M athematics Assessment Activity #14:

The Number One Tank Gauge Company

Gauge

Mat

hematics Assessed:
Volume of a cylinder;
Application of rates;
Relationships of volumes
to dimensions of a
cylinder;

Problem solving; and
Mathematical

communication.

Y ou have been hired by the Number One Tank Gauge Company to provide them with
scaesto atach to the tanks they sl for holding water. The scales will be transparent
glass tubes in which the water in the tube will be a the same level asthe water in the

tank.

The company has provided you with the following data about the Szes of some of the

tanks that they produce.
Tank Number Radius Height of Tank
#1 41t 6 ft
#2 6 ft 8t
#3 8 ft 12 ft

Note: The glasstubeisthe height of each tank and has aradius of ¥ainch.

Part |: Developing the Scale

For tank # 1:

1. Produce agraph and a data table that shows the relationship between the height of
the water in the tank and the gallons of water in the tank that the company can use
to build their scales. Height should be calculated to the whole inch and gdlonsto

atenth of agdlon.

2. Writeasummary of your findings that includes any formulas or calculations that

you used or created to solve the problem.



administrator


Other information needed:
1Gdlon=231in® = .13 ft3

Veylinder= P r> h where p » 3.14, r =radius, and h = height of the tank
Part II: Settlethe Argument

3. Tothe nearest whole inch, what would the height of atank with aradius of 5 feet
beif it held the same amount of water as Tank #17?

4. Two students were arguing about the effect of doubling the radius Or doubling
the height of the tanks. One student fdt that either doubling the height Or
doubling the radius would have the same effect on the amount of water that atank
could hold. Another sudent felt that doubling the radius would result in a greater
volume of water in the tank than just doubling the height. Which student isright?

Support your choice with specific cdculaions and an explanation for why there
was or was not a difference in the effect.

Part I1l1: A Rancher’'sDilemma

Ranchers are concerned with water tanks aswell. 'Y ou will find two tables on page 3.
Table 1 contains the expected daily water consumption by cattle of different weights at
different temperatures. Table 2 contains the average temperatures for Casper, Wyoming.
Use these tables and the situation described below to devise a plan for the rancher.

The situation: A Casper rancher had 500 growing heifers with a median weight
of 600 Ibs at the end of the grazing period. There was no natural source of water
where the heifers were grazing. In order to assure that there was adequate water
the rancher decided to purchase #2 tanks from the Number One Water Tank
Company. The rancher decided to purchase enough #2 water tanks to have half
at the site and to use the other haf for trangporting the water to the ste during the
legd grazing period from June 15th through September 15th.

5. A Plan: Deviseaplan that the rancher can use to assure that thereis aways at
least aday’ s supply of water a the Ste. Includein your plan the number of tanks
to be purchased and amathematical justification for your decison that includes
how you accounted for body weight and variation of temperature throughout the
grazing period.

Optional:

6. Thetablefor water consumption of beef cattle only accounts for temperature
variations between 40°F and 90°F. Use the data in the table to estimate the water
intake of 400, 600, and 800 Ibsif the temperature rose to 100°F and 110°F.



Table1: Appropriate Total Daily Water Intake (in gallons) of Beef Cattle"

Weight 40°F 50°F 60°F 70°F 80°F 90°F
Growing heifers, steersand bulls
400 4.0 4.3 5.0 5.8 6.7 9.5
600 5.3 5.8 6.6 7.8 8.9 12.7
800 6.3 6.8 7.9 9.2 10.6 15.0
Finishing cattle
600 6.0 6.5 7.4 8.7 10.0 14.3
800 7.3 7.9 9.1 10.7 12.3 17.4
1000 8.7 9.4 10.8 12.6 14.5 20.8
Wintering pregnant cows
900 6.7 7.2 8.3 9.7 - -
1,100 6.0 6.5 7.4 8.7 - -
L actating cows
900 | 114 | 126 | 145 | 169 | 179 | 162
Maturebulls
1,400 8.0 8.6 9.9 11.7 13.4 19.0
1,600 8.7 9.4 10.8 12.6 14.5 20.6

Table2: Average Monthly Temperatures In Casper Wyoming

Month Hi Low Month Hi L ow
January 32.8° |12.0° |dly 87.6° |54.0°
February 37.0° |16.0° |August 85.7° |51.8°
March 45.2° |21.8° | September 73.8° |416°
April 56.1° |29.5° | October 60.5° |32.2°
May 66.6° |37.9° | November 44.3° | 21.8°
June 78.6° |46.9° | December 33.9° |13.7°

Provided by the National Weather Service

1 Winchester and Morris (1956)
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Teacher Supplement

M athematics Assessment Activity #14:

The Number One Tank Gauge Company

Description: In this assessment activity students investigate the relaionship of height
and radius to the volume of acylindrical tank. Based upon certain data, they will devise
aplan to supply adequate water.

Prerequisite skills:
- Converting between units
Determining the volume of a cylinder
Using a spreadshest or graphing utility
Sdlecting appropriate tables and graphs to represent situations

Intended Depth of Knowledge:

Thisisalevel 4 because it requires aspects of level 3 and 4 over an extended period of
time

Planning and reasoning;

Proving or disproving conjectures,

Formulating generdizations,

Deveoping and explaining arguments; and

M aking connections between findings and related concepts.

