ILLINOIS Samples to Success
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ST/—\TE BOARD OF Sample items provide valuable insight into . s\o“ddr fep,.e‘eof
N

EDUCATION how students engage with different texts,
tasks, and contexts, highlighting the types of
opportunities they need for success in the
classroom. These items offer a -shared N Curriculum
reference point for understanding proficiency & Instruction
expectations, complementing the
assessment’s role in measuring learning.

By analyzing items alongside performance
data, educators can gain a deeper
understanding of students’ strengths and
areas for growth. Students thrive in
environments rich with diverse materials,
challenges that vary in task type, and multiple
avenues for demonstrating understanding.

High-quality instruction, aligned with the learning goals, is the most effective way to support
students’ growth and prepare them for success.

SCIENCE

GRADES
HIGH SCHOOL
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CAT1-A

Evaluating Scientific Arguments and Models with Evidence
For Use with High School Samples to Success

Below Proficient

Passage |

In a particular playa (relatively flat, dry desert basin)
evidence shows that some large rocks have moved along
the surface, leaving shallow trails in the clay sediment,
some up to several hundred meters long. Three scientists
provided explanations for how these rocks moved.

Scientist 1

In the spring, snowmelt from surrounding mountains
runs downhill and collects in the playa. At night, cold tem-
peratures cause this water to freeze around the rocks. When
temperatures rise again, the ice begins to melt, leaving a
layer of mud on the surface and ice “rafts” around the
rocks. The buoyancy of the ice rafts floats the rocks on top
of the mud such that even light winds can then push the
rocks along the surface. Evidence of this lifting is seen in
that the trails left by rocks are both shallow and only about
2/3 as wide as the rocks themselves. Due to the combina-
tion of ice, mud, and light winds, the rocks are able to
move several hundred meters in a few days.

Scientist 2

Snowmelt from surrounding mountains does collect in
the playa during the spring. However, the temperature in
the playa does not get cold enough for ice to form. When
the playa’s surface gets wet, the top layer of clay trans-
forms into a slick, muddy film. In addition, dormant algae
present in the dry clay begin to grow rapidly when the clay
becomes wet. The presence of mud and algae reduces fric-
tion between the rocks and the clay. Even so, relatively
strong winds are required to push the rocks along the wet
surface, forming trails. Due to the combination of mud,
algae, and strong winds, the rocks are able to move several
hundred meters in a few hours.

Scientist 3

Water does collect in the playa, producing mud and
ice. However, neither mud nor ice is responsible for the
rocks’ movements. The playa is located along a fault line
between tectonic plates. Minor vertical shifts in the plates
cause the rocks to move downhill, leaving trails. Due to the
combination of tectonic plate movement and strong winds,
the rocks are able to move only a few meters over several
years.

Sample ltem:

According to Scientist 2,
friction between the rocks
and the clay is reduced by
which of the following?

Ice only

Algae only

Ice and mud only
Mud and algae only

oo w®p
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Evaluating Scientific Arguments and Models with Evidence

For Use with High School Samples to Success
Approaching Proficient

Passage | Sample ltem:

A stody was conducted to examine whether female
Blattella germanica (a species of cockroach) prefer to eat Consider the statement “The B.
cat food, cheese, ham, or peanuts. First, 200 mg of each of . he food b 0
the 4 foods was separately placed into a single box. Then, germanica ate the food between
adult female B. germanica were added to the box. Figure 1 hr and 4 hr, between 4 hr and 16 hr,
shows how the mass, in mg, of each food in the box
changed over time afier the addition of the B. germanica. between 16 hr and 24 hr, and

Table 1 shows the percent by mass of carbohydrates, lipids, between 24 hr and 28 hr” This
proteins, and water, respectively, present in each of the X . X
4 foods tested in the study. statement is consistent with the
data in Figure 1 for how many of
Key the 4 foods?
W cat food
O cheese
Al
B. 2
C.3
D.4

=
mass of food remaining {mg)

mass of food remaining (mg)

FETEED =]
&

16 24 28
time (hr)

Figure 1

Figure adapted from Prachumporn Lauprasert et al., "Food Prefer-
ence and Feeding Behavior of the German Cockroach, Blaftella
germanica (Linnasus).” ©2006 by the Faculty of Science,
Chulalongkorn University.

