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Call for Articles 
 
 The Utah Mathematics Teacher seeks articles on issues of interest to mathematics educators, 
especially K-12 classroom teachers in Utah.  All are encouraged to contribute articles and opinions for 
any section of the journal.  Some of the features are: UCTM Leader Spotlight; Letter from the NCTM 
President; Letter from the UCTM President; Professional Development, Puzzle Corner; Recommend-
ed Readings and Resources; Utah Core Standards and Implementation; College and University Re-
search; and others. 
 Teachers are especially encouraged to submit articles including inspirational stories, exempla-
ry lessons, beginning teacher ideas; or managements tools.  Manuscripts, including tables and figures, 
should be typed in Microsoft Word and submitted electronically as an e-mail attachment to Christine 
Walker (Christine.Walker@uvu.edu).  A cover letter containing author’s name, address, phone, e-mail 
address and the article’s intended audience should be included.   
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UCTM 2015-2016 BOARD OF DIRECTORS 

 

Utah Mathematics Teacher Fall/Winter 2016 - 2017   85 

2015 Presidential Award for Excellence in Secondary 

Mathematics Teaching 

Vicki Lyons is in her 23rd year teaching mathematics, 17 of which 

have been at Lone Peak High School where she currently teaches Honors 

III Mathematics, Advanced Placement (AP) Calculus BC, and AP Statistics. 

Her classroom experience ranges from Algebra I through college mathe-

matics courses.  

By emphasizing sociomathematical norms in her classroom, Vicki guides 

her students to become confident, knowledgeable, and authentic users of 

mathematics and statistics. Her focus is helping students develop strong 

logical foundations through conceptual understanding, strategic reasoning, and practiced 

skill.    

Vicki has spoken at numerous conferences and workshops and served on many committees 

at the local, state, and national levels. She enjoys her present work with the Utah State 

Office of Education’s Secondary Math Leadership Team. Amongst her many awards, Vicki 

recently received the Distinguished Mathematics Educator Award from Brigham Young Uni-

versity. Vicki serves on staff of the Teacher Leadership Program for the Institute for Ad-

vanced Study’s Park City Mathematics Institute.  

Vicki earned a B.S., magna cum laude, in mathematics and a M.A. in mathematics educa-

tion with a minor in statistics from Brigham Young University. She is also a third year doc-

toral student in curriculum and instruction at Utah State University. Vicki is National Board 

Certified in mathematics/adolescence and young adulthood. 

Jalyn Kelley has been a professional educator in the Logan City 

School District for 16 years and has taught at Wilson Elementary School 

for the past four years. She started her career teaching kindergarten. 

She has taught fourth grade for the last 11 years.  

Jalyn is continually looking for ways to increase her knowledge of mathe-

matics and improve classroom instruction. Her use of purposeful depth of 

knowledge questioning guides student thinking and engages learners in 

mathematical discourse. Math Talk is a critical thinking tool that is evi-

dent in her classroom.  

Jalyn is a district mathematics trainer and has provided professional development for other 

school districts in Utah. As a result of collaborating with Jessica Shumway, the author of 

"Number Sense Routines," Jalyn and her students were selected to be videotaped by Sten-

house Publishers as they worked through their number sense routines. The video, "Go Fig-

ure!" was released in May of 2014. Jalyn has presented at Utah Council of Teachers of 

Mathematics and the National Council of Teachers of Mathematics Conferences.  

Jalyn has a B.S. in multidisciplinary studies from Eastern Oregon University and is in the 

process of completing her M.Ed. at Utah State University. She has completed the Utah Ele-

mentary Mathematics Endorsement and is certified to teach kindergarten through eighth 

grade.   

2014 Presidential Award for Excellence in Elementary 

Mathematics Teaching 

mailto:Christine.walker@uvu.edu
mailto:Christine.Walker@uvu.edu
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Julie Christensen currently teaches 3rd grade 

at Neil Armstrong Academy in Granite School Dis-

trict.  She is in her 11th year of teaching.  In addition 
she has taught 1st grade, 3rd grade, and 5th grade, as 
well as a school math specialist and a school lead 

ESL teacher.  She received her undergraduate de-
gree from Dixie State College, and a Masters of Edu-

cation from Southern Utah University.  She also has 
an ESL endorsement, math endorsement, technology 
endorsement and reading endorsement.  Although 

she loves teaching all subjects, her true passion is 
mathematics.   

  
She resides in Stansbury Park, Utah with her husband and two children.  In her 
free time, she loves spending time with her family and being crafty!   

 

Jennifer M Bodell has been an educator for 20 years in the Granite School 

District. She has taught 5th and 6th grade at Neil Armstrong Academy and Tru-

man Elementary. She currently is the Instructional Coach at the new West Lake 
STEM Junior High. She was Granite School Dis-
trict's Teacher of the Year in 2012 and Utah 

Teacher of the Year runner up. Math was a subject 
that was very difficult for Jennifer during her own 

elementary years, and she vowed when becoming 
a teacher she would teach math in a way that all 
types of learners would understand and love. One 

of the best ways she believes doing this is creating 
real-life math situations and investigations allow-

ing students to make connections and discoveries 
to provide them their own "aha" experiences. Jen-
nifer also is an advocate of STEM and knows the 

importance of integrating subjects together to help 
students be more prepared for the future, espe-

cially in the STEM fields.  

2016 Presidential Awardees for Excel-

lence in Elementary  Mathematics Teach-

ing State Semi-Finalists 
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UCTM President Message 
Joleigh Honey, Coordinator 

Science, Technology, Engineering, Mathematics 

(STEM), Secondary Mathematics (7-12)   

  
We’ve come a long way! 

 

It is my privilege to introduce the ninth volume of the Utah Mathe-

matics Teacher. Launched in 2008, the journal reflects the depth and diversity of thought and 

academic excellence that Utah teachers strive to achieve.  

 

It is in this message that I salute the mathematics education community and to share the growth 

of mathematics education over the past eight years. We still have a ways to go, yet we also have 

much to celebrate! We have indeed come a long way. Over the past eight years, we have more 

students graduating from high school, fewer students repeating courses, more students taking ad-

vanced mathematics courses, and we are doing our part to close the opportunity gap. Here are 

some examples of how far we have come: 

 

 Over the past five years, enrollment in AP courses and IB mathematics courses have in-

creased: 

 

 

 

 

 

 

 

 

 

 

From transitioning from the 2007 Core to the 2010 Core, we have increased expectations, 

instruction, and are (mostly) getting the support we need to help students succeed! 

 

Increasing the number and percent of students staying “On Grade Level” 

 

 In 2008, only 73% of students completed Algebra I by 9th grade.  

 In 2016, more than 87% completed Secondary I (a more rigorous course) by 9th grade. 

 

Increasing the number and percent of Special Education students taking and succeeding 

in more rigorous courses: 

 

 In 2008, there were 5,431 Special Education students taking Algebra I, with only 43% of 

these students taking the course on or before grade level (as 7th, 8th, or 9th graders).   
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2016 Presidential Awardees for Excel-

lence in Elementary  Mathematics Teach-

ing State Semi-Finalists 

Nancy Stewart currently teaches 3rd grade in Logan 

Utah at Edith Bowen Laboratory School on the USU 
campus.   She has taught for 21 years and has her 

ESL, Reading, and Math endorsement.  She loves 
teaching and wants to help children  
learn to think deeply, value themselves, and empower 

them to reach their potential. She is extremely inter-
ested in math education and has been a district math 

trainer,  has presented at national math conventions 
and at UCTM.  She values teaching at 
a laboratory school as it gives her the opportunity to 

continually mentor future teachers, collaborate with 
USU professors, and try out new methods.   She be-

lieves in facilitating mathematical UNDERSTANDING 
and number sense.  She loves being with her family, reading, spending time at 
her Bear Lake family cabin, and traveling.      

Carrie L. Caldwell was born and raised in Ohio.  Upon completing her ed-

ucation at the University of Kentucky, she moved to North Carolina and taught 

fourth and fifth grade for 5 years.  She then moved back to the Northern Ken-

tucky area and taught in an inner city school outside of Cincinnati.  During this 

time, she earned her Master’s in Urban Educational Leadership from the Universi-

ty of Cincinnati.  In 2009, she accepted a position as an Instructional Math Coach 

with the Salt Lake City School District and moved to Utah.  She served as a 

coach for 4 years before the pull of the classroom took her back.  She has taught 

first grade at Riley Elementary in SLCSD for 3 years 

and currently teaches fourth grade.  In addition, she 

teaches the Elementary Math Methods course at the 

University of Utah.  She has an intense passion for 

not only teaching children mathematics, but adults 

and preservice teachers about mathematics educa-

tion.  She loves watching her students make mis-

takes and then discover the mathematics, and indi-

cates that it’s quite amazing to see.  If she is not in a 

classroom you usually can find her on a mountain 

with her lab Moose or her part-time job at Snowbird.   
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Karl Jones—Jan Farmer 
Edith Bowen Laboratory School at Utah State University 

 

Parents of Mrs. Farmer indicate that she is an outstanding and enthusiastic mathe-

matics teacher.  In particular, one parent remarked that she has been amazed by 

her daughter's attitude and growth in mathematics proficiency. Mrs. Farmer helps 

students develop goals appropriate for their grade level - but maintains a very 

high standard about what that means. In addition, Mrs. Farmer helps her students 

develop a deep understanding of the decimal place value system and make sense 

of complex algorithms. She also helps her students gain proficiency with multiplication facts and yet at 

the same time develop a sense that mathematics is about reasoning and justification. Parents are thrilled 

with the work that Mrs. Farmer has done to lead her students to high levels of achievement and under-

standing. 

