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Abstract
Science Olympiad (SO) is a national 

non-profi t organization which holds 
science competitions for students in 
grades 7-12 within 50 states with each 
event aligned to Next Generation Sci-
ence Standards (NGSS, 2010). The pur-
pose of this article is not only to align 
the Common Core State Standards in 
Mathematics (CCSSM) with Science 
Olympiad events, but also to determine 
Webb’s Depth of Knowledge Levels 
(DOK) within the mathematics content. 
This alignment was achieved by utiliz-
ing a content analysis and the Depth of 
Knowledge alignment processes (Webb, 
1999). The fi ndings in this study indi-
cate there are a signifi cant number of SO 
events that are aligned to the CCSSM 
with high levels of Depth of Knowledge 
within the Division B (grades 6-8) and C 
(grades 9-12) events. 

Where is the Math in Science 
Olympiad? 

Aligning Mathematics Standards to 
Science Olympiad Events 

Science Olympiad (SO), a competi-
tion for students in grades 6-12, has 
more than 7,200 teams (15 members 
per team) and 400 invitational, regional, 
state, and national tournaments within 
50 states (Science Olympiad, 2017). 
These competitions hold 23 events in 
biology, chemistry, physics, earth sci-
ence, and engineering. Science Olym-
piad is a national non-profi t organization 
devoted to improving the quality of sci-
ence education, increasing student inter-
est in science, and providing recognition 

of outstanding achievement in science 
education by both students and teachers. 
These goals are accomplished through 
classroom activities, research, training 
workshops and encouragement of intra-
mural, district, regional, state and na-
tional tournaments (Science Olympiad, 
2017). Science Olympiad is broken into 
four divisions: A1 (grades K-3); A2 
(grades 3-6), B (grades 6-9), and C (grades 
9-12). Students may compete individually 
in an event, but the overwhelming major-
ity of students compete in pairs or groups. 
National rules state that teams need 15 
student members to compete.

Rationale for the Study
 The National Science Teacher Asso-

ciation (NSTA, 2016) recognizes that 
many kinds of learning experiences, 
including science competitions, can 
contribute signifi cantly to the education 
of students in science, technology, engi-
neering, and mathematics (STEM) sub-
jects. Among the principles that guide 
this position, NSTA believes that science 
competitions should supplement and en-
hance other educational experiences and 
be closely aligned or integrated with the 
curriculum. The alignment to the Next 
Generation Science Standards is clearly 
documented on the SO website (Science 
Olympiad, 2017). However, the math-
ematics that is embedded within activi-
ties is not addressed in their literature. 
Aligning the Common Core State Stan-
dards for Mathematics (CCSSM, 2010) 
and Mathematical Practices with SO 
events would serve two purposes. First, 
it will demonstrate the close bond exist-
ing between mathematics and science 
that is often not recognized by students 
(Brophy, Klein, Portmore & Rogers, 2008; 

Committee on Science, 2006; Dixon & 
Brown, 2012). Second, the authors be-
lieve such an alignment will encourage 
STEM teachers to invite student par-
ticipation, knowing that the Common 
Core State Standards and Mathemati-
cal Practices are integrated throughout, 
thus broadening the impact of Science 
Olympiad. 

  Norman Webb’s (1997) Depth-of-
Knowledge (DOK) schema has become 
one of the key tools educators can em-
ploy to analyze the cognitive demand 
(complexity) intended by the standards, 
curricular activities, and assessment 
tasks. Webb developed a process and 
criteria for systematically analyzing the 
alignment between standards and test 
items in assessments. In this article, the 
authors extended the process and criteria 
to reviewing the mathematics embedded 
within the SO events. The Webb model 
categorizes assessment tasks (SO events) 
by different levels of cognitive expecta-
tion, or depth of knowledge, required 
to successfully complete the task. Hess 
(2004-2012) further articulated the model 
with content specifi c descriptions for 
use by classroom teachers and organiza-
tions conducting alignment studies (See 
Figure 1). Thus, the purpose of this ar-
ticle is to align mathematical content 
of the CCSSM with Science Olympiad 
events and examine the Depth of Knowl-
edge found within the mathematics con-
tent and practices. 

