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For Mathematical Thought

Recall and Reproduction – Depth of Knowledge (DOK) Level 1
Recall and Reproduction includes the recall of information such as a fact, definition, term, or a simple procedure, as well as performing a simple algorithm or applying a formula. That is, in mathematics a one-step, well-defined, and straight algorithmic procedure should be included at this lowest level. Other key words that signify a Level 1 include “identify,” “recall,” “recognize,” “use,” and “measure.” Verbs such as “describe” and “explain” could be classified at different levels depending on what is to be described and explained.
Some examples that represent but do not constitute all of Level 1 performance are:
· Identify a diagonal in a geometric figure. 
· Multiply two numbers. 
· Find the area of a rectangle. 
· Convert scientific notation to decimal form. 
· Measure an angle. 











Skills and Concepts/Basic Reasoning – Depth of Knowledge (DOK) Level 2
Skills and Concepts/Basic Reasoning includes the engagement of some mental processing beyond a habitual response. A Level 2 assessment item requires students to make some decisions as to how to approach the problem or activity, whereas Level 1 requires students to demonstrate a rote response, perform a well-known algorithm, follow a set procedure (like a recipe), or perform a clearly defined series of steps. Keywords that generally distinguish a Level 2 item include “classify,” “organize,” ”estimate,” “make observations,” “collect and display data,” and “compare data.” These actions imply more than one step. For example, to compare data requires first identifying characteristics of the objects or phenomenon and then grouping or ordering the objects. Some action verbs, such as “explain,” “describe,” or “interpret” could be classified at different levels depending on the object of the action. For example, if an item required students to explain how light affects mass by indicating there is a relationship between light and heat, this is considered a Level 2. Interpreting information from a simple graph, requiring reading information from the graph, also is a Level 2. Interpreting information from a complex graph that requires some decisions on what features of the graph need to be considered and how information from the graph can be aggregated is a Level 3. Caution is warranted in interpreting Level 2 as only skills because some reviewers will interpret skills very narrowly, as primarily numerical skills, and such interpretation excludes from this level other skills such as visualization skills and probability skills, which may be more complex simply because they are less common. Other Level 2 activities include explaining the purpose and use of experimental procedures; carrying out experimental procedures; making observations and collecting data; classifying, organizing, and comparing data; and organizing and displaying data in tables, graphs, and charts.
Some examples that represent but do not constitute all of Level 2 performance are:
· Classify quadrilaterals. 
· Compare two sets of data using the mean, median, and mode of each set. 
· Determine a strategy to estimate the number of jellybeans in a jar. 
· Extend a geometric pattern. 
· Organize a set of data and construct an appropriate display. 








Strategic Thinking/Complex Reasoning – Depth of Knowledge (DOK) Level 3
Strategic Thinking/Complex Reasoning requires reasoning, planning, using evidence, and a higher level of thinking than the previous two levels. In most instances, requiring students to explain their thinking is a Level 3. Activities that require students to make conjectures are also at this level. The cognitive demands at Level 3 are complex and abstract. The complexity does not result from the fact that there are multiple answers, a possibility for both Levels 1 and 2, but because the task requires more demanding reasoning. An activity, however, that has more than one possible answer and requires students to justify the response they give would most likely be a Level 3. Other Level 3 activities include drawing conclusions from observations; citing evidence and developing a logical argument for concepts; explaining phenomena in terms of concepts; and using concepts to solve problems. Some examples that represent but do not constitute all of Level 3 performance are:
· Write a mathematical rule for a non-routine pattern. 
· Explain how changes in the dimensions affect the area and perimeter/circumference of geometric figures. 
· Determine the equations and solve and interpret a system of equations for a given problem. 
· Provide a mathematical justification when a situation has more than one possible outcome. 
· Interpret information from a series of data displays. 















Extended Thinking/Reasoning – Depth of Knowledge (DOK) Level 4
Extended Thinking/Reasoning requires complex reasoning, planning, developing, and thinking most likely over an extended period of time. The extended time period is not a distinguishing factor if the required work is only repetitive and does not require applying significant conceptual understanding and higher-order thinking. For example, if a student has to take the water temperature from a river each day for a month and then construct a graph, this would be classified as a Level 2. However, if the student is to conduct a river study that requires taking into consideration a number of variables, this would be a Level 4. At Level 4, the cognitive demands of the task should be high and the work should be very complex. Students should be required to make several connections—relate ideas within the content area or among content areas—and have to select one approach among many alternatives on how the situation should be solved, in order to be at this highest level. Level 4 activities include designing and conducting experiments; making connections between a finding and related concepts and phenomena; combining and synthesizing ideas into new concepts; and critiquing experimental designs.
Some examples that represent but do not constitute all of Level 4 performance are:
· Collect data over time taking into consideration a number of variables and analyze the results. 
· Model a social studies situation with many alternatives and select one approach to solve with a mathematical model.
· Develop a rule for a complex pattern and find a phenomenon that exhibits that behavior. 
· Complete a unit of formal geometric constructions, such as nine-point circles or the Euler line. 
· Construct a non-Euclidean geometric shape.
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Sample Breakdown of a Standard