Table 1

Percent by mass

Food carbohydrates | lipids | proteins | water

Cat food 1.2 6.0 16.9 66.2
Cheese 0.5 1.7 0.8 48.4
Ham 0.0 18.2 23.6 57.1
Peanuts 15.8 49.6 26.2 6.4

Table adapted from U.5. Departmeant of Agriculture, USDA National
Nutriert Database for Standard Reference, Release 24. 2011.
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Evaluating Scientific Arguments and Models with Evidence
For Use High School Samples to Success

Passage VI

A phylogenetic tree shows proposed patterns of
descent among groups of organisms. Each nede (branching
point) represents the most recent common ancestor
(MRCA) of the 2 descendant groups (see the diagram).
Groups that are more closely related share a more recent
MRCA than do groups that are less closely related.

node

group 2

Three students each analyzed a different type of molecular
data—DNA sequence, protein sequence (order of amino
acids), or RNA sequence—to determine if turtles share a
more recent MRCA with archosaurs (birds and crocodiles)
or with squamates (lizards and snakes). Each of the stu-
dents constructed a phylogenetic tree based on his or her
analysis.

Student 1

The length of a particular DNA sequence varies
among groups of organisms. As species evolve, new DNA
subunits are added. An analysis of DNA sequences from
turtles, archosaurs, and squamates indicates that turtles and
archosaurs share the greatest number of additions. There-
fore, turtles and archosaurs share a more recent MRCA
than do turtles and squamates (see Figure 1).

snakes
lizards
turtles
crocodiles
birds

Figure |

Student 2

The length of a particular protein sequence remains
the same among groups of organisms. As species evolve,
some amino acids are substituted by different amino acids.
An analysis of protein sequences from turtles, archosaurs,
and squamates indicates that turtles and crocodiles share
the greatest number of substitutions. Therefore, turtles and
crocodiles share a more recent MRCA than do either turtles
and birds, or turtles and squamates (see Figure 2).

snakes
lizards
turtles
crocodiles

birds

Figure 2

Student 3

The length of a particular RNA sequence varies
among groups of organisms. As species evolve, some RNA
subunits are deleted. An analysis of RNA sequences from
turtles, archosaurs, and squamates indicates that turtles and
squamates share the greatest number of deletions. There-
fore, turtles and squamates share a more recent MRCA
than do turtles and archosaurs (see Figure 3).

snakes
lizards
turtles
crocodiles
birds

Figure 3

Figures adapted from Naoyuki wabe, et al., *Sister Group Relationship of
Turtles to the Bird-Crocodilian Clade Revealed by Nuclear DNA-Coded Pro-
teins.” ©2004 by Scciety for Malecular Biology and Evolution.

Sample ltem:

The phylogenetic tree
constructed by which of the
students supports the
hypothesis that turtles are
more closely related to
archosaurs than to
squamate?

A. Student 2 only
B. Student 3 only
C. Students 1 and 2 only
D. Students 1 and 3 only
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Evaluating Scientific Arguments and Models with Evidence

For Use with High School Samples to Success

Passage IV

Ammonia (NH;) can be produced according to the
chemical equation

N; + 3H; = ZNH,

The eguilibrium arrow (==) indicates that this reaction
ﬁ.\oceeds in both directions until it is at equilibrium, so that

th the forward reaction (production of NH,) and the
backward reaction {production of Na and H;) occur at the
same rate. Equilibrium can be shifted forward or backward
by changing the temperature, pressure, or concentration of
reactants or products.

Two experiments were done using the following appa-
ratus to produce NHa.