Time 4-5hours

Note: There are 3 partsto this activity that can be embedded in a unit on volume at
different placesin the unit.

Suggested Usein the BOE System:

This assessment activity is best used for BOE system for graduation in a course that
focuses on Wyoming geometry and measurement standards.



Sample Solution

M athematics Assessment Activity #14:

The Number One Tank Gauge Company

Part |: Developing the Scale.

1. Produce a Graph and Data Table that show the relation between height of water in
the #1 tank and the number of gallons of water in the tank. (See Table 1 for data.)

Relationhsip Between Height in Inches to Gallons of Water in Tank # 1

100% Galtonrs of Water

Gallons of Water
=
w
o
o

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Height in Inches

2. Writeasummary of your findings, induding any relevant formulas.

Useful in writing the formulas are the formulas:

a) 1lgdlon=231in® = .13ft3

b) V gylinder = ? r°h, where 2~ 3.14, r isthe radius and h = the height of the tank
(or height of the water in thetank). Thisformulafor volumeusesrand hin
the same linear units (say inches or feet) and gives the volume in cubic units
(cubic inches or cubic feet).

¢) TheformulaV gyiinger = ? r’IV 231, where ?~ 3.14, r isthe radius in inches and
h = the height in inches (or height of the weter) gives the volumein gdlons.

d) TheformulaV cylinger = (0.13) ? r’h, where 2~ 3.14, r isthe radius in feet and
h = the height in feet (or height of the water) gives the volumein gdlons.



Pat Il: Settle the Argument
3. Suppose that another tank with aradius of 5 feet held the same amount of water as
Tank #1. ThenV gyiinger = ? 426 ft> = 2 52hft>. Solution of the equation for h
givesh=4%6/5%=3.78ft. Tothenearest inch, thisis3.78(12in),
aoproximately 45 in.
4. The effect of doubling the height or the radius.
a) Doubling the height doublesthe volume.
Using the formulaV cyiinder = ? r>.h, (where ?~ 3.14, ristheradiusand h =
the height of thetank) Look at V new cylinder = ? 1%+ (2h) = 2- (2r*h) =2 .V
cylinder - Thisshows that doubling the height doubles the volume of the original
cylinder.
Another way to look at it is that doubling the height is like putting one
cylinder on top of another. The new cylinder (the origind with acopy of it
placed on top will have twice the volume of the origind.

b) Doubling theradiusof the cylinder doesnot double thevolume. The new
cylinder hasfour timesthe volume of the original.
For an example showing that the volume does not double, look at the Tank #1.
It has volume V gyiinger = ? 426 ft° = 96-2ft%. Doubling the volume to 8 fest
makes the volume ? 826 ft° = 384 ?t*, which is 4 times the origind volume.

Another way to look at it is by starting with the original tank of volume V ¢yiinger = ? r*-h
cubic feet and cresting a new tank with twice the radius. V new cylinder = ? (2:r)%h cubic
feet = 2 4-r*-h cubic feet = 4-2r*h cubic feet = 4 times the origina volume.

Part 11l: Rancher’ s Dilemma

A Casper rancher has 500 growing heifers with a median weight of 600 pounds at the end
of the grazing period. The rancher wants to have #2 tanks to supply water to the heifers
during the lega grazing period from June 15 through September 15. Half of the tanks

will be used at the grazing Site and haf will be used to collect and transport the water.

5. Deviseaplan so that the enough water can be stored at the grazing site to supply
the heifers through two days.

Theinformation of the tableswill be used to alow computation of the maximum storage
capacity needed for aday for the 500 heifers. Hotter weather means that the heifers need
more water. Also, heavier cattle need more water per day. According to table 2, the
hottest days are in July when the average high will be just under 90 degrees Fahrenheit.
At that temperature, growing heifers should have aration of 12.7 galons of weter per
heifer. Thusthe daly water needsin July of the 500 heiferswill be (12.7
galongheifer)(500 heifers) = 6350 gdlons.

The #2 tank has aradius of 6 feet, height of 8 feet and volume of 904.32 cubic feet, or
6956.3 gdlons. (Note: Answers will vary if student uses cubic inchesinstead of cubic



feet.) Two of these tanks will be required to provide two day’s water to the 500 heifers.
Since the rancher will use haf of the tanks at the grazing Site, then the rancher should
have four tanksin al.



Table 1. Relationship between Height of # 1 Tank and Gallons of Water.

height in volume in 46 1441.4
inches gallons 47 1472.7
0 0 48 1504.1
1 313 49 1535.4
2 62.7 50 1566.7
3 94.0 51 1598.1
4 125.3 52 1629.4
5 156.7 53 1660.7
6 188.0 54 1692.1
7 219.3 55 17234
8 250.8 56 1754.7
9 282.0 57 1786.1
10 313.3 58 1817.4
11 344.6 59 1848.7
12 376.0 60 1880.1
13 407.3 61 19114
14 438.6 62 1942.7
15 470.0 63 1974.1
16 501.4 64 2005.4
17 532.7 65 2036.7
18 564.0 66 2068.1
19 595.4 67 2099.4
20 626.7 68 2130.7
21 658.0 69 2162.1
22 689.4 70 21934
23 720.7 71 2224.7
24 752.0 72 2256.1
25 783.4