George Shell—Roger Haglund 

West High in Salt Lake City School District 

 

Mr. Haglund has achieved superior results and created positive differentiation 

from others within his field through innovation and creativity in approaches, 

techniques, methods and processes. Using data, Roger Haglund developed his 

own innovative data templates to hold himself accountable for his students’ 

learning.  He utilized data to inform his instruction to meet his students’ needs 

and has shared these data templates within his school and throughout the school 

district in order to help other teachers improve their students’ learning. These 

data templates helped the Northwest Middle School math department focus their instruction to target 

specific math concepts on which students struggled. As a result, the math department has received the 

middle school academic achievement award for student growth on the CRTs for the last two years. Re-

cently, national attention was given to the school by Arne Duncan, the secretary of education, as he ob-

served Roger Haglund teaching a math lesson at Northwest Middle. This was in part due to Mr. Hag-

lund’s student’s scores and academic performance. One of the reasons for his success as an educator is 

that he always makes his lessons interesting for his students and their lives. He creates many of his own 

lessons and shares them with his department. He brings learning to life with technology specifically us-

ing the TI Nspire calculator. Students regularly work on excel documents to represent data they collect.  

In one such lesson, Mr. Haglund has his students build bridges using excel spreadsheets to graph the 

data and make predictions. Mr. Haglund has also found that using flip cameras and Ipod’s instrumental 

in teaching EL (English Learners) students. He does this by forming small groups of students to teach 

each other the math concepts. Student’s then video record themselves explaining math to one another. 

Many shy students and students new to the English language are willing to speak about math into the 

video even though they will not respond in class. This helps Mr. Haglund check for student’s under-

standing. It also helps all students’ solidify the math concepts and practice math in a fun way using math 

games for extra practice, which leads to high motivation using technology!  
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 In 2016, more than 87% completed Secondary I (a more rigorous course) by 9th grade. 

 

Increasing the number and percent of Special Education students taking and succeeding 

in more rigorous courses: 

 

 In 2008, there were 5,431 Special Education students taking Algebra I, with only 43% of 

these students taking the course on or before grade level (as 7th, 8th, or 9th graders). 

 In 2016, there were 7,267 Special Education students taking Secondary I, with more than 

65% of these students taking the course as 7th, 8th, or 9th graders. 

 

We should be very proud as a mathematics community! 

 

THANK YOU for all you do- your job as an educator is the most important job one can have 

for the future of our state and our country. When people ask about the standards, be proud of 

who you are and what you do. When you are asked about the standards, explain how they are 

making a difference for our students and share that the Utah Council of Teachers of Mathemat-

ics has always supported the standards.   

 

As a Board, UCTM has sent letters of support of the adoption of the Utah Core Standards of 

Mathematics to the legislature for several years. This past year, we have also included an advo-

cacy statement in support of the standards. The statement is in this journal as well as on the 

UCTM website. We have also added advocacy as a role on the UCTM Board in an effort to pro-

vide you with support of the work we do. In the future, we will add advocacy statements similar 

to those from other mathematics organizations, such as those put out by the National Council of 

Teachers of Mathematics (NCTM). As a Board, we would like your input and also encourage 

you to join us. If you have data, research, and an interest, please share. You may even wish to 

run for a position on the Board as there are many roles where you can make a difference. 

 

The publication of this journal is the culmination of a six month editorial process, carried out by 

the Journal Staff of the UCTM Board: Christine Walker (Journal Editor), Emina Alibegovic, 

and Jennifer Throndsen. As the President of UCTM, I am honored to work with talented and 

dedicated Board members who work hard every year to support and represent the mathematics 

education community. I also thank you, the members of UCTM, for all you do to support and 

promote student achievement and mathematics education in general. 

 

Sincerely, 

 

Joleigh Honey  
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Letter from the Editor 
Christine Walker, Utah Valley University 
 

 
 The theme of the Fall/Winter 2016-2017 Utah Mathematics Teacher Journal and the 

Fall 2016 UCTM Conference is “Equity Through Practice.”  Many ask what does equity 

through practice in mathematics education mean?  In a National Council of Teachers of Mathe-

matics position statement, equity through practice is characterized by; 

 

Practices that support access and equity require comprehensive understanding. These practices include, but 

are not limited to, holding high expectations, ensuring access to high-quality mathematics curriculum and 

instruction, allowing adequate time for students to learn, placing appropriate emphasis on differentiated 

processes that broaden students' productive engagement with mathematics, and making strategic use of 

human and material resources. When access and equity have been successfully addressed, student out-

comes—including achievement on a range of mathematics assessments, disposition toward mathematics, 

and persistence in the mathematics pipeline—transcend, and cannot be predicted by students' racial, ethnic, 

linguistic, gender, and socioeconomic backgrounds. 

Access and Equity in Mathematics Education, NCTM, www.nctm.org/Standards-and-Positions 

 

 In an era of globalization, our students today need to learn to think analytically and creatively, interact with 

colleagues from different cultural backgrounds, and be flexible in mathematical thinking as it relates to other disci-

plines.   

 In this issue you will find articles that highlight innovative work, written by skilled and effective teachers 

who promote high-quality educational opportunities imperative for realizing the vision of “equity through practice,” 

and we begin with a message from our NCTM President Matt Larson, A Renewed Focus on Access, Equity, and 

Empowerment. 

 One of the goals as outlined by NCTM regarding a mathematics classroom is that students should treat each 

other with respect, and value the contributions of others as they interact with their colleagues.  In the article Making 

Magic: Lessons from Improv, pay special attention to the authors use of “etiquette of the group mind”  which focus-

es on students learning how to “alter their conceptions after listening to each other.” 

 We then turn our attention to two articles that focus on high-quality mathematics curriculum and instruction 

that support access and equity.  Improving Elementary Students’ and Preservice Elementary Teachers’ Attitudes and 

Knowledge Related to STEM Subjects through an Enrichment Robotics Program and Teaching Trigonometry: Are 

we missing the point?, where the authors encourages teachers to couch trigonometry within a historical perspective 

to change and enrich the way students interact with mathematics as a way to promote equity in mathematics instruc-

tion.     

 In keeping with the theme of “equity through practice,” NCTM recommends that we consider a “range of 

mathematics assessment” for equity to be successfully addressed.  A Review of Literature: Assessment Literacy for 

Mathematics Teachers and Students takes a close look at what it means to have assessment literacy in order to 

“maximize the benefits of using data gathered from formative assessments to adjust instruction and study habits.”     

 We close with two articles, A Rational Approach to Irrational Numbers, and A Brief History of τ: A Useful 

Alternative to π, that utilize inquiry and historical context to “broaden students’ productive engagement with mathe-

matics.”  Matthew Felton, co-author of Connecting the NCTM Process Standards and the CCSSM Practices wrote 

that for students to make connections across representations and mathematical concepts; students should study math-

ematics by learning about “human thinking and accomplishments throughout history.”     

 We hope you enjoy this journal and as always, please consider submitting your own articles, or serving as a 

reviewer for future journal articles.   

 In conclusion, a very sincere thanks goes to Emina Alibegovic and Jennifer Throndsen for their work as co-

editors of the Utah Mathematics Teacher for the Fall/Winter 2016-2017 issue.  They both made significant contribu-

tions to the articles that are included in this journal.   

 

Note: Any mistakes are the sole responsibility of the editor and will be remedied in the online journal.  Please refer-

ence the online journal for full color images and live links. 
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   Don Clark—David Smith 

Utah State Board of Education 

 

David Smith has committed his life to mathematical understanding as 

well as helping teachers deepen their own understanding.  As a for-

mer elementary teacher and principal, he began his work at the Utah 

State Office of Education with a solid knowledge of mathematics for 

elementary schools, yet he set goals to deepen his knowledge by sign-

ing up for online courses, and making strong connections with Bill 

McCallum and others.   He has brought many outstanding programs 

to Utah, including Jo Boaler’s MOOC, Open Education Resources, 

and the STEM Principals Academy. He has a reputation for being 

supportive and appreciated within the state and by other mathematics 

specialists outside of the state, by playing an active in the Association 

of State Supervisors of Mathematics.  In all the many roles that Mr. 

Smith has, his strength comes from his calmness and his ability to see various sides of any issue.  In 

one particular instance, as remembered by his colleagues, he was conducting a very dicey conversation 

about mathematics assessment.  Mathematics coordinators practically had pitchforks and cattle prods as 

they asked questions about upcoming assessments and the new core in 2002.  He smiled at the group 

and calmly explained why the state was moving in the direction of assessing students on the new core 

and very quickly won over the support and cooperation of the math coordinators.  For the past seven 

years David has tirelessly worked to improve mathematics education in Utah. He is known to be a con-

stant source of optimism and support. 

   Muffet Reeves—Dixie Blackington 
Weber State University 

 

Dixie Blackington has taught mathematics and mathematics 

education courses at Weber State University for 30 years. Each 

semester she tries new strategies to help her student’s gain a 

deeper understanding of mathematics. Even though she plans 

to retire at the end of this year, she is still reworking her cours-

es in an attempt to better prepare future teachers of mathemat-

ics. Her teaching reaches beyond Weber State to the local dis-

tricts where she has taught elementary mathematics specialist and endorsement courses for years, and 

provided mathematics professional development for high school, junior high and elementary teachers. 

