expect, but they have a few details
incorrect, their response should NOT be coded as an Alternative Theory

More To The Story
Students add additional information to their response that is not necessary to
answer the question. That information may be somewhat irrelevant. It may also
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be details that are relevant, yet excessive or above and beyond what is being
asked.

Uncertainty
Students express some uncertainty or tentativeness about their response: “I don’t
know,” I think it’s…” “I’m not sure, but…,” “Maybe/could have/might have”

CHEMISTRY
SIXTH GRADE
Candles/Strawberries
Cover Story 1: Strawberries
Elise and Fred helped their mom make chocolate covered strawberries. They
dipped the strawberries in melted chocolate and placed them on the counter. The
melted chocolate hardened on the strawberries after awhile. How and why did
the melted chocolate harden on the strawberries?"
Cover Story 2: Candles
Jackson was celebrating his 8th birthday. Some of the melted was dripped from
the candles onto the cake. When he removed the candles he noticed that the
wax on the cake had hardened. How and why did the melted candle wax harden
on the cake?
Ideal Response
The wax melted because the temperature became so hot the vibrating molecules
in the solid was were moving or buzzing so fast that they lost control and started
sliding past each other, causing the wax to lose form and melt into a liquid. The
wax hardened because the temperature began to get cooler, causing the fast
moving molecules to slow down to the point where they are just vibrating again in
the same spot and the liquid became solid again
Coding
1. Naming factors
a. Identifying the “hardening” as a phase change (liquid to solid;
freezing)
b. Temperature change
c. Other (e.g. cornstarch, surface texture, air pressure)
2. Reasoning
6

a. How the phase change happened- molecules were moving quickly
in liquid state (bouncing, colliding, or sliding past each other)
but then were moving more slowly (“vibrating”) in solid state.
b. How/why the temperature matters- at lower temps, particles move
more slowly (must include comparative language). “Lose energy”
is considered equivalent to “move slower”
c. Reasoning about other factor
Note: For this question, phrases like “gain more energy” or “have more energy”
should be read as equivalent to “moves faster.” Frequently students will use both
phrases to describe what happens to a particle.
Multiple Levels: molecules, particles, atoms, or other unobservable (w/naked
eye) composition of the chocolate or wax
Coding “Naming Factors” and “Reasoning”:
1. Does the response identify a factor [noun or agent] other than
particles/molecules or presence/absence of a heat source? (e.g.
cornstarch; surface texture; air pressure)
a. If yes  1c; continue to 2
b. If no  continue to 2
2. Does the response describe the difference between the melted and the
hardened context in terms of a temperature comparison (e.g. got hotter,
warmer, cooler, cooled off; got cold)? Note: In the strawberries context,
the temperature comparison is over time (e.g. “they went cold after
awhile”). In the candles context, the temperature comparison is between
locations (on the candle/near the fire vs. on the cool cake). If comparative
words (hotter, cooler) are not present, look for a time/location comparison
and see if they use temperature words when making that comparison.
a. If yes  1b; continue to 3
b. If no  continue to 4
3. Does the response use a verb or verbs to describe how the temperature
comparison impacted the molecules or the aggregate substance?
(traditional idea: warmer particles move faster; alternative idea: chocolate
absorbs heat but not cold)
a. If yes  2b; continue to 5
b. If no  continue to 5
4. Does the response identify the temperature change as the causal factor
(e.g. the room temperature did it)?
a. If yes  1b;
b. If no  continue to 5
5. Does the response provide a specific verb or symbol for what the particles
(or 1c agent) are doing, either:
a. during the phase change? Note: Verbs describing only the process
of going from a liquid to a solid, like “turned into” or “became,” are
too generic and don’t count; verbs describing what’s going on
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‘inside’ the substance, like “slowed down,” “absorbed,” or “joined
together,” OR verbs describing how the air particles and chocolate
particles are interacting (hitting, colliding, bouncing) are specific.
i. If yes  2a and 1a, OR 2c*; continue to QR coding.
ii. If no  continue to 5b
b. during each discrete phase? Note: Verbs like “move around,”
“vibrate,” “stick together,” or “buzzed” are specific.
i. If yes  2a and 1a, OR 2c*; continue to QR coding.
ii. If no  continue to 6
6. Does the response identify hardening as a phase change? Note: If the
response only includes “melted” and/or “hardened,” answer no (since
those were given in the prompt). If the response includes “liquid” “solid”
“freezing” or “phase change,” answer yes.
a. If yes  1a; continue to QR coding.
b. If no  continue to QR coding.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code (2a OR 2b OR 2c):
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Do you have to INFER the 2-level code from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference) If
yes, QR=1
▪ Inferring 2a or 2b = inferring a difference in movement or
interactions between particles during phase change or in
each phase state could include:
• Two models or two “zoom ins” at different time points
or physical locations but no labels indicating which
state (liquid/solid or warm/cold) is which; AND
• A different amount of space between particles in the
two models/zoom-ins, but no mention of it in prose or
key; or
• A different type of arrow or symbol for molecules in
the two models/zoom-ins, but no mention of it in prose
or key
• A statement about how the two kinds of particles (air
and chocolate) interact, but no discussion of what
happens to them at the particle level after they
interact (e.g. saying they hit and the chocolate
hardens, but not discussing that after they hit they
slow down/lose energy)
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▪

•

Inferring 2c = inferring the connection between an alternative
factor’s mechanism and how/why the substance hardened
could include:
• Having to interpret symbols not identified in the key
• Having to interpret a connection between life
experiences other than those cued in the prompt and
the mechanism of the question scenario (i.e.
vagueness in a parallel scenario a student raises)
• Vague verbs (see #3 in “Coding ‘Naming Factors’ and
‘Reasoning’”)
o All else: QR = 2
If there are TWO 2-level codes (e.g. 2a AND 2b; 2a AND 2c; 2c AND
2c**): [these two bullet points were the key areas of ambiguity where we
disagreed between a 2 and 3 QR score]
o Do you have to INFER either 2a or 2b or 2c from the model in order
to code it? (If it is explicit in the prose or key, it is NOT an inference)
▪ If yes, QR = 2
• Inferring 2a = inferring a difference in movement or
interactions between particles (or 1c agent) during
phase change or in each phase state could include:
o Two models or two “zoom ins” at different time
points or physical locations but no labels
indicating which state is which; AND
o A different amount of space between particles
in the two models/zoom-ins, but no mention of
it in prose or key; or
o A different type of arrow or symbol for
molecules in the two models/zoom-ins, but no
mention of it in prose or key
• Inferring 2b = inferring a comparison between warm
and cold contexts could include a two-part model or
two zoom-ins that indicate some difference between
two scenarios, but no labels indicating which is the
warm and which is the cold context
• Inferring 2c = inferring the connection between an
alternative factor’s mechanism and how/why the
substance hardened could include:
o Having to interpret symbols not identified in the
key
o Having to interpret a connection between life
experiences other than those cued in the
prompt and the mechanism of the question
scenario (i.e. vagueness in a parallel scenario
a student raises)
o Vague verbs (see #3 in “Coding ‘Naming
Factors’ and ‘Reasoning’”)
9

▪ If no, continue
o Do they provide an explanation for why cooler temperature makes
chocolate/wax harden (typically by making the link that the
temperature affects the particles, and slower particles result in a
solid state), or is there a “black box” around the connection
between temperature and phase state (e.g. when particles are hot,
they are a liquid). [General idea to use for other items: Missing a
key causal link—that it’s the loss of energy/cooling down of
wax/chocolate particles that causes them to move more slowly and
harden].
▪ If they provide an explanation, QR = 3
▪ If they “black box,” QR = 2
**Because we want to leave open the possibility of getting a score of 3 for Quality
of Reasoning with an Alternative Theory, we do not want to require having either
2a or 2b in order to score a 3. However, if a response does not have 2a or 2b,
they must have at least two alternative factors which they reason about and link
together (i.e. two 2c’s) in order to score a 3. As far as I know, we have not seen
any of these responses empirically. Typically a response that includes 2c and is
scored with a QR-3 also includes either 2a or 2b.

Cookies/Popcorn
Cover Story 1: Cookies
Miss Watson made freshly baked cookies for class for 2 days. On the first day,
her room is really hot (80 F) and the students smell cookies as they enter the
classroom. On the second day, the room is cooler (65 F) , and the students do
not smell cookies until they sit in their seat. The students smelled the cookies
faster when the room was warmer. How and why did the room temperature affect
how fast students were able to smell the freshly baked cookies?
Cover Story 2: Popcorn
Bill and Shauna wondered if they could smell a bag of popped popcorn faster in a
cold room or a warn room. They decided to do an experiment. They made the
room cold (50 F), popped the popcorn, and measured the time it takes for the
smell to reach the door. The next day, they made the same room hot (85 F),
popped the popcorn, and again measured the time it takes for the smell to reach
the door. They smelled the popcorn faster in the warmer (85 F) room. How and
why did the room temperature affect how fast Bill and Shauna were able to smell
the popped popcorn?
Ideal Response
When there is a higher temperature, the particles in the air move faster. The air
molecules continue to bump into the odor molecules and spread out farther and
farther apart. When the temperature is lower, the particles move slower
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spreading apart not as far. The faster odor molecules then get to your nose faster
than the slower ones in the colder temperature.
Coding
1. Naming factors
a. Air makes odor move
b. Temperature (given in the prompt)
c. Other factor
2. Reasoning
a. How/why air makes odor move: air molecules “push” odor
molecules to move; air molecules bounce off of each other, leading
odor molecules to move
b. How/why temperature matters: higher temperature moves particles
faster
c. Other reasoning (e.g. cookies losing scent in the cold room)
Note: Due to the nature of this question, we are NOT coding for 1b (it was given
in the prompt) and it is rare for students to give a 1a-or-1c-only response (e.g.
“The students could smell the odor faster because of air particles.”). It is easier to
code this question starting by looking at “Reasoning” and working backwards.
Note: For this question, phrases like “gain more energy” should be read as
equivalent to “moves faster.” Frequently students will use both phrases to
describe what happens to a particle. “Energy”
Multiple Levels: molecules, particles, atoms, or other unobservable (w/naked
eye) composition of the cookies or popcorn
Coding “Naming Factors” and “Reasoning”:
7. Does the response identify a factor [noun or agent] other than air particles,
odor particles, or generic molecules? (e.g. heat waves; heat)
a. If yes  1c; continue to 2
b. If no  continue to 2
8. Does the response make a comparison between the warm context and the
cold context, either in the prose (fastER, warmER, etc.) or in the model (by
drawing two models, one warmer and one colder)?
a. If yes  2b; continue to 3
b. If no  continue to 3
9. Does the response provide a specific verb for what the particles (or 1c
agent) are doing? Note: Verbs like “move” and “travel” are too generic and
don’t count; verbs like “push,” “collide,” “bounce,” or “carry” are specific.
a. If yes  2a and 1a; OR 2c*; continue to QR coding.
b. If no  continue to 4
10. Does the response explicitly name air or air particles as a factor, either in
the prose or in the model/model key?
a. If yes  1a; continue to QR coding.
b. If no  continue to QR coding.
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*Responses are only coded as “c” category if the AGENT (noun) is an alternative
or “other” response. There are cases in which students do alternative or “other”
REASONING about what air/odor does (verb), such as “cold air absorbs the odor
particles.” If these cases have a specific verb, they should be coded as 2a,
alternative theory, because they are doing reasoning about Factor 1a (air/air
particles) but in a non-traditional way.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code (2a OR 2b OR 2c):
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Doyou have to INFER the 2-level code from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference) If
yes, QR=1
▪ Inferring 2a = inferring collisions or other interactions
between particles means there is no explicit symbol for
interaction (collisions, pushing) in the key or label on the
diagram, but the diagram itself includes:
• 2 arrows touching; or
• An arrow from one particle touching another particle;
or
• 2 particles (or agents) touching.
▪ Inferring 2b = inferring a comparison between warm and cold
contexts could include a two-part model that indicates some
difference between two scenarios, but no labels indicating
which is the warm and which is the cold context.
▪ Inferring 2c = inferring the connection between an alternative
factor’s mechanism and how/why the smell traveled faster
could include:
• Having to interpret symbols not identified in the key
• Having to interpret a connection between life
experiences other than those cued in the prompt and
the mechanism of the question scenario (i.e.
vagueness in a parallel scenario a student raises)
• Vague verbs (see #3 in “Coding ‘Naming Factors’ and
‘Reasoning’”)
o All else: QR = 2
• If there are TWO 2-level codes (e.g. 2a AND 2b; 2a AND 2c; 2c AND 2c):
[these two bullet points were the key areas of ambiguity where we
disagreed between a 2 and 3 QR score]
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o Do you have to INFER either 2a or 2b from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference)
▪ If yes, QR = 2
• Inferring 2a = inferring collisions or other interactions
between particles means there is no explicit symbol
for interaction (collisions, pushing) in the key or label
on the diagram, but the diagram itself includes:
o 2 arrows touching; or
o An arrow from one particle touching another
particle; or
o 2 particles (or agents) touching.
• Inferring 2b = inferring a comparison between warm
and cold contexts could include a two-part model that
indicates some difference between two scenarios, but
no labels indicating which is the warm and which is
the cold context.
▪ If no, continue
o Do they provide an explanation for why higher temperature makes
cookie particles go faster (typically by describing some interaction
between higher- or lower-temp air and cookie particles), or is there
a “black box” around the principle that particles move faster at
higher temps (e.g. stating that at warmer temps, particles move
faster; therefore, cookie particles move faster in a warmer room.)
[General idea to use for other items: Missing a key causal link—that
it’s the AIR particles that are at different temps in the room that
make the cookie particles move faster/slower].
▪ If they provide an explanation, QR = 3
▪ If they “black box,” QR = 2

SEVENTH GRADE
Nail and Marshmallow
Cover Story 1: Marshmallow
Julia is roasting a marshmallow on a campfire. It catches on fire, and when she
blows it out, she notices it is all black. How and why did the marshmallow change
from white to black? (It’s ok if you don’t know exactly what a marshmallow is
made of).
Cover Story 2: Nail
Luke leaves a silver-colored nail outside. A week later, he finds it again. It is
covered in a crusty reddish-orange substance. How and why did the nail change
from silver to a reddish-orange? (It’s ok if you don’t know exactly what a nail is
made of).
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Ideal Response
The marshmallow started off the same as any other marshmallow but burning an
object is a chemical reaction. When Julia put the marshmallow in the fire the
properties started to changed and the atoms rearranged and a new substance
formed. So when she took it out the marshmallow was black.
Coding
1. Naming factors
a. Atoms or particles (of nail, of marshmallow, of water, of “fire”)
b. Naming it as a chemical reaction, a property change, or a new
substance (i.e., applying a definition)
c. Other factor
2. Reasoning
a. Atoms rearranged (separated and came back together)
b. (No 2b, because reasoning for a chemical reaction, property
change, or formation of new substance is the same as 2a)
c. Reasoning about other factor
Multiple Levels:
Indicating atoms, particles, or other unobservable (w/naked eye) composition of
the nail, the marshmallow, air, water, etc.
Identifying Factors and Reasoning:
1. Does the response identify that the substances are made up of smaller
structures such as atoms or particles?
a. If yes  1a; continue to 2
b. If no  continue to 3
2. Does the response discuss what happens to the atoms to explain the
rusting or burning? (e.g., the atoms rearranged, separated and came back
together, etc.)
a. If yes  2a; continue to 3
b. If no  continue to 3
3. Does the response identify this as an instance of a chemical reaction, a
property change, or a new substance formation? (essentially applying a
definition to re-identify this)
a. If yes  1b; continue to QR coding.
b. If no  continue to QR coding.
4. Does the response indicate a factor other than atoms, particles, or other
relevant “terms” from the unit?
a. If yes  1c; continue to 5
b. If no  continue to QR coding.
5. Does the response discuss how/why the 1c factor caused the color
change?
a. If yes  2c; continue to QR coding.
b. If no  continue to QR coding.
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Quality of Reasoning:
• If NO 2-level code: QR = 0
• If ONE 2-level code and ONE 1-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Does the response include the full process, including linking the
atom rearrangement to causing the change in color (essentially a
complete answer, but without naming it a chemical reaction, a
change in properties, or indicating that it is a new substance)?
▪ If yes: QR = 2
▪ If no: QR = 1
• If ONE 2-level code and TWO 1-level codes:
o Did you have to INFER a 1-level code or the 2-level code (from the
diagram, etc)? If yes, QR = 2
o Does the response include the full process, including explicitly
linking the atom rearrangement to causing the change in
color/property change/new substance?
▪ If yes: QR = 3
▪ If no: QR = 2