Common Core Content Standard – 5.OA.3  (5th Grade Operations and Algebraic Thinking)
Generate two numerical patterns using two given rules. Identify apparent relationships between corresponding terms. Form ordered pairs consisting of corresponding terms from the two patterns, and graph the ordered pairs on a coordinate plane.
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Common Core Content Standard – G-SRT.2 (High School Geometry)
[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 10.50.38 AM.png]Given two figures, use the definition of similarity in terms of similarity transformations to decide if they are similar; explain using similarity transformations the meaning of similarity for triangles as the equality of all corresponding pairs of angles and the proportionality of all corresponding pairs of sides.

[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 10.50.05 AM.png]





Sample Problems
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Sample Problems
[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 11.04.04 AM.png]Math Standards Middle School Grade 8












[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 11.04.47 AM.png]










[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 11.05.18 AM.png]











































[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 11.05.49 AM.png]



















[image: Macintosh HD:Users:fryedaddy:Desktop:Screen Shot 2011-11-17 at 11.06.12 AM.png]
















































Sample Problems
Math Standards High School Grade 11
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Webb's DOK Levels.

Recall and Reproduction
(DOK 1)

‘Skills and Concepts/
Basic Reasoning
(DOK2)

Strategic Thinking!/
Complex Reasoning
(DOK3)

Extended Thinking/
Reasoning
(DOK 4)

Find the next three terms in
the following pattern:
27,417,617, 817.

Draw the next figure in the
following patiern:

°
o ot 0%

Find the next three terms in
the pattem and determine
the rule for the following
pattem of numbers:
1.4,8,11,15,18,22,25
2,

Find the next three terms in
the pattem, determine the
ule for finding the next
numberin the patten, and
make or find a model for the
pattemn:
1,1,23,5,8,13,21,34
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Recall and Reproduction
(DOK 1)

Webb's DOK Levels.

‘Skills and Concepts/
Basic Reasoning
(DOK 2)

Strategic Thinking!/
Complex Reasoning
(DOK 3)

Extended Thinking/
Reasoning
(DOK 4)
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Students wil identiy a
transformation within a

plane.

Students will perform a
‘compound transformation of

2 geometric figure within a
coordinate piane.

Students will perform a
geometric transformation to
meet specified criteria and
then explain what does or
does not change about the
figure.

Students will abstract the
transformations occurting in
an Escher woodprint and
then create a simplified
tessellation of their own.
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Elementary (Grade 5)

1

José had 64 baseball cards. He gave 12 cards to his sister. Then he divided the remaining cards equally among
his FOUR friends. How many cards did each of his riends get?

13 cards

16 cards

17 cards

18 cards

Use the figure below to answer question 2.

2

How many edges does the figure above have?
6

8
12
%
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Use the bar graph below to answer question 3.

Number of Swimming Trophies Presented

34 s s 1 8 8o omou
Ages of Swimmers

3. Which age group received twice as many trophies as the 4-year-olds?
3-year-olds.

5-year-olds.

6-year-olds

10-year-olds




image9.png
4. Whatis the rule for this pattem?
2,1,3,2,4,3,54,6

sublract 1, multply by 3

a0d2,add 3

sublract 1, add 2

multply by 2, divide by 1

A Fractional Part
5. Mrs. Washington asked her students what fractional part of these 12 circles is shaded

0000

0000
0000

Odessa thinks the answer is

R—Y

a Whois correct - Odessa, Bob, or both?
b, Write how you would explain your answer to part a to Odessa and Bob. Draw your own picture to go with
your explanation.
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Congruent Shapes

by

6. Sometimes shapes are congruent to one another.
2. Onthe grid provided on the next page, draw a shape that is CONGRUENT to the shape above. Label the
‘congruent shape with a 'C.
Draw a shape that is NOT CONGRUENT to the shape above. Label the not congruent shape “NC.™
Explain why the CONGRUENT shapes are congruent
Explain why the NOT CONGRUENT shape is not congruent.
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Lunch Choice

7. Once a week, the students at Park City School get to choose the main dish and
side items they will have for lunch. The choices they have this week are shown

below.
Choice of 1 Main Dish Choice of 2 Side Items
tacos com
hamburgers piece of fruit
French fries
a

Based on the choices above, what are ALL of the different combinations of

one main dish and two side items that are possible? Show your work in an
organized list, chart, or table.