26 814.7

27 846.0

28 877.4

29 908.7

30 940.0

31 971.4

32 1002.7

33 1034.0

34 1065.4

35 1096.7

36 1128.0

37 1159.4

38 1190.707

39 1222.0

40 1253.4

41 1284.7

42 1316.0

43 1347.4

44 1378.7

45 1410.0



M athematics Standards and Benchmarks

An*“A” inthetable below indicates the standards and benchmarks in this assessment activity that have the
potential to elicit evidence of student learning. An “1” indicates that instructional strategy that is assumed,
but not assessed. An “A*” indicates the standards and benchmarks that are assessed only by the optional
component. This activity has been recoded to the revised Wyoming 2003 Standards by members of the
Wyoming Body of Evidence Activities Consortium.

11.1 NUMBER AND OPERATIONS
Students use numbers, number sense, and number relationships in a problem-solving Stuation.

*Note: Students communicate the reasoning used in solving these problems. They may use
tool s/technol ogy to support learning.

Benchmarks

11.1.1 Studentsrepresent and apply real numbersin avariety of forms.

A

A 11.1.2 Students apply the structure and properties of the real number system.

A 11.1.3 Studentsexplain their choice of estimation and problem solving strategies and justify
results of solutionsin problem-solving situations involving real numbers.

A 11.1.4 Students use proportional reasoning to solve problems.

11.2 GEOMETRY

Students apply geometric concepts, properties, and relationships in a problem-solving Situation.
*Note: Students communicate the reasoning used in solving these problems. They may use

tool s/technology to support learning.

Benchmarks

11.2.1 Students use transformations, congruency, symmetry, similarity, perpendicularity,
parallelism, and the Pythagorean Theorem to solve problems.

A 11.2.2  Students communicate, using mathematical language, to: Interpret, represent or create
geometric figures; draw or build figures from a mathematical description; analyze
properties and determine attributes of 2- and 3- dimensional objects.

>

A 11.2.3  Students communicate the reasoning used in identifying geometric relationships i
problem-solving situations.

11.24 Students solve problems involving the coordinate plane such as the distance between
two points, the midpoint, and slope.

11.2.5 Students connect geometry with other mathematical topics.

11.3 MEASUREMENT
Students use a variety of tools and techniques of measurement in a problem-solving Stuation.

*Note: Students communicate the reasoning used in solving these problems. They may use tools/technology to
support learning.

Benchmarks

A 11.3.1 Students apply estimation and measurement using the appropriate methods and unitsto solve
problemsinvolving length, weight/mass, area, surface area, volume, and angle measure.

A 11.3.2 Students demonstrate an understanding of both metric and U.S customary systems. Students
are able to convert within each system.

A 11.3.3 Studentsidentify and apply scale, ratios, and proportionsin solving measurement problems.

11.3.4 Students solve problems of angle measure including those involving polygons or parallel lines
cut by atransversal.

11.3.5 Students solve indirect measurement problems.




11.4 ALGEBRA

Students use algebraic methods to investigate, model, and interpret patterns and functions
involving numbers, shapes, data, and graphs in a problem-solving stuation.

*Note: Students communicate the reasoning used in solving these problems. They may use

tool s/'technology to support learning.

Benchmarks
A 11.4.1 Students use algebraic concepts, symbols, and skills to represent and solve real-world
problems.
A 11.4.2 Studentswrite, model, and evaluate expressions, functions, equations, and inequalities.

11.4.3 Studentsgraph linear equations and interpret the resultsin solving a gebraic problems.

11.4.4 Studentssolve, graph, or interpret systems of linear equations.

| 11.4.5 Students connect algebrawith other mathematical topics.

11.5 DATA ANALYSISAND PROBABILITY

Students use data analysis and probability to analyze given situations and the results of
experiments.

*Note: Students communicate the reasoning used in solving these problems. They may use
tool s/technology to support learning.

Benchmarks

1151 Students apply knowledge of mean, median, mode, and range to interpret and evaluate
information and data.

11.5.2 Students draw reasonable inferences from statistical data and/or correlation/best fit lineto
predict outcomes.

11.5.3 Students communicate about the likelihood of events using concepts from probability.
sample space eval uate simple probabilities eval uate experimental vs. theoretical

11.5.4 Students determine, collect, organize, and analyze relevant data needed to make conclusions.
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Assessment Guide: Mathematics Assessment Activity # 14:
<= | The Number One Tank Gauge Company

Problem Solving and Concepts. Uses appropriate mathematical concepts, properties and relationships to investigate and solve a
problem. Standardsand Benchmarks: 11.11& 2& 4;11228& 3& 4 Intended Depth of Knowledge: Level 4

Leve 4

Levd 3 L e\/el 2 Levd 1

Appropriate mathematical concepts,
skills, properties, and/or relationship(s)
are selected and accurately applied to all
4 elements required.

OR
Completely and accurately apply 3 of

the 4 elements and successfully
complete the optional question.