Baking Soda and Pop Rocks
Cover Story 1: Baking Soda
In class Tegan and Jude combined baking soda and vinegar in a bottle and
immediately put the cap on. They noticed that the mixture bubbled and foamed.
They then combined the same amount of baking soda and vinegar in a bottle and
left the cap off. Again, the mixture bubbled and foamed, although none of the
foam spilled over the top of the bottle. Taran and Jude carefully weighed all their
materials before and after combining them. They noticed that afterwards, the
bottle with the cap off weighed less than the bottle with the cap on. How and why
did the bottle with the cap off weigh less than the bottle with the cap on?
Cover Story 2: Pop Rocks
In class, Noah and Kayleigh combined Pop Rocks candy and soda in a bottle
and immediately put the cap on. They noticed that it bubbled a lot and the Pop
Rocks bounced around and looked smaller. They then combined the same
amount of Pop Rocks candy and soda in a bottle and left the cap off. Again, it
bubbled a lot and the Pop Rocks bounced and looked smaller. None of the soda
or Pop Rocks spilled out of the bottle. Noah and Kayleigh carefully weighed all
their materials before and after combining them. They noticed that afterwards,
the bottle with the cap off weighed less than the bottle with the cap on. How and
why did the bottle with the cap off weigh less than the bottle with the cap on after
combining the Pop Rocks candy and soda?
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Ideal Response
When atoms rearrange they move around in a chemical reaction. If the atoms
turn to a gas, they may move around in the container. If the container is open
(and is an open system) the atoms could travel out and into the air. If the
container is closed (a closed system) though, the atoms can't escape. But if the
atoms escape, like the conservation of mass says if the number of atoms goes
down, so will the mass.
Coding
1. Naming factors
a. Air, gas, or gas atoms/particles; bubbles; generic
molecules/particles; pressure; NOT mass
b. Naming or identifying a chemical reaction and/or phase change
(evaporated); identifying an indicator of a chemical reaction; saying
they “reacted”
c. Cap; any “simple addition” explanation
2. Reasoning
a. Anything about how the [1a thing] behave differently in an open vs.
closed system (escaped, was trapped, etc.; alternative idea:
molecules expanding or getting smaller)—must include
comparison/comparative language (specifying one or both systems;
using “more” or “less”). For pressure: if they use passive voice, they
DON’T get 2a; if they use active voice, they DO
b. Anything about how the chemical reaction/phase change led to the
formation of the gas/bubbles (atoms rearranged, solid dissolves
and released a gas); (for evaporation: must give a reason for
how/why evaporation is happening)—must indicate that something
had to change in order to make the bubbles
c. Cap is condensing them, cap is compressing, air pressure,
condensing, molecules getting smaller or expanding (themselves)
Multiple Levels:
Indicating atoms, particles, molecules or other unobservable (w/naked eye)
composition of the baking soda, vinegar, air, pop rocks, soda, etc.
Identifying Factors and Reasoning:
6. Does the response identify the presence of a gas or gas particles or
general/unspecified molecules?
a. If yes  1a; continue to 2
b. If no  continue to 3
7. Does the response discuss how the gas behaves differently in an open vs.
closed system? (e.g., the gas escaped when the cap was off, the gas
particles were trapped when the cap was on, etc.)—must include
comparison/comparative language between cap on vs. cap off scenarios.
If they are only talking about the open system, it is NOT an inference; if
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they are only talking about the closed system, it IS an inference (to be
considered for QR).
a. If yes  2a; continue to 3
b. If no  continue to 3
8. Does the response indicate that something about the substances had to
change in order to make the bubbles/gas? (i.e., how the chemical
reaction/phase change led to the formation of the bubbles/gas: atoms
rearranged and formed a gas, liquid turned into a gas, solid dissolved and
released a gas)—for phase change-type responses, must indicate a state
and transformative verb
a. If yes  2b and 1b; continue to 5
b. If no  continue to 4
9. Does the response name or identify that a chemical reaction or phase
change is happening? (essentially applying a definition to re-identify this)
a. If yes  1b; continue to 4
b. If no  continue to 5
10. Does the response indicate a factor other than gas, atoms, particles, or
other relevant “terms” from the unit?
a. If yes  1c; continue to 6
b. If no  continue to QR coding.
11. Does the response discuss how/why the 1c factor caused the change in
mass?
a. If yes  2c; continue to QR coding.
b. If no  continue to QR coding.
Quality of Reasoning:
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)? If
yes, QR = 2
o Does the response include the full process, including explicitly
linking the atom rearrangement/phase change to the formation of
the gas/bubbles, which can then escape to cause the change in
mass?
▪ If yes: QR = 3
▪ If no: QR = 2
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EIGHTH GRADE
Note: In response to these questions, students are actually doing reasoning
across two scalar levels (i.e., down to blue text and down to green text in the
diagrams below). Previous questions have only prompted for reasoning across
one scalar level (i.e., just down to blue text). The following diagrams illustrates
the types of “reasoning loops” that we are seeing in the data:

A complete response includes all of these pieces, linked together in a way that
explains the gain in weight or in size. Because these questions are adding an
additional level of complexity, we added an additional factor and an additional
quality of reasoning score. The factors are now 1a through 1d (1d is the “other”
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factor) and the quality of reasoning can range from 0 to 4. Note that, in
attempting to keep this coding scheme aligned conceptually with the 6 th and 7th
grade coding schemes, it is possible to do “complete” reasoning about the
phenomenon by only moving down one level (to the blue) and not getting into the
cellular/molecular level processes of photosynthesis and cellular respiration.
Such a response would receive 1a, 1b, 2a, and 2b and a quality of reasoning
score of 3, which was the highest response possible on prior questions.

Football and Charlie
Cover Story 1: Football
Carlos has weighed the same amount for several years, thanks to his daily
exercise routine. One day he breaks his leg playing football. He has to stop his
daily exercise routine for one month, but he continues to eat the same amount of
food. After a month, he noticed that he has gained weight. “How and why did
Carlos gain weight after not exercising for one month?”
Cover Story 2: Charlie
Ellie’s dog Charlie has weighed the same amount for several years. One day
Charlie was hit by a car and broke his leg. The vet weighs and bandages Charlie
and tells Ellie that she shouldn’t take him on his daily walk for one month, but that
Charlie should continue to eat the same amount of food. After a month, they
return to the vet to have Charlie’s bandages removed. The vet weighs Charlie
and noticed that he has gained weight. “How and why did Charlie gain weight
after not going for a walk for one month?”
Ideal response
Charlie gained weight because he was not doing exercise to use the food
molecules. I know this because Charlie isn't exercising, so he is not doing cellular
respiration at as quick of a rate. Cellular respiration is the chemical reaction that
converts a food molecule and oxygen to water and carbon dioxide. That chemical
reaction also converts energy from CE to energy we use. When Charlie
exercises, he does cellular respiration quicker because he needs energy quicker.
Because food is a reactant, it goes away quicker. Because Charlie is not
exercising, he doesn't need the energy, which means cellular respiration doesn't
need to happen as quickly, so the food mol. don't get converted into energy.
Instead, they are converted into fat molecules, which are stored and cause
Charlie to gain weight.
Coding
3. Naming factors
a. Identifies the immediate consequence of not exercising: a
decreased rate in a body process (e.g., burning less food; not
using as much food; performing less cellular respiration) or
decreased need for a substance in the body (e.g., doesn’t need as
much energy or food)
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b. Food molecules/specific type of food molecule (carbohydrates,
protein, fat; must be clear that they mean fat as a component of
food, NOT fat as an aggregate substance in the body); brokendown food; food as building materials
c. Cellular respiration, chemical reaction, oxygen combining with
glucose
d. Other factor (e.g. breathing/oxygen, muscle, sweat)
4. Reasoning
a. Reasoning about the consequences of the decreased rate or
need, given that he is eating the same amount of food (e.g., he
now has extra or unused food that is staying in the body or being
stored in the body). Must include both an indication of something
extra and the idea that it is being stored instead of used.
b. What the food molecules are doing in the body: Food molecules
stored/converted into fat; food molecules provide energy or
building materials (if inferred from a model, must include idea that
the food molecules are not directly stored as the same fat pieces
that are in the food)
c. Energy produced by cellular respiration
d. Reasoning about HOW [factor] is making Carlos/Charlie gain
weight.
Multiple Levels:
Atoms/molecules, specific type of food molecule, vitamin/nutrient, cells/cellular
respiration, energy
More to the Story:
Evidence from an activity, detailed explanation of cellular respiration or path of
food molecules through body, discussion of waste products, conservation of
energy/mass
Identifying Factors and Reasoning:
12. Does the response identify or describe that cellular respiration or a
chemical reaction is occurring? (students may say that oxygen is
combining/reacting with oxygen)
a. If yes  1c; continue to 2
b. If no  continue to 3
13. Does the response indicate what the chemical reaction produces or
provides for the body? (canonical answer: produces energy; connection to
weight gain need not be explicit here, since it is two steps removed)
a. If yes  2c; continue to 3
b. If no  continue to 3
14. Does the response describe food as molecules or name a specific type of
food molecule (protein, carbohydrates; if they say fat, must be clear it is a
fat molecule)?
a. If yes  1b; continue to 4
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b. If no  continue to 5
15. Does the response indicate what happens to the food molecules inside the
body that leads to weight gain? (canonical answer: food molecules are
converted/extras are stored as fat; could also discuss that food molecules
provide energy; if the molecules are inferred from the model, it must be
clear that the food is not directly stored as the same substance, i.e., if you
eat a fatty piece of bacon, the fat from the bacon does not get stored in its
original form, it still goes through conversions)
a. If yes  2b; continue to 5
b. If no  continue to 5
16. Does the response identify or describe a rate change within the body: a
relationship between the change in amount of exercise and a change in
the amount of food, calories, and/or energy needed or used? (e.g.,
burning less food; not using as much food; using less energy; doesn’t
need as much food or energy; does less cellular respiration; “Same
amount of food eaten,” and “gained weight” are given in the prompt, so
these do not count)
a. If yes  1a; continue to 6
b. If no  continue to 6
17. Does the response include reasoning about how that decrease affects the
body, given that he is still eating the same amount of food? (e.g., he now
has extra/unused food, which stays in the body instead of getting used
up)
a. If yes  2a; continue to 7
b. If no  continue to 7
18. Does the response indicate a factor other than food molecules, cellular
respiration/a chemical reaction, or a relative change in rate within the body
(e.g., breathing/oxygen, muscle, sweat)?
a. If yes  1d; continue to 7
b. If no  continue to 7.
19. Does the response discuss how (not just that) the 1d factor caused the
change in weight?
a. If yes  2d; continue to QR coding.
b. If no  continue to QR coding.
Quality of Reasoning (now on a scale from 0-4):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 0
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
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o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Does the response include THREE 1-level codes?
▪ If yes, check for full process and score as outlined in next
section (reasoning may be so overlapping that it is difficult to
score separately)
▪ If no, does the response explicitly link back to a gain in
weight?
• If yes, QR = 3
• If no, QR = 2
If THREE 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)? If
yes, QR = 3
o Does the response include the full process, including explicitly
linking the lack of exercise to a lower metabolic rate (need less
energy  less cellular respiration), and recognizing that the same
amount of food is now in excess (same food + less cellular
respiration  extra food that gets stored in the body as fat), which
is what leads to weight gain?
▪ If yes: QR = 4
▪ If no: QR = 3

Koi and Goats
Cover Story 1: Koi
Selwa has two koi ponds in her backyard. One is almost always in the sun, while
the other is entirely in the shade. Selwa doesn’t have to feed the koi fish because
the ponds naturally contain enough plants and small bugs for the koi to eat.
One day Selwa notices that the sunny pond has more weeds than the shady
pond. The koi fish, on average, are also larger than the koi fish in the shady
pond, even though they all started out the same size. “How and why did the koi
fish in the sunny pond grow larger than the koi fish in the shady pond?”
Cover Story 2: Goats
Nishant’s town has decided to be eco-friendly and use goats to eat the grass and
get rid of weeds in all the city parks. He lives near two fenced-in city parks, one
of which is almost always in the sun, while the other is very shaded. He notices
that the grass and weeds are thicker and taller in the sunny park.
The city releases three friendly baby goats into each park, and they live there
year-round. After a few years, Nishant notices that the goats in the sunny park
are bigger than the goats in the shady park. “How and why did the goats in the
sunny park grow larger than the goats in the shady parks?”
Ideal response
The koi fish in the sunny pond grew more because the plants in the light can
produce more food molecules from photosynthesis because there is more LE to
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convert to CE. More photosynthesis equals more food molecules, so the fish can
eat more and grow. The fish in the shade won't get as much food because there
aren't as many plants.
Coding
1. Naming factors
a. Identifying difference in conditions as a result of more sunlight:
More food/energy/food/photosynthesis in the sunny condition;
plants growing better/stronger; more food in one condition
b. Stating the relationship that eating more food means the goats/koi
get bigger/gain weight
c. Photosynthesis, chemical reaction, or description of process of
photosynthesis
d. Other factor (e.g. resources, vitamins/nutrients, water, CO2/oxygen,
hunger/thirst, exercise, heat)
2. Reasoning
a. Digging in to the reason why there’s more food or that they grow
bigger/stronger: More energy/building materials
available/produced OR more photosynthesis happening
b. Digging in to the reason why eating more food leads to weigh gain:
Animals use food molecules, building materials, and/or energy
from the plants in order to grow
c. Plants use photosynthesis to produce food molecules, energy, or
building materials
d. Reasoning about how [factor] is making fish/goats grow
Multiple Levels:
Atoms/molecules, specific type of food molecule, vitamins/nutrients, cells/cellular
respiration, photosynthesis, energy
More to the Story:
Evidence from an activity, detailed explanation of cellular respiration or
photosynthesis, discussion of waste products, conservation of energy/mass

Identifying Factors and Reasoning:
1. Does the response identify or describe that photosynthesis or a chemical
reaction is occurring? (students may describe the reactants/products of
photosynthesis)
a. If yes  1c; continue to 2
b. If no  continue to 3
2. Does the response indicate what the photosynthesis produces or provides
for the body? (canonical answer: produces energy, food, or building
materials; connection to growth need not be explicit here, since it is two
steps removed)
a. If yes  2c; continue to 3
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3.

4.

5.

6.

7.

8.

b. If no  continue to 3
Does the response state the relationship that eating the plants (grass or
weeds) causes to growth? (e.g., when goats eat more grass, they get
bigger)
a. If yes  1b; continue to 4
b. If no  continue to 5
Does the response indicate how eating the plants leads to growth? (plants
provide energy and/or food molecules/building materials that the animals
use to grow)
a. If yes  2b; continue to 5
b. If no  continue to 5
Does the response identify a difference in conditions as a result of more
sunlight (e.g., more food; plants growing better/stronger)?
a. If yes  1a; continue to 6
b. If no  continue to 7
Does the response indicate how the increased sunlight leads to the
increase in food or growth (e.g., plants contain more energy or food/food
molecules)?
a. If yes  2a; continue to 7
b. If no  continue to 7
Does the response indicate a factor other than animals eating plants as
food, photosynthesis/a chemical reaction, or a relative differences in
energy/food within the system (e.g., resources, vitamins/nutrients, light,
water, sun/shade, CO2/oxygen, hunger/thirst, exercise, heat)?
a. If yes  1d; continue to 7
b. If no  continue to 7.
Does the response discuss how (not just that) the 1d factor caused the
change in weight?
a. If yes  2d; continue to QR coding.
b. If no  continue to QR coding.