Literature Review
According to the Science Olympiad 

website (2018), the organizations goals are 
to increase male, female and minority in-
terest in science, create a technologically-
literate workforce and provide recognition 
for outstanding achievement by both 
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students and teachers. In a research 
study involving elementary, middle, 
and high school students, Abernathy & 
Vineyard (2001) found that Science 
Olympiad helps students develop and 
use scientifi c skills such as scientifi c rea-
soning to build new content knowledge 
and increase their interest in science. 
The SO events in their study encouraged 
students’ natural curiosity in STEM by 
providing new contexts for them to learn 
without rigid curriculum constraints. 

Preparation for the competition de-
pends on the SO event. Several months 
before the competition Science Olympi-
ad students are provided with reference 
sheets which contain the parameters 
of their events. Students also have a 
Science Olympiad coach who helps fa-
cilitate their preparation. While students 
know the objectives of their events in 

advance, they are required to design 
and collect, analyze, and interpret data 
during the SO lab and building events 
(Philpot, 2015). McGee-Brown, Martin, 
Monsaas and Stombler (2003) discov-
ered Science Olympiad students dem-
onstrated an in-depth understanding of 
science concepts, principles, processes, 
and techniques related directly to their 
science standards. Other research has 
shown an increase in students’ prob-
lem solving and critical thinking skills 
(McGee-Brown et. al, 2003, Hounsell, 
2000, Abernathy & Vineyard, 2001).

According to The Next Generation 
Science Standards (NGSS, 2013):

 “The world has changed dramatically 
in the 15 years since state science 
education standards’ guiding docu-
ments were developed. Since that 

time, many advances have occurred 
in the fi elds of science and science 
education, as well as in the innovation-
driven economy. We need new science 
standards that stimulate and build 
interest in STEM.”

 Science Olympiad also addresses the 
importance of science content and interest 
in STEM within their mission and vision. 
According to Dr. Gerard Putz, president 
and co-founder of Science Olympiad, the 
organization was founded to improve the 
quality of math and science education 
and to reignite enthusiasm in those fi elds 
among students (Putz, 2005). Research 
on Science Olympiad outcomes found 
that students who prepare for these events 
apply not only science, but engineering 
and mathematics skills (McGee-Brown 
et. al., 2003; Wirt, 2011; Christie, 2008). 

Figure 1. Hess, 2017 Cognitive Rigor Matrix used with permission.
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Table 1. Alignment of B Events

B Event Title
Science Standards & 

Practices (SPs) Mathematics Topics Addressed MS CCSSM & Practices (MPs) Mathematics DOK*

Anatomy LS1-3 Cellular Measurement 8EEA4: Perform operations with numbers expressed 
in scientifi c notation. 

1, 2

Bottle Rocket ETS1-2-4

SPs: 2-6

Engineering Design 7SPC8 Find probabilities of compound events.

7EE3: Solve problems with integers. Convert between 
forms, assess reasonableness.

Design mathematical models to solve a practical 
or abstract situation.

MPs: 1-8

1, 2, 3

1, 2, 3

4

Crime Busters PS1-3
SPs: 3,4,8

Chemical reaction data analysis 
with percentages. 

6RPA3: Use ratio and rate reasoning to solve 
real-world problems.

7GB6: Solve real-world problems involving area, 
volume and surface area.

7RPA2: Represent proportional relationships 
between quantities. 

8FB5: Describe functional relationships in graphs.

6EEC9: Analyze graphical relationships between 
dependent and independent variables.

MPs: 1-7

1, 2

1, 2

1, 2

1, 2, 3

1, 2, 3

Disease Detectives ETS1-2-3; ESS3-4; 

SP: 2

Population and geological data, 
calculation of risk and 
simulation errors.

7EE3:(See Bottle Rockets)

6RPA3: (See Crime Busters)

7SPA2: Use data from samples to draw inferences 
about unknown populations. 

MPs: 2, 4, 5

1, 2, 3

1, 2

2, 3

Dynamic Planet MSESS2-3-6; 

SPs: 2, 4, 6

Analysis and interpretation 
of fossils, continental shifts, 
and seismographs. 

7RPA2: (See Crime Busters)

8EEB5: Graph and compare proportional relationships 
for unit rates (slope).

MPs: 2- 8

1, 2

1, 2, 3

Ecology MSLS2-1-5; HSLS2-1-8; Analyze data and develop 
models of energy fl ow in 
organisms. Evaluate ecosystems 
using rates and tables. 

7RPA2: (See Crime Busters)

7EEB4: Use variables for quantities in real-world 
problems and equations.

8SPA4: Understand patterns of association in bivariate 
categorical data. Construct/interpret two-way tables. 

