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Abstract 

In reflecting on “A Study of Estimation by Professionals at Work”, Adams and Harrell (2010), 
provide insight on constants, changes, challenges, and commitments. Examples of these points 
are mathematics content, focus on the intersection of mathematics and culture, development of 
new mathematics standards, and continuation of scholarship, respectively. The authors posit that 
the article remains relevant because it is grounded in a foundational concept in mathematics and 
the contexts used in the article are just a very few of the possibilities that teachers and students 
can explore to learn of the diverse ways mathematics is used in society. 
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Introduction 

Along with number and geometry, measurement is a hallmark of early learning in mathematics 

as well as a strong presence in advanced mathematics, such as trigonometry. In early 

mathematics, measurement gives life to the application of number and number sense, especially 

when numerical estimates are used. Thus estimation, the act of approximating a measurement 

before a measurement is or can be taken, is a critical component of the process of measurement. 

Furthermore, geometry makes the application of measurement, as learners study space and the 

objects in space, necessary. Therefore, measurement may look different throughout the 

progression of mathematics, but we are very confident in the role that estimation plays in helping 

learners become proficient in measuring and using measuring tools. As we reflected on our 

article, “A Study of Estimation by Professionals at Work” (Adams & Harrell, 2010) to address 

the intersection of mathematics and culture in regards to professions, we considered the 

following questions since the article was published: 

1. What has remained constant? 

2. What has changed? 

3. What are present challenges? 

4. What is our on-going commitment?  

The Constants 

The primary aspect that has remained constant since we wrote the article is the mathematics 

content. We chose estimation as the mathematics content for the article because, first, as 

mathematics educators, estimation was of interest to us. We both enjoyed teaching geometry and 

working with the powerful relationship between geometry and measurement. However, we also 

knew that sometimes students struggle with geometry and measurement because for them it is a 
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challenge to visualize and describe the objects of geometry and make hypotheses about the 

measurement of geometric objects, such as the length of line segments and the size of angles. So 

we began with a comprehensive description of what estimation is and the role it plays in learning 

and doing measurement. We still believe that estimation is critical to the experience of 

measurement, that estimation helps the learner to make sense of a potential measurement and 

provides a way for the learner to check the reasonableness of a confirmed measurement. We 

maintain our position that estimation should be an active, integral part of students’ measurement 

activity. We agree with Van de Walle and colleagues (2013) that “measurement estimation [in 

particular] is the process of using mental and visual information to measure or make comparisons 

without using measuring instruments [and that] it is a practical skill used almost every day” (pg. 

379). In addition, Van de Walle and colleagues (2013) suggest that estimation brings an element 

of fun to measurement as learners attempt to guess estimates that are on target with actual 

measurements. Thinking about our own experiences with estimation confirms that indeed, 

estimation allows flexibility in mathematics and often is the conduit for healthy competition as 

we have attempted to determine the best estimate in a measurement situation. 

The second reason we wrote the article is that we had found in our mathematics teaching 

experiences that many estimation (as well as measurement) activities were very removed from 

real life experiences and not very inviting to learners. We found many estimation activities to be 

abstract and disconnected to possibilities for applying the act of estimating. We also found that 

many students were not engaged in mental mathematics beyond memorizing and repeating basic 

facts or memorizing and repeating definitions, and with this lack of connection to mathematics, 

students were tuning out the mathematics. We wanted to write an article that would demonstrate 

how to bring the world into the mathematics classroom and how to potentially take students out 
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into the world to see mathematics, specifically, estimation in action. We still believe that this is a 

necessary means of engaging all learners. 

The third, but not less important, reason we wrote the article is that we were and still are 

interested in scholarship that diversifies the face of mathematics. For instance, we wanted to 

demonstrate the applicability of mathematics across a variety of professions. We wanted to show 

that mathematics is important to the ways people work throughout society. While we were only 

able to incorporate four examples of professionals in our article, our larger study from which the 

article was drawn included many other professionals and ways they use estimation in the 

workplace. In our article, we discussed the ways that a patrolman, farmer, automotive technician 

and timber sales consultant apply skills of estimation to perform their job duties. We interviewed 

these professionals, and we observed them at work so we could see how they used estimation to 

perform their work duties. This experience gave us insight about the cultural influence of how 

people work and the different ways in which mathematics is used when people work. 