Quality of Reasoning (now on a scale from 0-4):
• If NO 2-level code:
o Does the response include TWO 1-level codes (likely 1a and 1b)?
▪ If yes: does the response connect the 1a/1b relationships in
a causal chain? If yes: QR = 1
▪ If no: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes, see coding rules for NO 2-level codes above.
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
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o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Does the response include THREE 1-level codes?
▪ If yes, check for full process and score as outlined in next
section (reasoning may be so overlapping that it is difficult to
score separately)
▪ If no, does the response explicitly link back to increased
growth?
• If yes, QR = 3
• If no, QR = 2
If THREE 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)? If
yes, QR = 3
o Does the response include the full process, including explicitly
linking the increased sunlight to an increased amount of energy
available and/or an increased rate of photosynthesis (more sunlight
 more energy in the system/photosynthesis), which leads to more
grass/weeds that provide more food (molecules) for the fish/goats,
allowing them to grow (more food  more building blocks/energy
for goats/koi  bigger goats/koi)?
▪ If yes: QR = 4
▪ If no: QR = 3

PHYSICS
SIXTH GRADE
Book and Wallet
Cover Story 1: Book
Christina is looking for a book in a dark room, but she could not see it. She
turned on the lamp in the room, and then she was able to see the book. How and
why is Christina able to see the book after turning on the lamp?
Cover Story 2: Wallet
David dropped his wallet in a dark movie theater and he couldn't see where it
went. He asked the usher to borrow his flashlight. Then, he was able to see his
wallet on the ground. How and why is David able to see his wallet in the dark
theater using the flashlight?
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Note: there are two factors for this question: continuous light rays and the
difference between light and dark contexts. The reasoning for what they are
doing is that the light rays bounce or reflect off the book/wallet and into the
eyes, and in the light context the light source is now emitting light.
Although the completeness of sequence is scored in QR, it is rare for them to get
in the “reasoning” range without having a complete sequence for this item on the
post-test, since the sequence is so short.
C – other factor critical or used in reasoning
Put explicitly in decision rules about what counts as C: alternative theory
capturing reasoning, 1c/2c capturing alternative factors. NOT adding extra/other
things they are bringing in—it REPLACES 1a or 1b
Ideal Response
When the flashlight (light source) emits light it travels to the wallet. Then the light
path reflects off of the wallet (object) and goes into Davids light detectors. The
reason why he can see the wallet is because it is lit up by the flashlight.
Coding
1. Naming factors
a. 1a.1 continuous/mobile light rays
1a.2 light rays change direction
b. comparison between dark and light contexts
c. other
2. Reasoning
a. How light rays interact with the object (light rays bounce, reflect, or
scatter)
b. How/why the light source changed the context (the light source is
emitting light rays)
c. Reasoning about other factor
Note: Inferring 2b:
Inference from prose: passive voice- linking light source to causing light rays, but
it’s disconnected in the language (but so close by that it would be ridiculous not
to think about it that way)
Inference from model: rays coming out in all directions from light source
If BOTH: NOT an inference
Multiple Levels:
Light rays/waves
Coding “Naming Factors” and “Reasoning”:
1. Does the response identify a factor [noun or agent] other than light rays?
(Not sure what examples of alternative ideas would be here...but in theory
they are any conceptions of light that aren't continuous rays. My guess is
that it's maybe the reasoning that's "alternative theory" like light coming
out of people's eyes, or objects "throwing" light.)
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2.

3.

4.

5.

6.

a. If yes  1c; continue to 2
b. If no  continue to 2
Does the response use a verb or verbs to describe how the light rays (or
1c factor) are interacting with the object? Note: the key mechanism for this
question is in how the light interacts with the object. We take the other
interactions (e.g. With source and with eyes) into consideration in the QR
score. (Traditional idea: light rays bounce, reflect, or scatter; other verbs
are either or alternative ideas [e.g. “carries”] scored as 2c, or not specific
enough to receive a 2-level code [e.g. “goes to,” "hits”].)
a. If yes  2a; or 2c*; continue to 5
i. Does the response indicate that the light rays are
continuous? If yes  1a.1
ii. Does the response indicate that the light rays change
direction? If yes  1a.2
b. If no  continue to 3
Does the response indicate that light is continuous and/or mobile (in a
single direction) (e.g. light goes, travels, moves from)? Note: this should
only be considered if they do NOT have 2a or 1c. This is intended to
capture responses without a diagram that do not explicitly mention light
rays or indicate their continuous nature.
a. If yes  1a.1; continue to 4
b. If no  continue to 4
Does the response indicate that light moves and changes direction? Note:
this should only be considered if they do NOT have 2a or 1c. This is
intended to capture responses without a diagram that do not explicitly
mention light rays.
a. If yes  1a.2; continue to 5
b. If no  continue to 5
Does the response use a verb or verbs to describe how the light source
changed the context? Note: “Now there is light” or “Now light is going to
the wallet” is too vague; the verb(s) should describe what the light source
is doing, such as “the light source is emitting light rays;” “light is coming
out of the light source”
If they draw light rays emitting from the light source, they should get 1b
and 2b, but it is an INFERENCE (see QR coding).
a. If yes  1b and 2b; continue to QR coding.
b. If no  continue to 6
Does the response make a comparison between the light and dark
contexts, either by using comparative words (e.g. lighter, darker), by
demonstrating a temporal sequence (e.g. later, then when), or by drawing
two contexts in the model?
a. If yes  1b; continue to QR coding.
b. If no  continue to QR coding.

*Responses here are only coded as 2c if they were also coded as 1c in Coding
Step 1. All other responses should be coded as 2a/1a.
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Coding “Quality of Reasoning” (QR):
Note: for this item, a QR score of 3 must include the complete sequence, i.e.
Accounting for the source and the eyes in the light pathway.
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code (2a OR 2b OR 2c):
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Did you have to infer the 2-level code? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Does the response include an additional 1-level code (e.g. 1a, 2a
AND 1b)? If yes, QR = 2
o All else: QR = 1
• If there are TWO 2-level codes (e.g. 2a AND 2b; 2b AND 2c):
o Does the text or model include a relationship between the light rays
and the light source (e.g. light rays coming out of a light bulb) AND
the light rays and the detector (e.g. light rays going into eyes)?
▪ If only one or neither, QR = 2
▪ If both, continue
o Do you have to INFER a 2-level code from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference) If
yes, QR=2
▪ Inferring 2a/2c (light bouncing, reflecting, or scattering) could
include:
• Light rays [or alternative idea] drawn in the model that
clearly indicate scattering (obviously going in all
directions off of the book/wallet) or reflecting
(obviously all coming off the book/wallet at the same
angle) but not mentioned in the prose or key; or
• Light rays [or alternative idea] touching a clearly
labeled object (book/wallet) in the diagram, but the
object not mentioned explicitly in the prose.
▪ Inferring 2b (comparison between light and dark contexts)
could include:
• Two models drawn, one in dark and one in light
context, but no mention of the comparison in prose or
key.
• Inference from model: rays coming out in all directions
from light source
▪ Inferring 2c = inferring the connection between an alternative
factor’s mechanism and how/why we can see things could
include: (again hard to think of alternative factors...might
need to revise if we see an example)
• Having to interpret symbols not identified in the key
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Having to interpret a connection between life
experiences other than those cued in the prompt and
the mechanism of the question scenario (i.e.
vagueness in a parallel scenario a student raises)
• Vague verbs (see #2 in “Coding ‘Naming Factors’ and
‘Reasoning’”)
o All else (includes complete sequence and no reasoning inferences):
QR = 3

Friend and Pond
Cover Story 1: Friend
Monique looks into a mirror and sees a friend trying to sneak up behind her. How
and why is Monique able to see her sneaky friend in the mirror without turning
around?"
Cover Story 2: Pond
On a sunny day, Nick walks next to a pond. He looks at the surface of the pond
and sees images of some birds that are flying above him. How and why is Nick
able to see images of the flying birds on the surface of the pond?
Ideal Response
Nick can see because the light being emitted from the sun is scattering off of the
rough surface of the birds and then some of those light rays bounce off of the
smooth surface of the pond which then reflect into Nick’s eyes.
Note: there are two factors for this question: continuous light rays and the surface
qualities of the mirror/friend or the pond/birds, and the sequence is one step
longer. The reasoning for what they are doing is that the light rays scatter off of
the friend/birds (because they are rough) and reflect off the mirror/pond
(because they are smooth) and into the eyes. The comparison between how
light interacts differently with the smooth and rough objects is the key piece
needing to be explained in this item.
Coding
1. Naming factors
a. Light is continuous and/or mobile and/or changes direction
b. Interaction with both objects is necessary OR differentiating surface
quality of either object
c. other
2. Reasoning
a. Light rays bounce, reflect or scatter; discussion of coming off in the
same angle they came in or coming of in all/random directions
should be considered the definition of either reflect or scatter.
b. How/why the light interacted differently with the EACH of the two
objects (mirror/friend or pond/birds)
c. Reasoning about other factor
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Multiple Levels:
Light rays/waves
Coding “Naming Factors” and “Reasoning”:
1. Does the response identify a factor [noun or agent] other than light rays?
(e.g. The mirror sends an image; his sight bounced off the pond).
a. If yes  1c; continue to 2
b. If no  continue to 2
2. Does the response use a verb or verbs to describe how the light rays (or
1c factor) are interacting with either object (mirror/pond OR friend/birds)?
Note: the key mechanism for this question is in how the light interacts with
the objects. We take accounting for both objects and the difference
between them (e.g. rough vs. smooth) into consideration in the 1b/2b
score; and we take the completeness of their sequence (e.g. interactions
with source and with eyes) into consideration in the QR score. (Traditional
idea: light rays bounce, reflect or scatter; discussion of coming off in the
same angle they came in or coming of in all/random directions should be
considered the definition of either reflect or scatter. Other verbs are either
alternative ideas [e.g. “carries”] and scored as 2c, or are not specific
enough to receive a 2-level code [e.g. “goes to,” "hits,” “comes off of”
(without mention of angles/direction]. In scoring for 2c, consider the
clarity/mechanistic-ness of the verb: if it is too unclear to figure out what
they’re trying to say, do not score 2c).
a. If yes  2a and 1a; or 2c*; continue to 4
b. If no  continue to 3
3. Does the response indicate that light is continuous and/or mobile and/or
changes direction (e.g. light goes, travels, moves from)? Note: this should
only be considered if they do NOT have 2a or 1c. This is intended to
capture responses without a diagram that do not explicitly mention light
rays or indicate their continuous nature.
a. If yes  1a; continue to 4
b. If no  continue to 4
4. Does the response use specific verb or verbs to describe how the light
interacted differently with the EACH of the two objects (mirror/friend or
pond/birds)? Note: Here, because of how the lesson is presented and how
it’s treated in class, “bounce” and “scatter” could be considered equivalent
and “reflect” is the special case. So using “bounce” for to describe one
interaction and “reflect” for another should be counted as yes (and
“bounce” for one and “scatter” for another should be counted as no).
Different kinds of arrows indicating interactions with the objects in the
diagram should be counted as yes. Specific verb(s) for only one of the
objects should be counted as no.
a. If yes  1b and 2b; continue to QR coding.
b. If no  continue to 5
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5. Does the response indicate that interaction with both objects is necessary,
either by including that light interacts with both objects in their prose or by
drawing light interacting with both objects in the model?
OR
Does the response describe the surface quality of either object (e.g. the
mirror is a very smooth surface; the birds are rough), implying an
important difference between the objects?
a. If yes  1b; continue to QR coding.
b. If no  continue to QR coding.
*Responses here are only coded as 2c if they were also coded as 1c in Coding
Step 1. All other responses should be coded as 2a/1a.
Coding “Quality of Reasoning” (QR):
Note: for this item, a QR score of 3 must include the complete sequence, i.e.
Accounting for the source and the eyes in the light pathway.
1. If there is NO 2-level code  QR = 0
2. If there is ONE 2-level code (2a OR 2b OR 2c):
a. Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
b. Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
c. Does the response include an additional 1-level code (e.g. 1a, 2a
AND 1b)? (This should capture for responses that include a
complete sequence in their model but not in their prose; or that are
only specific about one of the verbs but still indicate that the other
object is part of the sequence) If yes, QR = 2
d. All else: QR = 1
3. If there are TWO 2-level codes (e.g. 2a AND 2b; 2b AND 2c):
a. Does the text or model include a relationship between the light rays
and the light source (e.g. light rays coming out of a light bulb or
sun) AND the light rays and the detector (e.g. light rays going into
eyes)?
i. If only one or neither, QR = 2
ii. If both, continue
b. Do you have to INFER a 2-level code from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference) If
yes, QR=2
i. Inferring 2a/2c (light bouncing, reflecting, or scattering) could
include:
1. Light rays [or alternative idea] drawn in the model that
clearly indicate scattering (obviously going in all
directions off of the friend/birds) or reflecting
(obviously all coming off the mirror/pond at the same
angle) but not mentioned in the prose or key; or
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2. Light rays [or alternative idea] touching a clearly
labeled object (friend, mirror, birds, pond) in the
diagram, but the object not mentioned explicitly in the
prose.
ii. Inferring 2b (comparison between smooth and rough
objects) could include:
1. Arrows interacting differently with the two objects in
the diagram, but not labeled or mentioned differently
(e.g. they say “bounce” for both, but the arrows are
clearly bouncing differently); or
2. Explicit discussion about the mirror/pond transferring
an “image” to the viewer’s eyes, but without
mentioning reflection or the angle at which light rays
come off.
iii. Inferring 2c = inferring the connection between an alternative
factor’s mechanism and how/why we can see things could
include: (again hard to think of alternative factors...might
need to revise if we see an example)
1. Having to interpret symbols not identified in the key
2. Having to interpret a connection between life
experiences other than those cued in the prompt and
the mechanism of the question scenario (i.e.
vagueness in a parallel scenario a student raises)
3. Vague verbs (see #2 in “Coding ‘Naming Factors’ and
‘Reasoning’”)
c. All else (includes complete sequence and no reasoning inferences):
QR = 3

SEVENTH GRADE
Coke and Toaster
Cover Story 1: Coke
Tenisha is going to a picnic and wants to bring some cold drinks. She places
three Coke cans into a large cooler. The cooler and Coke cans are at room
temperature. She takes a bag of ice from the freezer and puts it into the cooler.
She then closes the lid. After an hour, she opens the cooler. The Coke cans and
the air inside the cooler are colder than when she originally closed the cooler.
She opens the coke cans and the soda is cool too...."How and why did the coke
cans and the surrounding air inside the cooler get cooler?" In your response, talk
about what's happening to the molecules in the air and coke can.
Cover Story 2: Toaster
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Ruben puts a piece of room temperature bread in the toaster. When the toaster
finishes, he notices that the bread is much warmer than when he put it in…."How
and why did the bread get warm?" In your response, talk about what is
happening to the molecules in the bread.

*Note we DID prompt for molecules with these
Ideal Response
-needs particles
-extra 0.5 QR score for including conversion sensibly
The faster-moving room temperature particles of air collided with the slowermoving cold particles of ice and transferred energy to them, slowing themselves
down in the process. These air particles also then collide with the roomtemperature (fast-moving) Coke can particles. In these collisions, energy is
transferred from the coke can to the air particles. Air particles can again transfer
energy to the slower-moving cold particles of ice and the series of transfers can
repeat. In a similar way, energy from the faster-moving coke particles in the can
will continue to transfer energy to the slower-moving particles of the can.
Eventually the Coke particles have transferred all their energy to the air, which
has transferred all the energy to the ice, until they are all the same temperature.