Next week, in addition to the choices of one main dish and two side items,
the students will have the choice of one dessert—either cake OR ice cream.
How many different combinations of one main dish, two side items, and one
dessert will there be? Explain or show how you got your answer.
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Wheel Graph
8. The relatonship between numbers of cas (C)and umbers of whecls (W) is iven
bt Cxpenton W =4 x . i mesosthe e o vbech 5 el 0 4

4. Copy the able below onto the next page. Complee the table by showing
he umber of wheels or each mumber of cars.

c|w=exc
1[4

2

3

4

H

b, Draw a coondinate graph like the one below onto the grd on the next page
PIotthe mumber paies ffom part & onio the coordinate graph

N3 4 s 6 78
Numberof Cars

. Locate and plot the point on the graph that would show how many wheel
H cars have. Label .
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1. After three games, tara's bowing average (mean) was 105, Hr st 0 sores
Were 113 and 56, What wan her third score

0 103
0 104
0 s
007

2. Hlizabeth dropped a ball from 50 feet offthe ground. Each time the bal bounced,
i rebounded Tl he disince  ropped. Whatwas the betgh of rebound st
the third bounce?

o st
O s
0 s
o

The cquation 2%+ 3y +7 = 35 represcnts the total points Frank scored In last
night's basketball game. In the equation, X nus feld goals scored and
iepresens poiat goals made. I Frank scored 8 fekdgosls, how many 3-poit
goals did he make!

o
[
o9
o
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4. Which diagram below best shows a rotation of the pre-image 1o the image?

<] ¥ o K

N A

e
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o

c. Child A cl

Distance to the Door

Two small children were playing a game. The goal of the game was o be the first
one to reach the door. The children started the game by standing 20 feet away
from the door, and then they each took a turn to do the following:

«  Child A moved one half the distance between herself and the door on
each move.

Child B moved one foot toward the door on each move.
a. How far was

ch child from the door after the first move?
After four moves, which child was closer to the door? Show your work

imed that the game was unfair because she would never reach the
door. Explain why her statement is correct or incorrect.
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Kid City Park

6. The Kid City Recreation Committee plans to put a fence around a playground area
in Kid City Park. The solid line in the diagram above outlines the sections in the
park that the committee wants to surround with a fence.

Information about fencing prices is shown below

FENGE-ALL COMPANY ACME FENCE COMPANY
Fencing - $.30 per foot Fencing - $.32 per foot

Orders totaling $500 or more will receive,
2 10% discount.

a. How much fencing will the commitiee need 1o buy? Show your work.

b. Based o
best de:

the information above, determine which fencing company offers the
for this project. Explain your reasoning and show all your work.





image17.png
Spinners

“The spinner below is divided into six equal sections and each section

with 3 number from 1 10 6,

‘The spinner was spun 30 times. The

total number of times the spinner landed

on each number is shown in the table below.

Number on
Spinner

Frequency

. ‘The probabily of spnning each number i 3. Based on thisprobabily, how
many tmes should each number occur In 30 pins

b. Explain clearly why your answer from part a is different from of the same as
the results given in the table above.

€. If the spinner were spun 300 more times, how would the frequency of the

results be affected?
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Use the scatter plots below 1o answer question 1.

« D

1. Which of the satir plots shown above suggests a strong negative correlation
on
on
oc

on
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2. Which number would be the closest 0 zero on the mumber line?

VT
B
5
k2

o o0 oo

3. The diagram below shows four poiis that form square ABCD.

i

I square ABCD is transformed by the rule (x, )=(2x, ) Ioo the image
ABCD: what type of quadeiateal i Image ABCD?

0 saquare

O rectangle

© dhombus

© pesoid
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4. Which chart below shows an example of inverse variation?

X 10{20| 25|50
o 1
¥ 10542
o x|[8|7|[6|5|4|3(-2[-1]|0
v frf{2{22)3|4
o X 24|06
v 12]3
x|1|2]|3|4|5]|6]|7
o+ .
v|4 12[16{20|24|28





image21.png
Wooden Peg Racks

3

2-pog rack.