However, we interviewed and observed 13 other professionals. They are as follows: (1) tow 

truck operator, (2) land surveyor, (3) seamstress, (4) nurse, (5-6) basketball referees, (7) post 

office staff, (8) butcher, (9) cosmetologist, (10) carpenter, (11) cook, (12) landscape operator, 

and (13) pediatrician. We could have easily talked about how the cosmetologist doesn’t use a 

ruler when a client says something like, “Take two inches off the back”! Rather, the 

cosmetologist uses sight and hands to estimate the length of two inches of hair to cut off. We 

could have included the many ways the cook used estimation to prepare meals in the restaurant 

with little time to consider using measurement utensils to prepare the dishes. In fact, sometimes, 

the amount of an ingredient is so small that a measurement tool would be cumbersome and so is 

replaced by a “pinch” of the ingredient in the cook’s fingers. Furthermore, we could have 
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included the estimation skills used by the basketball referees, with one of the most common 

estimation task being the counting of seconds to monitor players whose team has possession of 

the basketball but who might stand “in the paint” for more than the allowed three seconds. The 

referees do not use a stop watch to measure three seconds, but instead they estimate the passing 

of three seconds by saying “one, one thousand, two, one thousand, three, one thousand” at a 

practiced pace and waving their arms in sync with the counting. Finally, we could have 

mentioned the estimation practices of the butcher who often grabs a handful of ground beef to 

begin a customer’s order, attempting to get as close to the amount of pounds a customer wants as 

possible because good estimates in this job saves the butcher time and quickly meets the 

customer’s request. 

We were very engaged in the work of interviewing and observing these professionals, and we 

found great pleasure in making them aware of how important the skill of estimation was to their 

work. Some of the professionals were working in such an automatic way that they hadn’t given 

much thought to the role of estimation in their job duties. Hence the experience, while it was 

enlightening to us to learn about the ways estimation is used by various professionals, it was also 

very enlightening to many of the professionals. 

We believe that this mutual enlightening about the role of estimation in the work place would 

still exist if we were to replicate our study with other professionals. We believe that we would 

become more informed about the ways professionals use estimation and that likewise, some, if 

not all of the professionals, would be informed when given the guidance to stop and think about 

the ways they use estimation. If we were to replicate the study today, some of the professionals 

we would select could be as follows: (1) flight attendant, (2) cell phone repairperson, (3) painter, 



Journal of Mathematics and Culture 
December 2016 10(3) 
ISSN-1558-5336 

6 

(4) tattoo artist, (5) pool service manager, (6) optometrist, (7) crane operator, (8) newspaper 

deliverer, (9) car salesman, and (10) golf course designer. 

Our approach today would be the same, to observe the professionals at work and to follow up 

with discussions on how and why they used estimation to engage in their work duties. Such an 

exercise would continue to refine our perspective about the intersection of mathematics and 

culture, particularly as it relates to professionals and their work duties. 

The Changes 

Since writing the article, we’ve continued to be enlightened about the rich perspectives that 

surround mathematics in the context of the ways people live, work, and play. We became very 

interested in a teaching of mathematics that was inclusive of all students, which in fact gave 

consideration to the culture of the learner as a means empowering them to learn. I (Adams) and 

several doctoral students followed up on this interest by spending almost a year observing, 

visiting, and interviewing a teacher of mathematics that we determined was masterful at 

facilitating a teaching of mathematics that acknowledged the presence of students’ culture in the 

classroom. One of the doctoral students, Emily P. Bonner, conducted her dissertation research in 

Mrs. Merriex’s classroom and penned a book about the experience: “Unearthing Culturally 

Responsive Mathematics Teaching: The Legacy of Gloria Jean Merriex” (2011). 

