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Assessment in Action

Introduction

Ann Arden, Ottawa Carleton District School Board, Ontario, Canada
Melissa Boston, Duquesne University, Pittsburgh, Pennsylvania

In this section on Assessment in Action in the classroom, each chapter frames formative
assessment as an essential classroom practice and presents specific classroom-based strategies
that can be embedded into teachers’ everyday instructional practices. Formative assessment
involves activities undertaken by both teachers and students to modify teaching and learning
activities, with a focus on learning rather than on evaluation, ranking, or judgment (Black
and Wiliam 1998; Gipps 1994; Sadler 1998). A key aspect of formative assessment is that the
information it generates is used by both teachers and students to improve learning.

Formative assessment strategies make students’ mathematical thinking and under-
standing visible, thus serving as methods for “eliciting and using evidence of student think-
ing,” as called for by the National Council of Teachers of Mathematics’ (NCTM) Principles
to Actions: Ensuring Mathematical Success for AIl (NCTM 2014). As an example, the chapter
by Kim and Lehrer describes how “formative assessment talk” generates information to
support students’ progressions along learning trajectories in ways that are not possible
using traditional evaluative (e.g., IRE) modes of discussion. In order to elicit and assess
active thinking rather than passive recall, more diverse and complex assessment tasks and
strategies are required (NCTM 1995; Shepard 2001). This point is illustrated well in the
strategies for assessing and supporting children’s understanding (rather than rote memori-
zation) of number facts presented in the chapter by Bay-Williams and Kling. Similarly, the
chapter by Silver and Smith makes salient the connection between cognitively challenging
tasks and formative assessment. As Wiliam (2007) points out, “the task of the teacher is not
necessarily to teach, but to create situations in which students learn” (p. 1087).

The chapters in this section make explicit connections between planning, instruction,
and assessment. Their authors describe ways in which teachers can use formative assessment
to determine next instructional steps “in-the-moment” during a lesson and in planning
subsequent lessons. For example, Slavit and Nelson’s chapter describes how problem-based
instruction creates the need for formative assessment strategies and provides a context
in which assessment and instruction become increasingly interconnected in teachers’
daily practice. The chapter by Fennell, Kobett, and Wray provides a variety of formative
assessment strategies and describes how such strategies can be used to “inform” instruction
and planning. Each chapter provides a scenario or context to ground and illustrate the
highlighted strategies, across grade levels (including elementary and middle grades; see
chapter 15 by Marynowski in part III of this book for formative assessment in secondary
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classrooms), mathematical content (e.g., number facts, measures of center, and linear relation-
ships), and in multiple contexts (e.g., problem-based learning, learning trajectories, implementing
cognitively challenging tasks, and general classroom practice). The following paragraphs provide
summaries of each chapter in this section, specifically highlighting how the chapter presents
formative assessment in action in the mathematics classroom.

In chapter 1, Integrating Powerful Practices: Formative Assessment and Cognitively
Demanding Mathematics Tasks, Silver and Smith describe how instructional moves that
maintain students’ engagement in cognitively challenging mathematical work and thinking
simultaneously serve the purpose of formative assessment. The lines of research indicating the
power of cognitively challenging tasks and of formative assessment techniques in supporting
students’ learning have previously been disconnected; here, the authors bring together these ideas
and illustrate their interconnectedness in classroom practice: “engineering effective classroom
discussions, questions, and learning tasks” are instructional moves essential for providing oppor-
tunities for formative assessment (e.g., Wiliam 2011) and for engaging students in cognitively
challenging mathematical work and thinking (e.g., Henningsen and Stein 1997). To illustrate,
the authors present the case of an eighth-grade mathematics lesson on linear relationships, set in
a problem-solving context where students determine the cost of pizzas with different numbers of
toppings. Prior to the lesson, the teacher selected a cognitively demanding task, anticipated stu-
dents’ strategies, created a monitor chart to identify these strategies during the lesson, and planned
questions to ask during small-group work and the whole-group discussion. During the lesson, the
teacher monitored students’ work, asked questions to assess and advance students’ thinking, and
engaged students in a whole-group discussion. In presenting the case, Silver and Smith provide
explicit connections between the five practices for orchestrating whole-group discussions (Smith
and Stein 2011) and formative assessment (Suurtamm 2012).