Her dedication to teaching and learning is unparalleled and her students applaud her for this. She is be-

loved by hundreds of area elementary teachers who speak fondly of being pushed to understand mathe-

matics in ways they never had before having her as a teacher. Dixie Blackington, and her long-time col-

league Diane Pugmire, were pioneers that paved the way for the Elementary Mathematics Endorsement 

program. Both made countless contributions to the state of mathematics education in Utah, and advo-

cated for changes at the local and state levels. Over the years, she has served on numerous committees 

for mathematics education both at Weber State and across the state.  Recently she served on the Gover-

nor’s Technical Review Team, overseeing the technical review of the Common Core State Math Stand-

ards. In addition, she has also authored two textbooks. 

http://www.nctm.org/Standards-and-Positions
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with CIRCLES 
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UCTM President-Elect Message 
Karen Feld, Lehi Junior High 

 
 It is an exciting time to be a math educator! It seems like there is so much 

available to help deepen our understanding of mathematics. Our state secondary math 

specialist, Joleigh Honey, has released a series of courses designed specifically for 

Intermediate 1, Intermediate 2, and Secondary Mathematics 1. They cause teachers to 

look at the core in a deep and meaningful way to help make connections within and 

throughout the grade levels. The NCTM journals allow us to think about specific top-

ics in each grade band and give practical lessons and teaching practices to help our 

students learn. We also live in an era where data collection is at our fingertips, helping us to identify a need for tier 

2 and tier 3 interventions. UCTM has recently instituted a “Twitter chat” where we can get on Twitter as educators 

and chat about important topics, share ideas, and grow as a mathematics education community.  

 

 With all of these resources available to us, I would like to bring your focus to a few that I hope you will 

take the time to read, think about, and apply during this school year. The first resource comes from NCTM, which 

has produced three publications that have assisted in revolutionizing mathematics education over the years. In 

1989, NCTM published the NCTM standards, which presented a vision of appropriate mathematical goals for all 

students. In 2000, NCTM published the Principles and Standards for School Mathematics (PSSM), which is a com-

prehensive and coherent set of mathematics standards for each and every student. And now, in 2014, NCTM has 

available their landmark publication, Principles to Actions, which connects research to practice. Included in this 

publication are the eight teaching practices, which, if implemented in our classrooms, will allow deeper learning 

and productive discourse to take precedence. I highly encourage each of you to obtain a copy of Principles to Ac-

tions, read it, and make an action plan for yourself. How will you use this publication to become a more effective 

teacher this year and in years to come? 

 

 The next resource that has been an integral part of shifting the way I think about mathematics education is 

Jo Boaler’s book Mathematical Mindsets and her online course How to Learn Math. The book focuses on how to 

increase a growth mindset in our students by looking at different facets of education including homework, feed-

back on tests, and equity in the classroom. The online course also helped me deepen my understanding of how to 

teach students to have a growth mindset, how to encourage them to make and learn from their mistakes, and how to 

encourage deeper thinking while learning algebraic concepts. Again, I would encourage you to read this book and 

make an action plan for yourself. What does a mathematical mindset mean to you? What can you do to ensure high 

levels of learning for all students? 

 

 Both of these publications are changing the way mathematics is being taught. We want our students to be 

ready for any and all opportunities that will come their way in the future. To do that we need to be willing to make 

changes by apply the teaching practices in our classrooms, be aware of and decrease the equity issues that exist, 

help our students to productively struggle, and become advocates for this amazing profession we are all part of. 

This may require us to step out of our comfort zone, collaborate with others in our school, district, state, and na-

tion, be willing to try something new, and know that the mistakes we make will only help our brains to grow and 

our teaching to improve.  

 

 I am so excited to be serving as your UCTM President for the next two years. I hope to be able to talk 

with you about how things are going in your classrooms, what concerns you have, what successes you have, and, 

most of all, how the UCTM board can help you make the changes you want to make in your classroom. I am hon-

ored to be an educator in Utah. It is a privilege to be teaching with you and learning along side you.  

 

Karen Feld 

President-Elect, UCTM 
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A Renewed Focus on Access, Equity, And 

Empowerment 

by NCTM President Matt Larson 

September 15, 2016 
 

In their joint position statement Mathematics Education 

Through the Lens of Social Justice: Acknowledgment, Ac-

tions, and Accountability, the National Council of Supervi-

sors of Mathematics and TODOS: Mathematics for ALL 

identify social justice as a key priority in the access to, en-

gagement with, and advancement in mathematics education 

for our country’s youth. A social justice stance requires a 

systemic approach that includes fair and equitable teach-

ing practices, high expectations for all students, access to 

rich, rigorous, and relevant mathematics, and strong family/community rela-

tionships to promote positive mathematics learning and achievement. Equally 

important, a social justice stance interrogates and challenges the roles power, 

privilege, and oppression play in the current unjust system of mathematics 

education—and in society as a whole (NCSM & TODOS, 2016, p. 1). 

At its July meeting, the NCTM Board of Directors unanimously voted to en-

dorse the NCSM/TODOS joint position statement. Challenged by Danny 

Martin’s critique of Principles to Actions at the NCTM Research Conference 

in Boston in 2015, NCTM began, with the help of critical friends, to question 

and reassess its equity stance, actions, and language. NCTM also began to 

increase its collaborative actions concerning access, equity, and empower-

ment issues in a manner that embraces excellence for each and every student.  

 

NCTM has long written about access and equity, developing, perhaps most 

notably, the Equity Principle in Principles and Standards for School Mathe-

matics (NCTM, 2000), the NCTM position statement on Closing the Oppor-

tunity Gap in Mathematics Education, and, most recently, the Access and Eq-

uity Principle in Principles to Actions: Ensuring Mathematical Success for All 

Students (NCTM, 2014). Yet, our need to refine, refocus, and build on these 

efforts is clear. We recognize that much of our work has focused on standards, 

curriculum, instructional practices, and assessment, and that we have too often 

addressed these issues in decontextualized ways that have frequently ignored 

the experiences and realities of children’s lives. We are committed to making  
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http://www.todos-math.org/socialjustice
http://www.todos-math.org/socialjustice
http://www.todos-math.org/socialjustice
http://www.nctm.org/Standards-and-Positions/Principles-and-Standards/Principles,-Standards,-and-Expectations/
http://www.nctm.org/Standards-and-Positions/Principles-and-Standards/Principles,-Standards,-and-Expectations/
http://www.nctm.org/Standards-and-Positions/Position-Statements/Closing-the-Opportunity-Gap-in-Mathematics-Education/
http://www.nctm.org/Standards-and-Positions/Position-Statements/Closing-the-Opportunity-Gap-in-Mathematics-Education/
http://www.nctm.org/PtA/
http://www.nctm.org/PtA/
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our actions consistent with our words to give them full power and impact. 

 

Simply put, NCTM has traditionally concerned itself with advocating for stu-

dents to have access to the mathematics. Each and every student’s access to a 

rigorous and coherent curriculum, coupled with highly effective instruction, 

remains a significant challenge in the United States (see 2013–2014 Civil 

Rights Data Collection—First Look from the U.S. Department of Education). 

Significant structural obstacles, including tracking and teacher assignments 

that disadvantage students who have been marginalized, remain unacceptable 

practices in too many schools. Moving forward, NCTM pledges to devote 

more attention to what happens to students once they have access to rigorous 

mathematics courses. We need to ensure that no student is denied high-quality 

learning through his or her experiences in the classroom. Equity requires ex-

cellence for each and every student. 

  

In addition to endorsing the National Council of Supervisors of Mathematics 

and TODOS joint position statement on mathematics education and social 

justice, NCTM will strive to transform its vision and actions. This initiative is 

moving forward on multiple fronts: 

 The NCTM Board has officially reframed its equity work to focus on Ac-

cess, Equity and Empowerment to capture the critical constructs of stu-

dents’ mathematical identities, sense of agency, and social justice. The 

Board has modified its strategic priorities to reflect this reframing of 

NCTM’s scope to include more than just access and equity. 

 

 

 Under the leadership of Diane Briars, NCTM hosted an Equity Initiative 

Meeting (March 2016) with representatives from some of our major Affil-

iates, including TODOS, NCSM, the Association of Mathematics Teacher 

Educators, the Association of State Supervisors of Mathematics, and the 

Benjamin Banneker Association. Through dialogue and conversations, 

participants worked to build common ground, fostering greater collabora-

tion among these leading organizations to address these critical issues and 

hold one another accountable for actions moving forward. 

 

 

 NCTM has joined a number of other mathematics education organiza-

tions, including NCSM, TODOS, Benjamin Banneker, and AMTE this 

year in participating in A Call for A Collective Action to Develop Aware-

ness: Equity and Social Justice in Education. 

 

http://www2.ed.gov/about/offices/list/ocr/docs/2013-14-first-look.pdf
http://www2.ed.gov/about/offices/list/ocr/docs/2013-14-first-look.pdf
http://www.nctm.org/uploadedFiles/News_and_Calendar/Messages_from_the_President/Archive/Matt_Larson/CollectiveAction-EquityAndSocialJusticeInMathEducation_09_01_2016.pdf
http://www.nctm.org/uploadedFiles/News_and_Calendar/Messages_from_the_President/Archive/Matt_Larson/CollectiveAction-EquityAndSocialJusticeInMathEducation_09_01_2016.pdf
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 NCTM has committed itself to monitoring its language to ensure that stu-

dents are positioned as having assets and not deficits. 