Energy transfer diagram:

Coke or
Coke can

KE/TE

Air
particles

KE/TE

Ice

Coding:
1. Naming Factors:
a. Energy (at least one type, or “energy” in general)
b. Particles or molecules
c. Other factor (e.g., “coldness;” non-technical uses of “converts”; ice
should NOT be 1c)
2. Reasoning:
a. Energy transfer (or conversion)
i. Energy transfers (moves from ___ to ___, goes from ___ to
___--anything suggesting that something is leaving one
object and going to another)
ii. Energy converts (changes from __ to __ within an object) –
For this question, the only time this is sensible is for the
“conversion” between KE and TE (which are really the same
thing)
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b. Particles collide and speed up/slow down, changing the
temperature (any one of these links between particle speed, temp,
KE, TE, and how it’s changing over time)
c. Reasoning about how [factor] is making Coke cool down
Multiple Levels:
energy, molecules, particles
More to the Story:
closed system/lid keeps all the cold particles in; insulation
Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Only 2a.i: Does the response have the full process, including all the
objects involved (Coke, Air, Ice) and filled in the blanks (from ___ to
___)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including all the objects involved (Coke, Air, Ice) and filled in the
blanks (from ___ to ___)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response connect a full pathway between the
particles of all the objects?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
objects?
▪ If yes, QR = 2
▪ If no, QR = 1
• Two 2-level (including 2c and 2a/2b):
o Does the response have the full process, including all the objects
involved (Coke, Air, Ice)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why the Coke cools down (linking back
to the original question) without black-boxing? This might include
saying things like the Coke and air have transferred ALL THEIR
ENERGY, the Coke can RAN OUT of energy, etc., to explain why it
cooled down.
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

Ideal Response
-needs particles
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-extra 0.5 QR score for including conversion sensibly
The thermal energy from fast-moving particles in the toaster wires transfers to
particles of air surrounding the bread, giving them increased kinetic energy
(higher temp). The warm air molecules collide with the toast particles,
transferring the KE/TE to them and heating up the bread. This transfer of energy
through collisions from the wire to the air to the bread continues, making the
bread gradually warmer until the “toaster finishes.”
Energy transfer diagram:

Toaster/Toaster
Wires

KE/TE

Air particles

KE/TE

Bread or Toast

KE/TE

Bread or Toast

Energy conversion + transfer diagram:

Toaster/Toaster
Wires

ELE

KE/TE

Air particles

KE/
TE

Coding:
3. Naming Factors:
a. Energy (at least one type, or “energy” in general)
b. Particles or molecules
c. Other factor (e.g., “heat” or “heat waves;” “electricity” or “electrical
currents”; “electrical wires”; non-technical uses of “converts”)
4. Reasoning:
a. Energy transfer (or conversion)
i. Energy transfers (moves from ___ to ___, goes from ___ to
___--anything suggesting that something is leaving one
object and going to another)
ii. Energy converts (changes from __ to __ within an object) –
For this question, the relevant conversion is in the toaster:
electrical (ELE) to kinetic/thermal (KE/TE) (and possibly
some light (LE)). To count for conversion, they do NOT have
to say “conversion,” but they do have to be clear that the
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nature of the energy itself is changing (and not just moving
between objects)
b. Particles collide and speed up/slow down, changing the
temperature (any one of these links between particle speed, temp,
KE, TE, and how it’s changing over time)
c. Reasoning about how [factor] is making toast warm up
Multiple Levels: energy, molecules, particles
Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level: Do NOT need air for full process
o Only 2a.i: Does the response have the full process, including all the
objects involved (toaster/wires, bread/toast) and filled in the blanks
(from ___ to ___)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including all the objects involved (toaster/wires, bread/toast) and
filled in the blanks (from ___ to ___)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response connect a full pathway between the
particles of all the objects?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
objects?
▪ If yes, QR = 2
▪ If no, QR = 1
• Two 2-level (including 2c and 2a/2b):
o Does the response have the full process, including all the objects
involved (toaster, bread)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why the toast warms up (linking back to
the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

Light Bulb and Solar Cooker
Cover Story 1: Light Bulb
Jenny has a lamp on her desk while she is studying. When she finishes, she
turns it off. She placed her hand one inch from the light bulb and felt heat coming
from the light bulb…."How and why was Jenny able to feel heat coming from the
light bulb without touching it?"
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Cover Story 2: Solar Cooker
Brian made a solar cooker and wanted to heat up some water to make hot
chocolate on a cold winter day. He put a pot of cool water in the center of the
oven and set the oven outside in the sunlight. After an hour, the water was
90C…."How and why did the water inside the solar cooker warm up to 90C?"

*Note we did NOT prompt for molecules with these
Ideal Response
-needs particles (but did not prompt…expect this item to be more difficult b/c of
this)
-extra 0.5 QR score for including conversion sensibly
(The electrical energy from the lamp converts into heat and light energy in the
bulb) which then transfers to the air surrounding the light bulb, making the air
particles move faster. Jenny feels the faster air particles as heat because they
transfer some heat energy to her skin.
Energy transfer diagram:

Light
bulb/Lamp
wires

KE/TE

Air particles

KE/TE

Jenny's
hand

KE/TE

Jenny's
hand

Energy conversion + transfer diagram:

Light
bulb/Lamp
wires
ELE

KE/TE

Air particles

KE/TE
/LE

Coding:
5. Naming Factors:
a. Energy (at least one type, or “energy” in general)
b. Particles or molecules
c. Other factor (e.g., “heat” or “heat waves;” “electricity” or “electrical
currents”; “electrical wires”; non-technical uses of “converts”)
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6. Reasoning:
a. Energy transfer (or conversion)
i. Energy transfers (moves from ___ to ___, goes from ___ to
___--anything suggesting that something is leaving one
object and going to another)
ii. Energy converts (changes from __ to __ within an object) –
For this question, the relevant conversion is in electrical
wires and light bulb filament: electrical (ELE) to
kinetic/thermal (KE/TE) and light (LE). To count for
conversion, they do NOT have to say “conversion,” but they
do have to be clear that the nature of the energy itself is
changing (and not just moving between objects).
b. Particles collide and speed up/slow down, changing the
temperature (any one of these links between particle speed, temp,
KE, TE, and how it’s changing over time)
c. Reasoning about how [factor] is making Jenny’s hand warm
up/feel heat
Multiple Levels: energy, particles, molecules
Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level: DO need air for full pathway; mentioning Jenny feeling
something (but not specifically her hand) IS enough for full pathway
o Only 2a.i: Does the response have the full process, including all the
objects involved (light bulb/wires, air, hand) and filled in the blanks
(from ___ to ___)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including all the objects involved (light bulb/wires, air, hand) and
filled in the blanks (from ___ to ___)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response connect a full pathway between the
particles of all the objects?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
objects?
▪ If yes, QR = 2
▪ If no, QR = 1
• Two 2-level (including 2c and 2a/2b):
o Does the response have the full process, including all the objects
involved (light bulb, air, hand)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
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o Does the response explain why Jenny’s hand warms up/feels heat
(linking back to the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

Ideal Response
-needs particles (but did not prompt…expect this item to be more difficult b/c of
this)
-the pathway is one step shorter here, since the reflection off the aluminum foil is
neither a transfer nor a conversion (so we aren’t including it as necessary for the
coding)
-extra 0.5 QR score for including conversion sensibly
Light energy from sun bounces off aluminum foil, and hits water particles. The
light energy is converted to kinetic energy as it causes the water particles to
move faster. Because the speed of the water particles increases, and more water
particles speed up over time, the water heats up.
Energy transfer diagram:

Sun

LE

Water
particles

Energy conversion + transfer diagram:

Sun

LE

Water
particles
LE

KE/
TE

Coding:
7. Naming Factors:
a. Energy (at least one type, or “energy” in general)
b. Particles or molecules; OR light rays/waves In models without
labels, lines from the sun need arrow heads in order to receive 1b
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c. Other factor (e.g., “heat” or “heat waves;” non-technical uses of
“converts”)
8. Reasoning:
a. Energy transfer (or conversion)
i. Energy transfers (moves from ___ to ___, goes from ___ to
___--anything suggesting that something is leaving one
object and going to another)
ii. Energy converts (changes from __ to __ within an object) –
For this question, the relevant conversion is from light
energy (LE) to thermal/kinetic energy (TE/KE) To count for
conversion, they do NOT have to say “conversion,” but they
do have to be clear that the nature of the energy itself is
changing (and not just moving between objects).
b. Particles collide and speed up/slow down, changing the
temperature (any one of these links between particle speed, temp,
KE, TE, and how it’s changing over time); light rays are absorbed
by the water, changing the temperature (verbs about light rays such
as hits, goes into, or goes onto are not specific enough to receive
2b)
c. Reasoning about how [factor] is making the water heat up
Multiple Levels: energy, particles, molecules
More to the Story: Responses that discuss insulation (as something tangential
to the process) should receive more to the story. Responses that discuss light
reflecting off the aluminum foil or passing through the Plexiglas should ONLY
receive more to the story IF they discuss it’s role in the process: that it
multiplies/amplifies the light or traps the heat/prevents cold air from getting out.

Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Only 2a.i: Does the response have the full process, including all the
objects involved (sun, water) and filled in the blanks (from ___ to
___)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including all the objects involved (sun, water) and filled in the
blanks (from ___ to ___)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response connect a full pathway between the
particles of all the objects OR the full pathway that the light travels
(from sun to water)?
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▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
objects?
▪ If yes, QR = 2
▪ If no, QR = 1
Two 2-level (including 2c and 2a/2b):
o Does the response have the full process, including all the objects
involved (sun, water)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why the water heats up (linking back to
the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

EIGHTH GRADE
Calculator and Socks
NOTE: A force is described in this unit as a push, pull or something that
balances. Similar language will always count for force in this coding guide.
Cover Story 1: Calculator
Jenna and Sammi were working on math homework at Jenna’s house. Jenna
asked if she could borrow Sammi’s calculator, so Sammi slid it to Jenna across
the table. The calculator slid easily, like a hockey puck on ice. When Jenna was
done, she decided to slide the calculator back to Sammi under the table, on the
thick-carpeted floor. The calculator stopped sliding under the middle of the table,
instead of making it all the way across to Sammi, even though Jenna pushed it
just as hard as Sammi did. “How and why did the calculator stop sliding on the
carpeted floor, when it slid across the table easily?”
Cover Story 2: Socks
With the house to himself, CJ decided it would be fun to slide around the tile
kitchen floor with socks on, like a hockey player skating around a rink. After doing
so awhile, he decided to try sliding around on the rough concrete floor in his
garage. He was able to slide a bit, but skidded to a stop much more quickly than
he had on the floor. “How and why did CJ slide less when he was sliding on the
rough concrete than on the kitchen floor?”
Ideal response
CJ slid less on the rough concrete rather than the kitchen floor. The concrete
floor produces more friction with CJ’s socks than the kitchen floor because it is
rougher. Friction is in the opposite direction of motion. An object will change its
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speed of motion or direction or both, if it is subjected to unbalanced forces.
Otherwise it will remain at rest or move at a constant speed. When CJ slides,
there is an unbalanced force acting on him because there is no force in the
direction of motion, but friction is acting in the opposite direction. CJ’s speed
decreased more rapidly on the concrete floor because of the greater amount of
friction. On the kitchen floor there was less friction. This allowed CJ to slide
longer. There was less friction acting in the opposite direction.
Coding
3. Naming factors
a. Friction (or a friction-like force identified by another
name/description that slows things down); something working
against a push-force
b. Difference in scenarios: Stating that there is more or less force,
friction, energy, or resistance in one scenario than another. It is ok
if they don’t explicitly name both scenarios, as long as they imply a
comparison with words like “more” “less” “stronger” etc.
c. Other factor (e.g., energy; naming that one surface is rough and
another is smooth; you can slide better on smooth surfaces)
4. Reasoning
a. Unbalanced force on object: there is no force in the direction of
motion, but friction is acting in the opposite direction of motion.
• Forces transferring counts as 2a/AT.
• Automatic 1a/2a if they have a model that clearly shows that
the force is greater on one side of the object than the other,
and the explanation makes it clear that the model wasn’t
drawn by rote.
b. Why one surface makes more or less
friction/force/resistance/energy than the other:
smoothness/roughness (or another material property) of
tile/concrete or table/carpet; implying that the rough surface
absorbs, eats up, uses up energy; if you have to read between the
lines for the verb, it’s definitely QR 1.
c. Reasoning about how [factor] is causing [object] to slow down and
stop moving (most will involve energy – transfer, losing energy,
energy vs. force/friction, etc.; discussing effects of surface area
being bumpy in a way that seems like they’ve “shrunk” down
beyond what we can see: more surface area/places for the carpet
to hit the calculator, more places for the energy to go)
Multiple Levels
Energy, force, atoms/molecules
More to the Story
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Evidence from an activity, in-depth explanation of where friction comes from/why
a rough surface has more friction, discussion of static vs. dynamic/kinetic friction,
explicit use of Newton’s laws of motion

Identifying Factors and Reasoning:
Note: 1a/2a and 1c/2c are about the forces acting on the INDIVIDUAL OBJECT.
1b/2b is about the difference in SCENARIOS that makes the same object stop
more quickly.
20. Does the response identify by name “force” or “friction,” or does the
response describe some friction-like force that is slowing down the
calculator/CJ (e.g., resistance)?
a. If yes  1a; continue to 2
b. If no  continue to 3
21. Does the response describe how the force/friction is slowing down the
calculator by indicating there is an imbalance or that the force of
friction/resistance acts on the object in the opposite direction of motion?
(Note: If the response describes forces transferring, code as 1a/2a + AT. If
they have a model/free body diagram that shows a longer force arrow
“slowing down” the object (and it is labeled clearly), code as 1a/2a even if
not in prose. If labels are unclear/diagram is confusing, code as 1a/2ainferred.)
a. If yes  2a; continue to 3
b. If no  continue to 3
22. Does the response identify “energy” (or other 1c factor that is involved in
making the object slow down/stop)?
a. If yes  1c; continue to 4
b. If no  continue to 5
23. Does the response indicate how energy (or the other 1c factor) is causing
the object to slow down and stop moving? (Note: most will involve energy
transfer, losing energy, more or less energy vs. force/friction, etc.)
a. If yes  2c; continue to 5
b. If no  continue to 5
24. Does the response identify a difference between scenarios (likely in terms
of the 1a or 1c factor; e.g., more or less force/friction/resistance/energy on
one surface than the other)?
a. If yes  1b; continue to 6
b. If no  continue to QR coding.
25. Does the response describe WHY the difference in
force/friction/resistance/energy exists between scenarios (e.g.,
smoothness/roughness (or another material property) of tile/concrete or
table/carpet)?
a. If yes  2b; continue to QR coding.
b. If no  continue to QR coding.
Quality of Reasoning (on a scale from 0-3):

43

•
•

•

If NO 2-level code: QR = 0
If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Did the response address both situations (smooth and rough
contexts)? Is the response logically cohesive, linking back to the
phenomenon in question (sliding more easily on one surface than
another)?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Did the response address both situations (smooth and rough
contexts)? Is the response logically cohesive, linking back to the
phenomenon in question (sliding more easily on one surface than
another)?
▪ If yes: QR = 3
▪ If no: QR = 2

Hockey and Pool
NOTE: Quality rules are written such that a response can receive a 3 by either
describing the changing balance of forces in-depth (receiving both 1a, 2ai, and
2aii) or connecting the force of contact between the two objects to a transfer of
energy between them (1a, 2a(i or ii), 1b, 2b). This is reflected in the two possible
types of ideal responses below.
Cover Story 1: Hockey
Before hockey practice, Malini is playing around with two pucks, a pink one and a
black one. She hits the pink puck towards the black puck. When the pink puck
hits the black one, the pink puck suddenly stops and the black puck suddenly
starts moving. “How and why did the pink puck suddenly stop when it hit the
black puck, which then suddenly started moving?”
Cover Story 2: Pool
John is learning to play pool. He hits the cue ball towards the 8-ball. When the
cue ball hits the 8-ball, the cue ball suddenly stops and the 8-ball suddenly starts
moving. Assume that the cue ball and the 8-ball are the same size. “How and
why did the cue ball suddenly stop when it hit the 8-ball, which then suddenly
started moving?”
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Ideal response: forces alone
When the pink puck and the black puck hit each
other, they both applied an equal amount of force to
each other. The pink puck stopped because of the
unbalanced force (due to the black puck) in the
direction opposite to its motion. After hitting the
black puck, the pink puck had no (horizontal) forces
acting on it, so it was at rest. Although, since the
black puck was on ice, where there is little friction, it
keeps on moving in a straight line after being hit. The push of the pink puck on
the black puck was an unbalanced force on the black puck and caused it to
move.

Ideal response: force and energy
The pink puck transferred its kinetic energy to the black puck, using the contact
force of when the two collided. The contact between the pucks also caused the
pink puck to stop because of the push against the pink puck from the black puck.