In the chapter Developing Fact Fluency: Turn Off Timers, Turn Up Formative
Assessments, Bay-Williams and Kling call attention to the perils of timed, frequent tests that can
have potential and long-term impacts on children’s mathematical confidence and view of mathe-
matics. They contrast teaching patterns of “Memorize-Test-Continue” (M-T-C) that can neglect
reasoning strategies with “Reasoning strategies, Practice, and Monitoring” (R-P-M) that can
support students as they work toward mastery. The authors distinguish the R-P-M approach as
shifting the learning focus from memorization to strategy development and meaningful prac-
tice, as well as shifting the assessment focus from timed tests to observations and interviews.
'They argue that this approach can accomplish the mastery and retention of facts that traditional
approaches have failed to produce. Bay-Williams and Kling suggest five strategies to more appro-
priately assess fact fluency: no longer use time tests, make tests shorter to create time for students
to reflect on their strategies, have students describe their strategy for solving a problem, include
self-assessment, and provide teacher feedback that is more detailed than a mere score.

In chapter 3, Using Learning Progressions to Design Instructional Trajectories, Kim and
Lehrer describe how a fifth-grade math teacher used evidence of students’ learning from a Learn-
ing Progression Oriented Assessment System (LPOAS) to support students’ statistical reasoning.
This LPOAS involved four elements: construct maps, assessment items, scoring exemplars, and
lessons. The authors argue this LPOAS supports teachers in designing an instructional path that
aligns students’ current understandings with a conjectured learning progression. The teacher’s
knowledge of mathematics is key in this approach where instructional decisions are based on the
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mathematical substance of students’ thinking. Assessment tasks were used to determine students’
current understandings along a progression of three conceptual building blocks. The teacher then
asked “leveraging” questions and “engineered” formative assessment talk (FAT) based on the
conjectured learning progression. The authors suggest teachers use a construct map when scoring
students’ responses to assessment items, identify leverage points that bridge current levels of
understanding with learning performances, and design questions and supporting representations
to help students move from their current understandings to those with greater disciplinary scope
and precision.

In How Changes in Instruction Support Changes in Assessment: The Case of an In-
clusive STEM-Focused School, Slavit and Nelson describe how curriculum and instructional
choices influence assessment in a grades 6—12 STEM-focused school. In a problem-based learning
approach, teachers at this school prioritized formative assessment in instructional design. A key
component of assessment at this school was presentations to authentic audiences, such as local
business professionals and professors. This required the development of rubrics where teachers had
important conversations about clarifying the learning goals and criteria for success. At the end of
the year, students reported positive experiences based on teacher feedback and flexibility in the
way teachers viewed their learning. The project-focused learning environment changed the way
teachers viewed assessment, and they felt their new formative assessment strategies made students’
learning more visible.

In the final chapter of this section, Classroom-Based Formative Assessments: Guiding
Teaching and Learning, Fennell, Kobett, and Wray argue for the value of using formative
assessment as an everyday practice in mathematics classrooms. They present five classroom-based
formative assessment (CBFA) techniques, validated through classroom use, that teachers can
implement on a regular basis to guide and inform planning and teaching: observations, interviews,
“show me,” hinge questions, and exit tasks. The chapter describes each CBFA technique and pro-
vides concrete suggestions for when and how to use the technique in the mathematics classroom.
'The authors describe observations, interviews, and “show me” as informal techniques that could be
used within any lesson to monitor students’ progress and to help teachers determine the pace of the
lesson, identify misconceptions, and consider potential next steps. Hinge questions and exit tasks
are more formal in the sense that the question or item requires careful construction to elicit evi-
dence of students’ understandings of the main mathematical idea(s) of the lesson. Hinge questions
are open-ended or specially crafted multiple-choice items that can serve as a deciding element for
determining next instructional steps in planning and teaching. Exit tasks provide written docu-
mentation about each student’s understandings and proficiency. In the chapter overall, Fennell and
colleagues frame formative assessment techniques as in-the-moment opportunities for teachers
(and students) to garner, and immediately use, evidence of learning to adapt instruction and meet
students’ learning needs.

Together, the five chapters in part I on Assessment in Action provide concrete suggestions for
using formative assessment as an everyday classroom practice. As you read these chapters, consider
the following questions:

e How do teachers connect planning, teaching, and assessment into a seamless cycle of
instructional moves?

e In what ways can teachers elicit and support students’ thinking?
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e  How are students included in the assessment process?

e In what ways does classroom assessment inform both teachers’ and students’ next moves?
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®m CHAPTER 1

Integrating Powerful Practices: Formative
Assessment and Cognitively Demanding
Mathematics Tasks

Edward A. Silver, University of Michigan, Ann Arbor
Margaret S. Smith, University of Pittsburgh, Pittsburgh, Pennsylvania

As students shuffled out of her classroom, Ms. Dyson sat at her desk and reflected on
what had just occurred in her eighth-grade mathematics class. Here is a portion of her
reflection:

'The Building a Pizza task worked really well today! There were a few bumps

at the start, but I was able to get the confused students on track. The class was
excited when they went to the Domino’s website and saw that the problem was
real—the price of a topping was not given! Students worked hard and generated
lots of mathematics—plotting points by treating the number of toppings and
corresponding cost as ordered pairs, looking for patterns in prices for medium
pizzas that varied by number of toppings, and forming generalizations to express
the cost for a pizza with respect to the number of toppings.