You work in a factory that makes wooden craft items. Your job is to assemble
kits for wooden peg racks. Each rack contains 1 to 12 pegs. There must be a
distance of 5 inches from the center of one peg to the center of the next peg
and a distance of 3 inches from the end of the rack to the center of the nearest
peg.
a. Make a table showing the wood lengths needed for racks containing 1 peg, 2
pegs, 3 pegs, and 4 pegs.
b. What is the wood length of a rack with 7 pegs? Show your procedure.

c. Create a rule that will determine how long the wood length must be to make
arack holding  pegs




image22.png
Similar Triangles

E

6. In her geometry class, Karen constructed the figure above in which AB is
to BI5 and £A =B, The two triangles in the figure are similar.
a. Name the two similar triangles (with vertices in correct order).

b. Explain why the two triangles are similar.

¢. What is the measure of y? Show your procedure.
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Systems of Equations

‘The Hardwood Furniture Company manufactures small tables and chairs. It costs
$30 to make each table and $20 to make each chair. The amount available to
produce all the tables and chairs in one week is $1,2200. Let ¢ represent the
number of tables produced and ¢ represent the number of chairs produced.
‘The equation for the cost of making furniture for one week is 307 + 20c =

1,200. On the grid on the next page, construct a graph of this equation (with
correct labels and scales).

b. The Hardwood Furniture Company always produces two chairs with each
table. Write an equation that represents the number of chairs (¢) in terms of
the number of tables (). Graph and label this equation on the same grid used
for part a

. Determine the number of tables and chairs the Hardwood Furniture Company.
can produce per week based on the production costs and the amount of
money available (i.e., $1,200). Round the answer appropriately.

d. Explain how the answer to part c is indicated on the graph
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Spinner and Numbered Cube Game
-z

Karen and Jim are going o play a game using a spinner (ive equal secions) and
numbered cube (with numbers 1-6), shown above. The rules of the game for each
player’s turn are as follows:

« spin the spinner once
«roll the numbered cube once
+add the two results together
«if the sum is 7, the player wins 1 point; otherwise the player gets 0 points
a. In the space provided on the next page, create a chart of the sample space
Gll possible combinations) for one player's turn.

b. What is the probability of winning 1 point on a wrn?
¢. What is the probability of winning 0 points on 4 turn?

d. What is the probability of winning 1 point on each of three consecutive turns?
Justify your answer.
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Grade 5 - Mathematics

Subject | Grade | ftem | DOK |  CCA Annotation
Level | Number | Level | V.41 |

Mathematics | 5 1 2| MA-05-1.3.1 | This item is an applcation of computational algorithms. tis a
mutt-step problem requiing the student to make a decision of

| how 1o approach the computations.

Mathematics | 5 2 1| MA-05-3.1.1 | The student merely has to recall the definiion of an edge and

| then count the edges that are ilustrated in the figure.

Mathematics | 5 3 2| MA05-4.1.1 | The student s interpreting information from a simple graph.

Mathematics | 5 4 2| MA-05-5.1.1 | The student s recognizing and identying a pattern that
contains two different operations.

Mathematics | 5 5 2| MAW05-1.1.3 | This item reqires students to compare different
interpretations of a simple diagram. While the process may
be somewhat complex for fith graders, it s not abstract
enough to reach a level 3. The response requires

| explanation, but not justiication.

Mathematics | 5 6 2| MA-05:3.15 | Students are asked to create both an example and a non-
example of ‘congruent.” They must apply the concept of
congruent and provide reasons for why the figures are
congruent and non-congruent.

Mathematics | 5 7 3| MA-05-4.4.1 | Students must choose a strategy to solve the problem. The
response requires the student {0 use planning and evidence
from the table supported with a mathematical explanation to
justity their answer.

Mathematics | 5 8 2| MA:05-5.1.2 | Although the student s performing basic aigorthms to

complete the table, some planning is involved in designing the
graph on which to plot the points.





image26.png
Grade 8 - Mathematics

Subject | Grade | tem | DOK |  CcA Annotation
Level | Number | Level | V.40

Wathematics | & 1 2| MA08-421 | The ilem is a muli-step problem requiring mental
processing. The student must use the concept of a mean
and apply the formula o arrve ata solution

Wathematics | 8 2 2| MA-08.5.1.1 | The student must recognize and apply a real-world pattem
using multple steps.

Wathematics | 8 3 2| MA0B-53.1 | Tne student has to substiute fo a variable and apply the
order of operations to solve the mult-step equation

Wathematics |8 4 1| MA08:3:2.1 | The student must recognize or dentiy a rotaton.