1, 2

1, 2, 3

1, 2, 3

Experimental Design SPs: 1-8 Analyze, interpret, and discuss 
statistical trends with data. 

7SPA2: (See Disease Detectives)

6SPB4: Display numerical data

6SPB5: Summarize numerical data (A&B)
SPB4: Use measures of center and variability data 

to draw inferences.
MPs: 1-8 

2, 3

1, 2

1, 2, 3
1, 2, 3

Fast Facts SPs: 8 Relaying facts about scientists 
and minerals.

CCSM: None

MPs: 3, 6

1
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B Event Title
Science Standards & 

Practices (SPs) Mathematics Topics Addressed MS CCSSM & Practices (MPs) Mathematics DOK*

Food Science SPs: 3-8 Build a calorimeter. Solve equations 
and proportions involving 
temperature.

6RPA3D: (See Crime Busters)

7RPA3: Use proportional relationships to solve 
multistep ratio problems. 

MPs: 1-8

1, 2

1, 2

Hovercraft SPs: 2-6 Use ratio/scale to build a 
self-propelled air-levitated 
vehicle. 

6RPA3B: (See Crime Busters)

6RPA3D: Use ratio reasoning to convert 
measurements.

7GA1: (See Food Science)

Design mathematical models to solve a practical 
or abstract situation

MPs: 1-8

1, 2

1, 2

1, 2

4

Invasive Species HSLS4-2; ESS3-3 Interpret data on natural hazards. 7RPA3: (See Invasive Species) 1, 2

Meteorology ESS2–5; ESS3–2 Analyze weather maps. 6RPA3B: (See Crime Busters)

5GA2: Represent problems with graphing.

1, 2

1, 2
Microbe Mission LS1-1, 6-7; 

HS-LS1-1, 3-7
Analyze microbe data and fi nd 

net energy transfer.
8EEA4: (See Anatomy) 1, 2

Mission Possible HS-PS3

SPs: 2-8

Build Rube Goldberg using data. Quantities (N-Q), 1-3: Reason quantitatively to solve 
problems: 1. Choose and interpret units/scales, 
2. Defi ne quantities, 3. Measure accurately 

Design mathematical models 

MPs: 1-8

1, 2

4

Optics PS4-1-3 Use geometry and physics 
to direct a laser beam 

7GB5: Solve multi-step angle problems.

8G5: Use ideas about distance and angles 
to solve problems. 

6RPA3B: Solve unit rate problems. 

1, 2

1, 2, 3

1, 2

Reach for the Stars HS-ESS1-3 Solve equations to study 
astronomical phenomena.

HSF. IFB4: Interpret and describe relationships 
of graphs.

HSA.SSEA1: Interpret expressions that 
represent quantities.

Quantities (N-Q): (See Mission Possible)

1, 2

1, 2

1, 2

Road Scholar SPs: 2 Calculate acreage of areas. 6GA3: Draw polygons in coordinate planes 
to fi nd real world lengths. 

7GB6: (See Crime Busters).
MPs: 2, 4, 5

1, 2

1, 2

Rocks and Minerals PS1-1; ESS2-1; HS-
ESS2-3

Calculate percentages of minerals. 6RPA3C: Find percent of quantities. 1, 2

Scrambler ETS1-2-4; 

SPs: 2-6

Measure energy from 
egg drops. 

7EEB3 &7SPC8: (See Bottle Rocket) 

Design mathematical models to solve a practical 
or abstract situation

MPs: 1-8

1, 2, 3

4

Table 1. continued
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 Prior studies of Science Olympiad 
direct their focus toward student per-
ceptions, preparation for SO events, 
and the impact their participation had 
on their career choices (McGee-Brown 
et. al., 2003; Wirt, 2011; Christie, 2008). 
These studies found that students who 
participated in SO events demonstrated 
a higher percentage of positive feelings 
toward STEM content areas, gained an 
increase of 21st century skills, and are 
more likely to follow a STEM related 
career path (McGee-Brown et. al., 2003; 
Wirt, 2011; Christie, 2008).

 Although this research discusses 
STEM careers and skills, there exists a 
gap in the literature specifi cally aligning 
the Science Olympiad events to DOK 
levels, CCSSM, or the Mathematical 
Practices. While specifi c science content 
standards were identifi ed on the Science 
Olympiad website, no record relating 
these events to mathematics or DOK lev-
els existed in the review of the literature. 
As teachers seek to learn how to best 

prepare their students for these events, it 
is helpful that connections between SO 
events and the mathematical knowledge 
are made explicit. 