Groups 1, 2, and 5 stated a generalization in words for the total price of a medium
pizza, but they had trouble expressing it algebraically. Group 4 got the price per
topping but had trouble writing the equation, initially confusing what was constant
and what varied. Several groups had difficulty interpreting the graph produced by
Group 4. Based on what I saw today, Group 3 seems ready to move on, so tomor-
row I will ask them to explore how the generalization they found in part ¢ would be
affected if we changed the conditions by including two toppings in the base price
and only charging for extra toppings. Most of the groups need more experience
with the concepts in context and more practice with writing and graphing equa-
tions to express generalizations, so I will ask them to extend this investigation to
small and large pizzas.

The first part of Ms. Dyson’s reflection on the lesson is fairly typical of what teachers
might glean from lessons that “go well,” but the latter part is not at all typical. Even without
knowing the details of the task, which we will present later, we can see that Ms. Dyson’s
comments suggest both that she learned quite a lot about her students during the lesson and
that she was using that information in planning tomorrow’s lesson.

How did Ms. Dyson uncover so much about her students’ mathematical understand-
ings during one lesson? How might her students benefit from the detailed insights she
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developed about what they know and can do, and about areas where they might need further
conceptual development or skill practice? In this chapter we consider these questions in relation to
some recent research on mathematics instruction.

B Some Relevant Recent Research on Mathematics
Instruction

As we elaborate below, research on effective mathematics instruction has established two distinct,
robust findings. One is that students learn mathematics well in classrooms where they have
regular opportunities to work on cognitively challenging tasks that promote mathematical problem
solving, reasoning, and understanding, as long as their teachers support their work on the tasks in
a manner that does not lower the cognitive demand as the lesson unfolds. A second robust research
finding is that students learn mathematics well in classrooms where teachers employ formative
assessment techniques to elicit, interpret, and use evidence about what students have learned to
inform instructional decisions. These evidence-based characterizations of effective mathematics
teaching have been disconnected in both the research literature and in practitioner-oriented outlets
in large part because they derive from different perspectives on classroom instruction and from
distinct lines of empirical inquiry. In this chapter we interweave these distinct characterizations

to produce an integrated perspective that we believe can inform and support efforts to improve
mathematics teaching.

Cognitively Demanding Mathematical Tasks

Mathematics classroom instruction is organized around and delivered through the mathematical
tasks, activities, and problems found in curriculum materials. For example, the students in all
seven countries analyzed in the TIMSS video study (National Center for Educational Statistics
[NCES] 2003) spent more than 80 percent of their time in mathematics lessons working on tasks.
'Thus, students’ opportunities to learn mathematics are determined to a great extent by the mathe-
matical tasks they encounter in the classroom. Though mathematical tasks are a constant presence
in mathematics classrooms, they also exhibit considerable variation.

Tasks vary not only with respect to mathematics content but also with respect to the cog-
nitive processes they entail. Tasks that offer opportunities for students to sharpen their mathe-
matical thinking and reasoning by requiring them to analyze mathematics concepts or to solve
complex problems can be considered cognitively demanding or high-level tasks. In the Building
a Pizza task shown in figure 1.1, for example, no solution path is explicitly suggested or implied,
and students could use a variety of approaches (e.g., plot the number of toppings and cost as
points on a graph to find the rate of change, build a table with the given values and interpolate,
or find the difference in the number of toppings and the difference in the cost and then divide).
In addition, students must determine and enact a reasonable course of action and justify the
plausibility and accuracy of their solutions.

In contrast, cognitively undemanding tasks—low-level tasks that require little more than
memorization and repetition—offer little or no opportunity to develop proficiency with complex,
high-level cognitive processes. For example, it is likely that students would expect to solve the
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Writing Equations task shown in figure 1.1 using a specific, memorized procedure (e.g., the point-
slope form of a line, or a combination of the slope formula and the slope-intercept form of a line).
Low-level tasks typically require neither decision-making nor justification.