Coding
3. Naming factors
a. Force (as something that pushes, pulls, or balances)
b. Energy
c. Other factor (e.g. ways of using force other than pushing, pulling, or
balancing, such as force transferring)
4. Reasoning
a. Reasoning about forces: Explaining why one object stops and the
other starts moving in terms of forces by:
i. Talking about the moment of contact as a system:, each
puck applying an equal and opposite force to the other puck.
ii. Talking about the moment of contact for each individual puck
or ball: unbalanced force from black puck on pink puck is in
the direction opposite of the motion so it makes it stop;
unbalanced force from pink puck to black puck makes it start
moving
b. Energy transferring from one object to the other
c. Reasoning about how [factor] is causing [object] to slow down and
stop moving
Multiple Levels:
Energy, force, atoms/molecules
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More to the Story:
Evidence from an activity, explicit use of Newton’s laws of motion
Identifying Factors and Reasoning:
9. Does the response identify energy?
a. If yes  1b; continue to 2
b. If no  continue to 3
10. Does the response describe energy transferring from one object to the
other?
a. If yes  2b; continue to 3
b. If no  continue to 3
11. Does the response identify force as something that pushes, pulls, or
balances? (Note: other uses of force should be coded as 1c)
a. If yes  1a; continue to 4
b. If no  continue to 5
12. Does the response describe why one object stops and the other starts
moving in terms of balanced/unbalanced forces, either by:
a. Talking about the moment of contact as a system: balanced, equal
forces acting on each ball/puck, or by showing balanced/equal
forces with one force coming from each ball/puck (inferred from
model if not labeled/written)?
i. If yes  2ai; continue to 4b
ii. If no  continue to 4b
b. Talking about the moment of contact for each individual puck or
ball: unbalanced force from black puck on pink puck is in the
direction opposite of the motion so it makes it stop; unbalanced
force from pink puck to black puck makes it start moving
i. If yes  2aii; continue to 5
ii. If no  continue to 5
13. Does the response identify some other factor that is involved in making
the balls/pucks start/stop moving? (e.g., ways of using force other than
pushing, pulling, or balancing, such as force transferring)
a. If yes  1c; continue to 6
b. If no  continue to QR coding.
14. Does the response describe how the 1c factor is causing the balls/pucks
to start/stop moving? (e.g., force transfers)
a. If yes  2c; continue to QR coding.
b. If no  continue to QR coding.
Quality of Reasoning (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
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o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it attempt to explain BOTH why one puck/ball
stops and why the other starts moving?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes (2ai + 2aii; OR 2a(i or ii) + 2b; OR 2c + [any]):
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it attempt to explain BOTH why one puck/ball
stops and why the other starts moving?
▪ If yes: QR = 3
▪ If no: QR = 2
We are considering 2ai + 2aii and 2ai/ii + 2b to be equivalent but
alternative accounts, not additive. Therefore it is not likely that a response
will receive all three (2ai + 2aii + 2b). If we find one that does, we will see
if it is sensible and reconsider how to score it for quality.

BIOLOGY
SIXTH GRADE
Rabbits/Crows and Sharks/Crabs
Cover Story 1: Rabbits/Crows
One year, Sarah noticed that there were more rabbits in the city than usual. She
also heard that lots of crows were dying because of a new illness. She knows
that crows eat young rabbits and wondered if the crows' illness was related to the
rabbit population increasing. Construct a scientific explanation that answers the
question, "How and why did the rabbit population increase?"
Cover Story 2: Sharks/Crabs
A group of students have been learning about organisms in the ocean. They
learned that the shark population began increasing about 15 years ago and the
crab population started increasing shortly after that. The sharks eat sea turtles
and the sea turtles eat crabs. Draw a model (diagram) that answers the question,
"How and why did the crab population increase?"
Ideal Response:
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Since the sharks ate the turtles who ate the crab, the turtle population must be
decreasing since there are more sharks to eat them, and since there are fewer
turtles, the crabs have time to multiply.
Coding
1. Naming factors
a. Predator/Prey relationship
b. The secondary relationship as a factor (increase in sharks + sharks
eat sea turtles; e.g. more sharks alive; fewer sea turtles alive;
sharks are eating more sea turtles)
c. Other
2. How/why predation and/or the crows’ illness affects individual crows
and/or individual the rabbits? (e.g. crows died so there were fewer eating
the rabbits; there were more rabbits because they weren’t being hunted;
rabbits could reproduce more)
2c. Reasoning about other factor
Multiple Levels:
Energy, force, atoms/molecules
More to the Story:
Evidence from an activity, explicit use of Newton’s laws of motion

Note: Due to the nature of this question, we are coding first for reasoning, as the
everyday way of discussion the factors was given in the prompt; and we are NOT
coding for individual factors at the 2-level (i.e., not distinguishing 2a or 2b; just
coding for presence/absence of 2-level reasoning).
Note: These items are not exactly parallel, but they are close: both involve a
population increase of a prey (rabbits or crabs) due to a population decrease of a
predator (crows or sea turtles). In one cover story, the decrease is caused by an
illness (crows) and in the other it’s caused by an increase of the predator’s
predator (more sharks eating sea turtles). However, this information is provided
in all of the prompts so we wouldn’t expect to see the same problems as the
Foxes vs. Squirrels items.
Note: 1a and 1b are given in the question, but we will still code for them in order
to capture the cases where students apply concepts of “predators” “prey” and
“predator/prey relationships” to re-describe the situation. Note update: No
students mention predator/prey for crows/rabbits; also, coding for 1a or 1b
became very arbitrary, and we felt like we were penalizing students who didn’t rewrite the prompt. We decided to give everyone 1a and 1b for crows/rabbits, and
just code for the presence/absence of 2. With this decision, we still should be
able to capture a range of QR (0-3). We kept 1a and 1b for sharks/crabs because
some students focused exclusively on one relationship vs. the other.
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Coding “Naming Factors” and “Reasoning”:
11. CROWS/RABBITS only: Does the response discuss how/why predation
and/or the crows’ illness affects individual crows and/or individual the
rabbits? (e.g. crows died so there were fewer eating the rabbits; there
were more rabbits because they weren’t being hunted; rabbits could
reproduce more)  be sure that this is not just repeating what is given in
the prompt (crows are dying from illness, therefore rabbit population
increases)
a. If yes  2; continue to 3
b. If no  continue to 5
12. SHARKS/CRABS only: Does the response discuss how/why EITHER
predation affects individual crabs and/or individual sea turtles and/or
individual sharks? (e.g. turtles were being eaten by sharks; there weren’t
as many turtles to hunt the crabs; crabs could reproduce more)  be
sure that this is not just repeating what is given in the prompt (sharks eat
turtles and turtles eat crabs)
a. If yes  2; continue to 3
b. If no  continue to 5
13. SHARKS/CRABS: Does the response include the focal predator/prey
relationship as a factor (sea turtles eat crabs)?
a. If yes  1a; continue to 4
b. If no  continue to 4
14. SHARKS/CRABS: Does the response include the secondary relationship
as a factor (increase in sharks + sharks eat sea turtles; e.g. more sharks
alive; fewer sea turtles alive; sharks are eating more sea turtles)?
a. If yes  1b; continue to 6
b. If no  continue to 6
15. Does the response identify a factor [noun or agent] other than predation
or illness? (e.g. invaders, additional link in food chain)
a. If yes  1c; continue 7
b. If no  continue to QR coding.
16. Does the response identify how/why the 1c factor affects the individual
crows, rabbits, sharks, turtles, or crabs?
a. If yes  2c; continue to QR coding.
b. If no  continue to QR coding.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• CRABS/SHARKS ONLY: If there is a 2-level code and ONLY ONE 1-level
code (e.g. 1a OR 1b OR 1c):
o Is the response coded 1c/2c? If yes:
▪ Is there more than one 1c factor named? If yes, continue to
next black bullet.
o If no: QR = 1
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If there is at least one 2-level code and TWO 1-level codes (e.g. 1a AND
1b):
o Is the response very vague, to the point that it is nonsensical? If
yes, QR = 1
o Is the response coded 1c/1c/2c and the 1c factors are irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Does the response only address how the crow, shark, or turtle
population is affected (i.e. does not address the impact on rabbits
or crabs)? If yes, QR = 1
o Complete causal chain for CROWS/RABBITS:
▪ Both of these: QR = 3; only one of these: QR = 2
• Crows eat baby rabbits. Since there are less of
them, they are eating fewer baby rabbits. (inferred:
since there are less crows, there are more rabbits;
just naming the two frequencies without talking about
why they are connected)
• Crows are getting sick and dying; their population is
decreasing; fewer crows, no crows (explicit).
(inferred: if they just mention getting sick or illness,
but not linked to dying; rabbits making a disease for
the crows, but not linking to crows dying; etc.)
▪ If they have this, add 0.5 to QR score: More baby rabbits are
surviving, so they can grow up and reproduce, thus
increasing their population. (thinking about this as being
across multiple generations, rather than just within one
generation: reproduce; grow up and the cycle continues;
etc.)
o Complete causal chain for SHARKS/CRABS:
▪ Both of these: QR = 3; Only one of these: QR = 2
• The sharks are increasing, meaning there are more
of them to eat sea turtles.
• The sea turtles are all getting eaten by sharks,
meaning that there are less of them around to eat
the crabs.
▪ If they have this, add 0.5 to QR score: With fewer predators,
the crabs aren’t getting eaten, meaning more are surviving
and can reproduce, making their population grow.

Squirrels and Foxes
Cover Story 1: Squirrels
For a long time, red squirrels were the main type of squirrel in the United
Kingdom. However, in the late 19th century, gray squirrels from North America
entered the country. The gray squirrels have spread rapidly throughout the
country and have replaced the red squirrels in many parts of the UK. Today,
more than 2.5 million gray squirrels live in the UK compared to only 160,000 red
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squirrels. Both types of squirrels eat nuts, insects, and berries. Only gray
squirrels can eat acorns. Draw a model that answers the question, "How and why
did the red squirrel population go down in the late 19th century?"
Cover Story 2: Foxes
Michael is trying to explain why the fox population in National Forest went down
between 1994 and 2000. He knows that the foxes and mice are natives of
National Forest, which means that they have always lived there, but the owls only
arrived in thie forest in 1994. Before 1994, there were 2,500 mice and 150 foxes.
After 1994, around 50 owls entered the forest. Scientists then observed the
population of mice and foxes decrease, while the population of owls increased.
Construct a scientific explanation that answers the question, "How and why did
the fox population go down after 1994?"
Note: Due to the nature of this question, we are NOT coding for individual factors
at the 2-level (i.e., not distinguishing 2a or 2b; just coding for presence/absence
of 2-level reasoning).
Note: The question stems in Squirrels and Foxes are not exactly parallel: there is
no information given in Foxes to help students pinpoint a specific competitive
advantage. Some students did still offer a reason for a competitive advantage, so
we want to capture it. We decided to have 1b for Foxes include any kind of
competitive advantage that students bring in. As such, the coding for these items
is not entirely parallel. We expect to see fewer 1b scores in Foxes than in
Squirrels, and possibly fewer 1c scores, if competitive advantage factors that
would be considered “other” in Squirrels are now getting coded as 1b.
Coding Note: These decision rules seem to be generating more QR scores of 0
and 1 (at least for the Squirrels item) than for the 6C items. It appears that
attending to both factors in this question is more difficult – possibly because it is
so everyday, or because the question is so long, or because students don’t see
explaining the competitive advantage as an important piece of answering the
question.
Ideal Response: The red squirrels had to share their food with the gray squirrels
and so their food supply started to run out. The gray squirrels were the only ones
that ate acorns so they had that extra food and survived but the red squirrels ran
out of food so they started to die.
Coding
1. Naming factors
a. Competition for food
b. Squirrels: additional food source
Foxes: owls had competitive advantage
c. Other
2. Squirrels: how/why competition for food affects the individual animals
(red vs. grey squirrels; foxes vs. owls) differently? (e.g. red squirrels died
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or starved; grey squirrels could reproduce and red squirrels could not)
Foxes: how/why the competitive advantage affects the individual owls
differently than the foxes
2c. Reasoning about other factor

Coding “Naming Factors” and “Reasoning”:
17. SQUIRRELS ONLY: Does the response identify that there is an additional
food source for grey squirrels?
a. If yes  1b; continue to 4
b. If no  continue to 4
18. FOXES ONLY: Does the response identify that the owls had a competitive
advantage? (e.g. NAMING different hunting habits or behavior; additional
food source; etc.)
a. If yes  1b; continue to 3
b. If no  continue to 4
19. FOXES ONLY: Does the response discuss how/why the competitive
advantage affects the individual owls differently than the foxes? (e.g. owls
could catch mice at night while foxes were sleeping; owls could eat more
types of food and could reproduce)
a. If yes  2; continue to X
b. If no  continue to X
20. Does the response identify competition for food?
a. If yes  1a; continue to 3
b. If no  continue to 4
21. Does the response discuss how/why competition for food affects the
individual animals (red vs. grey squirrels; foxes vs. owls) differently? (e.g.
red squirrels died or starved; grey squirrels could reproduce and red
squirrels could not)
a. If yes  2; continue to 3
b. If no  continue to 5
22. Does the response discuss how/why the additional food source affects the
individual grey and/or red squirrels differently? (e.g. the grey squirrel eats
more types of food and grew bigger) Note: This reasoning will likely be
tied in with the reasoning about competition (Q3). It is rare that a student
will ONLY reason about 1b.
a. If yes  2; continue to 5
b. If no  continue to 5
23. Does the response identify a factor [noun or agent] other than
competition for food or an additional food source for grey squirrels? (e.g.
another animal/invader; territory)
a. If yes  1c; continue to 6
b. If no  continue to 7
24. Does the response discuss how/why the 1c agent affects the red and/or
grey squirrels differently? (e.g. the invader eats the red squirrels)
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a. If yes  2; continue to QR coding.
b. If no  continue to QR coding.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• If there is a 2-level code and ONLY ONE 1-level code (e.g. 1a OR 1b OR
1c):
o QR = 1
• If there is a 2-level code and TWO 1-level codes (e.g. 1a AND 1b):
o Is the response very vague, to the point that it is nonsensical? If
yes, QR = 1
o Is the response coded 1c/2 and the factor is irrelevant to answering
the question/response does not take into account evidence
provided in the question? If yes, QR = 1
o Does the response only address how the grey squirrel population is
affected? If yes, QR = 1
o Do you have to INFER either 1a or 1b (e.g., 1b is only present
because there is an arrow in the model showing only grey squirrels
eat acorns)? If yes:
▪ Is there an explicit causal link between the additional food
source and competition?* If yes, QR = 2
▪ If no, QR = 1
o Do you have to INFER the causal link between the additional food
source and competition? If yes, QR = 2
o All else: QR = 3
▪ Ideal chain of reasoning for SQUIRRELS (no inference of
causal link):
• The entry of grey squirrels increased the competition
for food between grey and red squirrels (1a), which
leads to less food
• But this only affects the red squirrels, because grey
squirrels have another food source (1b)
• Because the red (but not the grey) squirrels have less
food, they are starving or dying off; or, they are
unable to reproduce as much (2) – including the
opposites such as grey squirrels are surviving more or
living longer.
• As a result, the number of red squirrels goes down
▪ Ideal chain of reasoning for FOXES (no inference of causal
link):
• Foxes and owls both eat mice, so they are competing
for food (1a)
• [“correct” competitive advantage] Foxes have been in
the forest longer, so the mice have learned to avoid
their predation patterns (hunting in the morning and
evening); however, owls are nocturnal, so mice have
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•
•

not yet adapted to avoiding owl predation (e.g. being
hidden from elevated view) (1b)
Making it relatively easier for owls to hunt mice, so
they get more food and survive longer/foxes are
starving and dying off (2)
[alternative competitive advantage] But owls can also
eat [insert alternative food source] (1b)
Because the foxes have less food, they are starving
or dying off; or they are unable to reproduce as much;
or the owls are surviving more or living longer.