M athematical concepts, skills, properties, Appropriate mathematical concept(s), An attempt was made to select a

and/or relationship(s) are selected and applied | skill(s), property(s) or relationship(s) are | mathematical concept, skill(s),

to al 4 elements listed below, but only 3 of selected to at least 3 of the elements of property(s), or relationship(s) to solve the
the 4 are complete and appropriately applied. | the problem, and there must be success problem, but the application of the

Effectively determines the relationship on at least 2, or attempted 4 elements concepts could not lead to asolution on 1
between the height of the tank and the with conceptual flaws in two elements. element of the problem.
gallons of water in the tank (Scale/graph
is accurate); OR
AND OR
Appropriately applies concepts to Appropriate skills and concepts were
determining the height of atank with a applied for only determining the tank.
radius of 5 feet if it held same amount of Support: Response fulfills requirements
water as Tank # 1; of aLevel 3, but the student received OR
AND support without which the work would
Demonstrates the effect of doubling not be of aLevel 3 quality. Support: Response fulfills the
height or radius on the volume of a requirements of aLevel 2, but the student
cylinder; received support without which the work
AND would not be of aLevel 2 quality.

Shows procedure or concept that leads to
asolution for watering the heifers.

Support: The student received no support or
minor support.

Check the standardsin which the concepts, skills, properties, or relationships were used to solve the problem.

11.4 Algebra
11.2 Geometry
11.3 Measurement

11.7 Problem Solving

11.6 Technology

11




Assessment Guide: Mathematics Assessment Activity # 14: The Number One Tank Gauge Company

Representation — Tables, Graphs, Diagrams, or Models: Represents data accurately and appropriately.
Intended Depth of Knowledge: Level 2

Standards: 11.4.3

Leve 4 Level 3 Level 2 Level 1
Representations are accurate, Datain tablesincludestitles, correct Datatables and graphs used have a An attempt is made to organize or
appropriate, can be used effectively | values, and labels. (Minor flaws may be significant flaw(s) that negatively graph the data.
for the situation meeting the present in some of the tables, but they do | impacts the understanding or use of OR
requirements of level 3, andinclude | not negatively impact the understanding | the representation, such as: Some tables and/or graphs are
other elements such as: of the data displayed.) - Dataiscollectedin tables, butis | missing.

Data set displayed in multiple not organized or correctly titled
ways; or AND and labeled; or OR

Datarepresented in multiple
waysto make a point; or
Datarepresented in multiple
ways to show atrend; or
Model(s) or diagram(s) used to
explain aconcept; or

Model(s) or diagram(s) used
solve aproblem; or

Data represented in multiple
ways, models or diagrams that
promote an understanding or
extension of the problem

Datadisplayed in an appropriate graph
to show therelationship between the
height of thetank and the number of
gallonsin thetank with:

0 Appropriatetitles;

0 Correct scaling;

0 Independent and dependent

variables labeled correctly; and
0 Pointsaccurately plotted.

There may be some minor flaws, but the
flaws do not negatively impact the
understanding or use of the data.

Support: The student received no support

or minor support.

OR

The graph selected is
inappropriate for representing
the situation; or

The graph contains errorsin
conventions (labeling, scaling, or
plotting points); or

Application of the conventions
of graphing in inconsistent.

Support: Response fulfills

requirements of aLevel 3, but
the student received support
without which the work would
not be of aLevel 3 quality.

There are errorsin the conventions of
graphing throughout the response.

OR

Support: Response fulfillsthe
requirements of aLevel 2, but the
student received support without
which the work would not be of a
Level 2 quality.

12




Assessment Guide: Mathematics Assessment Activity # 14: The Number One Tank Gauge Company

Number Operationg/Calculations: Accurately uses numbers, number sense, and number relationships in calculating volumes and
using thedata. Standardsand Benchmarks. 11.1.1& 2& 4

Intended Depth of Knowledge: Leve 1
(Note: If an answer is correct, the assumption is that the underlying cal cul ations are correct.)

Leve 4

Leve 3

Leve 2

Leve 1

Thereis evidence of calculationsfrom
all required elements/questions and the
calculations are accurate throughout.
(Minor errors may be present, but they
not affect the final outcome of the
problem.)

Calculations are correct for the
evidence provided in the student
work. The evidenceis sufficient to
solve part of the solution. (There may
be minor errors.)

OR

Minor errors are present that do not
affect the final outcome/decision.

OR

Minor flaw consistently carried
throughout.

OR

Support: The student received no
support or minor support.

Calculations provided are correct, but
areinsufficient to solve any part of
the problem.

OR

Calculations are correct on some of
the parts of the problem.

OR

Support: Response fulfills
requirements of aLevel 3, but the
student received support without
which the work would not be of a
Level 3 quality.

Calculation errors are found
throughout the problem.

OR

Little or no evidence to support
incorrect answers.

OR

Support: Response fulfillsthe
requirements of aLevel 2, but the
student received support without
which the work would not be of a
Level 2 quality.
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Assessment Guide: Mathematics Assessment Activity # 14: The Number One Tank Gauge Company

Mathematical Communication: Communicates mathematically to explain reasoning and solution.

Standards: 11.1.3;11.2;11.3; 114

Intended Depth of Knowledge: Level 2

(Note: Thiscriterion assesses how well a student communicates the solution, not conceptual understanding or the accuracy of the solution.)