Pipe B

,

reactor

m

condenser

NH;

2 S
diagram of apparatus

In each trial, Steps 1-4 occurred:

. A fresh catalyst (Catalyst W, X, Y, or Z), 160 kg of H,,
and 745 kg of N; were placed in the reactor.

2. The H; and N, reacted at a constant temperature and a
constant pressure until equilibrium was established.

3. A mixwre of NH; and any unreacted H, and N, flowed
through Pipe A to a =50°C condenser at | atmosphere
(atm) of pressure.

4. NHy condensed and exited the apparatus. (H; and N, do
not condense at =50°C.) Any unreacted H, and N,
flowed into Pipe B, returning to the reactor.

Steps 2=4 reoccurred in cycles until no more H; and N,
returned from the condenser.

Above Proficient

Experiment 1

A set of 9 trials was conducted with each of the 4 cat-
alysts. For each set, the pressure was 150 atm; within each
set, the temperature was different for each trial. Figure 1
shows, for each trial, the number of cycles of Steps 2-4.

Key
== Catalyst W
e Ctalyst X
== Catalyst Y
== Catalyst Z

number of cycles

=
Tapels
i

00 350 400 450 SO0
temperature (“C)

Figure 1

Experiment 2

Four sets of 9 trials each were conducted with Cata-
lyst Z. For each set, the iemperature was different; within
each set, the pressure was different for each trial. Figure 2
shows, for each trial, the amount of NH, produced in the
Jirst cycle of Steps 2-4.

amount of NH, (kg)

100 150 200 250 300
pressure (atm)

Figure 2

Sample ltem:

Consider the trial in
Experiment 2 that
produced 550 kg of NHs,
Based on Figure 1, the
number of cycles that were
needed to complete the
reaction in this trial was
most likely:

A. less than 5.

B. between 5 and 10.
C. between 10 and 15.
D. greater than 15.
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CAT2-A

Interpretation of Data
For Use with High School Samples to Success

Below Proficient

A study was conducted to examine whether female
Blattella germanica (a species of cockroach) prefer to eat
cat food, cheese, ham, or peanuts. First, 200 mg of each of
the 4 foods was separately placed into a single box. Then,
adult female B. germanica were added to the box. Figure 1
shows how the mass, in mg, of each food in the box
changed over time after the addition of the B. germanica.
Table 1 shows the percent by mass of carbohydrates, lipids,
proteins, and water, respectively, present in each of the
4 foods tested in the study.

mass of food remaining (mg)
]

Figure adapted from Prachumporn Lauprasert st al., "Food Prefer-
ence and Feeding Behavior of the German Cockroach, Blattella
germanica (Linnaesus).” ©2006 by the Faculty of Sciencs,

16

time (hr)

Figure 1

Chulalongkorn University.

Key
W cat food
O cheese
O ham
8 peanuts
— 180
..... — 160
e
- 120
~ 100
r 80
= 60
I 40
— 20
L o

Table 1

Percent by mass

Food carbohydrates | lipids | proteins | water
Cat food 1.2 6.0 16.9 66.2
Cheese 0.5 27.7 208 484
Ham 0.0 18.2 236 57.1
Peanuts 158 45.6 26.2 6.4

Table adapted from U.5. Department of Agriculture, US04 National

Nutrient Database for Standard Reference, Release 24. 2011.

mass of food remaining (mg)

Sample ltem:

According to Figure 1,
the mass of cheese
remaining at 4 hr was
closest to which of he
following values?

A. 140 mg
B. 176 mg
C. 185 mg
D. 190 mg
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Interpretation of Data

For Use with High School Samples to Success
Approaching Proficient

Sample ltem:
Figure 1 is a diagram of an RLC circuit. The circuit
has a power supply and 3 components: a resistor (R), an

inductor (L), and a capacitor (C). According to Figure 2, the
g aply maximum positive value of V,

was approximately?
| ] A. 125V.
S . 200V.
R B C

B
C. 250V.
D

gt 275 V.