Methodology
 Both a content analysis and alignment 

of DOK levels were used in this study 
as a means to determine the relationships 
between the Science Olympiad Division 
B and C events, the Next Generation 
Science Standards and Practices, Webb’s 
Depth of Knowledge Framework, and 
the Common Core State Standards for 
Mathematics and Mathematical Practices. 
Results were used to support mathemat-
ics and science teachers, administrators, 
and school districts that participate in the 
Science Olympiad competitions. 

Procedures for Content Alignment
 A quantitative content analysis was 

used to determine which mathemati-
cal topics were addressed in the B and 
C events and how often they occurred 
(Krippendorff, 2012; Neuendorf, 2002). 

Data gathered from fi ve resources pro-
vided by the Science Olympiad website 
included: rules of each event, power 
points, event content wikis, released ex-
ams, and videos. After authors defi ned 
the purpose of analysis and materials to 
be analyzed, the identifi cation of rules 
that constituted a “match” between the 
standards and events was made. The es-
tablishment of the CCSSM and Math-
ematical Practice categories led the 
authors to decide that in order for an event 
to exhibit a particular standard (or fi t in 
a category), the mathematics involved 
must be at or beyond grade levels for 
Division B (6-8) or Division C (9-12). 
For example, many events required cal-
culations but reviewers did not include 
any mathematics standards lower than 
fourth grade as evidence. However, if the 
mathematics was an essential feature of 
the event, such as developing an experi-
mental design where statistical/graphical 
analysis was necessary, then the mathe-
matics was matched with the appropriate 

B Event Title
Science Standards & 

Practices (SPs) Mathematics Topics Addressed MS CCSSM & Practices (MPs) Mathematics DOK*

Towers SPs: 2-6 Build a specifi ed tower 
before competition. 

7GB6: (See Crime Busters)

7GA2: Draw geometric shapes with conditions. 

Design mathematical models 

MPs: 1-8

1, 2

1, 2

4

Wind Power SPs: 2-8 Build a blade assembly 
to capture wind power. 

6RPA3B: (See Optics)

7RPA3: (See Food Science)

Design mathematical models 

MPs: 1-8

1, 2

1, 2

4

Wright Stuff SPs: 2-6 Design a free-fl ight, 
rubber-powered monoplane 
to achieve maximum 
air time. 

6RPA3B: (See Optics)

7GB6: (See Crime Busters)

7GB5: (See Optics)

Design mathematical models 

MPs: 1-8

1, 2

1, 2

1, 2

4

Write it/Do it SPs: 2, 5-8 Construct objects from 
a student’s description. 

Standards vary. 

MPs: 2- 8 

3

*Due to multiple parts per event, more than one DOK rating may be listed.

Table 1. continued
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standard(s) and mathematical practices. 
The eight mathematical practices (MPs) 
describe the varieties of processes and 
profi ciencies that mathematics educators 
seek to develop in their students (CCSSM, 
2010). Finally, the frequency of aligned 
standards was documented with an effort 
to quantify the number of times each event 
was dependent on specifi c mathematical 
content standards (Division B: grades 6-8 
and Division C: grades 9-12). 

Alignment Models for DOK
Researchers have developed models 

to enable more sophisticated alignment 
analysis of standards (Case, Jorgensen, & 
Zucker, 2009). The most frequently 
used are Webb’s Model, Surveys of 
Enacted Curriculum (SEC), and the 
Achieve Model. Norman Webb’s model 
of alignment has been used frequently 
in the fi eld of education (Ananda, 
2003; Impara, 2001; La Marca et al., 

2000). Webb aligns programs along the 
lines of fi ve dimensions of an assess-
ment: (a) content focus, (b) categorical 
concurrence, (c) depth of knowledge 
consistency, (d) range of knowledge 
correspondence, and (e) balance of 
representation. 

Content focus concerns the develop-
ment of student knowledge of the sub-
ject matter Categorical concurrence 
examines the similarity between the 
categories of content in the standards 
and assessments. Depth of knowledge 
consistency compares the content com-
plexity required by the standards and 
measured by the assessments. Range of 
knowledge correspondence compares 
the span of knowledge required by the 
standards in a subject area to that of 
the assessments. Balance of represen-
tation compares the emphasis given 
to certain topics and objectives in the 
standards to the assessment’s corre-
sponding emphasis. To carry out an 
alignment study using Webb’s model, 
a panel consisting of four to six edu-
cators and content specialists trained 
to identify DOK levels and standards 
are required. Each criterion is rated 
numerically, allowing the results to be 
objectively quantifi ed, calculated, and 
reported. 