Leve 4

Level 3

Leve 2

Leve 1

Response includes the use of
consistent, accurate, and
appropriate symbolic or formal
notation, and the text included
enhances the understanding of the
mathematics or logic used, while
minimizing descriptions of
procedures or calculations already
evident in the work.

AND

Includes additional aspects of
strong mathematical
communication such as:

Clear links between the
different parts of the activity;
Accurate and appropriate use
of more than one type of
representation with aclear
linkage between the
representation and the text and
the representations with each
other; or

Clear links between an
equation(s) or formula(s) and
amodel(s), diagram(s), or
graph(s) and the text.

Presentation is communicated:

Using mathematical terms or notation that are
accurately and appropriately applied (There
may be some minor flaws);

With alogical presentation;

Using tables, graphs, models, diagrams,
calculations, or text, where appropriate, but
the reader may have to make connections
between them; and

Using grammar and conventions that do not
get in the way of understanding the results of
the solution.

Support: The student received no support or minor
support.

Use of accurate and appropriate mathematical
terms or notation is inconsistent, or some
common terms are used instead of
mathematical terms.

OR
The presentation is not logical.
OR

The application of grammar and conventions
get in the way of understanding reasoning or
solution path.

OR

Support: Response fulfills requirements of a
Level 3, but the student received support
without which the work would not be of a
Level 3 quality.

Mathematical terms or notation are
used but they are inaccurate
throughout the presentation, or
common terms are used instead of
mathematical terms.

OR

The application of grammar and
conventions make isimpossible to
understand reasoning or solution
path.

OR

Support: Response fulfills the
requirements of aLevel 2, but the
student received support without
which the work would not be of a
Level 2 quality
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Anchors - Mathematics Assessment Activity # 14: Tank Gauge

This section contains sample student work that has been assessed by
Wyoming teachers who participated in the Wyoming Activities-Based
Consortium. Using the rubrics for this assessment activity, each example
has been assigned score levels and includes accompanying annotated student
work and "justifications’ explaining assignment of scores.

The examples represent arange of student work collected as a result of
piloting in Wyoming high schools during the 2000- 2002 school years. In
some cases sample student work for particular score points or for particular
parts of assessment activities was not available at the date of publication.
The BOE Activities Consortium will add sample student work for those
parts and at those score points as they become available.

Anchor papersin this set include:

TG2-002
TG2-026
TG2-006
TG2-020
TG2-023

15



M athematics Assessment Activity #14:The Number One Tank Gauge

Anchor # TG2-002

Criterion: Problem Solving and Concepts Level: 4

Thisisaleve 4 response because appropriate mathematical concepts, skills, and properties are
accurately applied to solve adl four e ements of the problem. The relationship between the height
of the tank and the number of gallonsin the tank is determined for all three tanks, the height of a
tank with aradius of 5 feet is determined, the relationship between doubling the height and
doubling the radius on the volume is determined with a mathematical explanation for impact of
doubling the radius compared to doubling the height (“ The equation calls to square the radius.

The amount of a squared number that has been doubled is much larger than an amount that has
just been doubled but not squared.”), and there is an effective strategy for determining the number
of tanks needed for feeding the heifers. In addition, there was an attempt to solve the optiona

part of the problem.

Criterion: Representation Level: 3

The table shows the relationship between the height of each of the tanks and the number of
gdlonsin the tank at selected heights with accurate and appropriate labels and units. The graph
accurately represents the relationship. Thisisaleve 3, not a4, because the independent and
dependent variables are switched on the graph.

Criterion: Number Operations/Calculation Level: 4

Thisisalevel 4 response because caculations of height, volumes, and rates of water
consumption by cattle are accurate throughout the response.

Criterion: Mathematical Communication Level: 3

The solution is presented logically, and mathematical terms, notation and units are used
accurately and appropriately throughout. Thisis alevel 3 response, not 4, because the reader has
to make connections between the parts of the solution, and tables, graphs and texts. There are
some minor flaws in the explanation of the gallons per foot and gallons per inch (“For every 12
inches or foot of water in tank #1 31.3 gallons of water were in the tank... this means that there
were 31.3 gallons of water for every inch”).
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Anchor # TG2-002
Mathematics Assessment Activity #14: Tank Gauge
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Anchor # TG2-002
—1 Mathematics Assessment Activity #14. Tank Gauge
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Anchor # TG2-002
Mathematics Assessment Activity # 14: Tank Gauge

pober”00e. Tack. Easge Company Jquak. Gize
BPEMm! ttat ri A ) L0 O W 1 1 T
IR PR MAME 1) S A AR 1 o g e rAToal
i a N mO B TEL
- 1T 1T HRGETA qnl!'
p I Y HoHfers =ed Tt
= { JLi.a.I"' ,:_.3. e e |
1 &l - .
1 = [ 1l Representation:
H > A=
I T H | ' Table compares the
¥ i P 1 . height of the tanks and
1] X
" 2 T -+ galons of water in
- lua’? : . 2t each of the tanks.
i 1 T EHrA T s
Ll L ] T L ]-. 111 ] = =
I L 14 T L AT
NEERNERNE: ot !
- L) | b
- H HHH e L
L T 1 +
LILTAR = ol )
f B 25 1 [ ECHAr e
Problem Solving and Concepts: TR
Rel ationship between the i ]
dimensions and volume of each tank 1t
determined. = 1
I Tt RN '_':_
EEEE
£l ] a
S 3 o N e E
; r /1
111 L1l [T
L A E RS s 5
L Ll L
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Anchor # TG2-002