Electric current can flow through the circuit either clock-
wise (positive current) or counterclockwise (negative cur-
rent). Figure 2 shows how the electric current in the circuit,
I (in amperes, A), and the power supply voltage, Vg (in
volts, V), both changed during a 20-millisecond (msec)
time interval.

voltage (V)

8 101214 16 18 20
time (msec)

o
[
e
o —

Figure 2

Figure 3 shows how the voltages across the components—
Vg, V., and V., respectively—each chanped during the
same 20 msec time interval.

Key
Ve
—
..... Ve
300
200

voltage (V)

L t

2 = =2
| 1

—200 ...

-300 -
02 4 6 8 101214161820
time {msec)
Figure 3
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Interpretation of Data

For Use with High School Samples to Success

Solar time is determined by the position of the Sun
relative to a meridian (an imaginary line that passes Sample ltem:
through the northernmost and southernmost points of the
horizon, dividing the visible sky into 2 equal halves). At
solar noon, the Sun appears to cross the meridian. A solar
day 15 the period between one solar noon and the next. . .
Because the Sun's apparent motion is not uniform, a solar According to Figure 2,
day is generally not the same length as a mean day, which ; ;
is L\‘.d.!i.[l‘.' 24 hrs (1,440 min). I‘i-:t.l'?l'lﬂurL L. in a given year, solar
time is ahead of mean

time for
approximately how

_ jﬁ;j — ] T T T ] many months in total?

E 144031

E 144024

g 1,440.14 A. 3.5

3 144004—

‘S 143994 B. 5.5

£ 14398 C. 75

5 14397 foid Nt : D. 95

1,439 +———— :

'\.\'\‘\\\'\\\'\\\.\

3

A hﬁ'@'ﬁh‘\@u‘:\" qﬁ 0\-._\,;-“9:’“ =
Figure |
Figure 2 shows how the difference between solar time

and mean time (lime as indicated by a clock) varies
throughout the year.

time and mean time {min)

difference between solar

:x:x:x:x:x:x:x'\'x'x'\\
o \;3@ 1\-'-*-?5.'!“ Nba\r& -\r\'.‘r \'.‘r-r_?ﬂ \‘_"'\-',,;.}. \:5‘- "-,,"-‘?
]_‘\Iulr:: If the difference between solar ime and mean tme

ositive, solar time 15 ahead of mean tme: if the
difference is negative, solar time 15 behind mean time.

Figure 2
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Interpretation of Data

For Use with High School Samples to Success
Above Proficient

Figure | is a diagram of an RLC eircuilf. The circuit
has a power supply and 3 components: a resistor (R), an .
inductor (L), and a capacitor (C). Sample Item:

power supply Based on Figure 2, at which of the
following times was the current in
the circuit flowing
counterclockwise?
R L C
Figure 1 A. O msec
. L B. 5 msec
Electric current can flow through the circuit either clock-
wise (positive current) or counterclockwise (negative cur- C. 10 msec
rent). Figure 2 shows how the eleciric current in the circuit,
I (in amperes, A), and the power supply voliage, V, (in D. 15msec

volts, V), both chanped during a 20-millisecond (msec)
time interval.

Key
—
-V

voliage (V)

T T
02 4 6 8B 101214161820
time (msec)

Figure 2

Figure 3 shows how the voltages across the components—
Vi, Vo, and V, respectively—each changed during the
same 20 msec time interval.

voltage (V)

-300 .,.,.l.ly,.i.[.,.,.
02 46 8101214161820
time (msec)
Figure 3
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CAT3-A

Passage |

Radon (Rn) is a naturally occurring radioactive gas.
Scientists conducted a study to measure the Rn concentra-
tion in soil gas (the gases present between soil particles)
following a major earthquake that occurred in May 2008.