Building a Pizza Writing Equations

You and your friends are going to buy pizza from For each pair of points, find the rate of change,
Domino’s. From previous orders you know that a the y-intercept, and the equation of the line
medium pizza with 2 toppings costs $14.00 and a that passes through the points.

medium pizza with 5 toppings costs $20.00.
(3,2) and (7,-4)
(2,3) and (6,4)
(1,6) and (3,2)
(0,-2) and (3,4)
1,-4) and (-4,7)

a. Assuming Domino’s charges the same
amount for each topping added to a plain
cheese pizza, determine the cost per top-
ping.

b. If you wanted to order a medium cheese
pizza, with no additional toppings, how
much would you expect to pay?

c. Write a general rule you could use to
determine the price of any medium
Domino’s pizza.

PO oo

For each part of the task, be sure to explain how
you got your answer and why it makes sense.

Adapted from Mathalicious
(http://www.mathalicious.com/lessons/domino-effect)

Fig. 1.1. Mathematics tasks with different cognitive demands

Deciding to use a high-level mathematics task in a lesson is an important step, but the payoff
from this decision depends on how the task is enacted in the lesson. Selecting high-level tasks
for use in mathematics classrooms does not guarantee that the tasks will be used in ways that
maintain the demand characteristics essential to opportunities for students to learn mathematical
thinking and reasoning. Research has shown that the cognitive demands of mathematical tasks
can change as tasks are introduced to students and/or as tasks are enacted during instruction
(Stein, Grover, and Henningsen 1996). The mathematical tasks framework (M'TF) shown in figure
1.2 models the progression of mathematical tasks from their original form, as they appear in the
pages of textbooks or other curriculum materials, to the tasks that teachers actually provide to

students, and then to the tasks as they are enacted by the teacher and students in classroom lessons
(Stein et al. 2009).

TASKS TASKS TASKS

as they appear in as set up by the as implemented by

curricular/ > teacher > students

instructional Student
materials Learning

Fig. 1.2. The mathematical tasks framework
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'The first two arrows in the figure identify critical phases in the instructional life of tasks at
which cognitive demands are susceptible to being altered. The tasks, especially as enacted, have
consequences for student learning of mathematics, as is shown by the third arrow in the figure and
the “Student Learning” triangle that follows it. The features of an instructional task, especially
its cognitive demands, may be altered as a task passes through these phases (Stein, Grover, and
Henningsen 1996; Stigler and Hiebert 2004).

Researchers who have used the MTF, and related conceptualizations, as a lens for studying
mathematics classroom teaching have noted that implementing cognitively challenging tasks in
ways that maintain students’ opportunities to engage in high-level cognitive processes is not a
trivial endeavor, especially for teachers of mathematics in the United States (e.g., Henningsen and
Stein 1997; NCES 2003). Nevertheless, evidence from research conducted in a variety of U.S.
classroom contexts has found that it is possible for American teachers to do this well, with clear
benefits for their students.

Research has found that greater student learning occurs in classrooms where cognitively
demanding mathematical tasks are used frequently and where high-level cognitive demands are
maintained throughout an instructional session (Boaler and Staples 2008; Hiebert and Wearne
1993; Stein and Lane 1996; Stigler and Hiebert 2004; Tarr et al. 2008). For example, in a
longitudinal comparison of three high schools over a five-year period, Boaler and Staples (2008)
determined that the highest student achievement occurred in the school in which students were
supported to engage in high-level thinking and reasoning. Boaler and Staples attribute students’
success to the ability of the teachers to maintain high-level cognitive demands during instruction.
Studies by Tarr and colleagues (2008) and Stein and Lane (1996) found that classrooms in which
teachers consistently encourage students to use multiple strategies to solve problems and support
students to make conjectures and explain their reasoning were associated with higher student
performance on measures of thinking, reasoning, and problem solving.

Formative Assessment

Another body of research suggests that student achievement is amplified when teachers employ
formative assessment techniques in classroom instruction. Black and Wiliam (1998) synthesized
the results of dozens of studies of formative assessment, and they found strong evidence of greater
student achievement in classrooms where teachers used such techniques. Ehrenberg and colleagues
(2001) reported that the impact on student achievement of teachers using formative assessment

as part of instruction was far greater than that obtained by reducing class size. Other empirical
studies have demonstrated that teachers can learn to use formative assessment in the mathematics
classroom with positive effects on students’ learning (e.g., Wiliam et al. 2004). Although some
have pointed to weaknesses and gaps in the evidence base (e.g., Bennett 2011), the preponderance
of research evidence appears to support the positive influence on student learning of formative
assessment in classroom instruction.