 

 

 Equity and empowerment will be included deliberately and thoughtfully 

in the forthcoming Principles to Actions Elaborations Series grade-band 

instructional books. 

 

 

 The Elaboration book addressing the Access and Equity Principle will 

embrace the additional concept of empowerment by including the topics 

of student identity, agency, and teaching mathematics for social justice. 

 

 Access, Equity, and Empowerment will be the focus of NCTM’s 

2017 Innov8conference in Las Vegas (November 15–17). 

 

 The 2018 Annual Perspectives in Mathematics Education will address 

issues surrounding access, equity, and empowerment. The volume’s 

working title is Rehumanizing Mathematics Teaching and Learning for 

Students Who Are Latina and Black. 

 A Curriculum Resources Collaboration Center on NCTM.org is being 

developed with the Math Forum. On this site educators will be able to 

share and collaborate on lessons and instructional challenges. Educators 

developing and using social justice learning experiences and those ad-

dressing issues of equity, identity, and opportunity in their mathematics 

classrooms will have spaces to collaborate, develop ideas, and to share 

them with the larger community. 

 The NCTM Board and staff are engaging in their own professional learn-

ing on issues surrounding access, equity, and empowerment. This in-

cludes a common book study devoted to The Impact of Identity on K–8 

Mathematics: Rethinking Equity Based Practices. The Board and staff 

will also engage in professional development on the impact of mi-

croaggressions in the classroom in an effort to deepen individual under-

standing of these critical issues. 

We recognize that these actions are not enough. Rather, they reflect our start 

and our commitment. And these are specific actions consistent with NCT-

M’s vision statement, which states in part: “We envision a world where eve-

ryone is enthused about mathematics, sees the value and beauty of mathemat-

ics, and is empowered by the opportunities mathematics affords.” The 
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http://www.nctm.org/innov8/
http://www.nctm.org/publications/write-review-referee/journals/Write-for-Annual-Perspectives-in-Mathematics-Education/
http://mathforum.org/
http://www.nctm.org/store/Products/The-Impact-of-Identity-in-K-8-Mathematics--Rethinking--Equity-Based-Practices/
http://www.nctm.org/store/Products/The-Impact-of-Identity-in-K-8-Mathematics--Rethinking--Equity-Based-Practices/
http://www.nctm.org/About/
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emphasis added by the boldface signals the emphasis that NCTM intends to 

give to the empowerment of each and every student through mathematics.  

For, as mathematics teachers, we are engaged in something much bigger than 

the daily tasks of curriculum selection, instruction, and assessment. Mathe-

matics is an essential analytical tool that we give to students to help them to 

better understand their context, experiences, and the world—and potentially 

to make the world a better place. Never has this been more important for each 

and every student and for our society. Many of our societal problems are in-

creasingly formulated in mathematical terms, and their solutions frequently 

depend on mathematical understanding. Mathematics is essential not just to 

college and career readiness but also to informed and active members of our 

democratic society. 

 

Without a strong understanding of mathematics and a positive mathematical 

identity and sense of agency, students are unlikely to have the tools necessary 

to make effective choices in their own lives. Furthermore, without deep math-

ematical understanding and positive identity and agency, students are unlikely 

to be able to understand and challenge many of the decisions and actions of 

those in power. The future of our democratic society depends on our ensuring 

that each and every student is empowered by the opportunities that mathemat-

ics affords. I encourage you to make a commitment this year to engage with 

your colleagues to make issues of equity, access, and empowerment part of 

your professional discussions, your conscience, and your daily actions.  

NCTM is committed to collaborating with others to make this vision a reality. 
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Making Magic: Lessons from Improv 
Melanie Valentine Durfee, Cedar Middle School 

 
 I am hopeful that every math teacher has experienced the joy of a perfect moment in the 

mathematics classroom. It could be a just a second, an episode, or an entire class period in which 

the students and teachers are in perfect synchronization, when all members of the class are build-

ing on each other’s ideas.  However, for most of us, this kind of magic in the classroom does not 

happen nearly often enough. Mathematics theorists Martin, Towers, and Pirie (2006) compare 

the management of this type of classroom interaction to improvisation techniques of music and 

theatre. They give three guidelines:  1) Don’t write the script in your head, 2) Wait for a collec-

tive structure to emerge, and 3) Pay attention to the group mind. I will discuss each of these ten-

ets and give examples of what it might look like in a mathematics classroom, drawing from my 

experience as a 7th grade math teacher. 

 1. Don’t write the script in your head. I begin this paragraph with a caveat:  The teacher 

does need to be aware of possible student misconceptions with several examples and non-

examples at the ready. However, the teacher needs be in the mindset to be able to adapt the les-

son seemingly effortlessly. 

What it might look like:   I was guiding my students to show adding and subtracting positive 

and negative integers using a life-sized number line. When two students were walking equal ex-

pressions [3 – (2) and 3 + 2], Caleb spoke out. 

 Caleb: They are doing it wrong. They are both walking the same numbers. 

 Me: Caleb, what do you mean? 

 Caleb: They can’t both be doing the same thing. 

 James: Yes, they can. They mean the same thing. 

 Me: James, what do you mean by “they mean the same thing?” 

 James: Three minus negative two is the same as 3 plus two. 

Caleb: Oh. It looks like they are dancing. 

 [waiting a beat] 

Brandon:  Begins singing the instrumentals for the beginning of “The Lion Sleeps To-

night.” 

 Other class members join in the song. 
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 Me (after 15 seconds of song):  Let’s have two other students walk a different set of 

equations. 

 For several days after that incident, whenever our class discussion steered toward con-

gruent expressions, the same song emerged. I have since led several other classes in that same 

activity that used a life-sized number line to show equal expressions. Sometimes students break 

into song; sometimes they do not. The song that emerges is never the same for any two classes.  

 2. Wait for a collective structure to emerge. If students are working on mathematical 

problems, which are both sufficiently challenging and within their reach, a structure will 

emerge (Martin et al., 2006). 

 

What it might look like:  After assigning my students six rather challenging problems to work 

on independently, I had to leave the classroom. When I returned ten minutes later, I saw that 

several students were out of their seats, and I heard a great deal of loud chatter. I observed un-

likely groups of students working together on the problems. I was surprised by which students 

took on a leadership role and which students seem to prefer working on their own.  This was a 

dynamic I did not expect to evolve. The students continued to work productively in this manner 

for another twenty minutes before their chatter evolved into mathematically unproductive com-

ments. 

 3. Pay attention to etiquette of the group mind. Both students and teacher need to dis-

play two attributes to foster the group mind (Martin et al., 2006). The first is that everyone 

needs to be willing to pay attention to each other. The second is that all must be willing to alter 

their conceptions after listening to each other.  Students intuitively may not know how to listen 

to each other; they must be taught how to do that. 

 

What it might look like: 

Me:  Look at the number on your desk. If your number is an odd number, raise your 

hand. Odd numbered students explain to your table partner why adding a negative num-

ber to its zero pair makes zero.  
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Kaydee:  Mrs. Durfee, I don’t get what I am supposed to say. 

Me: What happens when you add positive 3 and negative 3? 

Kaydee:  Oh, I get it. It makes zero because their cancel each other out. 

Me:  Right Kaydee. Now explain that to your table partner. 

Me:  Look at the number on your desk. If your number is an even number, raise 

your hand. Even numbered students, listen to your table partner’s explanation again 

and be prepared to share it with the rest of the class. 

 A teacher across the hall from me uses a different method to help students talk and 

listen to each other. On her wall is a poster with the following open-ended statements: 

 

 

 

 

 

 

 

 

When this teacher conducts class discussions, she requires students to use one of these five 

sentences to frame their comments. Following this format gives a structure for students to 

listen to each other and make productive mathematical comments. 

 Using improv techniques to create classroom unity is motivating to students, be-

cause it gives them what they both need and want:  a sense of belonging to a group. The 

group to which they belong, their math class, can accomplish much greater understanding 

together. When I am able to teach in this manner, I find that I do not need outside motiva-

tors to keep students’ working. I do not have to rely on prizes or rewards to keep students 

attentive. Being part of the group seems to be reward enough. Teaching students who want 

to learn is nothing short of magic.  

 

Martin, Lyndon, Jo Towers, and Susan Pirie. "Collective mathematical understanding as 

improvisation." Mathematical Thinking and Learning 8, no. 2 (2006): 149-183. 

I agree with what _______ said because ________. 

I want to add on to what ________ said. I think that ________. 

__________, can you explain your thinking? 

I disagree with _______ because __________. 

I have a connection to what ______ said. It is ______________. 
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Improving Elementary Students’ and Pre-

service Elementary Teachers’ Attitudes and 

Knowledge Related to STEM Subjects 

through an Enrichment Robotics Program 
Elaine Tuft & Vessela Ilieva, Utah Valley University 

Jay Jayaseelan & Jaylene Ahlmann, Learning Through Robotics, LLC 

 
Abstract 

 A partnership between a school of education, a school district, and an educational robot-

ics company are formed to provide enrichment robotics classes for elementary students with the 

intent of improving attitudes toward and knowledge of STEM subjects of both elementary stu-

dents and preservice elementary school teachers.  