Mrs. Merriex was remarkable in her approach to students and to teaching mathematics. She used 

her personal context and historical reference to ground her instruction. She grew up in the 

community and knew almost all of the people that lived near the school. She had taught many of 

her students’ grandparents, parents, and siblings. She lived in the community, and she 

worshipped at the church that was located just across the street from the school. She walked the 

community, and for the students, who mostly walked to school, she shared the same 
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neighborhood experiences, good and bad. She would often interject bits about happenings in the 

neighborhood into the mathematics instruction as a way of connecting with students’ real-life 

experiences. To further bolster her connection with students and to make them feel valued and to 

motivate them, she would often share stories from her childhood memories and build in 

similarities to her own students. 

When we would ask students in mathematics class what they thought about Mrs. Merriex, 

students would respond with statements like “She doesn’t play!”, “She means business”, or 

“She’s hard, but its fun!” In fact, Mrs. Merriex’s approach to teaching mathematics included 

demanding all students to be attentive and participatory, requiring all students to try, and 

securing a classroom environment that welcomed all learners of all levels of ability. Mrs. 

Merriex told the story once of how a young boy was not allowed to be in her mathematics class 

because he was “learning disabled”, but she used her influence with the boys’ parents and school 

leadership to get the boy placed in her mathematics class. Eventually, the boy grew 

academically, and under Mrs. Merriex’s tutelage, the boy advanced from elementary school. This 

young man has since graduated from a major university, and he continues to excel in the work 

place. 

This look back at Mrs. Merriex and her artful and skillful manner of teaching mathematics with 

such attention to the students, their varying abilities, talents and interests, their life’s 

circumstances, and their aspirations for the future fueled us to continue considering the value of 

intersecting mathematics and culture. Now when we look at the literature, we see more 

dissemination of scholarship related to the intersection of culture and the teaching and learning 

of mathematics. This shows up in various ways, for example, the National Council of Teachers 

of Mathematics (NCTM) provides voice via its Equity Principle (NCTM, 2000) which, in part, 
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states that it is vital for teachers of mathematics to appreciate the cultural diversity that is present 

in the classroom and to be aware of their (teachers’) own conceptions, perspective, and biases 

about and toward others, particularly, students.  

A few years ago, I (Adams) was invited to attend a small meeting of mathematics educators held 

at the University of Michigan to discuss formative assessment in mathematics classrooms. When 

I arrived at the meeting, I realized that formative assessment was the larger topic and that there 

were several sub topics chosen as a means of making formative assessment more robust and 

relevant to today’s diverse classroom. One sub-topic was culturally relevant pedagogy (Ladson-

Billings, 1995), a framework of instruction that promotes academic excellence without 

dismissing elements of culture in the classroom. The concept of the meeting was to discuss how 

the sub-topics impacted or interacted with formative assessment in the mathematics classroom. I 

was invited to participate in the meeting discussions using the culturally relevant pedagogy 

framing. We’ve had several meetings and conference presentations since that initial meeting, and 

I’ve concluded the following regarding how culturally relevant pedagogy intersects with 

formative assessment. 

First, formative assessment is grounded in having clarity about the mathematics content and 

using good tasks in instruction. Our initial idea for the article, that it would be valuable to 

contribute to the literature on the ways people use estimation at work relates to this idea of 

clarity about mathematics content. Authentic estimation experiences rest on good measurement 

tasks. From each of the interviews we conducted, teachers can use those contexts to either select 

or create good measurement tasks for students: tasks that are meaningful, mathematically-sound 

and would engage students in cognitive thinking and open-ended problem solving.  
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Secondly, formative assessment involves using a variety of assessment methods to gather 

information about what students are or are not learning. One such assessment method is that of 

classroom discourse, including asking and answering questions. Culturally relevant pedagogy 

involves positive and robust communication between teachers and students, where students’ 

answers, responses, comments, questions, etc. are first of all, valued, and secondly, 

acknowledged in the classroom. As we were interviewing and observing the professionals while 

they engaged in their work duties, it was very evident that communication, for example, between 

the professional and a customer, was very important to the entire work duty process. Now when 

we think of mathematics and culture, we have to give consideration to how mathematics is 

communicated and how discourse in the mathematics classroom is set up to support student 

learning, particularly in a diverse classroom environment. 