Formative assessment refers to a process of eliciting and interpreting evidence about what
students have learned and then using this information to make instructional decisions (Wiliam
2011, p. 50). In contrast to summative assessment, which involves the evaluation of student
learning, progress, or achievement to assign grades or appraise programs, formative assessment
involves assessment for learning—gathering evidence within the stream of instruction about what
students are doing, thinking, and learning and then using that evidence to inform decisions that
affect teaching and learning.
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Many view formative assessment as an essential aspect of effective instruction. In fact,
Principles to Actions: Ensuring Mathematical Success for All (National Council of Teachers of
Mathematics [NCTM] 2014) identifies e/iciting and using evidence of student thinking as one of
eight non-negotiable teaching practices critical for successful implementation of ambitious stan-
dards. According to Leahy and colleagues (2005, p. 19), “in a classroom that uses assessment
to support learning, the divide between instruction and assessment blurs. Everything students
do—such as conversing in groups, completing seatwork, answering and asking questions, working
on projects, handing in homework assignments, even sitting silently and looking confused—is a
potential source of information about how much they understand.” Based on their analysis and
synthesis of a number of studies of formative assessment in classroom instruction across a variety
of school subjects, Leahy and colleagues (2005) identified several aspects of instruction that
characterize effective formative assessment in classrooms, including engineering effective class-
room discussions, questions, and learning tasks; promoting students’ ownership of their learning;
and encouraging students to be learning resources for one another.

Engineering effective classroom discussions, questions, and learning tasks involves at least three
interrelated instructional practices: (1) engaging students in tasks and activities that provide
insights into their thinking; (2) listening and analyzing student discussions and artifacts inter-
pretatively, not just from an evaluative perspective; and (3) implementing instructional strategies
designed to engage all students in tasks, activities, and discussions (Wiliam 2011). For this to
work well, instructional tasks and activities should elicit thinking and reasoning, relate to key
concepts and skills in the curriculum, and allow students to show what they understand and can
do. Also, it is important that teachers and students engage in listening “interpretatively” (Davis
1997); that is, not just listening for the right answers but also listening for evidence about student
thinking to inform the next instructional steps. In this way, a teacher can obtain evidence about
how well students are learning important mathematical concepts and skills and detect errors
or misconceptions that are prevalent in student work, especially those that may interfere with
learning new concepts or solving related problems.

Effective formative assessment also means promoting students’ ownership of their learning and
encouraging students to be learning resources for one another. Providing students with challenging
mathematical tasks and supporting them to develop persistence in solving such tasks helps students
develop a sense of self-efficacy that also supports their motivation to tackle difficult mathematics
topics. Also, teachers can engage students in self-assessment and peer-assessment, with an emphasis
on listening interpretively as noted above rather than focusing only on right/wrong judgments.
Classrooms in which students actively listen to their peers’ presentations and explanations can
be communities in which each student supports the learning of other students in a mutually
enabling manner.

H Integrating Formative Assessment with the Use of
Cognitively Demanding Tasks: The Case of Ms. Dyson

We now return to the question posed earlier in this chapter: How did Ms. Dyson uncover so much
about her students’ mathematical understandings during one lesson?

We think the answer lies in the interplay between the two perspectives just reviewed, namely,
cognitively demanding tasks and formative assessment. First, Ms. Dyson selected a mathematical
task for her students to work on during the lesson that was—
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e  cognitively demanding;

e accessible to all students, whether they preferred to work with words, numbers, graphs, or
equations;

e aligned with her goals for student learning (e.g., use concepts of slope and y-intercept in a
problem context; write an equation to represent the relationship between a dependent and
independent variable; gain facility in recognizing and expressing a linear function in a table,
graph, and equation);

e motivating to students—presenting a familiar context and a question that could not be
immediately answered (even if you went to the Domino’s website!); and

e capable of revealing students’ understanding and thinking, especially by including the
requirement that students explain sow they solved the problem and why their solution made
sense.

Hence by selecting this particular task, Ms. Dyson took an important first step toward
engineering an effective classroom discussion.

Second, she carefully planned the lesson prior to instruction—anticipating the ways in which
students might approach or solve the task and generating questions she could to ask to assess
what the students understood and to advance their understandings. Here is another part of her
post-lesson reflection:

I learned a lot from listening as students worked in groups on the task, using the monitor-
ing charts I created yesterday. The charts recorded my expectations about what students
were likely to do and what I could say to get them to think more deeply. I was free to
watch and listen carefully and then to jot notes about what I saw and heard and to flag
things that might need follow-up.

'The monitoring charts (see appendices 1.A and 1.B) assisted Ms. Dyson both in preparing to
teach the lesson and in allowing her to be attentive to students’ thinking as they tried to solve
the problem.