Keywords: STEM Education, Robotics, Enrichment Classes, Elementary Education 

Introduction 

 Nationally, there has been an emphasis on science, technology, engineering, and mathe-

matics (STEM) education with the purpose of better preparing K-12 students to enter and suc-

ceed in higher education as well as to prepare them for careers that pay well and for which there 

will be a continual and growing need. However, many elementary and secondary students do 

not like mathematics and do not feel confident in their abilities to be successful in this subject, 

let alone with its applications in science, technology, and engineering (Ma & Kishor, 1997). 

This dislike, disinterest, and lack of confidence often begin in elementary school. When chil-

dren leave elementary school, most of them have already decided if they are good or bad at 

mathematics and science and whether they are going to pursue those subjects much or not. Fur-

ther, many preservice elementary school teachers also do not feel confident in their knowledge 

of STEM subjects and their ability to teach these subjects well (Jong & Hodges, 2013). They 

are nervous about the prospect of teaching these subjects, and some say that they hope they will 

teach a lower grade where they think their lack of knowledge in these subjects won’t be as con-

sequential or apparent. 
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 To address these concerns, a partnership was formed to offer enrichment robotics clas-

ses for 5th and 6th graders taught by preservice elementary school teachers. Elementary school 

was chosen because of the need to pique the students’ interest in STEM subjects early. Robotics 

classes were an attractive option to address this problem because they are very hands-on and 

engaging. They also integrate all four of the STEM subjects. Additionally, seeing and success-

fully experiencing applications of mathematics help students feel more confident in their own 

mathematical abilities. Those experiences also help them see how mathematics is connected to 

other subjects, and this leads to more positive attitudes toward mathematics.  

One purpose of this project was to increase elementary- and college-age students’ 

knowledge of STEM subjects and applications through the use of Lego Mindstorms™ robotics. 

A second purpose was to provide elementary education majors more STEM-based experience 

teaching children prior to receiving their teaching license. The final purpose was to improve the 

participating college and elementary students’ attitudes related to STEM subjects, particularly 

in relation to mathematics applications for engineering, programming, and building skills used 

in robotics and technology.  

Review of the Literature 

 The importance of the preparation of our students in mathematics and other STEM sub-

jects has long been advocated (NCTM, 2000, 2014; National Research Council, 2011). Many 

studies have pointed to the need for students to be more prepared for STEM subjects and subse-

quently for more STEM careers (DeJarnette, 2012; PCAST, 2010). According to the National 

Math and Science Initiative (NMSI)—launched in 2007 by leaders in business, education, and 

science to reverse the decline in U.S. students’ math and science educational achievement—

studies show that 69% of high school graduates are not prepared for college-level science. Like-

wise, 57% of high school graduates are not prepared for college-level mathematics (NMSI, 

2012). This limits their options of majors and subsequent careers or requires additional time in 

their college preparation for careers. This discourages many from even considering STEM ca-

reers, and as reported by NMSI, of the 30 fastest growing occupations through 2016, sixteen 

will require substantial mathematics or science preparation (NMSI, 2012). 
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 This improvement in students’ preparation in STEM subjects needs to begin in elemen-

tary school. Afterschool and enrichment programs have shown promise in helping students be-

come more excited and confident about STEM subjects (Afterschool Alliance, 2013a; After-

school Alliance, 2013b; Krishnamurthi et al., 2014; Mohr-Schroeder et al., 2014; National Re-

search Council, 2011). 

 The NMSI has also stressed that teachers need more training, especially in STEM sub-

jects. This is consistent with the recommendations of other organization recommendations 

(NCTM, 2000, 2014; NMSI, 2012; PCAST, 2010). Additional training and experience will ena-

ble them to be more confident teaching these subjects. 

Project Description 

 This project is a partnership between a large university’s School of Education, a local, 

sizeable school district, and an educational robotics company to provide enrichment robotics 

courses for 5th and 6th graders. Robotics classes are taught quite often in secondary schools, but 

they are less common in elementary schools. However, probably the most distinct aspect of this 

project is that preservice elementary teachers serve as instructors for the robotics classes. Per-

sonnel from the robotics company train students majoring in elementary education how to use 

and teach classes with customized robotics equipment including Lego Mindstorms™ robotics. 

The training occurs on Fridays in the School of Education building. The university students 

then go to the participating elementary schools to teach enrichment robotics and programming 

classes to 5th and 6th graders Mondays through Thursdays. The program consists of a ten-week 

course in which classes are taught once a week. Most of the classes are held after school, but a 

few are taught during the regular school day. For the first iteration of the program, it culminated 

in a robotics showcase sponsored by the school district. So far, there have been five offerings of 

this program.  

Methods for Assessing Impact of Program 

 One way to measure the impact of the program is by looking at the numbers of elemen-

tary schools, elementary students, and university students who participate in the program. The 

number of courses taught also gives some indication of its impact. We were also interested in 

how the program might affect participants’ attitudes and knowledge. The participating elemen-

tary students were given a knowledge-based test related to STEM subjects, focusing on applica-

tion mathematics and Lego Mindstorms™ robotics. The assessment was administered both  
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before and after participating in the classes. Some of the 5th and 6th grade mathematics areas 

were covered such as figuring the distance a robot would travel, area, angles, decimals, and 

fractions. It also contained questions related to the programming of the robot to make it travel 

certain distances and directions. There were 20 separate items recorded as correct or incorrect 

for the test. There were 330 students for whom we were able to obtain both the pre- and post-

knowledge-based test as well as the parental consent forms and the student assent forms. The 

percentage of students who answered an item on the test for this group of students was com-

pared from the pre-test to the post-test with paired t-tests to see if there was a statistically signif-

icant difference.  

 The elementary students were also given a survey designed to learn about their attitudes 

related to STEM subjects and careers as well as educational robotics both before and after par-

ticipating in the classes. For this instrument, they had to rate certain statements such as, “I am 

good at math” from 1 (meaning very unlike me) to 5 (meaning very much like me). We had a 

complete set for 279 students with this instrument to use in this part of the analysis. The aver-

age responses pre vs. post were compared for each item using t-tests to see if there was a statis-

tically significant difference. 

 The impact of this program was also assessed through anecdotal data and informal inter-

views with the enrolled elementary students, the preservice elementary teachers who served as 

the instructors, principals, parents, and district personnel. 

Results 

Elementary Students  

 The elementary students were very positive about their experiences in the robotics clas-

ses. They were engaged and active during the classes. One elementary student described his ex-

perience this way: “It was really interesting to make different types of robots do cool things 

with sensors. Programming robots was challenging and made me think. I've never done any-

thing with robots before, but I really liked it, and I would like to do more.” 

 As program administrators, one of the most rewarding results of the program was the 

effect it had on the students’ attitudes and understanding of problem solving and persevering in 

finding solutions. One participating female elementary student said about constructing, pro-

graming, and testing her robot, “It probably won’t work the first time, but that’s OK. It’s not 

failing; it’s learning what to do, how to change it to make it work the next time.” 
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 The elementary students’ knowledge related to robotics and the mathematics and tech-

nology used in programming the robots improved significantly. For the knowledge-based test, 

there was a statistically significant improvement in the percentage of students who answered the 

item correctly for 19 out of 20 problems. For the other problem, a high percentage of the stu-

dents answered it correctly on the pretest; therefore, there was not room for significant increase. 

 In the first administration of the attitudinal survey related the STEM subjects and ca-

reers, many of the students were quite positive in their attitudes, which was not too surprising 

since at most schools, students opted to enroll in this program as an after-school class. There-

fore, there was also not room for statistically significant improvement for most of the items. 

However, a t-test for the difference between dependent means was conducted (paired sample) 

for each item, and there were two items in the survey for which there was significant improve-

ment. The first was, I know a lot about robotics, t(393) =-11.6583, p <  .001, R2 = .257. The sec-

ond was, I’m good at programming Lego Mindstorms™ Robotics, t(393) =-15.6631, p <  .001, 

R2 = .384. 

University Students 

 The preservice elementary teachers who served as instructors of these robotics classes 

also felt like it was a valuable experience. One instructor said, “I really enjoy watching the stu-

dents get excited to be a part of this program. I love watching them come into the classroom 

ready to participate and learn all that they can.” Her comment was illustrative of other senti-

ments expressed by the participating university students. They also recognized the value of the 

program, as expressed by one of the other university students, “Teaching students to love learn-

ing is vital to the future of our society. We need programs like the robotics class that transfer 

knowledge into doing. If we can inspire these youth and push their understanding, our society 

will benefit — they are the future.” 

 One of the most gratifying effects of the program on the preservice elementary teachers 

was the increased confidence it gave them in teaching STEM subjects. One of these students 

said, “When I first began, I was intimidated by all of the parts and programming that were in-

volved. I did not have a lot of knowledge in working with STEM subjects, and this experience 

has allowed me to become skilled at teaching more difficult subjects as well as gain more self-

assurance in teaching subjects that many of us often shy away from.” Another preservice ele-

mentary teacher described the effect of participating in this project on her this way, “This  
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experience will allow me as a teacher post-graduation to bring the passion and love I myself 

have developed for STEM into the classroom. The confidence I have gained while teaching in 

the robotics program will help me incorporate STEM into my teaching in a way that will allow 

my students to learn important concepts in a hands-on and interactive manner.” 

Other Stakeholders  

 The principals of the participating schools all spoke highly about the program. They 

each expressed the desire to offer the courses again in their schools. The parents who were in-

formally interviewed also had positive things to say about the program. For example, one parent 

said,  

It’s a great program as far as teaching social skills and getting [my son] away from just 

looking at a screen to actually working physically with a computer. He’s shown some 

interest in construction, but whatever he does, this program is great for making him a 

more well-rounded and confident individual. 