Andrew Porter developed the Surveys 
of Enacted Curriculum (SEC) Model 
that categorizes the standards and as-
sessments according to content topics 
and cognitive demand (CCSSO, 2002). 
Cognitive demand is described using 
categories that are specifi c to each spe-
cifi c discipline. In mathematics these in-
clude (a) memorization, (b) procedures, 
(c) understanding, (d) generalizations/
proof, and (e) solutions of non-routine 
problems. This categorization produces 
a matrix that enables a comparison of 
the standards and assessments (Porter, 
2002). 

The third model by Achieve, Inc., has 
developed an alignment model that can 
be used to compare a state’s standards to 
those of other states or nations, provide 
professional development to state edu-
cators and perform an audit of a state’s 
education reform. The Achieve model 

Figure 2. Mathematics Content Standards by Grades Addressed in B Events. This fi gure illustrates 
the frequency of math topics included within events.

Figure 3. Middle and High School Content Areas Addressed in B Event. This fi gure illustrates the 
frequency of specifi c content areas within event.
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Table 2. Alignment of C Events

C Event Title
HS Science Standards & 

Practices (SPs) Mathematics Topics Addressed HSF CCSSM & Practices (MPs) Mathematics DOK*
Ecology LS1–2-3 Growth Curves of Populations, 

Exponentials, Logistics, Number 
Pyramids, Invasion Curves, and 
Predator-Prey Graphs.

IFB4: Interpret features (quantities) 
of graphed and give a verbal 
description of the relationship.

LEB5: Interpret parameters in a 
linear or exponential function.

IDB6a:  Fit a function to data to 
solve problems in context.

2, 3

Invasive Species LS4– 2 Time series and Invasion Curves. IDA1: Interpret categorical and 
quantitative data. Summarize, 
represent, and interpret data on a 
single count or measurement 
variable.

2, 3

Microbe Mission LS1–1, 3-7 Exponential Growth Curve. IDA1: (See Invasive Species).

6SP4: Summarize and describe 
distributions and display data 
in graphs.

IFC7e: Analyze functions using different 
representations. Graph exponential, 
trigonometric, and logarithmic functions. 
Show key features by hand and using 
technology.

1, 2, 3

Anatomy and Physiology LS1–2-3 Homeostasis-Action 
Potential Graph

N-QA2: Reason quantitatively and 
use units to solve problems.

Defi ne appropriate quantities for the 
purpose of descriptive modeling.

1, 2

Disease Detectives ESS3–4; ETS1–3

SP: 2

Odds Ratio,
Epidemic Curve,
Identify types of error and 

statistical analysis.

MPs: 2,4,5

IDA2: Interpret Categorical and 
Quantitative Data.

Summarize, represent, and 
interpret data

to compare center) and spread.

1, 2, 3

Hovercraft SPs: 2-6 Kinematic Equations,
Projectile Motion,
Momentum, Density, Pascal’s law, 

REI.A1: Reasoning with Equations and 
Inequalities by explaining steps and 
constructing viable arguments.

N-Q2: (See Anatomy and Physiology).

MPs: 2-5, 7-8

1, 2

Wind Power SPs: 2-8 Power of Wind Formula
Multimeter Readings

N-Q2: (See Anatomy and Physiology). 2

Materials Science PS1–3; PS2–6

SPs: 2-8

Young’s Modulus 
Stress/Strain Curve,
Creep Rate, Viscosity,
Surface Area/Volume, Ratios.

7GB6: Solve problems involving area, 
volume and surface area.

N-Q.1-3:
1. Use units to understand problems
2. Defi ne appropriate quantities for modeling. 
3. Choose a level of accuracy when 

reporting quantities.

3, 4
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C Event Title
HS Science Standards & 

Practices (SPs) Mathematics Topics Addressed HSF CCSSM & Practices (MPs) Mathematics DOK*

Optics PS4–1, 3-5 Angles of refl ection and 
refraction and Snell’s Law.

8GA3: Describe the effect of dilations, 
translations, rotations, and refl ections 
using coordinates.