Mathematics Assessment Activity #14: Tank Gauge

Zomn 1O RO
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Representation: The dependent EEREE
and independent axisis switched. 1
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Anchor # TG2-002
M athematics Assessment Activity # 14: Tank

Gauge

2) 2 (k)T
{w&ﬂj"lh hﬂjl:‘i' K a0 L,
F (e Y151

I“H idnk 4|
(Gl (13 ’}ﬂ 902430
(L 4sid rgxl
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= (qanH i = 72,94 3
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of v Hhan dwblﬁj
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lord hold. when -he e
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WStain, W 1S oy
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s
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the B
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I 4he
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nol ﬁa@reﬂ

Problem Solving and
Concepts: Height of
tank with aradius of 5 ft
and the same volume of
a# 1tank.

Ti=

Problem Solving and
Concepts. Demonstrated
understanding between
changing the height and
radius of a cylinder and
which dimensions will
have the biggest impact on
volume using all three
tanks.

ht-'-fy.hl Qo

Communication:
Explanation of
work shown to
compare the effect
of doubling the
height or the
radius. Links are
made between
text and
caculations.

J
'b hold TLlice 7
wader: dhis s 4 H4nags as
[ while s & fuliceas
9

rr;suH .o gregter vOUMe. )
- I fact, doubliny
deubling +he. hey Ldnen
1633 Tonk.#| i could
wth 4he orlgmaﬂ radi Us
u af Tank 12 u.tlé‘.(iﬂubf:r:f
heght of the fank alld
amahd of Wader o uny
could holA.
{0 <quarc the radhs. e

pE
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Anchor # TG2-002
| Mathematics Assessment Activity #14: Tank Gauge

| decause. each #2 4aaly from he-Npwbe: One_

Communication:
Clear explanation of
decision related to
calculations.

o weder, 06 cattle wxold. drnk enedda wdker
duving, the qr.:umﬁl scesen o (1 neav € 18
ﬂ_ﬁ_ K5, ™ i)

If 1he ri::lm‘icw decieling éﬂ !"ﬂu!' }mm FVEIY

weld ecd mﬁ anky o hdd 40 N2 patlons of
apter. This megds e woud huve dp potdhose-

s (v becty)  #2 4inks N oder do hove enaugh
water ol Hhe sife, W wodld alSe need L by
b noe tanks o oot ghe kol Hanks

Il i

L le du-vulj e zlm-;-if easan, e would e
i 1 1
Ve

SLI200 . 40112 40013 54 - (e tanks
QL GTle8-5

Problem Solving and
Concepts: Calculated water
use by heifers through the
entire grazing period accurately o
taking into account their water q |
needs.

¢

Part-TT - TE2-002
Jne- S davs A0S 1335 900 - Ul O
July3t Aays, 1.7 {31) A0E. 7 0 e, 250
AL BN |2 2N 30a3.0-U0 0 180,950
S pt. - s 5.4 (15) 13% % S0 lole “ 150
h< ) QZdacgs 784G 4anks o112, 501,200 f'li.ﬂ @3

(U tey Tank Covindaiy Qo halA up o I‘.G"F{uﬁ.l_g:d_{{lt
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Anchor # TG2-002
Mathematics Assessment Activity # 14: Tank Gauge
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_ TG2-002
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. 4 .8%,12 11,38 A-5%= T35 15
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| 9001ps ~ 1N —Picos 5.4 Pl
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Problem Solving and
Concepts: Attempted
optional component.

pid LSt EU._T.C}'A e at 1o o 184 r}an'm al g
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M athematics Assessment Activity #14. The Number One Tank Gauge

Anchor #: TG2-026

Criterion: Problem Solving and Concepts Level: 3

All 4 elements of the problem are attempted. Thisisaleved 3, not a 4, because the approach to
compare the impact of doubling the volume or doubling the height of the tank was inappropriate.
Both the radius and the height were doubled instead of investigating the impact of doubling the
height on the volume, and then the impact of doubling the radius on the volume. Accurate and
appropriate skills and concepts were applied to the other aspects of the problem.

Criterion: Representation Level: 3

While there are two graphs that show the relationship between the height and the number of
gdlons of water in the tank and an example of a gauge is present that shows gallons to the
hundredths, thisis alevel 3 response because the electronically done graph is 3-D graph which is
inappropriate and the secondary graph, that indicates specific gallon amounts, does not have a
title or labels. The datais correct and organized in a spreadsheet with accurate labels and title.
(Note: It isdifficult to interpolate using a 3-D graph because the depth of a 3-D graph skews the
range values.)

Criterion: Calculation Level: 4

Although the solution is calculated to the hundredth instead of tenths, all related calculations are
accurate.

Criterion: Communication Level: 3

Although mathematical vocabulary (radius, height, and volume) and notation are accurately and
gppropriately used throughout, thisis alevel 3, not a 4, because there are no links between text
and tables or between parts of the activity. The reader must make the connections.
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Anchor # TG2-026

M athematics Assessment Activity #14: Tank Gauge

W His1a .50 .~

11185515
Isa.q8
in23iss
§| a8
i1660.495
?‘Glﬂ.!&j
§1541,534
15“.505
[535.17%
1503, ¥
han1. 4,’

Representation: Graphis
missing titles and labels.