Reach of Program 

 Thus far, these robotics classes have been held in 25 different elementary schools. There 

have been 79 courses in these schools that have been taught by the university students. Approx-

imately 2,370 elementary students have been enrolled in these classes. There have been 26 uni-

versity students (most of them elementary education majors) teach these classes, and 12 of them 

have taught the course more than one semester. Many other university students have expressed 

interest in teaching these classes more than one semester, but their school schedules and obliga-

tions have conflicted with the times the classes have been offered. 

Importance for the Field 

 The impact of this program has great educational importance with its promise of helping 

elementary students become more excited about STEM subjects, perhaps earlier on than they 

would have. If students become more excited about STEM subjects in elementary school, they 

are more likely to be interested in STEM subjects in secondary school and continue pursuing 

opportunities to learn about them. They are also more likely to participate in other STEM-

related activities. This will help them be better prepared to enter college ready to enroll in col-

lege-level STEM classes.  

 The importance of this program is also great in helping prospective elementary school  
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teachers become more knowledgeable in aspects of STEM subjects and more confident in 

teaching them. If more elementary teachers are competent teaching STEM subjects and enjoy 

teaching them, their elementary students will likely enjoy those subjects more. As the program 

continues, assessment will provide more information about how to refine and improve the pro-

gram as well as how to increase its reach—with elementary students, future elementary teach-

ers, and the community. 
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A Review of Literature: Assessment Litera-

cy for Mathematics Teachers and Students 
Sheryl J. Rushton, Weber State University 

 
Abstract 

 Over the past several decades there has been an emphasis in educational research on stu-

dent assessment and achievement in mathematics. Formative assessments are designed to in-

form the instructional decision making process and require assessment literacy to interpret and 

use data provided by these assessments. Many teachers and students were lacking assessment 

literacy; therefore, they were unable to adjust their instruction and study habits to increase stu-

dent performance on summative assessments. This review examines the literature pertaining to 

assessment literacy for teachers and students, including assessment literacy in mathematics. The 

review then moves into a discussion on assessments. Through the literature, it was determined 

that training in assessment literacy for both teachers and students is required to maximize the 

benefits of using data gathered from formative assessments to adjust instruction and study hab-

its. 

Keywords: assessment; assessment literacy; formative assessment; mathematics 

assessment; summative assessment 

A Review of Literature: Assessment Literacy for  

Mathematics Teachers and Students 

In 2001, the legislation known as No Child Left Behind Act (NCLB) was enacted to in-

crease accountability for school districts across the nation, resulting in federally mandated high-

stakes testing in reading, science, and mathematics (NCLB, 2002). High-stakes tests may be 

used to determine what class a student can enroll in or if a student is allowed to graduate. High-

stakes tests are also used to determine if schools have met the required adequate yearly progress 

(AYP) goals as required by the NCLB act. In 2015 a new law was passed called Every Student 

Succeeds Act (ESSA) that will be implemented in schools starting in the school year 2017-18  



 

22   Utah Mathematics Teacher Fall/Winter 2016-2017  

(ESSA, 2015). The ESSA retains the feature of annual standardized testing requirements of the 

2001 NCLB but shifts the law's federal accountability provisions to the states. Therefore, the 

propensity of high-stakes tests will still exist.     

Raising the standards of learning and achievement is a national priority. National, state 

and district standards are set to increase the rigor of the courses. Programs for external testing 

of students’ performances are being enhanced (Kaufman, Guerra, & Platt, 2006). Over the 

years, the assessment community has focused on maximizing the efficiency and accuracy of 

high-stakes tests. Yet, little attention is paid to assessment as it affects teachers and students in 

daily classroom use (Lian, Yew, & Meng, 2014; Stiggins, 2007).  

Evidence shows that everyday practice of assessment use in classrooms is ridden with 

problems. These problems include lack of time (Supovitz & Klein, 2003; Wayman & String-

field, 2006), lack of a technological infrastructure (Chen, Heritage, & Lee, 2005; Lachat & 

Smith, 2005), and teaching practices that work against use of assessment evidence in an ongo-

ing manner (Ingram, Seashore Louis, & Schroeder, 2004; Supovitz & Klein, 2003; Young, 

2006). 

For years, an emphasis in educational research has been that of student achievement in 

mathematics. Assessment is the main area of focus when it comes to measuring student mathe-

matical achievement (Wiliam, Lee, Harrison, & Black, 2004). Not everyone agrees on the tools 

needed to increase mathematical achievement (Bernhardt, 2006). Both formative and summa-

tive assessments have been under the microscope. Formative assessments are designed to in-

form instruction and study methods to increase performance levels on summative assessments 

(Popham, 2010). Traditionally, paper-and-pencil versions of formative assessments (i.e. home-

work assignments, quizzes, chapter tests, and benchmark assessments) have been used to gather 

data. Recently, Computer Adaptive Tests (CATs) have been added to the list of ways of gather-

ing data from formative assessments. However, many teachers and students do not know what 

to do with the data obtained from formative assessment (Black, 1993; Lam, 2015; Popham, 

2010, 2011). Students’ achievement on summative assessments often depends on teachers and 

students being assessment literate. Assessment literacy refers to the understanding teachers and 

students have to use data provided by formative assessments to adjust learning experiences in 

order to gain the required knowledge for success on the summative assessment (Popham, 2008, 

2011). 
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A Rational Approach to Irrational Numbers 
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During the past several decades, educators began to discuss the benefits of formative 

assessment on teachers’ instructional decisions and students’ studying practices (Popham, 

2008). Formative assessment is now an integral part of teaching and learning; however, assess-

ment literacy in not yet an integral part of education.  

 This review examines the literature pertaining to assessment literacy for teachers and 

students. The review will then move into a discussion on assessments, including formative and 

summative assessments.  

Assessment Literacy 

In order to make assessments worthwhile, Popham (2011) posited that teachers and stu-

dents needed to become assessment literate. “Assessment literacy consists of an individual’s 

understandings of the fundamental assessment concepts and procedures deemed likely to influ-

ence educational decisions” (Popham, 2011, p. 267). According to Havnes (2004), teachers of-

ten assumed that it is their teaching that guides the students’ learning. However, in practice it is 

assessment that directs the students’ learning and defines what is worth learning (Brown, McIn-

erney, & Liem, 2009; Havnes, 2004).  

Havnes (2004) conducted an ethnographic study of a compulsory preparatory course at 

the University of Oslo. He observed, interviewed, and worked side by side with several students 

in the course. His main argument was that the assessment structure contributed to the establish-

ment of the learning content, how the teachers taught the course, and the students’ learning 

practices. “Learning is relational. It is relational to assessment, but assessment, again, is rela-

tional to other components on the complex system of educational programmes” (Havnes, 2004, 

p. 171).  

 In a qualitative study conducted by Lukin, Bandalos, Eckhout, and Mickelson (2004), a 

group of teachers were trained in assessment literacy through a formal course offered by the 

University of Nebraska-Lincoln called Nebraska Assessment Cohort, which was an adaption of 

the assessment literacy training program developed by Stiggins in 2001. The teachers imple-

mented the skills they learned through the course into their classrooms. At the end of one school 

year, data were collected from one high school to determine the effectiveness of the training in 

assessment literacy. The researchers used a questionnaire (Classroom Assessment Question-

naire) and a survey (Self-Assessment Development Levels based on Classroom Assessment 

Quality Rubrics), both developed by Arter and Busick in 2001. Participants answered several  
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open-ended questions about their skill, confidence levels, and changes they had made in 

their own classroom teaching and assessment practices. The data collected suggested that 

the assessment literacy learning training had a positive impact on teacher confidence, 

knowledge, and skill in the area of classroom assessment. There appears to be evidence, 

while limited, which suggests students also experienced positive outcomes in achievement. 

When teachers use data from an assessment, they can better assist students in their 

learning progressions (Popham, 2008; Shapiro & Gebhardt, 2012) . Data from assessments 

lead the teacher to develop instruction that is suited to the students’ needs. “Assessment-

literate educators come to any assessment knowing what they are assessing, why they are 

doing so, how best to assess the achievement of interest, how to generate sound samples of 

performance, what can go wrong, and how to prevent these problems before they oc-

cur” (Stiggins, 1995, p. 240). It seems likely that the most self-regulating students use 

formative assessment to improve the quality of their learning progression (Brown et al., 

2009). The goal would be to have all students use formative assessment to enhance their 

education.  

Assessment Literacy for Teachers 

 Assessment literacy for teachers is just as important as assessment literacy for stu-

dents (Popham, 2008; Stiggins, 1995). Teachers must be assessment literate (Popham, 

2011). According to Popham (2011), teachers need to know about the range of assessment 

strategies so they can maximize the opportunities for gathering evidence. They need to 

know how to align assessment with instructional goals, and then ensure that inferences 

drawn from the assessments are of value in aiding the teachers’ understanding of where 

students are with respect to their learning progressions (Heritage, 2007).  