In each chart she listed solution strategies that she anticipated students might use, obstacles
she expected they might encounter, and questions she intended to ask about their methods to
highlight key mathematical issues or ways she intended to help them navigate around or through
the obstacles (see the first two columns of the tables in appendices 1.A and 1.B). In so doing she
illustrated the kind of lesson preparation that is crucial both to using cognitively demanding tasks
effectively and to supporting a classroom discussion that clarifies and shares learning intentions
and outcomes. Also, by carefully thinking in advance about likely solution methods and questions
she might want to pose, Ms. Dyson was preparing herself to support students to persist in solving
a challenging problem in the face of obstacles they might encounter rather than telling them
explicitly how to solve the problem and thereby lowering the cognitive demand.

Next, while students worked in groups on the task, she used her monitoring chart to remind
herself of the questions she wanted to ask students about their solution methods and to keep track
of what students were doing (see column 3 of the tables in appendices 1.A and 1.B). Her record-
ings on the monitoring chart helped her decide which solutions should be presented during the
discussion and in what order, key aspects of a solution she wanted to highlight, and who would
be asked to present each one to the class (see column 4 of the tables in appendices 1.A and 1.B).
In this way, she increased the opportunities that students would be able to learn from each other
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during the whole-class discussion. The monitoring chart also helped her identify concepts that
students were struggling with, to reassign group members so that students have the opportunity to
work with peers with different strengths, and to keep track of which students had an opportunity
to present their work to the class. Hence the information on the monitoring chart would be useful
to Ms. Dyson in making instructional decisions in the current lesson as well as in future lessons.

Finally, the lesson provided an opportunity for students to take ownership of their learning.
Students initially visited the website and determined that this was an authentic problem. Later,
by carefully selecting the solutions that would be presented and the students who would do the
presenting, Ms. Dyson built the lesson upon the thinking of her students and allowed them to be
authors of their own ideas. Through their discussion of varied solution methods, students com-
pared responses to identify the strengths and weaknesses of different approaches to or explanations
of a solution, rather than simply relying on the teacher to identify them as right or wrong. Students
were thus held accountable for reasoning about and understanding key ideas.

Ms. Dyson’s instructional practice embodies effective use of formative assessment as well as
what Smith and Stein (2011) have referred to as the five practices for orchestrating a productive
mathematics discussion. The practices (Anticipating, Monitoring, Selecting, Sequencing, and
Connecting) are intended to help teachers maintain the cognitive demands of high-level tasks
through thoughtful and thorough planning prior to a lesson, thereby limiting the amount of
improvisation needed during the lesson. A lesson enacted using the five practices is similar to
what Suurtamm (2012, p. 31) describes as a formative assessment approach called the “Math
Forum,” in which a teacher gains “a strong sense of individual students’ as well as the whole class’s
understanding of mathematical concepts.”

B Coda

We think Ms. Dyson’s lesson offers a vivid example of how formative assessment and the use of
cognitively demanding mathematics tasks in instruction can be seamlessly integrated. Moreover,
given recent arguments for the importance of taking a disciplinary perspective when thinking
about formative assessment (e.g., Bennett 2011; Coffey et al. 2011), we see the integration of these
perspectives as one way to accomplish that goal. By connecting these two lines of research in

her own practice, Ms. Dyson provided her students with the opportunity to learn mathematical
content and to engage in a set of practices that are the hallmark of the discipline, and she also gave
herself a window into her students’ thinking and a mechanism for instructional decision making
and improvement.

References

Black, Paul, and Dylan Wiliam. “Assessment and Classroom Learning.” Assessment in Education: Principles,
Policy & Practice 5,n0. 1 (1998): 7-74.

Bennett, Randy Elliot. “Formative Assessment: A Critical Review.” Assessment in Education: Principles, Policy &
Practice 18, no. 1 (2011): 5-25.

Boaler, Jo, and Megan Staples. “Creating Mathematical Futures through an Equitable Teaching Approach: The
Case of Railside School.” Teachers College Record 110, no. 3 (2008): 608—45.

Coffey, Janet E., David Hammer, Daniel M. Levin, and Terrance Grant. “The Missing Disciplinary Substance
of Formative Assessment.” Journal of Research in Science Teaching 48, no. 10 (2011): 1109-36.

H1ME



Assessment to Enhance Teaching and Learning

Davis, Brent A. “Listening for Differences: An Evolving Conception of Mathematics Teaching.” Journal for
Research in Mathematics Education 28, no. 3 (1997): 355-76.

Ehrenberg, Ronald G., Dominic J. Brewer, Adam Gamoran, and J. Douglas Willms. “Class Size and Student
Achievement.” Psychological Science in the Public Interest 2, no. 1 (2001): 1-30.

Henningsen, Marjorie, and Mary Kay Stein. “Mathematical Tasks and Student Cognition: Classroom-Based
Factors That Support and Inhibit High-Level Mathematical Thinking and Reasoning.” Journal for
Research in Mathematics Education 28, no. 5 (1997): 524—49.