SEVENTH GRADE
Multiple Levels ratings throughout: System, energy, molecules, atoms, cells, a
specific type of food molecule, vitamins/minerals from food. NOT oxygen

Soccer and Running
Cover Story 1: Soccer
Jack was late for soccer practice after school. He ran several blocks to get to the
park. His heart was eating fast. How and why did Jack's heart beat so fast after
running several blocks to the park?
Cover Story 2: Running
Miguel was breathing hard after running around during recess. He knew he
needed more oxygen. How and why did Miguel need more oxygen after running
around during recess?
Mechanism: Oxygen and glucose are used in a chemical reaction in each and
every cell in the body to release energy.
Ideal Response (Soccer)
Jack’s heart was beating fast because it was pumping blood around his body to
supply the cells in his body with oxygen, which was then used to produce energy.
The air he breathed in included oxygen molecules, which entered his lungs and
moved into the circulatory system. This transported the oxygen to other parts of
the body. In cells, it had a chemical reaction with sugar to produce energy. The
energy produced is used by cells. Because the body’s cells need more energy
when you are running, your heart needs to beat faster.
Coding:
9. Naming Factors:
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a. [Needs more] Oxygen (air is insufficient; mentioning molecules is
not necessary)
b. [Needs more] Energy
c. Other factor (air, molecules, carbon dioxide, fatigue/tiredness,
breathing, blood or an organ as a factor, food, nutrients, generally
increased metabolism such as “body accelerating” or “body working
harder”)
10. Reasoning:
a. Oxygen transport
i. Moves through/transported by the circulatory or respiratory
system (Not necessary to mention the word “system.” For
example, “pumping blood” is sufficient, because it talks
about the actions of the system. Referencing an isolated
organ without discussing movement is not sufficient, but
describing a chain is.)
ii. Reaches the cell
b. Energy released/produced/made (does not have to specify a
chemical reaction/rearrangement)
c. Reasoning about how the factor (not just that the factor) is making
Jack’s heart beat fast. (i.e., talking about a chemical reaction
without discussing energy.)
More to the Story: carbon dioxide is a by-product, extended discussion of specific
systems, sweat cooling down the body, evidence from an activity
Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=1 (or 1.5 if has both 2a.i and 2a.ii)
o Only 2a.i: Does the response have the full process, including at
least 3 of the 4 pieces involved (oxygen, energy, a system or organ,
cells)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including at least 3 of the 4 pieces involved (oxygen, energy, a
system or organ, cells)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response have the full process, including at least
3 of the 4 pieces involved (oxygen, energy, a system or organ,
cells)?
▪ If yes, QR = 2
▪ If no, QR = 1
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o Only 2c: Does the response connect a full pathway between all the
factors mentioned in a way that connects back to explain the
physical effect (breathing hard/heart beating)?
▪ If yes, QR = 2
▪ If no, QR = 1
Two 2-level (including 2c and 2a/2b):
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=2 (or 2.5 if has both 2a.i and 2a.ii)
o Does the response have the full process, including at least 3 of the
4 pieces involved (oxygen, energy, a system or organ, cells)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why Miguel breathes hard (linking back
to the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

Ideal Response (Running)
Most students should easily achieve a 1a here, because the question prompts for
oxygen.
Miguel was breathing hard and needed oxygen because the oxygen was used to
produce energy. The air he breathed in included oxygen molecules, which
entered his lungs and moved into the circulatory system. This transported the
oxygen to other parts of the body. In cells, it had a chemical reaction with sugar
to produce energy. The energy produced is used by cells. Because the body’s
cells need more energy when you are running, you have to breathe faster and
take in more oxygen.
Coding:
1. Naming Factors:
a. [Needs more] Oxygen (air is insufficient; mentioning molecules is
not necessary)
b. [Needs more] Energy
c. Other factor (air, molecules, carbon dioxide, fatigue/tiredness,
breathing, blood or an organ as a factor, food, nutrients, generally
increased metabolism such as “body accelerating” or “body working
harder”; running SO fast)
2. Reasoning:
a. Oxygen transport
i. Moves through/transported by the circulatory or respiratory
system (Not necessary to mention the word “system.” For
example, “pumping blood” is sufficient, because it talks
about the actions of the system. Referencing an isolated
organ without discussing movement is not sufficient, but
describing a chain is.)
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ii. Reaches the cell
b. Energy released/produced/made (does not have to specify a
chemical reaction/rearrangement)
c. Reasoning about how the factor (not just that the factor) is making
Miguel breathe hard and need oxygen (i.e., talking about a
chemical reaction without discussing energy; needs to go beyond
talking about the things that are general
More to the Story: carbon dioxide is a by-product, extended discussion of specific
systems, sweat cooling down the body, evidence from an activity

Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=1 (or 1.5 if has both 2a.i and 2a.ii)
o Only 2a.i: Does the response have the full process, including at
least 3 of the 4 pieces involved (oxygen, energy, a system or organ,
cells)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including at least 3 of the 4 pieces involved (oxygen, energy, a
system or organ, cells)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response have the full process, including at least
3 of the 4 pieces involved (oxygen, energy, a system or organ,
cells)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
factors mentioned in a way that connects back to explain the
physical effect (breathing hard/heart beating)?
▪ If yes, QR = 2
▪ If no, QR = 1
• Two 2-level (including 2c and 2a/2b):
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=2 (or 2.5 if has both 2a.i and 2a.ii)
o Does the response have the full process, including at least 3 of the
4 pieces involved (oxygen, energy, a system or organ, cells)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
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o Does the response explain why Miguel breathes hard and needs
oxygen (linking back to the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

Puppy and Giraffe
Cover Story 1: Giraffe
A baby giraffe can grow at an enormous rate during its first year of life. It can
grow 9 inches in its first month. Eating food helped the giraffe grow bigger. How
and why does a baby giraffe use to food it eats to grow bigger?
Cover Story 2: Puppy
Clara received a puppy for her birthday. She couldn't believe how fast her puppy
grew in a year. She wondered how eating food made him grow bigger. How and
why does a puppy use the food it eats to grow bigger?

Mechanism: For the body to use food for energy and building materials, it must
be broken down into molecules.
*Note change in full pathway criteria (4/27/15)
Ideal Response (Puppy)
The puppy needs food to get bigger because food molecules are used to make
new cells and are a part of chemical reactions that release energy needed to
make new cells. When it eats food, the digestive system breaks down the food
into molecules. Some molecules go through the blood to cells. In the cells, they
are used as building blocks for new cells or may react with oxygen to release
energy. The energy and new material allow cells to split, forming new cells, which
is how the puppy grows.
Coding:
1. Naming Factors:
a. Food molecules or particles, broken down food, food as a building
block (not nutrients). Process of food getting broken down. Specific
types of food molecules—proteins, carbohydrates (sugars,
glucose), or lipids (fats). Calcium also acceptable, although it is not
technically “food” in the normal sense.
b. Cells
c. Other factor (e.g., food, blood or an organ as a factor, tissue,
energy from food (but not food particles), nutrients or vitamins,
exercise, sleep, water)
2. Reasoning:
a. Food pieces in the system
i. Adding more material
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ii. Energy (or fuel for cells) from food pieces or reactions
involving food pieces
b. Cells split to form new cells, more cells formed/created (give cells
2b/alt. theory if they say cells get bigger), cells reproduce
c. Reasoning about how the factor (not just that the factor) makes
puppy grow by eating
More to the Story: waste products, fat maintained by body, extended
discussion of specific systems, evidence from an activity
Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=1 (or 1.5 if has both 2a.i and 2a.ii)
o Only 2a.i: Does the response have the full process, including at
least 3 of the 4 the pieces involved (food or food pieces, a system
or organ, cells, energy) ?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including at least 3 of the 4 the pieces involved (food or food
pieces, a system or organ, cells, energy) ?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response have the full process, including at least
3 of the 4 the pieces involved (food or food pieces, a system or
organ, cells, energy)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
factors mentioned in a way that links food to growth?
▪ If yes, QR = 2
▪ If no, QR = 1
• Two 2-level (including 2c and 2a/2b):
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=2 (or 2.5 if has both 2a.i and 2a.ii)
o Does the response have the full process, including at least 3 of the
4 the pieces involved (food or food pieces, a system or organ, cells,
energy)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why the puppy grows (linking back to
the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
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▪

If no, QR = 2 (+ 0.5 if they have 2a.ii)

Ideal Response (Giraffe)
The giraffe needs food to get bigger because food molecules are used to make
new cells and are a part of chemical reactions that release energy needed to
make new cells. When it eats food, the digestive system breaks down the food
into molecules. Some molecules go through the blood to cells. In the cells, they
are used as building blocks for new cells or may react with oxygen to release
energy. The energy and new material allow cells to split, forming new cells, which
is how the giraffe grows.
Coding:
1. Naming Factors:
a. Food molecules or particles, broken down food, food as a building
block (not nutrients). Process of food getting broken down. Specific
types of food molecules—proteins, carbohydrates (sugars,
glucose), or lipids (fats). Calcium also acceptable, although it is not
technically “food” in the normal sense.
b. Cells
c. Other factor (e.g., food, blood or an organ as a factor, tissue,
energy from food (but not food particles), nutrients or vitamins,
exercise, sleep, water)
2. Reasoning:
a. Food pieces in the system
i. Adding more material
ii. Energy (or fuel for cells) from food pieces or reactions
involving food pieces
b. Cells split to form new cells, more cells formed/created (give cells
2b/alt. theory if they say cells get bigger), cells reproduce
c. Reasoning about how the factor (not just that the factor) makes
giraffe grow by eating
More to the Story: waste products, fat maintained by body, extended discussion
of specific systems, evidence from an activity

Quality of Reasoning:
• No 2-level: QR = 0
• One 2-level:
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=1 (or 1.5 if has both 2a.i and 2a.ii)
o Only 2a.i: Does the response have the full process, including at
least 3 of the 4 the pieces involved (food or food pieces, a system
or organ, cells, energy)?
▪ If yes, QR = 2
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▪ If no, QR = 1
o Only 2a.i and 2a.ii: Does the response have the full process,
including at least 3 of the 4 the pieces involved (food or food
pieces, a system or organ, cells, energy)?
▪ If yes, QR = 2.5
▪ If no, QR = 1.5
o Only 2b: Does the response have the full process, including at least
3 of the 4 the pieces involved (food or food pieces, a system or
organ, cells, energy)?
▪ If yes, QR = 2
▪ If no, QR = 1
o Only 2c: Does the response connect a full pathway between all the
factors mentioned in a way that links food to growth?
▪ If yes, QR = 2
▪ If no, QR = 1
Two 2-level (including 2c and 2a/2b):
o Did you infer any code (from the model; from unclear language;
etc.)?
▪ If yes, QR=2 (or 2.5 if has both 2a.i and 2a.ii)
o Does the response have the full process, including at least 3 of the
4 the pieces involved (food or food pieces, a system or organ, cells,
energy)?
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)
o Does the response explain why the giraffe grows (linking back to
the original question)?
▪ If yes, QR = 3 (+ 0.5 if they have 2a.ii)
▪ If no, QR = 2 (+ 0.5 if they have 2a.ii)

EIGHTH GRADE
8B Decision Rules
Comment on notation
In pedigree charts, squares and circles indicate males and females, respectively.
Boxes may be shaded to indicate that the individual has the trait of interest.
When describing an individual’s alleles, an uppercase letter (such as D) typically
represents the dominant variation, while the same letter in lowercase (d)
indicates the recessive allele. Students do not always do this correctly and will
not be docked for other symbolic choices if the meaning is clear.
Vocabulary
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Trait: Quality that distinguishes an organism. Can be inherited (passed through
genetic information) or acquired (knowing what “trait” means). Traits in these
questions are inherited.
Gene: Region of DNA that serves as the molecular unit of heredity.
Allele: Variant form of a gene. Many traits are regarded as having only two
variations, with one dominant and the other recessive (will only be expressed if
the individual has a recessive allele from each parent)
Phenotype and genotype: An organism’s “physical” and genetic profiles,
respectively
Mutation: Technically, a permanent change in the DNA of an organism, but
students use it in a variety of ways

Sneezing and Dimples
Cover Story 1: Sneezing
Some people sneeze when they are suddenly exposed to bright light, such as
sunlight. Children often sun-sneeze if their parents do. One day while hiking with
her family, Malea’s parents and brother started sneezing when they entered a
sunny field, but Malea did not. She realized that she never sneezes in sunlight,
while her parents and brother often do. “How and why does Malea not sunsneeze, even though her parents and brother often do?”
Cover Story 2: Dimples
Dimples are small indentations, or dips, which appear in a person’s cheek when
they smile (see picture at right). Dimples occur due to shortened muscles in the
face. Some people have dimples when they smile, while others do not. Children
often have dimples if their parents do. One day, Austen realized that he doesn’t
have dimples when he smiles, even though both of his parents and his sister do.
“How and why does Austen lack cheek dimples, even though his parents and
sister have dimples?”
Ideal response
Austen lacks cheek dimples because the trait didn’t get passed on to him. The
DNA of his parents contained the alleles D/d Because both of their parents were
d/d or d/D or both had one. And half and half of the trait was passed down, and
since the parents both have a D to give, Austen got D/D. In this case d (dimples)
is dominant because otherwise his sister wouldn’t gotten it. In conclusion, Austen
lacks dimples because his parents contained the allele inside their DNA which
came together in ___ to form a D/D allele.
[Written to side: d=dimples D=non]
Coding
• 1a/2a is focused on the idea that external traits are determined by/passed
down from parents.
• 1b/2b is focused on the internal workings of that “passing down”.
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•

1c/2c is focused on the logic of explaining why one person had it and the
other didn’t.

3. Naming factors
a. A trait, phenotype, or “outside” (external) characteristic is
determined by parents; passed on from parents; given from
parents; acquired from parents; etc.
b. Alleles, genes, or genotype; any indication that information on
the “inside” exists and is important (e.g., “s/ns on the inside”;
“genetics”)
c. Identifying one trait as dominant or recessive; or non-canonical
language such as stronger, hidden, etc.
d. Other factor (e.g., mutation, evolution, gaining it b/c of
environmental factor—e.g., smiling too much)
4. Reasoning
a. Any reasoning or logic that takes into account that some kind of
information or genetics about the trait is coming from each parent,
and combining in some way in the child; or that each parent only
passes down a portion (e.g., half) of their “genes” (non-canonical
reasoning about passing down from grandparents, skipping a
generation, etc., will likely go here)
b. Any reasoning that articulates logic about which alleles the
parents must have had, which ones they passed down to children,
and which ones the children must have (e.g., “the parents both
had Cc and each passed on c to Malea so she was cc”; responses
must include all three pieces of information to receive 2b; be sure to
check models, much of this may be implicit there) Note: Alternative
versions of this involve some reasoning about how the genes are
interacting in some way to lead to the outcome; e.g., genes from
parents are cancelling each other out)
c. Any reasoning or logic that characterizes which
alleles/information on the inside would lead to particular
phenotypes (e.g., “s/ns on the inside is sneezing, since s is
dominant”; “since Malea doesn’t sneeze, she must have ns/ns”), or
otherwise explaining how a trait could be stronger or hidden.
d. Reasoning about how [factor] is causing [individual] to display the
given trait. (e.g., muscles get stuck after smiling too much)
Multiple Levels
Genes, alleles, cells, DNA

Quality of Reasoning (now on a scale from 0-4):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
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•

•

o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 0
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Does the response include THREE 1-level codes?
▪ If yes, check for full process and score as outlined in next
section (reasoning may be so overlapping that it is difficult to
score separately)
▪ If no, does the response explicitly link back to the absence of
dimples or sneezing?
• If yes, QR = 3
• If no, QR = 2
If THREE 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)? If
yes, QR = 3
o Does the response explain both how/why the student doesn’t have
the trait AND why the rest of their family does? Is the response
cohesive, linking back to the absence of dimples or sneezing?
▪ If yes: QR = 4
▪ If no: QR = 3