Study

In June 2008, 8 sites (Sites 1-8) were selected along
the fault line of the earthquake. Site 1 was approximately
25 km to the northeast from the epicenter of the carth-
quake, and each successive site was 25 km to 50 km farther
to the northeast than the previous site. The vertical dis-
placement of the ground due to the earthquake was mea-
sured at each site (see Figure 1).

vertical displacement (m)

Site

Figure |

Key

B Junc 2008
@ Dec. 2008
O July 2009

average Rn concentration (kBg/m')

Site

Figure 3

Scientific Investigations
For Use High School Samples to Success

Below Proficient

At cach site, 4 pairs of 2.3 cm diameter holes were Sample Item:
drilled 0.80 m deep in the soil. A rigid Teflon tube was
placed in each hole and then covered with an airtight cap ) .
fitted with a length of flexible tubing (see Figure 2). Which of the following

expressions best shows
the direction of the flow

Rn dc'c‘“‘"H pump of soil gas through the
apparatus shown in
soil surface airtight cap Figure 27

Teflon tube A. Teflon tube -> pump
> Rn detector
B. Teflon tube ->Rn
detector -> pump
C. Pump->Rn
detector->Teflon

Figure 2

At each hole, the soil gas was pumped out of the tube tube
and into an Rn detector at a flow rate of | L/min. Three
successive readings were taken with the Rn detector, each D. Pump->Teflon tube-
lasting S min, and the average Rn concentration, in kilo-
becquerels per cubic meter (kBg/m’), was determined. At > Rn detector

each of the holes, the Rn measurements were repeated in
December 2008 and again in July 2009. Figure 3 shows the
average Rn concentration at each of the 8 sites on each of
the 3 dates that readings were taken.

Figures 1 and 3 adapled from X. Zhou &1 al., 0O 10.11881467-4866-11-5.
22010 by Zhou &t al,
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Scientific Investigation

For Use with High School Samples to Success
Approaching Proficient

Passage Il Experiment 1 Sample Item:

In cach trial, a selected mass of Fe, Ni, or Zn was

When a solid metal (M) such as iron (Fe), nickel {Ni), tested at 30°C (see Figure 1).

or zinc (Zn) is placed in an agqueous hydrochloric acid

{HCI) solution, a reaction that produces H; gas occurs: How many temperatures were
M 4 2HEL o MCL £ H Key tested in Experiment 1, and
= 2 2 —— .
—— I:;I how many temperatures were
e tested in Experiment 2?
190
Two experiments were conducted to study the produc- g . .
tion of Ha in this reaction. The apparatus shown in the dia- & Experiment 1 Experiment 2
gram below was used to collect the Hy gas produced in 2
each trial. 3
e C A. 1 1
outlet
tabe g B. 1 5
=
, v - : C. 5 1
water in stopper E
inverted flask 3 D. 5 5
graduated = 70
cylinder HCI T
1 solution 0.20 0.25 (.30 0L.35 040
E mass (g)
metal
Figure 1
diagram
Experiment 2
As Hy was produced in the stoppered flask, it exited the In each trial, 0.30 g of Fe, Ni, or Zn was tested at a

flask through the outlet wbe and displaced the water that selected temperature (see Figure 2).
had been trapped in the inverted graduated cylinder. (This
displacement occurred because the H; did not dissolve in

the water.) The volume of water dis]:llaccd equaled the Key
volume of gas (H, and water vapor) collected. —a— Fe
——

In each trial of the experiments, Steps 1-3 were
performed:

1. The apparatus was assembled, and 25 mL of a 4 moles/L.
HCI solution was poured into the empty flask.

=]

. A selected mass of Fe, Ni, or Zn was added to the flask,
and the stopper was quickly reinserted into the Mask.

volume of gas collected {mL)

3. When H; production ceased, the volume of water that 100 t t t
was displaced from the graduated cylinder was recorded. 0 15 20 25 30 35 40 45 S0
The apparatus and its contents were kept at a selected tem- temperature (°C)
perature throughout Steps 2 and 3. The atmospheric pres-
sure was 758 mm Hg throughout all 3 steps, Figure 2
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Scientific Investigation
For Use with High School Samples to Success

Passage Il

Three studies cxamined the offects of composr
organic matter) on 3 physical properties of soil