TFB5: Choose trigonometric functions 
to model phenomena.

8EEA4: Perform operations in 
scientifi c notation.

1, 2, 3

Forensics SPs 2-8 Angle of Impact of Blood Spatter. TFB7: Use inverse functions 
to solve trigonometric equations. 
Evaluate and interpret solutions 
using technology.

2

Chemistry Lab PS1–2, 4-5, 7 Stoichiometry. N-Q.A1-3: (See Materials Science).

SSE.A1b: Interpret expressions by 
viewing one or more of their parts 
as a single entity.

CED.A1: Create equations and inequalities 
in one variable and use to solve problems.

CED.A2: Create equations in two or more 
variables to represent relationships 
between quantities; graph equations on 
coordinate axes with labels and scales.

REIB3: Solve linear equations and 
inequalities in one variable.

1, 2, 3

Hydrogeology ESS3–4, 6

SPs: 2, 5-6, 8

Algebraic Equations,
Matrices, Mathematical Modeling, 

Estimation, and
Numerical Modeling.

N-Q.1-3: (See Materials Science). 3, 4

Game On SPs: 2, 5 Programming with Technology. MPs: 2-5, 8 3

Write It Do It SPs: 2, 5-8 Measurement, and
Precision in Description.

N-Q.1-3: (See Materials Science). 1, 2

Experimental Design SPs: 1-8 Creating a graph from a 
table. Graph

Statistics (Central Tendency, 
and Hypothesis Testing.

IC-B.3. Recognize purposes and differences 
among surveys, experiments, and 
observational studies; explain how 
randomization relates to each.

IC-B4: Use survey data to estimate 
population means or proportions; 
and develop a margin of error through 
simulation models.

IC-B5: Use data and simulations 
from a randomized experiment 
to compare two treatments.

IC-B6: Evaluate reports based on data.

1, 2, 3

Electric Vehicle SPs: 2-8 Motor cogging formula CEDA2: (See Chemistry lab). 2

Robot Arm SPs: 2-8 Construction of a robotic arm 
to grab, lift, and deposit 
specifi c items in prescribed 
locations. 

MPs: 1, 2, 4-6 2, 3

Towers SP’s: 2-6 Problem solving,
Precision in Measurement, and 

Geometric Structures.

MPs: 1-8 1, 2, 3

Table 2. continued
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C Event Title
HS Science Standards & 

Practices (SPs) Mathematics Topics Addressed HSF CCSSM & Practices (MPs) Mathematics DOK*

Helicopters SPs: 2-6 Precision in Measurement,
Problem solving, Modeling, look 

for and expressing regularity in 
repeated reasoning.

MPs: 1-8 1, 2, 3,

Rocks and Minerals MS-PS1–1; 
MS-ESS2–1; 
ESS2–3

Crystal structures of minerals. GMDB4: Identify shapes of two-and 
three-dimensional cross-sections 
generated by rotations.

1

Remote Sensing PS4–1, 2, 5; 
ESS2–2, 4-5

Image Interpretation,
Radiation, and fi nd surface 

area using graphs.

7GB6: (See Materials Science). 2, 3, 4

Dynamic Planet MS-ESS2–2-; 
ESS2–2-3

Drift velocity and Magnitude 
of Earthquakes. 

N-Q1-3: (See Materials Science). 1, 2

Astronomy ESS1–2-3 H-R Diagram,
Distance modulus,
Scientifi c Notation, and
Hubble’s Law.

N-Q1-3: (See Materials Science). 1, 2

*Due to multiple parts per event, more than one DOK rating may be listed.

Table 2. continued

uses fi ve criteria for alignment: con-
tent centrality, performance centrality, 
challenge, balance, and range (CC-
SSO, 2002; Resnick et al., 2003). Con-
tent centrality compares the content 
of each test item to the corresponding 
standard. Performance centrality com-
pares the diffi culty (cognitive demand) 
of each item to the diffi culty required 
by the corresponding standard. Chal-
lenge examines whether a set of items 
considered together expresses the de-
gree of profi ciency required by the 
standards. Balance and Range provide 
a quantitative and qualitative evalua-
tion of the emphasis placed on topics 
in the assessment compared to the em-
phasis placed on the same topics in the 
standard (Case, Jorgensen, & Zucker, 
2009).