Wathematcs | 8 5 3| MA0851.2 | The problem involves an abstract dea requiring multple

MA-08-1.1.2 | steps supported with a mathematcal explanaton to justty

the answer.

Wathematcs | 8 6 2| MA0B-21.1 | Studenis have (o determine the appropriate formulas and
apply them 10 Solve the problem.

Wathematcs | 8 7 3| MA08-4.4.2 | Thi level 3 problem requires appication of the abstract

concepts of theoretical and experimental probabily.
Students must compare theoreticallexperimental probabilty
and make a conjecture.
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Grade 11 - Mathematics.

Subject | Grade | Item | DOK cca Annotation
Level | Number | Level | V.40
Mathematics | 11 1 1 |MAHS-42.1 | Students only need to know the definiion of negative
| correlation (the relationship between two variables).

Mathematics | 11 2 1 |MAHSA1.1 | Students are locating points on a number ling, and then
comparing the points'location in relation to 0.

Mathematics | 11 3 2| MAHS-3.21 | This is a mult-step problem involving applying the algorithm
for dilation and then identiying the resulting image.

Mathematics | 11 4 1 |MAHS5.1.7 | The student must only recognize which set of data fits the
definition of an inverse variation.

Mathematics | 11 5 2| MAHS-5.1.1 | There is only one possible answer for each response.
Students must make some decisions in planning their
approach to the rule. They interpret data from the table they

| create.

Mathematics | 11 6 2| MAHS-3.1.13 | Explaining why the two triangles are similar is accomplished
primarily by ciing the AA Similarity theorem and
demonstrating how it applies. The student must correctly
set up the proportion in order to etermine the value for y.

Mathematics | 11 7 3| MAHS-5.3.4 | This problem requires reasoning, planning, using evidence,
and higher level tinking. This mult-step problem includes
Substiuting for a variable, creating a graph, formulating an
equation and then interpreting the results from that graph.

Mathematics | 11 8 2| MAHS-4.4.1 | The studentis not asked to justity any of theirresults. They

must plan the sample space chart, and then interpret the
data displayed in that chart Part d is mostly algorithmic if
the student knows how to compute the probabilty.
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Webb's DOK Levels

Recall and Reprodu

(DOK 1)

Recall of a fact,
information or procedure
Recall or recognize fact
Recall or recognize
definition

Recall or recognize term
Recall and use a simple
procedure

Perform a simple
algorithm.

Follow a set procedure
Apply a formula
Aone-step, well-
defined, and straight
algorithm procedure.
Perform a clearly
defined series of steps
Identify

Recognize

Use appropriate tools
Measure

Skills and Concepts/
Basic Reasoning
(DOK 2)

Students make some
decisions as to how to
approach the problem
Skill/Concept

Basic Application of a
skill or concept
Classify

Organize

Estimate

Make observations
Collect and display data
Compare data

Imply more than one
step

Visualization Skills
Probability Skills
Explain purpose and
use of experimental
procedures,

Carry out experimental
procedures

Strategic Thinking/
Complex Reasoning
(DOK 3)

Requires reasoning,
planning using evidence
and a higher level of
thinking

Strategic Thinking
Freedom to make
choices

Explain your thinking
Make conjectures
Cognitive demands are
complex and abstract
Conjecture, plan,
abstract, explain
Justify

Draw conclusions from
observations

Cite evidence and
develop logical
arguments for concepts
Explain phenomena in
terms of concepts.

Extended Thinking/
Reasoning
(DOK 4)

Performance tasks
Authentic writing
Project-based
assessment
Complex, reasoning,
planning, developing
and thinking
Cognitive demands of
the tasks are high
Work is very complex
Students make
connections within the
content area or among
content areas

Select one approach
among alternatives
Design and conduct
experiments

Relate findings to
concepts and
phenomena
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Habitual response: Can
be described; Can be
explained

Answer item
automatically

Use a routine method
Recognize patterns
Retrieve information
from a graph

Includes one step word
problems

Do basic computations

Make observations and
collect data

Beyond habitual
response

Classify, organize and
compare data.

Explain, describe or
interpret

Organize and display
data in tables, charts
and graphs.

Use of information
Two or more steps,
procedures
Demonstrate conceptual
knowledge through
models and
explanations.

Extend a pattern
Explain concepts,
relationships, and
nonexamples.

Use concepts to solve
problems.

Make and test
conjectures

Some complexity
Provide math
justification when more
than one possible
answer

Non-routine problems
Interpret information
from a complex graph
Analyze, synthesize
Weigh multiple things.

Combine and
synthesize ideas into
new concepts
Critique experimental
designs