Five soil mixtures (Mixtures 1-5) were prepared (see
Table 1)

Table |
Percent by volume of
Mixture OO sinl
1 3 s
2 4 74
] S0 50
F | 14 24
h ] s b ]

Stonely |

A LSL pat was prepated by placing SOD g of
Miature 1 anto the pot, alter wloch the pol was stored at
M°C For 72 hr. The pot and its contents were then baked in
2 1OSTC aven for 24 b Aller cooling, the muixture’s budk
cdenyity (the dey mass of the misture per snit yolume ) was
determined

These procedures were repeated Tor cach of Mix
ures 2-5 (see Table 2)

Table 2

Bulk density
Mixture {mg/mL)

104
159
213
%S
in2

B

Sroady 2

Another 1.5 L pot of Mixture | was prepared. stored.
and baked as in Study |

The dried mixtare was grourd into powder and passed
through a screen with 2 mm diameter openings. Five grams
of the screened powder were then mixed with S ml of H,0
and the pH of the powder-H.O suspension was determined

[hese procedures were repeated for cach of Mix
tures 2-5 (see Table 3)
Tubde 3§

Suspension of

H,0 and Mixtare: | pH |

1 6.5
2 62
3 6.7
< 10
L 4 'I

Sty 3

Another 1.5 L pot of Mixture | was prepared. stored,
und baked as in Study I. The dried mixture was then
ground and screened as in Study 2.

Fifty grams of the screened powder were mixed with
3 mL of 11;O to form a soil paste, and the paste was placed
on a filter. Suction was then applied to the filter. and
the exrrace (the clear, colorless hiquid that passed through
the filter) was collected. The clectrical conductivity of the
extract was determined

These procedures were repeated for cach of Mix
tures 2-5 {sce Table 4)

Tubde 4

Eatract from | Electrical comductivity

Mixture dS/m*)
| a0
4 156
) ias
< 2,15
5 I .B6

*decisiemens per meter

Sample ltem:

Based on the results of
Study 1, if a mixture with
60% by volume of
compost had been tested
in Study 1, the bulk
density of this mixture
would most likely have

been:

A.

less than 159
mg/mL.
between 159
mg/mL and 213
mg/mL.
between 213
mg/mL and 255
mg/mL.

greater than 255
mg/mL.
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Scientific Investigation

For Use with High School Samples to Success
Above Proficient

Sample Item:

Passage IV
The horseshoe bat Rhinolophus mehely: emits calls In Study 1, which of the following
and uses the reflected sound waves for a vanety of pur- procedures was ||ke|y performed to

poses, including determining orientation, detecting food.

and communicating. Two studies were done 1o examine call ensure that a given peak frequency
frequency and mate choice in R. mehelvi. measurement was not influenced by
the Doppler effect?

Study 1
Ninety R. mehelvi were collected from a single cave
A recording of each bat’s call was made when the bat was A. Measuring the mass of each
stationary. Each call was analyzed with an ultrasound bat
detector to determine its peak frequency (the frequency at
which the call is the loudest). Then the mass of each bat B. Collecting bats from a single

wis determined and plotted versus its peak freguency, in cave
kilohertz {(kHz). Figure | shows the best-fit line obtained ] o
from that plot. C. Placing the bat equidistant

from 2 speakers
D. Recording bats while they
were stationary

1095

109.04

108.5 4
108.01

107.04

peak frequency (kHz)

1065 4

106.0 T ~ - v -
12 14 16 I8 20 2 24

Study 2

A I m” box was divided into 2 equal compan
each containing a speaker. A female R. mehelyi [
on a listening perch in the box at a position equidistsnt
from each speaker (see Figure 2).

bat on listening perch

-

Compartument | Compartment 2

4____’___,_.,-‘21\ et

B Speaker | Speaker 2 [N

Figure 2

Figures 1 and 2 adapted from Sebastian J P Femam Max
Choice Can Drve the Evolution of High

Casae Shudy with Rfunciophus moebalyl " ©2014 by PLOS
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