 Research suggested that teachers need training to interpret data from assessments, 

and then take that information to adjust instruction to meet the needs of the students (Blink, 

2007; Popham, 2008). Observations and interviews to determine that teachers use the 

knowledge gained from assessment data to inform their instruction have been used to deter-

mine the level of assessment literacy (Christman et al., 2009; Ingram et al., 2004; Shepard, 

Davidson, & Bowman, 2011). One study (DeLuca & Klinger, 2010) used a questionnaire 

developed by the researchers to determine the level of assessment literacy for all subject  
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areas in pre-service teachers. The questionnaire focused on the confidence level of differing 

aspects of several types of assessments. While the pre-service teachers may not have expe-

rience in the classroom, they are able to identify their perceived needs, level of knowledge, 

and sense of readiness pertaining to assessment literacy. The researchers found that pre-

service teachers were more confident in their use of assessment of learning (summative) 

than they were with assessment for learning (formative). The results supported the need for 

training in assessment literacy. 

In a longitudinal study of nine high schools (Ingram et al., 2004), teachers were ex-

pected to use data to assess their own, their colleagues', and their schools' effectiveness in 

all subject areas and to make improvements. The findings suggested that teachers were 

willing to use the data to make improvements, but they had significant concerns about the 

kind of information that was available, how it was to be used, and how it would affect their 

teaching once they had the information provided by the assessment. These findings are 

consistent with the characteristics that define assessment literacy. The researcher found that 

when teachers are trained and supported in becoming assessment literate, greater support 

for students occurred.  

Several studies have found a need for increasing assessment literacy training and 

understanding teacher conceptions of assessments (DeLuca & Lam, 2014; Lam, 2015; 

Levy-Vered & Alhija, 2015). Many studies suggest there should be a stronger presence of 

assessment literacy training in the pre-service teacher education courses and training should 

carry on to continued support and opportunities for in-service teachers to improve their as-

sessment literacy skills (DeLuca, Klinger, Pyper, & Woods, 2015; Hill, Ell, Grundnoff, & 

Limbrick, 2014).  

Xu and Brown (2016) conducted a review of 100 studies on teacher assessment lit-

eracy that concluded in the proposed new conceptual framework of teacher assessment lit-

eracy in practice. According to the researchers’ proposed framework, assessment literate 

teachers are continually reflecting on their assessment practices, participate in professional 

development on how to be assessment literate, and engage in conversation with other pro-

fessionals about assessment.  
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Teacher implementation of Assessment  

The next two studies show how teachers used their assessment literacy to interpret data 

and become aware of their students’ needs. The teachers then took the knowledge gained 

through data to inform and adjust instruction to meet those needs. 

Wayman and Stringfield (2006) conducted a qualitative study that collected data 

through focus groups and interviews in three different schools; a pre-kindergarten through 

grade five elementary school, a large school serving grades five and six, and a middle school 

grades six though eight. The researchers explored two questions; (a) what facilitates the wide-

spread use of examination and learning from student data, and (b) what changes in faculty prac-

tice and attitudes resulted from examining and learning from student data. The researchers dis-

covered teachers felt that, along with administrative support, they needed time to learn how to 

interpret and examine student data. The results indicated teachers were able to use data to go 

remarkably deep in their examinations of student learning and in their teaching practices. 

Teacher efficiency was noticeably amplified.  

Christman and colleagues (2009) conducted a similar large scale study. They focused on 

the Philadelphia school district’s use of assessments in three key areas: (a) teachers’ perception 

of the assessments; (b) how teachers used the assessments; and (c) how the emphasis on data-

driven teaching affected the effectiveness of the exams. Their study utilized multimethods that 

relied on three sources of data: (a) student achievement and demographic data from 2005-2007, 

(b) district-wide responses to a teacher survey, and (c) qualitative research from 10 schools dur-

ing the years 2005-2007. The most important finding from this study was that the success of 

formative assessments depends on the knowledge and skills of the teachers. Knowledge and 

skills of the teachers were determined by the amount of training given to the teachers and evi-

denced in the students’ achievement growth. Christman and colleagues conjectured that “data 

can make problems more visible, but only people can solve them” (p. 65).  

Assessment Literacy in Mathematics 

 Assessment literacy supports mathematics teachers in planning their instruction. As 

Oláh, Lawrence, and Riggan (2010) discovered, teachers analyzed and used data in two ways: 

(a) to detect errors, concentrating on whether students got problems correct; and (b) to diagnose 

those errors, focusing on why students might have gotten certain problems wrong. Some  
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teachers looked at the procedures used by students in solving problems, while others focused on 

underlying mathematical thinking and misconceptions. They found that teachers used their as-

sessment literacy to interpret data from a variety of sources. For example, some teachers report-

ed asking students to explain responses to particular assessment problems, or encouraging stu-

dents to show their work. Oláh and colleagues also found that teachers’ analysis of data led to 

different types of instructional planning.  

 Shepard and colleagues (2011) observed and interviewed 30 middle school mathematics 

teachers in seven districts. They discovered that the amount of assessment literacy possessed by 

teachers determined the extent to which they were able to use data collected by formative as-

sessments. Teachers' uses of assessment information varied; most frequently they retaught 

standards or items with the lowest scores. Although many teachers expressed an interest in us-

ing assessment results to inform instruction, they reported a minimal amount of professional 

development in assessment literacy. According to Oláh and colleagues (2010) and Shepard and 

colleagues (2011), assessment literacy should inform teachers how to interpret, analyze, and use 

data from formative assessments to adjust instruction. 

Assessment Literacy for Students 

Not only do teachers need to learn how to use data from assessments, but students also 

need to learn how to use that information to enhance their achievement (Gibbs & Simpson, 

2004; Mac Iver, 1987). Sadler (1998) stated, “Students should be trained in how to interpret 

feedback, how to make connections between the feedback and the characteristics of the work 

they produce, and how they can improve their work in the future” (p. 78). Popham’s (2008) 

statement concurs with Sadler that students must begin the process of using assessment data to 

improve their work by having a “full-scale orientation” (p. 73) on these learning tactics. 

 Researchers (Hattie, 2012; Hattie, Fisher, & Frey, 2016; Heritage, 2007) sug-

gested that the most powerful single moderator to improve achievement is the feedback students 

get from assessments. It is not common to have students focus on some form of self-assessment 

or feedback from assessments (Black & Wiliam, 1998b).   Yet, Black and Wiliam (1998a) 

found in their review of literature a large and consistent positive effect on learning from assess-

ment feedback. This conclusion is echoed in many other researchers’ writings since Black and 

Wiliam conducted their literature review (Black et al., 2003; Popham, 2008; Stiggins, 2007).  
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Nicol, Thomson, and Breslin (2014) discovered that college students giving and receiving feed-

back also helped them to engage in a reflective process about their own work. It shifted control 

of learning into the students’ hands. 

Participating in assessments without a perceived purpose, combined with a teacher cen-

tered approach to instruction, discourages students from fully engaging in their learning 

(Robinson & Udall, 2006). Although teachers play an important part in educating students, it is 

a supporting role (Popham, 2008). When students are trained in assessment literacy, adjust-

ments to learning tactics become student-determined instead of teacher-directed (Brown et al., 

2009; Popham, 2008). For many students, assessment is not an educational experience, it is a 

process of “guessing what the teacher wants” (McLaughlin & Simpson, 2004, p. 136). Robin-

son and Udall (2006) found that students are able to take responsibility for what and how they 

learn when equipped with the skills to monitor, make judgments, and critically reflect on their 

performance. These skills include understanding the meaning of the results and feedback from 

formative assessments and knowing where to look for assistance to fill knowledge gaps when 

they are discovered in the critical reflection of the results and feedback.  

Research has found that providing training to students in assessment literacy can be ben-

eficial (Brookhart, 2001; McDonald & Boud, 2003; Nicol, 2009; Nicol et al., 2014; Smith, 

Worsfold, Davies, Fisher, & McPhail, 2013). However, “Neither educational researchers nor 

educational practitioners fully understand how students’ thoughts, feeling, and actions ultimate-

ly influence their academic success” (Artino & Jones, 2012, p. 174). 

Artino and Jones (2012), found that boredom, frustration, and low task value interfere 

with assessment literacy and can be extremely damaging in the learning context. They surveyed 

302 undergraduate U.S. service academy students. Even though these students were skilled at 

assessment literacy, negative emotions made them less likely to employ adaptive learning strat-

egies. 

Brookhart (2001) and McDonald and Boud (2003) considered the impact of training 

high school students on their performance in assessments. Brookhart conducted a qualitative 

study by interviewing 50 high school students about specific classroom assessment events. The 

successful students engaged in self-assessment as a regular ongoing process. They studied for 

tests, they accepted the challenge of mastering difficult material, and they learned on their own  
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by reading resources. The successful students considered these self-assessments or self-

regulations as instances of learning.  

McDonald and Boud (2003) directed a quasi-experimental study by training 256 high 

school students in self-assessment skills. The focus was on constructing, validating, applying, 

and evaluating criteria to apply to students’ work. The researchers surveyed the students to dis-

cover their reactions to the training. The survey revealed that training in assessment literacy was 

a benefit to the students who received it. Both studies, Brookhart (2001) and McDonald and 

Boud (2003), concluded that students having the ability to self-assess and adjust their planning 

and study habits were more successful in their careers as students. They were able to plan ahead 

and prepare adequately for exams. 

 Nicol (2009), Nicol et al. (2014), and Smith et al. (2013) explored how formative as-

sessment and feedback enabled college students to develop their ability for self-regulated learn-

ing. Nicol (2009) and Nicol and colleagues (2014) suggested that assessment literacy helps to 

develop the skills students need to monitor, judge, and manage their own learning. Smith and 

colleagues’ (2013) quasi-experimental study showed how assessment literacy in students con-

tributed to educational gains. The students who received the intervention in assessment literacy 

were able to develop ability to judge their own and others’ work, which enhanced their learning 

outcomes. 