Elephants and Ginseng
Cover Story 1: Elephants
African elephants are known for their large tusks, which the animals use for
digging and defense. These tusks are valuable to people because of their ivory,
which can be used in jewelry and decorations. Poachers hunt and kill elephants
for their tusks, often before elephants are able to reproduce. Some elephants
never grow tusks. In 1930, 1% of adult elephants didn’t have tusks. In some
areas today, up to 38% of adult elephants don’t have tusks. “How and why is the
percentage of elephants without tusks higher today than it was in 1930?”
Cover Story 2: Ginseng
American ginseng is a root that some people believe to have medicinal
properties. It may be farmed or picked from the wild. When a person searches for
wild ginseng in the woods, they are more likely to notice and pick larger ginseng
plants, often before the plants are able to reproduce. Scientists have noticed that
in areas where wild ginseng is harvested, mature ginseng plants have become
smaller in the last 100 years. “How and why are mature ginseng plants smaller
today than they were 100 years ago?”
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Ideal response
I believe that mature ginseng plants are smaller today than they were 100 years
ago because they have reproduced a lot more than the large ginseng plants. The
information evidently claimed that often a person take a large ginseng plant
before it reproduced. Because this plant (large ginseng) never/barely got to
reproduce and have off spring, there are not many large ginseng plants anymore.
However, no one took the small ginseng plants. This shows that the small plants
were able to reproduce, have offspring, then the off spring would reproduce, and
so on. So, over the past 100 years ginseng plants have reproduced mostly with
other small pants making it more likely for the future off spring to have genotype
that has instructions for a smaller structure.
Coding
5. Naming factors
a. Variation in a trait or genes exists among a population of
organisms Note: There is a particular category of responses that
use the term “reproduction” (which might cue 2a), but are often not
saying much (if anything) more than what’s given in the prompt.
These responses are typically treating the variations in traits as 2
distinct populations (rather than variations within one population)
where absence of tusks or size of plants gives one population a
competitive advantage for survival (and thus reproduction) over the
other population. These should NOT receive 2a OR 1a! (Unless
they explicitly name “variation in traits” or other genetic language.
They may still receive 1b). However, if these responses also
indicate that the cycle of reproduction keeps happening over
multiple generations, and it’s the additive effect of multiple cycles
that leads to the change in population sizes, they should receive 1c
for identifying the factor of the additive effect of a competitive
advantage over generations. This is 1c because it is a
mathematical/population dynamics factor rather than a genetic one.
b. Humans caused a change in the environment
c. Other factor (e.g. mutation, evolution, trait acquisition)
6. Reasoning
a. Those with one variation are more/less likely to reproduce and
pass on the trait or genes to offspring (includes phenotype,
genotype, alleles) Note: “survival” does NOT count; we are
interpreting it to mean “you didn’t die” (not that you lived AND
reproduced); There must be explicit evidence that they are
identifying the trait as something that’s inherited or passed down,
and that reproduction is the mechanism by which it gets passed
down; ONLY saying “reproduction” is NOT enough!! Often models
such as pedigrees or pedigree-like diagrams will make this explicit
enough to code for it.
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b. Organisms that are being selected by humans will become less
common or there will be fewer of them; or there will be more of
the other
c. Reasoning about how [factor] is causing [species] to change over
time
1a

1b
In this case, human
intervention

2b
Since the larger plants/tusks
are being picked, there are

2a
The larger plants/tusks are
not able to reproduce, while
the smaller ones are and pass
on their genes.
(2a)

The population overall has
smaller plants/more tuskless

link

Multiple Levels:
Genes, alleles, cells, DNA
More to the Story:
Evidence from an activity,
Quality of Reasoning (on a scale from 0-3):
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•
•

•

If NO 2-level code: QR = 0
If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain why the population changed (not just
addressing the individual organism level)?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain why the population changed (not just
addressing the individual organism level)?
▪ If yes: QR = 3
▪ If no: QR = 2

EARTH SCIENCE
SIXTH GRADE
Canyon/Ditch
Cover Story 1: Canyon
Last summer, Dominique visited the Grand Canyon in Arizona. When Dominique
looked down from the rim of the canyon, he noticed that thousands of feet below
the rim is a river flowing through the canyon. The shape of the canyon seems to
match the curve of the river. “How and why did the Grand Canyon form?”
Cover Story 2: Ditch
Aryanna lives in an area that has gotten a lot of rain this spring. After two weeks
of rain, Ayanna noticed there was a ditch at the side of the school building where
water was flowing and draining into the parking lot. The ditch had gotten so big
that it was almost a foot deep and about 15 feet long. “How and why did the ditch
at Ayanna’s school form?”
Ideal response
My model shows that the river got bigger and deeper and formed a canyon over
time because of weathering and erosion. Water broke apart rock into small
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pieces and its pressure moved the rock pieces and other earth materials. When
the rock was moved away, a canyon was left.

Coding
5. Naming factors
a. Weathering (automatic if they have 2a)
b. Erosion (automatic if they have 2b)
c. Other factor (e.g. compression, earthquake or other catastrophic
(fast-acting) event, evaporation or other phase changes of water or
material)
6. Reasoning
a. Rock/soil broken up into smaller pieces by water moving into cracks
or wind (Note: They need to include something that is causing the
rock to break up: water, wind, people, etc.)
b. Pieces of rock/soil carried away by flowing water (Note: They need
to include something that is carrying away the pieces of rock/soil)
c. Reasoning about how [factor] is causing [ditch/canyon] to form
Multiple Levels
Smaller pieces of rock, time
More to the Story
Evidence from an activity, combination of natural events and processes such as
earthquake and weathering/erosion

Quality of Reasoning (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1

68

•

o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the ditch or canyon came to
be?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the ditch or canyon came to
be?
▪ If yes: QR = 3
▪ If no: QR = 2

Pebbles/Sand
Cover Story 1: Pebbles
Anderson was hiking and found a rock that looked like it was made up of lots of
smaller pebbles, like the one in the picture below. He wondered why there were
pebbles in the rock and how it was formed. “How and why did Anderson’s rock
form?”
Cover Story 2: Sand
When Kaylie was walking, she found a piece of rock that looked like it was made
of pieces of sand glued together. When she rubbed the rock with her thumb, the
pieces sand came off. She wondered how this rock was formed. “How and why
did Kaylie’s rock form?”
Ideal response
Claim: The rock was made over time by compression.
Evidence: The rock is made of sediment and was compressed in the ground over
a long period of time. As new layers were added they were compressed into a
rock.
Reasoning: The rock is sedimentary because it is made of loosly stuck sediment
and was made by layers and has layers still.
Coding
7. Naming factors
a. Compression or pressure, rocks/sand pushed together
b. Deposition or the rocks/sand end up close together/touching;
something describing their physical location and proximity to one
another
c. Other factor (e.g. heat, water/moisture, actual cement)
8. Reasoning
a. Pressure causes rocks/sand to form or stick together
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b. Two possibilities: (code as just 2b for EITHER. If they have both,
code as More to the Story)
i. Any reasoning about how the rocks became close together
(Correct Sci: wind/water deposited them somewhere; Alt
Theory: People moved them)
ii. Any reasoning about why the physical location matters, how
it allows it to become a rock (Correct Sci: When it is
underground, it has heat/pressure on it that makes it stick
together [must link this explicitly to be beyond 2a]; Alt
Theory: People step on it)
c. Reasoning about how [factor] is causing [rock] to form
Multiple Levels:
Time; pressure
More to the Story:
Evidence from an activity, uplift process/how rock got to the surface
Quality of Reasoning (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the rock came to be?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the rock came to be?
▪ If yes: QR = 3
▪ If no: QR = 2

SEVENTH GRADE
Attic/School
Cover Story 1: Attic
It was summer vacation and Carla and her friends decided to go to the pool.
Carla went upstairs to the attic to find all of her swimming toys. Carla didn’t like
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going upstairs in the summer because the attic was the hottest room in the
house. “How and why was the attic the hottest room in the house?”
Cover Story 2: School
The school air conditioner was broken and it was a very hot day. Vida walked
form the ground floor to the third floor of the building to get to her English class.
Vida noticed that the third floor was much hotter than the ground floor. “How and
why was the third floor hotter than the ground floor of the school building?”
Ideal response
The 3rd floor was hotter because hotter less dense air rises. The hot air
molecules are more spread apart and less dense. The cooler air sinks because
the molecules are closer together. We know this because we did a lot of
experiments about air pressure.
Coding
7. Naming factors
a. Identifying that there are two air masses of different temperatures
(hot air AND cold air) OR identifying how one of those air masses
behaves (e.g., hot air rises)
b. Naming density differences of air masses (e.g., hot air is less
dense)
c. Other factor (e.g., heat; closer to the sun)
8. Reasoning
a. Talking through how hot/cold air moves in a circular pattern (if not
connected to density)
b. Reasoning about the consequences of density differences on
particle density/motion (e.g., hot air molecules are more spread
apart so they rise; the cooler air molecules are closer together so it
sinks)
c. Specific verb for how/why [1c factor] is responsible for temperature
difference
Multiple Levels: [level in prompt: air as an aggregate substance]
Atoms, molecules, particles, energy, light rays
More to the Story
Evidence from an activity

Quality of Reasoning (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
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•

o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it cross levels?
▪ If yes: QR = 2
▪ If no: QR = 1
If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it cross levels?
▪ If yes: QR = 3
▪ If no: QR = 2

Summer/Seasons (Equator)
Cover Story 1: Summer
Noah went to Florida for his summer vacation. The temperature was about 80-90
degrees during the day. Summer was his favorite time of year because he could
go swimming and play volleyball on the beach. “How and why is it generally
warmer during the day in the summer than in the winter?”
Cover Story 2: Seasons (Equator)
Abeeku was a new student in a New York City school. He had moved from
Kenya, Africa which is located near the equator. He told the class that in Kenya it
is warm throughout the year compared to New York City where the average
temperature changes throughout the year. “How and why is it warmer at the
equator throughout the year?”
Ideal response
The sun and the tilt of the earth cause the warmer temps in the summer. When
the earth is in its revolution around the sun there is a point of the year when the
northern hemisphere is most tilted towards the sun so the sun’s rays hit the
northern hemisphere most directly making the light more concentrated and
intense than in winter, heating up the earth.
Coding
9. Naming factors
a. Tilt of the earth, or differences in tilt at different times of
year/different places on earth
b. Sunlight intensity, concentration, or strength; direct light
c. Other factor (e.g. closer to the sun, closer to the equator, sun is out
longer)
10. Reasoning
a. Reasoning about how/why the tilt changes throughout the year
(e.g., as the Earth orbits, the Northern Hemisphere is tilted away
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then tilted towards); or how/why the tilt is different at different
places on earth (e.g., the equator is pointed directly at the sun but
the Northern Hemisphere is tilted away from it)
b. Response links directness of light/intensity to tilt/changes in
tilt/rotation (linking 1a to 1b in a causal chain)
c. Specific verb for how/why [1c factor] is responsible for difference in
seasons. If the consequence of the 1c factor is 1b (e.g., the sun in
is closer to the sun in the summer and gets more direct light rays),
count as 2c, NOT 1b.
Multiple Levels: [level in prompt: Earth as a system]
Energy, light rays, position of earth in space
More to the Story:
Evidence from an activity, conversion of solar energy into thermal energy (unless
used as the main factor), position in other seasons
Quality of Reasoning (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it cross levels?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it cross levels?
▪ If yes: QR = 3
▪ If no: QR = 2

EIGHTH GRADE
Ferns/Brachiosaurus
Cover Story 1: Ferns
Glossopteris was a fern that lived about 275 million years ago. Its fossils have
been found in both Australia and Antarctica. As the map below shows, these
continents are now about 2,000 miles apart, too far for the plant’s spores (seeds)
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to blow easily. “How and why are Glossopteris fossils found in both Australia and
Antarctica?”
Cover Story 2: Brachiosaurus
Brachiosaurus was a large, plant-eating dinosaur that lived about 150 million
years ago. Its fossils have been found in both the United States and Tanzania.
As the map at right shows, these countries are now about 9,000 miles apart, too
far for Brachiosaurus to swim. “How and why are Brachiosaurus fossils found in
both the United States and Tanzania?”
Ideal response
Millions of years ago, those dinosaurs must’ve lived in the same area, when
those 2 continents were together (around time of Pangea.) The fossils stayed in
the ground, even when convection currents in the mantle made the 2 areas
diverge. So today we find the same fossils in very different places, because the
land itself has moved.

Coding
9. Naming factors
a. Continental drift or continents moving apart
b. Continents are on plates
c. Other factor (e.g. sea level/land bridge, greater population, agents
that moved fossils such as water or animals)
10. Reasoning
a. Since continents used to be closer, animals/plants were
physically close to each other; or, it was then possible for the
animals/plants to travel that shorter distance
b. Reasoning about how and why plates move
i. Plates move by convection currents/cells; Convection arrows
on model or explanation of convection as a process in which
heated fluid moves away from the heat source
ii. Explanation of why convection currents occur (due to heated
magma rising because of density differences, and then cooling
and sinking)
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c. Reasoning about how [factor] is causing [fossils] to be found in both
locations
Multiple Levels
Plates, magma/mantle, time
More to the Story
Evidence from an activity or case studies/readings, magma hardens to fill in
opened areas (creating sea floor), discussion of climate

Quality of Reasoning (now on a scale from 0-4):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 0
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes (e.g., 2a and 2bi; 2bi and 2bii; 2a and 2bii):
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
o Does the response include THREE 1-level codes?
▪ If yes, check for full process and score as outlined in next
section (reasoning may be so overlapping that it is difficult to
score separately)
▪ If no, does the response explicitly link back to the fossils
being found on two continents?
• If yes, QR = 3
• If no, QR = 2
• If THREE 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)? If
yes, QR = 3
o Does the response explain both where the continents used to be
AND where they are now? Is the response cohesive, linking back to
the fossils being found on two continents?
▪ If yes: QR = 4
▪ If no: QR = 3

Cascades/Kamchatka
Cover Story 1: Cascades
Maria took a vacation with her family to the Cascade Mountains in the northwest
United States. A tour guide told her that these mountains include several active
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volcanoes, including Mount St. Helens, and that the area experiences frequent
earthquakes. She also learned that a deep trench once existed off the Pacific
coast along the Cascade Mountains. All this made her wonder how the Cascade
Mountains formed. “How and why did the Cascade Mountains form?”
Cover Story 2: Kamchatka
Dmitri’s family wanted a unique vacation, so they decided to go to the Kamchatka
Peninsula, in Northeast Russia. Dmitri noticed that the mountain range in the
area has many active volcanoes, and learned that on January 11, 2013, four of
them erupted simultaneously. A tour guide told Dmitri that the people who live in
Kamchatka have to be prepared for earthquakes, and that there’s a 6.5-mile
deep trench off the eastern coast of the peninsula. “How and why did mountains
form on the Kamchatka Peninsula?”
Ideal response
The Cascade Mountains formed because convection currents in the mantle went
toward each other, moving the two continental crust pieces toward each other.
When they met, the less dense piece went above the more dense piece, forming
mountains.

Coding
11. Naming factors
a. Site of interest is at a plate boundary (where two plates meet)
b. Density of plates OR identification of plate types (e.g.
oceanic/continental); or density of magma if they are explaining
volcanoes
c. Other factor (e.g. volcanism, earthquakes, ocean)
12. Reasoning
a. Reasoning about what’s happening at the plate boundary in terms
of physical interactions.
i. Direction of plate movement: converging, moving toward each
other, transform, moving past each other, divergent, spreading
apart, subduction, going under one another
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ii. What’s happening with land or plate material, or what it looks
like on the earth’s surface: crumpling, rocks breaking off,
pushing up to form mountains, forming a trench, etc.
iii. Plates moving because of convection (includes convection
arrows; if arrows are only part of a circle, does not count; if they
have arrows in a complete circle in the diagram but not labeled,
it is an inference; if they are labeled as convection, it should be
coded and is not an inference)
b. Reasoning about what’s happening at the plate boundary because
of density/type differences. Correct science answers include any
pieces of the following chain of reasoning: One plate (oceanic)
pushes the continental plate up/goes underneath the continental
plate because it is more dense. When one plate bends under the
other, it forms the trench. When the plate goes down, it heats up
because of friction/pressure/being closer to the core. When heated
up, it melts, releasing gases, and forms magma pockets that move
upwards and erupt as volcanoes. If a student includes more than
one piece of this chain of reasoning, code it as More to the Story.
Incorrect science answers could include responses such as: two
plates crumpling each other up because they have the same
density.
c. Reasoning about how [factor] is causing [mountains] to form
Multiple Levels:
Plates, magma/mantle, time
More to the Story:
Evidence from an activity or case studies/readings, explanation of how/why
trench or volcanoes formed (see list of likely possibilities in 2b)
Quality of Reasoning (now on a scale from 0-4):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 0
o Does the response include TWO 1-level codes?
▪ If yes: QR = 2
▪ If no: QR = 1
• If 2-level codes are ONLY 2a’s (no 2b):
o If TWO 2-level codes (e.g., 2ai and 2aii):
▪ Did you have to INFER a 2-level code (from the diagram,
etc)?
• If yes, QR = 1
• If no, QR = 2
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•

o If THREE 2-level codes (2ai, 2aii, and 2aiii):
▪ Did you have to INFER a 2-level code (from the diagram,
etc)?
• If yes: QR = 2
• If no, does the response explicitly link back to
how/why the mountains were formed over time?
o If yes, QR = 3
o If no, QR = 2
If 2-level codes include 2b:
o If TWO 2-level codes (e.g., 2ai and 2b):
▪ Did you have to INFER a 2-level code (from the diagram,
etc)?
• If yes, QR = 1
• If no, QR = 2
o If THREE 2-level codes (e.g., 2ai, 2aii, and 2b):
▪ Did you have to INFER a 2-level code (from the diagram,
etc)?
• If yes, QR = 2
• If no, does the response explicitly link back to
how/why the mountains were formed over time?
o If yes, QR = 3
o If no, QR = 2
o If FOUR 2-level codes (2ai, 2aii, 2aiii, 2b):
▪ Did you have to INFER a 2-level code (from the diagram,
etc)? If yes, QR = 3
▪ Does the response explain both why the mountains were
formed in terms of physical interaction of rock (e.g.,
crumpling) AND why the rock crumpled in the first place
(e.g., plate movement caused by convection in the magma)?
Is the response cohesive, linking back to link back to
how/why the mountains were formed over time?
• If yes: QR = 4
• If no: QR = 3

NEUTRAL
SIXTH GRADE
Celery/Carnations
Cover Story 1: Celery
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Your class placed a stalk of celery into a cup containing red-colored water. After
24 hours, you observed that the celery stalk and leaves turned red. In order to
figure out why the leaves turned red, you cut the celery stalk at 3 different places.
At each place, you saw multiple red dots along the outside of the celery stalk.
"How and why did the celery stalk's leaves turn red?"
Cover Story 2: Carnations
John's school plans to sell different color carnations. The flower store made a
mistake and only sent white carnations! John remembers reading that you could
place the carnations into cups of colored water, and the flowers will change color.
He tries it, and sure enough, it works!
Now John wants to know how and why the carnations change color after being
put in the colored water. He repeats the experiment. Then, he cuts the flower
stem at 3 different places, and sees too large colored circles. "How and why did
the carnations change color after being put in the colored water?"