ZD_-
loj so1.28
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1667..5 ‘5

229376 4

2065,\15

i

LT

s W 186 W nop 150

L1868 060 | 2100
wﬁ!)o K66 2los 2300

—

Representation: Scale shows relationship
between height and gallons and is accurately
and appropriately scaled and labeled.
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Anchor # TG2-026
Mathematics Assessment Activity # 14: Tank Gauge

TER—05k
541152 52
_"g'.q_[.f:' 0
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Calculation: All calculators
are correct. Gallonsarein
hundredthsinstead of tenths.

22D

o ._.l .-.*{-.l. ;I.‘l' (R T _:" = §
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by 351 whick (s b

225807
S Y.
!
|
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SR Je Lfhoeg
A L '..' AL "'.:'.-'.":
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| e L ! LR
oo 2035 cedlans g

Problem Solving and
Concepts: Correct use
of volume formula and
conversion to determine
the relationship between
: the height of the tank

33 and the gallons.

3

Communication: Thework
explains the values shown in the
tables.
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Anchor # TG2-026

Mathematics Assessment Activity # 14: Tank Gauge
TEa- 03k
i
| & B
| | = -E' ]
B & 3§ 2 _
| & E 5 Representation: Use of a
| Q. (m = 3-D graph isinappropriate for
(7)) ) S demonstrating the linear
- E relationship between height and
o < gallons. Labels and titles are
— 2o appropriate and accurate.
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Anchor # TG2-026

Mathematics Assessment Activity #14: Tank Gauge

Depth (inches) Amount(gallons)
0 0

1 31.33

2 62.66

3 93.89

4 125.32
5 156.65
5] 187.98
7 219.31
8 250.64
9 281.97
10 313.3

11 344 63
12 375.96
13 407.29
14 438.62
15 458,95
16 501.28
17 532.61
18 553.894
19 R95.27
20 G26.6
21 B657.93
22 689.26
23 720,59
24 751.92
25 783.25
26 814,58
27 845,91
28 877.24
29 908.57
30 939.9
31 871.23
32 1002.56
33 1033.89
a4 1085.22
35 1096.55
36 1127.88
a7 1159.21
a8 1190.54
39 1221.87
40 1253.2
41 1284.53
42 1315.86
43 1347.19
44 1378.52

TE&a-02b

Representation: Dataisdisplayedin 1-inch
increments. Table correctly labeled and titled.

Communication: Thereisn't asummary following
the table or graph that explains any findings or links it
to other parts of the solution.
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Anchor # TG2-026
M athematics Assessment Activity # 14: Tank Gauge

45 1409.85
46 1441.18
47 1472.51
48 1503.84
49 153517
50 1566.5

51 1597.83
52 162916
53 1660.49
54 1691.82
55 1723.15
56 1754.48
57 1785.81
58 1817.14
59 1848 .47
60 1879.8

61 1811.13
62 1942 48
63 1873.79
64 2005.12
65 2036.45
66 2067.78
67 2099.11
68 2130.44
69 2161.77
70 2193.1

71 2224.43
72 2255.786

Ta—02k
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Anchor # TG2-026
Mathematics Assessment Activity #14: Tank Gauge

Problem Solving and
Concepts: Height
determined for the 5 ft.
height tank with the same
}| volumeas# 1 tank.

Pork 42 # T6a-021
3 = (et
SASL. 5= Cal® ) h
SZUSE S 093N

Problem Solving and Concepts:

Faulty approach - Radius and height
are both doubled instead of finding the
impact of doubling the height on the
volume, and then finding the impact of
doubling the radius on the volume.

(15 Ta% P i W3eq.13
LI'L-H'EJ M ='II—I
4 N, V= (et
- I\ 4= () I
hbi N= 50045 eom?

vJ
L
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5416“_1 }'h

V(420
'..‘E: H.ﬂ l"l : 2 u'r,r-l
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Anchor # TG2-026
Mathematics Assessment Activity #14: Tank Gauge

Problem Solving and
Concepts: Gallons
needed based on
temperature and
weight are determined
for every month.

Problem Solving
and Concepts:
Logical procedure to
find asolution for
watering the heifers.

SiPadd 3. TEea-026
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Anchor # TG2-026

Math Assessment Activity #14: Tank

Gauge

Manth

L_I.'Il:lx"'-'-kﬁi‘:.l: ﬁubﬁj b Ja-ﬂf»
Febi whdly 7 E ey 2 rl&'}:.
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:l'-ll_x_!_ ."E.l.ru‘h \ cialj
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Problem Solving and Concepts:
Provides solution for full year.

251D
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M athematics Assessment Activity # 14. The Number One Tank Gauge

Anchor #: TG2-006

Criterion: Problem Solving and Concepts Level: 3

All four elements of the problem were attempted. Thisisleve 3, not a4, because the doubling
effect of the height was incorrectly squared. Appropriate skills and concepts were applied in al
other aspects of this problem. The relationship between the height of the tank and the number of
gdlonsin the tank are determined for tank # 1, the height of atank with aradius of 5 feet is
determined, and there is an effective strategy for determining the number of tanks needed for
feeding the heifers. The response includes an analysis of the graph to show that the relationship
between the height and the number of gallons is directly proportional (*...graph was
linear...directly proportiond...dope is constant...k=y/x").