A third, but not necessarily final, thought in regards to culturally relevant pedagogy and 

formative assessment is that the context that situates the mathematics in a task should be 

meaningful to students. While the abstract nature of mathematics will lend itself to abstract 

contexts, all of mathematics does not have to be taught from this perspective and it definitely 

should not be so in the early years of students’ mathematics learning. The 14 professionals we 

interviewed and the four professionals that were presented in our previously published article is 

just a very small example of ways teachers can make mathematics instruction, and subsequently, 

formative assessment more effective and more interesting to students.   

The Challenges 

 Since we published our original article, there have been great challenges on the 

mathematics education landscape. We will discuss two of these challenges: the introduction of 

the Common Core State Standards for mathematics and the preparation of preservice teachers of 
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mathematics. In 2010, the Common Core State Standards for mathematics (CCSSM) (National 

Governors Association Center for Best Practices & Council of Chief State School Officers) were 

introduced across the United States. The standards actually included content standards for grades 

K-12 as well as a set of eight Mathematical Practices that are applicable across grades K-12. 

Great debates about national adoption of and standardized assessment of the CCSSM occurred 

across the country. There were strong voices in support of the CCSSM and strong voices in 

opposition of the CCSSM. Voices for the CCSSM saw these new standards as one way of 

leveling the playing field for students so that, for example, students in New Jersey would 

experience the same high quality mathematics content as students in Utah. Voices in opposition 

of the CCSSM saw these new standards as one way the federal government was intervening in 

the education practices and policies at the state and local level. Collectively, both positions 

included voices of parents as well as educators at every level. The one element that most people 

could agree on were the Mathematical Practices, given that they were not driven by content and 

they reflected best practices for learning mathematics for novice as well as advanced learners of 

mathematics. 

In regards to our original work, we still valued estimation as an important activity of 

measurement. In light of this, when we considered how estimation was treated in the CCSSM, 

we found that “estimate” makes its first explicit appearance in Grade 2, where a standard 

supports students estimating measurement of length in standard units, such as inches, feet and 

meters. Through a process of unpacking this standard, the underlying expectation is that students 

have already had experience estimating lengths using informal units of length such as paper 

clips, straws, string, etc. Secondly, the standard also has embedded in its intent that students have 
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experiences with contexts in which estimation of length is necessary or meaningful to a situation 

that involves the attribute of length.  

However, what we find in our continued work of teaching mathematics and working with 

teachers of mathematics is that real life contexts often elude the teaching and learning experience 

of measurement. We believe, therefore, that continued efforts such as those begun as described 

in our original article are important to classroom teachers as well as curriculum developers.  

Secondly, I (Harrell) have found teacher education to be a major challenge area in terms of 

communicating effective practice to future mathematics teachers. Many future teachers still view 

mathematics as obtaining “the” correct answer to a problem. Estimation, with its virtual 

guarantee of many possible solutions, is seen as inaccurate and, therefore, problematic. Based on 

the findings in the estimation study, we have incorporated many measurement and estimation 

activities into instruction for preservice teachers. Students estimate length, area, and volume by 

using referents, visually estimating a variety of objects, and measuring with a formal tool to 

check the accuracy of their estimations and thereby refine their estimation skills. Similarly, 

students hold objects to estimate their weight, and then measure using a formal scale in order to 

refine their skills. During this process, I (Harrell) share that this methodology is “how the 

professionals do it”, and I am able to use examples from the article. 

Furthermore, these activities have opened new venues for potential research as I (Harrell) have 

developed hands-on activities for future teachers and grade K-8 students that use proportional 

reasoning skills within the context of weighing common objects on a balance scale. For example, 

by holding a penny in her hand, a student can estimate its weight. Then placing the penny on a 

balance scale, she can check her estimate and discover that three one-gram weights appear to 

balance the penny. Using proportional reasoning, if we quadruple the number of pennies and 
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quadruple the number of weights, the scale should still balance. However, since the penny does 

not weigh exactly three grams, the scale no longer balances. Using estimation to help students 

learn concepts beyond measurement provides a rich learning environment as well as an 

interesting area of research. 