Hiebert, James, and Diana Wearne. “Instructional Tasks, Classroom Discourse, and Students’ Learning in
Second-Grade Arithmetic.” American Educational Research Journal 30, no. 2 (1993): 393-425.

Leahy, Siobhan, Christine Lyon, Marnie Thompson, and Dylan Wiliam. “Classroom Assessment: Minute by
Minute, Day by Day.” Educational Leadership 63, no. 3 (2005): 18-24.

National Center for Education Statistics (NCES). Teaching Mathematics in Seven Countries: Results from the
TIMSS Video Study. Washington, D.C.: U.S. Department of Education, 2003.

National Council of Teachers of Mathematics (NCTM). Principles to Actions: Ensuring Mathematical Success for
All Reston, Va.: NCTM, 2014.

Smith, Margaret S., and Mary Kay Stein. 5 Practices for Orchestrating Productive Mathematics Discussions.
Reston, Va.: NCTM, 2011.

Stein, Mary Kay, Barbara W. Grover, and Marjorie Henningsen. “Building Student Capacity for Mathematical
Thinking and Reasoning: An Analysis of Mathematical Tasks Used in Reform Classrooms.” American
Educational Research Journal 33, no. 2 (1996): 455-88.

Stein, Mary Kay, and Suzanne Lane. “Instructional Tasks and the Development of Student Capacity to Think
and Reason: An Analysis of the Relationship between Teaching and Learning in a Reform Mathematics
Project.” Educational Research and Evaluation 2, no. 1 (1996): 50-80.

Stein, Mary Kay, Margaret S. Smith, Marjorie Henningsen, and Edward A. Silver. Implementing
Standards-Based Mathematics Instruction: A Casebook for Professional Development. 2nd ed. New York:
Teachers College Press, 2009.

Stigler, James W., and James Hiebert. “Improving Mathematics Teaching.” Educational Leadership 61, no. 5
(2004): 12-16.

Suurtamm, Christine. “Assessment Can Support Reasoning.” Mathematics Teacher 106 (2012): 28-33.

Tarr, James E., Robert E. Reys, Barbara J. Reys, Oscar Chavez, Jeffrey Shih, and Steven J. Osterlind. “The
Impact of Middle-Grades Mathematics Curricula and the Classroom Learning Environment on
Student Achievement.” Journal for Research in Mathematics Education 39, no. 3 (2008): 247-80.

Wiliam, Dylan. Embedded Formative Assessment. Bloomington, Ind.: Solution Tree Press, 2011.

Wiliam, Dylan, Clare Lee, Christine Harrison, and Paul Black. “Teachers Developing Assessment for
Learning: Impact on Student Achievement.” Assessment in Education 11, no. 1 (2004): 49-65.

m 12N



~yoeouddy onawyily yum Buluoseasy, e

Buisn alem Aay Ul yoeq peyoayod | usypn ‘pesdo.d
0} MOY UO Seap] 8WOS pey pue aie SeouaIapip

8y} Jeym noge suonsanb Jamsue 0} 8|qe alop

(¢o) elIse MU ‘Paser ‘epue|oA

£1509 pjnom ezzid buiddoj-z e yuiyz noA op yonw moH

¢sbuiddo;
G 0] g wouy aseasoul nof uaym aaud ayj o} suaddey jeym

¢Sezz/d om) asay} 1noge juaiayIp S Jeym
épuly oy buifiy nof are jeym

PaliElS 199 jue)

'sBuiddo) g 1o} 1500 8y} 89 pjnom
SIU} Jey} pazijeas suolsanb maj e payse | Jaje ing
9$ aq o} buiddoj sad 1509 ay) paje;s Ajjeniu|

(D) exjIWE] ‘B198YS ‘JIequly ‘UoIBY

éfum
¢ezzid buiddoj-g e J0j 31800 pjnom 31 yuiyl noA op yonw moH

¢pappe asom sbuiddoy Auew moH
¢ezzid burddoj-z e uey) ezzid buiddo;-g e s eijow yonw moH

"2 = ¢/9 se buiddoy Jad

1S02 U} 81e|N9[ed pue JOBAGNS 0S ‘v|$
1502 U330 8} pue 0g$ 1509 ezzid suo
ey} SJON — Sjunowy om] 3y} Joesgns

18 -(gD)
BUMBYS

‘ezzid Aue 10} 1500 pulj 0} uonezijessush

e U0 Bunyiom asam Asyy ‘¥oely uo buiab Jeyy
*sbuiddoj ou yym ezzid e jo }sod ay} buipuly 3|q
-noJj pey Ajjeniui inq buiddoy Jad 3509 8y puno4