Criterion: Representation Level: 3

The data in the tables are organized with correct values and labels. The graph clearly shows the
relationship of thedata. Thisisalevel 3 response, not a4, because there is no title or x-axis label
on the graph.

Criterion: Number Operations/Calculation Level: 4

Thisis alevel 4 response because caculations are correct and lead to a correct solution as evident
in height/volume table and total volume of tank 2 to solve the heifer-watering problem. A minor
error in Part |1, #3 is the tank height calculation to the nearest whole inch.

Criterion: Mathematical Communication Level: 4

Thisisaleve 4 because the notations and use of units is consistent throughout and there is an
analysis of the graph in the text to show that the relationship between the height and the number
of gdlonsisdirectly proportiona (“...graph was linear...directly proportional...dopeis
constant...k=y/x.”). Thiswould be a stronger 4 if unnecessary text that describes procedures
(“then | found the volume by squaring the radius and multiplying by Pi.”) were not included.
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Anchor # TG2-006
Math Assessment Activity #14: Tank Gauge
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Anchor # TG2-006
Math Assessment Activity#14: Tank Gauge

Calculations:
Minor error present.

Communication:
Provided explanation
of the effect of
doubling height or
radius on volume of
cylinder.

T2 — 00k

Problem
Solving and
Concepts:
Provided
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explanation of
the relationship
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Calculations: Correct Problem Solving and
calculations.

Concepts: Effective

reasonabl e solution of
watering heifers.

procedurethat leadsto a
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Anchor # TG2-006
Mathematics Assessment Activity #14: Tank Gauge

Communication:
Discusses the
relationship in terms
of “jumps,” instead of
identifying a pattern.
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Anchor # TG2-006
Mathematics Assessment Activity #14: Tank Gauge
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M athematics Assessment Activity # 14: The Number One Tank Gauge

Anchor #: TG2-020

Criterion: Problem Solving and Concepts Level: 2

Although the solution includes the total number of gallons in the tank, includes part of a strategy
for determining the number of tanks needed, and demonstrated the relationship of the number of
gallons in the tank to its height in agraph, thisis aLevel 2 because there are some conceptua
flaws in the solution. The explanation about the effect of doubling the radius or height on the
volume of the tank is not mathematically justified (“the second because making the tank bigger
would double its volume.”), and the strategy for determining the number of tanks isincomplete.
The volume of the # 2 tank was determined accurately to cubic feet. However, the wrong values
for both temperature (70 degrees) and weight of the heifer (800 Ibs instead of 600 Ibs) are used,
and the approach could not lead to a solution.

Criterion: Representation Level: 2

Although the graph accurately compares the height and volume, thisisalevel 2 response because
there is not a complete data table as required in the task.

Criterion: Number Operations/Calculation Level: 2

Cdculations are correct for total galonsintank 1in part |. However, thisisaleve 2 response
because basic calculation errors lead to awrong conclusion in finding the height of the #3 tank
and in finding the total number of tanks needed to water the heifers.

Criterion: Mathematical Communication Level: 2

Thisisalevel 2 response because some mathematical terms (“.....tank bigger....doubleits
volume....”) are used correctly , but the overall presentation is not logical. The summary for Part
| does not summarize the findings from #1.
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Anchor # TG2-020

Mathematics Assessment Activity #14: Tank Gauge

Calculation:
Calculations correct on one part of the
2 ] . problem.
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Problem Sdvingand
Concepts: Complete sets
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relationship of the number
of gallonsto the height of
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Anchor # TG2-020

Mathematics Assessment Activity #14: Tank Gauge
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Anchor # TG2-020

M athematics Assessment Activity #14: Tank Gauoe
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Mathematics Assessment Activity # 14: The Number One Tank Gauge

Anchor # TG2-023

Criterion: Problem Solving and Concepts Level: 1

Although the volume of Tank # 1 is computed accurately (in cubic feet, instead of cubic inches)
thisisalevel 1 because there were major conceptua flaws in the response as well as incomplete
parts. The method to convert from cubic feet to gallons is incorrect. The method to compare the
doubling of the radius and/or height is missing; and there is no response to the watering of heifers
problem.

Criterion: Representation Level: 2

Thisisalevel 2 response because the datais not organized. A graph does follow from the data
with axes labeled.

Criterion: Calculation Level: 3

Calculations are correct for the evidence provided.

Criterion: Communication Level: 1

Thisisalevel 1 response because mathematical terms or notation are used but they are inaccurate
and/or not supported. In addition, there is not a summary that neither explains Part I, #1 nor is
there any work that supports the assertion for the doubling questions.
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Anchor # TG2-023
Mathematics Assessment Activity #14:

Tank Gauge
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Problem Solving and Concepts: Volume
in cubic feet is correctly determined.
However, there isincorrect use of units,
(should be inches) and conversion to
galonsisincorrect.
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Anchor # TG2-023

M athematics Assessment Activity #14: Tank Gauge
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