In addition to using estimation as a robust framework for understanding proportional reasoning, 

the study has also shifted my thinking in preparing future teachers to teach algebra. Again, the 

goal is to estimate the weight of common objects. However, instead of placing gram-weights on 

the scale until the scale balances to estimate the weight of the object, the scale is already 

balanced with a given number of like objects on each side of the scale as well as a given number 

of gram weights on each side of the scale. Students are asked to remove objects and weights 

from the scale while maintaining balance in order to estimate the unknown weight of the given 

object. These classroom ideas have shaped my writing as can be seen in the algebra chapter of 

the book that I (Harrell) co-authored (Moch, Wares & Harrell, 2014). 

The Commitment 

Our scholarship following the publication of our original article includes two major projects. 

First, I (Adams) expanded our work by engaging in funded research to study the positionality of 

African American girls (grades 5-8) in relation to mathematics and science (Pringle, Brkich, 

Adams, West-Olatunji, & Archer-Banks, 2012). For the effort, the team of researchers observed 

instruction in mathematics classes, interviewed teachers, school guidance counselors, and 

students. One of the findings from this work attended to the discontent between African 

American girls and the contexts presented in mathematics and science classrooms. From 

interviews, we learned that the African American girls in the study often perceived mathematics 

and science curriculum and instruction to be far removed from their interests and ways of 
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learning. We observed a lack of mathematics experiences, such as estimation activities, that 

allowed for flexible thinking among the students. Another key development of this work was the 

revealing of the critical role that school counselors can play in encouraging girls of color to study 

mathematics and science. 

Secondly, a more recent engagement in this work involved a presentation on building students’ 

capacity to learn (Adams, 2014). A tenant from this presentation is that to build students’ 

capacity to learn requires providing students with experiences “to be in the mathematics”. 

Estimation, particularly through the lens of how people apply this skill in the marketplace, 

provides many examples for how situate learning of estimation so that students are in the 

mathematics rather than observers of others doing the mathematics. 

When we engaged in the observation and interviewing of the diverse group of professionals 

engaged in their work to show how mathematics, specifically estimation, is versatile and 

reflective of the cultural context in which it is used, our underlying aim was to provide examples 

that teachers of mathematics could use in the classroom to involve students in the various ways 

people actually use the skill of estimation to do their work. One of the ways we can contribute to 

improving this matter is to translate our article into a tool that teachers can use in the classroom. 

To that aim, we offer the following guide for creating a project that students can engage in: 

1. Arrange students in teams of 3-4 students. 

2. Share one example from the article to kick-start the project for the students. 

3. Provide an opportunity for students to brainstorm a list of professionals they might 

observe and/or interview to determine how these professionals use the skill of estimation 

to perform their work duties. 
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4. Collaborate with the students to determine how to gain access to one or more 

professionals to carry out the project. 

5. Assist students in developing a list of questions to ask during the interview of the 

professional(s) about the application of estimation. 

6. Assist students in developing a list of points to look for during observation of the 

professional(s) using estimation in the work place. 

7. Instruct students to prepare an oral and/or visual presentation of their experience. 

8. Collect the students’ experiences and build a library of estimation possibilities to 

reinforce students’ learning and to inform future students. 

Conclusion 

 As mathematics educators, we are very fortunate to be part of a discipline that is quite 

reflective of its past. One reason for this reflection is that new thinkers are constantly emerging 

in the field. There are also new happenings, such as the strong presence of technology in 

classrooms, which cause us to pause and think about what has been, what is and what should be 

for the benefit of teachers and learners of mathematics. In reflecting on our article, we find that 

the topic is still relevant to and meaningful for the teaching and learning of mathematics. We 

hope that teachers will find the examples we use beneficial, and also motivating for seeking other 

examples of professions that will fuel students’ interests and needs to see mathematics in action. 
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