Multiple levels: Acknowledging or identifying internal parts of the plant (i.e., 1b);
and/or acknowledging or identifying that colored water is actually made of 2
distinct things (water and dye)
Generalizations: Not sure if we’ll see any of these
Alternative Theory: Some examples include responses that talk about light
bouncing off/being absorbed;
Note: For this item, there are two factors to name: one is a thing (tubes/veins in
the stem, 1b) and the other is a process (absorption/getting in). The “thing” factor
is more analogous to the physics or chemistry items, while the “process” factor is
more analogous to the biology items. There is only one reasoning level (again
analogous to the biology items) because the other relevant mechanisms (how the
water gets into the plant initially, how/why the color makes the leaves turn color)
are not the “core” of the explanation, so they are accounted for as part of the
complete sequence in the Quality of Reasoning score.
Coding
1. Naming factors
a. Water gets into the plant (e.g. absorbed)  arrows “looping in” to
the stem is an inference for getting in
b. Tubes or veins in the plant  for celery, no inferences of
veins/tubes (have to be labeled); for carnation, lines drawn on the
stem count as an inference only if they clearly indicate an internal
structure, not just a general “tube” stem or lines on the outside of
the plant
c. Other
2. Reasoning
a. How the water moves through the plant (e.g. got sucked up,
traveled through veins, got delivered to the leaves, etc.)  arrows
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moving through in the model is explicit; lines throughout (but no
arrows) is an inference for movement
c. Reasoning about other factor
Coding “Naming Factors” and “Reasoning”:
25. Does the response use a specific verb or symbol to describe how/why the
water moves through the plant (indicating a clear destination)? (e.g. it got
sucked up/in to the flower, it traveled through the veins, the stem delivered
it to the leaves) Note: simply stating THAT the water got in is not specific
enough (e.g. getting absorbed); for cases where they say “sucked in” or
“sucked up,” we will count this as specific if they indicate a destination or
venue (e.g., sucked up to the leaves; sucked in by the stem)
a. If yes  2 and 1a; continue to 3
b. If no  continue to 2
26. Does the response identify (in prose or in diagram) that the water gets into
the plant somehow (but black-boxes what happens once it’s in or where it
goes)? (e.g. absorbed; sucked in)
a. If yes  1a; continue to 3
b. If no  continue to 3
27. Does the response identify (in prose or in diagram) that there are tube-like
structures in the plant (e.g., veins, tunnels)?
a. If yes  1b; continue to 4
b. If no  continue to 4
28. Does the response identify a factor [noun, agent, or name of a process]
other than absorption or the tubes in the plant? (e.g. red dots; green color
of plant; rotting; nutrients; colored light absorbing/bouncing). Note:
Analogies, such as “it uses the colored water like regular water” should be
coded here as 1c.
a. If yes  1c; continue to 6
b. If no  continue to QR coding.
29. Does the response reason about the alternative factor using specific
verbs? Note: If the 1c coded for an analogy, they need to do reasoning
about how the original process happens (e.g., water travels to the leaves)
to receive a 2c. This could also be inferred from the diagram.
a. If yes  2c; continue to QR coding.
b. If no  continue to QR coding.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code and ONE 1-level code:
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
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o Do you have to INFER either code from the model in order to code
it? (If it is explicit in the prose or key, it is NOT an inference) If yes,
QR=1
o Does the response account for the full pathway? (i.e. acknowledges
water getting in the stem/stalk, water moving through, and color
showing up in the petals/leaves)
▪ If yes: QR = 2
▪ All else: QR = 1
If there is ONE 2-level code and TWO 1-level codes:
o Do you have to INFER either code from the model in order to code
it? (If it is explicit in the prose or key, it is NOT an inference) If yes,
QR = 2
o Does the response account for the full pathway? (i.e. acknowledges
water getting in the stem/stalk, water moving through, and color
showing up in the petals/leaves)
▪ If yes: QR = 3
▪ All else: QR = 2

Example of 1 QR:

SEVENTH GRADE
Dew/Frost
Cover Story 1: Dew
On a cold spring morning, Ellie noticed that the grass was covered in dew. How
and why did the dew appear on the grass?
Cover Story 2: Frost
On a very cold fall morning, Noah noticed that the car windshield was covered in
frost. How and why did the frost appear on the car windshield?
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Note: For this question, phrases like “gain more energy” or “have more energy”
should be read as equivalent to “moves faster.” Frequently students will use both
phrases to describe what happens to a particle.
Factors:
1a – particles/molecules (of water; but also of anything) involved in some
sort of process; OR identifying the process as condensation or a phase change
1b – temperature change
1c – other (e.g., …)
Reasoning:
2a – describing (specifically) what the particles are doing either during the
phase change itself or during each discrete phase. During the change: slowing
down, losing energy, clumping together. Each discrete phrase: had lots of
energy; had less energy; moving fast as a gas; moving more slowly, sliding past
each other, as a liquid.
2b – describing how the temperature change impacted the molecules (or
aggregate substance). Traditional idea: when the water vapor cooled, the
particles slowed down and clumped together. They may also discuss freezing in
the Frost context.
2c – describing how the 1c factor contributed to causing the dew to form
on the grass/frost to form on the windshield.
Multiple Levels: molecules, particles, energy
Coding “Naming Factors” and “Reasoning”:
30. Does the response identify a factor [noun or agent] other than
particles/molecules? (e.g. …)
a. If yes  1c; continue to 2
b. If no  continue to 2
31. Does the response describe the difference between the normal and the
condensed context in terms of a temperature comparison (e.g. got hotter,
warmer, cooler, cooled off; got cold)? Note: The temperature comparison
happens over time. If comparative words (hotter, cooler) are not present,
look for a time comparison and see if they use temperature words when
making that comparison.
a. If yes  1b; continue to 3
b. If no  continue to 4
32. Does the response use a verb or verbs to describe how the temperature
comparison impacted the molecules or the aggregate substance?
(traditional idea: colder particles move more slowly; if they discuss particle
energy, consider this a discussion of temperature)
a. If yes  2b; continue to 5
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b. If no  continue to 5
33. Does the response identify the temperature change as the causal factor
(e.g. the room temperature did it)?
a. If yes  1b;
b. If no  continue to 5
34. Does the response provide a specific verb or symbol for what the particles
(or 1c agent) are doing, either:
a. during the phase change? Note: Verbs describing only the process
of going from a gas to a liquid, like “turned into” or “became,” are
too generic and don’t count; verbs describing what’s going on
‘inside’ the substance, like “slowed down,” “absorbed,” or “joined
together,” OR verbs describing how the air particles and water
particles are interacting (hitting, colliding, bouncing) are specific.
i. If yes  2a and 1a, OR 2c*; continue to QR coding.
ii. If no  continue to 5b
b. during each discrete phase? Note: Verbs like “move around,” “slide
past,” or “stick together” are specific.
i. If yes  2a and 1a, OR 2c*; continue to QR coding.
ii. If no  continue to 6
35. Does the response identify condensation (or freezing) as a phase
change?
a. If yes  1a; continue to QR coding.
b. If no  continue to QR coding.
*Responses here are only coded as 2c if they were also coded as 1c in Coding
Step 1. All other responses should be coded as 2a/1a.
Coding “Quality of Reasoning” (QR):
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code (2a OR 2b OR 2c):
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Do you have to INFER the 2-level code from the model in order to
code it? (If it is explicit in the prose or key, it is NOT an inference) If
yes, QR=1
▪ Inferring 2a or 2b = inferring a difference in movement or
interactions between particles during phase change or in
each phase state could include:
• Two models or two “zoom ins” at different time points
or physical locations but no labels indicating which
state (liquid/solid or warm/cold) is which; AND
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•

A different amount of space between particles in the
two models/zoom-ins, but no mention of it in prose or
key; or
• A different type of arrow or symbol for molecules in
the two models/zoom-ins, but no mention of it in prose
or key
• A statement about how the two kinds of particles (air
and chocolate) interact, but no discussion of what
happens to them at the particle level after they
interact (e.g. saying they hit and the chocolate
hardens, but not discussing that after they hit they
slow down/lose energy)
▪ Inferring 2c = inferring the connection between an alternative
factor’s mechanism and how/why the substance hardened
could include:
• Having to interpret symbols not identified in the key
• Having to interpret a connection between life
experiences other than those cued in the prompt and
the mechanism of the question scenario (i.e.
vagueness in a parallel scenario a student raises)
• Vague verbs (see #3 in “Coding ‘Naming Factors’ and
‘Reasoning’”)
o All else: QR = 2
If there are TWO 2-level codes (e.g. 2a AND 2b; 2a AND 2c; 2c AND
2c**): [these two bullet points were the key areas of ambiguity where we
disagreed between a 2 and 3 QR score]
o Do you have to INFER either 2a or 2b or 2c from the model in order
to code it? (If it is explicit in the prose or key, it is NOT an inference)
▪ If yes, QR = 2
• Inferring 2a = inferring a difference in movement or
interactions between particles (or 1c agent) during
phase change or in each phase state could include:
o Two models or two “zoom ins” at different time
points or physical locations but no labels
indicating which state is which; AND
o A different amount of space between particles
in the two models/zoom-ins, but no mention of
it in prose or key; or
o A different type of arrow or symbol for
molecules in the two models/zoom-ins, but no
mention of it in prose or key
• Inferring 2b = inferring a comparison between warm
and cold contexts could include a two-part model or
two zoom-ins that indicate some difference between
two scenarios, but no labels indicating which is the
warm and which is the cold context
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Inferring 2c = inferring the connection between an
alternative factor’s mechanism and how/why the
substance hardened could include:
o Having to interpret symbols not identified in the
key
o Having to interpret a connection between life
experiences other than those cued in the
prompt and the mechanism of the question
scenario (i.e. vagueness in a parallel scenario
a student raises)
o Vague verbs (see #3 in “Coding ‘Naming
Factors’ and ‘Reasoning’”)
▪ If no, continue
o Do they provide an explanation for why cooler temperature makes
water/ice appear (typically by making the link that the temperature
affects the particles, and slower particles result in a solid state), or
is there a “black box” around the connection between temperature
and phase state (e.g. when particles are hot, they are a liquid).
[General idea to use for other items: Missing a key causal link—that
it’s the loss of energy/cooling down of water vapor particles that
causes them to move more slowly, clump together, and appear as
dew (or freeze as frost)].
▪ If they provide an explanation, QR = 3
▪ If they “black box,” QR = 2
**Because we want to leave open the possibility of getting a score of 3 for Quality
of Reasoning with an Alternative Theory, we do not want to require having either
2a or 2b in order to score a 3. However, if a response does not have 2a or 2b,
they must have at least two alternative factors which they reason about and link
together (i.e. two 2c’s) in order to score a 3. As far as I know, we have not seen
any of these responses empirically. Typically a response that includes 2c and is
scored with a QR-3 also includes either 2a or 2b.

EIGHTH GRADE
Cups/Toothbrush
Cover Story 1: Cups
Grace and Jasmine decided to make a “telephone” out of two paper cups
connected by a 20-foot string. When they stand with the string stretched out and
Grace whispers into her cup, Jasmine can hear what Grace says if she holds the
cup to her ear. “How and why could Jasmine hear what Grace said through their
‘telephone?’”
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Cover Story 2: Toothbrush
Elias got a toothbrush that plays One Direction songs for his birthday. When the
toothbrush is in the air and he presses the “on” button, he hears the music very
faintly. But when he presses the button with the toothbrush on his teeth, he can
hear the music clearly. “How and why could Elias hear the music more clearly
when the toothbrush was on his teeth?”
Ideal response
Elias could hear the music more clearly when the toothbrush was on his teeth
because sound travels through material by vibration of molecules. These
molecules bounce into each other to transfer sound. So if the molecules are
closer together, like they are in a solid, the sound will travel more easily. This is
what happened when Elias put the toothbrush on his teeth, as sound travels
more easily through his teeth than the air.
Coding
11. Naming factors
a. Sound waves/vibrations OR sound energy, sound
particles/molecules
b. Identifying a difference:
i. For cups: describing something “special” that the string is
doing (or the interaction b/w sound and string) that goes
beyond simply saying that sound travels through it or that the
string is vibrating (see examples on Trello w/r/t string;
identifying that sound CAN travel through solids; identifying
that sound travels BETTER through solids)
ii. For toothbrush: a difference in concentration or amount of
sound “stuff” OR difference in how it’s traveling (through air
vs. through face) in the different scenarios.
c. Other factor (e.g., position relative to ear, “force” of sound)
12. Reasoning
a. Process/sequence of sound wave/vibration travel (at least 2
steps/locations) OR sound energy transfers between materials
b. For toothbrush only: Reasoning about why that difference in
concentration or travel exists (losing energy in air, difference in
density of materials, being “trapped” in a closed vs. open system,
etc.)
c. Reasoning about how [factor] is causing [individual] to hear the
sound (more) clearly.
Multiple Levels
Energy, molecules, atoms, waves, force, properties of materials
More to the Story
Evidence from an activity, workings of human ear/auditory system, molecules as
the things that are vibrating/energy is being transmitted between.
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Quality of Reasoning for Cups (on a scale from 0-3):
• If there is NO 2-level code  QR = 0
• If there is ONE 2-level code and ONE 1-level code:
o Is the response very vague, to the point that it is nearly
nonsensical? If yes, QR = 1
o Is the response coded 1c/2c and the factor is irrelevant to
answering the question/response does not take into account
evidence provided in the question? If yes, QR = 1
o Do you have to INFER either code from the model in order to code
it? (If it is explicit in the prose or key, it is NOT an inference) If yes,
QR=1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the student could hear
through the cups?
▪ If yes: QR = 2
▪ All else: QR = 1
• If there is ONE 2-level code and TWO 1-level codes:
o Do you have to INFER either code from the model in order to code
it? (If it is explicit in the prose or key, it is NOT an inference) If yes,
QR = 2
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the student could hear
through the cups?
▪ If yes: QR = 3
▪ All else: QR = 2
Quality of Reasoning for Toothbrush (on a scale from 0-3):
• If NO 2-level code: QR = 0
• If ONE 2-level code:
o Was the response very vague to the point that it was nonsensical;
or did it draw on information irrelevant to the prompt? If yes, QR = 1
o Did you have to INFER the 2-level code (from the diagram, etc)? If
yes QR = 1
o Does the response have TWO 1-level codes?
▪ If yes: check for logical cohesiveness
▪ If no: QR = 1
o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the student could hear the
music more clearly?
▪ If yes: QR = 2
▪ If no: QR = 1
• If TWO 2-level codes:
o Did you have to INFER a 2-level code (from the diagram, etc)?
▪ If yes, QR = 2
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o Is the response logically cohesive, linking back to the phenomenon
in question? Does it explain how/why the student could hear the
music more clearly?
▪ If yes: QR = 3
▪ If no: QR = 2
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