 The authors selected Webb’s model 
primarily for the DOK criteria which 
had been used in previous publica-
tions aligning assessments with the 
Common Core. The reliability within 
Webb’s model has been well estab-
lished by its use in alignment studies 
for more than 10 states (Council of 
Chief State School Offi cers [CCSSO], 
2002). Producers of standardized tests 
rely on Webb’s model to augment 
norm-referenced assessments for com-
pliance. Webb’s model is adapt-
able to other purposes for which an 

alignment study may be required 
(Impara, 2001).

Reviewer Panel Participants and 
Training

Because this content alignment re-
quires a panel of experts in particular 
mathematics and science content fi elds, 
six pre-service and two in-service math-
ematics and science teachers were asked 
to serve as reviewers. For this study, the 
Webb Alignment Tool was used, where 
alignment analysis is a two-part process. 
Two training and work sessions (approx. 
3 hours each) with the mathematics and 
science panelists were held. On day one 
all participants were provided with cop-
ies of the CCSSM grades 5-12, Next 
Generation Science Standards grades 
5-12, Webb’s Depth of Knowledge frame-
work, Hess’s Model (2013), and the 2016 
Science Olympiad Event Guides and re-
sources. Reviewers used these materials 
for their training on assigning DOK levels 
to the mathematics embedded in the SO 
events. On day 2, reviewers aligned an SO 
event to the mathematics standards and 
identifi ed the DOK levels using Hess’s 
model (see Figure 1).

Interrater Reliability
To ensure that raters coded the items 

in a consistent manner, the authors 

conducted two rounds of review. The 
process involved coding randomly se-
lected mathematics items from each 
event, with a total of 73 mathematics 
items selected for calibration. In the fi rst 
round reviewers rated items indepen-
dently and reconvened to discuss rat-
ings and resolve any discrepancies. In 
the second round, the authors rated the 
remaining items independently to check 
the interrater reliability. Results showed 
acceptable interrater reliability for the 
content analysis at an 81% percent 
agreement using CCSM and SO events. 
For DOK results, the weighted kappa 
coeffi cient, which is a measure of rater 
agreement that takes into account agree-
ment of ordinal data due to chance, was 
at 0.78 for mathematics. 

Findings
Table 1 illustrates the relationship 

between science and mathematics top-
ics behind the B events within middle 
school Science Olympiad divisions. The 
fi rst two columns describe the individual 
events and science standards addressed 
(Science Olympiad, 2017). The next two 
columns identify the middle school (MS) 
mathematics topics, corresponding stan-
dards, and practices that were aligned 
by reviewing documents shared on the 
SO website (i.e. power points, handouts, 
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practice tests). The last column identi-
fi es the mathematics DOK levels using 
Webb’s identifi cation for mathematics 
and science (Hess, 2013). 

Analysis of Group B Events 
As observed from Table 1, one event 

may contain multiple standards and/or 
practices for math or science. Com-
paring the Mathematical DOK levels 

among all 23 events, 7 were catego-
rized at a Mathematical DOK level of 
4, while 8 were at a level 3, 7 were at a 
level 2 DOK and only 1 was at a level 1 
DOK. All of these events fell under one 
of the following science strands: Life, 
Personal & Social Science, Physical 
Science & Chemistry, Inquiry & Nature 
of Science, Technology & Engineer-
ing, and Earth and Space Science. The 
highest DOK levels for Math (Level 4) 

were in the areas of: Technology & En-
gineering (4 out of 7), Physical Science & 
Chemistry (2 out of 7), and Inquiry & 
Nature of Science (1 out of 7). It may 
be that these three content areas require 
high scientifi c DOK demands for stu-
dents that also transfer to high levels 
of mathematics problem solving situ-
ations. Additional data of B events are 
illustrated in Figures 2 and 3. 

As illustrated in Figure 2, most stan-
dards addressed were within 7th grade 
(44%), with the highest categories in Ge-
ometry (17%), Ratios (11%), and Statis-
tics (9%). Sixth grade was second highest 
(Figure 2) at 27%, with the highest top-
ics in Ratios (13%) and Statistics (7%). 
With all grade levels combined (Figure 
2), most standards addressed were: Ratios 
(25%), Geometry (23%), and Statistics 
(21%). Similar fi ndings within all middle 
and high school events identifi ed the ar-
eas of Geometry, Ratios, and Statistics as 
representing the majority of topics within 
the B events (Figure 3). 