Assessments 

Assessment falls into two different categories: formative and summative. The focus in 

the next sections will be on these two types of assessments. Formative and summative purposes 

are different, and thus are usually discussed as two different things (Black, 1998). Formative 

assessment is designed to provide feedback and to guide in making adjustments in the learning 

process, both for teachers and for students (Popham, 2008; Schoenfeld, 2015; Stiggins, 2007). 

Summative assessments measure what was learned after any formative adjustments have been 

made. “Assessment (formative and summative) is integral to the learning process and some-

thing that students ‘take part’ in rather than something that is ‘done to them’” (Robinson & 

Udall, 2006, p.98).  

Formative Assessments 

 Many prominent researchers in assessment (Brookhart, 2001; Gibbs & Simpson, 2004;  
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Heritage, 2007; Kaufman et al., 2006; McDonald & Boud, 2003; Oláh et al., 2010; Popham, 

2008; Sadler, 2010; Schoenfeld, 2015; Stiggins, 2007; Stiggins & Chappuis, 2006) credit Paul 

Black and Dylan Wiliam for piquing the current worldwide interest in formative assessment. 

Black and Wiliam (1998a) defined formative as “encompassing all those activities undertaken 

by teachers, and/or by their students, which provide information to be used as feedback to mod-

ify the teaching and learning activities in which they are engaged” (pp. 7-8). Formative assess-

ment is the process of using data about students’ learning to assist teachers to make day-to-day 

instructional decisions (Black, 1993; Black et al., 2003; Black & Wiliam, 1998a, 2009; 

Creighton, Tobey, Karnowski, & Fagan, 2015; Heritage & Niemi, 2006; National Research 

Council, 2001).  

A learning environment with formative assessment has many benefits to the student. In 

terms of mathematics, research has found that even when the teacher’s mathematical knowledge 

was low, the use of formative assessments had an underlying capacity to make sense of stu-

dents’ mathematical understanding and to aid the teacher in responding with the appropriate 

instruction (Goertz et al., 2009; Hoover, 2009). Popham (2008) boldly stated, “Formative as-

sessment’s raison d’être is to improve students’ learning” (p. 7). 

Many researchers have found that formative assessment data were beneficial in several 

different levels of learning including college, middle school, and elementary (Diefes-Dux, 

Zawojewski, Hjalmarson, & Cardella, 2012; Koellner, Colsman, & Risley, 2011; Lachat & 

Smith, 2005; Nicol et al., 2014; Shepard et al., 2011). Research found feedback from the teach-

ers to be useful to the college students. It helped the students to use their assessment literacy 

skills when they understood what had been done correctly and what had been done incorrectly 

from formative assessment feedback (Diefes-Dux et al., 2012). Shepard and colleagues (2011) 

discovered that formative assessments informed teachers of the concepts that needed to be re-

taught. However, the teachers wanted more professional development to better train them in 

assessment literacy in order to know how to use the data from formative feedback. Koellner and 

colleagues (2011) conducted case studies and found that when teachers use data from the as-

sessments to identify deficient areas in their students’ content knowledge; they were able to de-

termine instructional methods that could be used effectively with their students.  
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Summative Assessments 

Summative assessment is an ‘overview of previous learning’ (Black, 1998, p. 28). Sum-

mative assessments can gather evidence over time or at the end of chapters or phases in educa-

tion (Brookhart, 2001). In Utah, the state summative test used to evaluate students’ knowledge 

is called Student Assessment for Growth and Excellence (SAGE) and was first implemented in 

2014 ( Utah State Office of Education [USOE], 2013). The SAGE is a high-stakes test that is 

state mandated due to the pressures of NCLB Act (2002) and will most likely continue to be 

used with the enactment of ESSA (2015). High-stakes testing in mathematics can have an influ-

ential power on the practices of education. Results can affect curriculum decisions, teaching 

practices, school decisions, and individual students’ futures in mathematics (Lester, 2007). 

Since the SAGE can determine many long lasting decisions, it is important that the students do 

well on them, while still maintaining a high level of knowledge retention. Genlott and Grönlund 

(2016) tested 502 students in grades 1 – 3 to see if a formative assessment called Write to Learn 

(WTL) method of teaching, which uses assessment literacy skills in the form of formative as-

sessment and feedback, would yield improved student results in mathematics and literacy. They 

found a significant difference in mathematics scores as well as in literacy.  

Correlation research studies suggest that when assessment literacy is implemented 

through the use of proper formative assessments and feedback, the scores on summative assess-

ments, such as the SAGE, improve (Carlson, Borman, & Robinson, 2011; Karpinski, 2010; 

Keller-Margulis et al., 2008; Nugent, 2009). 

 Nugent (2009) conducted a study to determine a correlation between a formative assess-

ment and a criterion-referenced summative assessment in middle school mathematics. The re-

sults indicated a strong correlation between the formative assessments and the summative as-

sessment. Keller-Margulis and colleagues (2008) found the same strong correlation from 1,477 

elementary students’ mathematics formative assessments and state-wide end of year assess-

ments. Karpinski (2010) examined the effectiveness of a technology-based formative assess-

ment to predict achievement on a summative state proficiency test. The data showed that stu-

dents who used technology-based formative assessment to reflect on questions and thoughtfully 

address the misconceptions (assessment literacy) had a positive correlation to the state test score 

growth. Although the school districts in these studies collected data from formative  
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assessments, the districts did not have any specific process in place to use these data to 

make instructional decisions. 

Not all research was able to find a predictive ability for summative assessments in 

mathematics. For example, Donhost (2009), in a study involving students at 86 schools, 

found no significant difference when he examined the predictive ability of a Computer 

Adaptive Test (CAT) formative assessment to growth on the state summative assessment 

for mathematics and language arts. The researcher conducted an analysis of covariance 

(ANCOVA) comparing the means of the summative assessments of school that used a 

CAT formative assessments versus schools that did not use the formative assessments. The 

covariate was the summative assessment scores from a previous year. The researcher also 

ran a series of t-tests and a linear correlation test to determine whether the reported imple-

mentation of data-driven decision making practices (assessment literacy skills) correlated 

with the summative assessment scores. In both cases the null hypothesis was not rejected 

with an adjusted R squared = .85 for the mathematics portion of the ANCOVA. 

Support for the use of formative assessments to improve summative assessment 

scores is substantial ( Genlott and Grönlund, 2016; Sherman, 2008; Wiliam et al., 2004). 

However, several studies do not provide sufficient evidence to support the claims made that 

formative assessment will improve students’ summative assessment achievement.  

 Summary  

In order to make assessment worthwhile, teachers and students need to become as-

sessment literate (Popham, 2008, 2011; Sadler, 2010). A significant component of forma-

tive assessment data is that teachers and students understand how to use these data. This 

encompasses the teachers’ ability to use data from the formative assessments to adjust in-

struction as needed and the students’ ability to use the feedback from the formative assess-

ments to better their understanding of the material (Popham, 2008).  

Assessments are divided into formative and summative assessments. Formative as-

sessments comprise a range of techniques including interviews, observations, homework, 

and computer-based rapid assessments. The CAT is a form of formative assessments that is 

aligned to state standards. Summative assessments are the assessments given at the culmi-

nation of learning for a chapter, term, or year. Summative assessments are also aligned to  
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the state standards. In Utah it is called the SAGE. 

In the field of mathematics, formative and summative assessments are given to the stu-

dents. Data are collected and interpreted by both teachers and students. Teachers and students 

would then use these data to adjust instruction and study methods.  

Formative assessments inform teachers and students of gaps in knowledge. Through the 

literature, it was determined that training in assessment literacy for both teachers and students is 

required to maximize the benefits of using data gathered from formative assessments to adjust 

instruction and study. 
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UCTM Recommended Book 
Melanie Valentine Durfee, Cedar Middle School 

 
Title: Mathematical Mindsets: Unleashing Students' Potential 

Through Creative Math, Inspiring Messages and Innovative Teach-

ing  

Author:  Jo Boaler  

Publisher: John Wiley & Sons 

Year:  2015 

Price:  $13.58, Amazon 

Audience:  Mathematics teachers of K-12 students, educators of higher education, and par-

ents 

 Jo Boaler, Stanford mathematics education professor, authored her seventh book last 

year regarding mathematics education. Her book, Mathematical Mindsets, adds an additional 

dimension to her previous works. Like some of her prior publications, Boaler’s new book in-

cludes research to support mindset theory that all students can learn mathematics and that math-

ematics understanding comes specifically from spending time and effort doing math, not by be-

ing endowed with a special “talent for maths.”  However, in this book, Boaler also gives specif-

ic mathematic lessons and rich mathematical tasks for teachers to implement which promote 

both student confidence in learning mathematical concepts as well as a deepened mathematical 

understanding. Mathematical Mindsets gives teachers specific examples of methods which fos-

ter number flexibility, a large collection of classroom-ready, rich mathematical tasks, and sug-

gestions for assessment that promote equity among all students. Boaler weighs in on topics that 

mathematics teachers are currently debating such as the productive amount of mathematical 

practice and what computer games increase number sense. Boaler, a proponent of finding the 

same answer using multiple methods, gives many tasks that teachers can use in their classroom 

that have multiple entry points and encourage multiple methods, pathways and representations.

  

 Boaler’s book is appropriate for K-12 teachers who are interested in promoting mathe-

matical learning in their classroom. The book is also beneficial to parents and others who are 
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