Analysis of Group C Events
Table 2 illustrates the relationship be-

tween science and mathematics topics 
within the Division C high school SO 
events. The fi rst two columns describe the 
individual events and science standards 
addressed (Science Olympiad, 2017). The 
next two columns identify the high school 
(HS) mathematics topics, corresponding 
standards, and practices that were aligned 
by reviewing documents shared on the 
SO website (i.e. power points, handouts, 
practice tests). The last column identifi es 
the mathematics DOK levels using Webb’s 
identifi cation for mathematics and science 
(Hess, 2013). 

As observed from Table 2, one event 
may contain multiple standards and/
or practices for math or science. Com-
paring the Mathematical DOK levels 
among all 23 events, 3 were categorized 
at a Mathematical DOK level of 4, while 
11 were at a level 3, 8 were at a level 2 
DOK and only 1 was at a level 1 DOK. 
All of these events fell under one of the 
following science strands: Life, Personal & 
Social Science, Physical Science & 
Chemistry, Inquiry & Nature of Science, 
Technology & Engineering, and Earth 

Figure 4. B Event CCSSM per Grade Level. This fi gure illustrates number of standards per grade 
level. 

Figure 5. Mathematics Content Standards Addressed in C Events. This fi gure illustrates mathematics 
topics found in grades 6-12.



112 SCIENCE EDUCATOR

and Space Science. The highest DOK 
levels for Math (Level 4) were in the ar-
eas of: Technology & Engineering (2 out 
of 4), Physical Science & Chemistry (2 
out of 4), and Inquiry & Nature of Sci-
ence (1 out of 4). There were the same 
three areas for the Level 4 Division B 
Events. Additional data of C events are 
illustrated in Figures 4-6. 

Most of the standards addressed in 
the C Events were within the areas of 
Number and Quantity (47%), Statistics 
(17%), and Algebra (13%). This did not 

correspond with the B events where Ge-
ometry was the highest overall category 
(17%), Ratios and Proportions was sec-
ond highest (11%) and Statistics was 
third (9%). The majority of the standards 
addressed in the C events were from the 
Common Core High School standards 
(91%), while only about 9% were from 
6-8th grade (see Figures 6 and 7). 

Conclusion and Discussion
At the heart of College and Career 

Readiness is the need to increase the 

level of rigor in our classrooms for all 
students. However, even though the CC-
SSM has identifi ed rigor as a central ten-
ant, the standards alone will not bring it 
to our classrooms. The implementation 
of these standards requires activities or 
tasks that support high demand in con-
tent and processes. 

The fi ndings in this study indicate 
that there is a signifi cant level of math-
ematics content found in both divisions 
of Science Olympiad. What may be 
more signifi cant is that the mathemat-
ics within these events demonstrate high 
Depth of Knowledge levels. Specifi cally, 
events which require students to engage 
in analysis, synthesis, and generalizabil-
ity of results over time are particularly 
demanding since students are to produce 
new knowledge. The Division B and C 
events of Science Olympiad create a 
passion for learning science by support-
ing middle and high school science and 
mathematics content with an emphasis 
on teamwork and a commitment to aca-
demic excellence. 

 By analyzing the connections be-
tween events and the standards in math-
ematics, it is evident that the mission of 
Science Olympiad is to improve science 
and mathematics education (Putz, 2005). 
These fi ndings are also consistent with 
the literature published about Science 
Olympiad, specifi cally in the areas of 
enhancing student learning in the fi eld 
of STEM. Research conducted by Cal-
vin Taylor of the University of Utah has 
concluded, “Extra-curricular training ex-
periences and accomplishments do show 
noticeable predictive power of later adult 
performance, achievement, and accom-
plishments” (Science Olympiad, 2018).

Although this study found signifi cant 
relationships existing between the Sci-
ence Olympiad events and Common Core 
State Standards in Mathematics(CCSSM) 
and Webb’s Depth of Knowledge levels, 
more research is needed to analyze this 
relationship in more depth. For example, 
observational studies of students solving 
problems during events could determine 
more specifi c learning outcomes and 
whether students use the mathematics 
content standards. Students’ and teachers’ 
perceptions of the mathematics required 

Figure 6. Middle and High School Content Areas Addressed in C Event. This fi gure illustrates the 
number of high school standards addressed.

Figure 7. C Event CCSSM per Topic. This fi gure illustrates number of standards per topic.
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in these events could also provide a dif-
ferent a perspective beyond analysis of 
documents. 
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