‘yoeoldde siy} pasn Jaje| GO pue go
(e9) BUMBYS “BWIBQ ‘OB ‘UBJUUSP
(19) yeny ‘suuoif] ‘Aejysy ‘suyo

¢Sezzid wnipaw om) Aue jo voud ay}
uanib buiddoy Jad 1509 8y} puly 0} poyiaw inoA asn noA pinoo

¢ezzid Aue Jo 3s00 ayj 1no puly noA pjnod moH
¢ezzid ure(d e Jo 309 8y} puly noA pip MoH

"0L$ 89 pinom sBuiddoy g os ‘Buiddoy |
10} 8q pjnom yoiym ‘g1$ 196 noA | wouy g
10B41gNns NOA | *00°g$ S! Buiddoy yoes os
‘2 =¢ + 9 ¢ sI sbuiddoy Jo Jaquinu 8y} ui
99UBJBHIP 8} PUE 9$ SI 1SOD Ul 9oUSISHIP
ay1 usy} ‘p1$ S1s09 ezzid buiddos-g sy}
pue 0g$ s1s09 ezzid 6uiddos-G aus 4 1eyy
aulwIee( — dNBWIYIMY yum Bujuoseay

"uoiN|os 1s1j 8y}
0] S}08UU0D }I MOY pue
punos si buiuoseal
8y} Ji sjuspnis ysy
pug —s|qeL pajesld
layoes] Jussald

‘yoeoidde siyi pasn auo oN

¢ezzid Aue Jo 1509 ay} puly 0} 8|qe} JnoA asn noA pjnod moH
29YI] Yooy pjnom sjujod inoA jo ydeib ayj yuiyz noA op 1eym
£8/qey inoA uj pejussaide. ezzid urerd e jo aoud ayj SI 818Yp
¢d/qey inoA uj pajussaidas buiddoy sed soud ayj Si sieym

"0+$ 29 usyl pjnom
sbuiddoy g “a|qe} 8y} 819|dwod 0} g Jo
90UBJBHIP,, SIU} 8SN USY} UBD NOA "dwll}

yoes g ppe isnl isnw noA ‘sbuiddo} g pue
2 101500 a8y} Bunesedss 9 si alay} 9ouIs
eyl suiwislep usay] "sbuiddol g pue g Joy
1S00 8y} Ul [|I} pue (siow Jo) G ybnoiyl o
sbuiddoy sey eyl a|qel e axe\ — a|qelr

‘pajussaid pey

€9 eyl uolnjos ey}
Y}IM S}08UU0D UONN|OS
S5 MOY SIUBPNIS Sy

pig — (¥D) eleH

'}S09 AU® pulj 0} papuBIXd 8]

pinoo yde.b ay} ey urejdxa pinod ing jdaatajui-A
Jo Bujueaw ayj bujurejdxa ajqgno.) peH
1daossyul-A punoy ‘buiddoy

| 10} g$ 01 @ous|eAInba mes sbuiddoy ¢ 10} 9%

J0 ,81el, 8y} Inoge pay|e] ‘e|buel) ado|s pasn

(o) 0epUE) ‘|oBYIN ‘BlEH ‘PIRYSEY

1eUM/OUM

¢ezzid Aue jo 3509 ayj puly 0} ydeib inoA asn noA pjnoo moH
cwsjqoud ayp jo swus} ul ueaw 3dadisaul-A ayx seop jeym
cydeub ayj jo swus} ul ueaw SIy} S80P JBYM

cydeub inoA uo pejussaida. buiddo; sad 8o1d ayj SI 8soym

suonsenp

dsel ezzid e bulpjing Y3 4O g pue e siied 10} 1eyd Bulloyuo

V'L xipuaddy

(010) sepnjoul yeys aul|

e yum suiod sy} 108uu0?) "sjuiod om} sy}
US8M]S( UNJ 0} 8SII JO Ol1eJ 8} BUILLISIeP
10 s|Buel} adojs e meJp pue sue(d ajeu
-IpJ009 B UO Sied paispio 10|d — ydesn

A6ajens

H 13 N



"WJ0} dAleIIBU
ul ajnJ e Buium dn papu3 "ajnJ e azijeiauab o}
moy aJns jou d1am Ing Buiddoy Jad }s00 puno4

(5o) eyjlwe] ‘Bledys ‘Jequy ‘uoiey

épip

noA jeym umop aum noA uen ¢arey noA sbuiddoy
Auew moy Jepew ou swes sy} surewal jeym
¢Sbuiddoj aiow ppe noA usym sabueyd jeym
¢sbuiddoy z yum 3s00 ezzid © pjnom yonw moH

¢buiddoy | yum 3s09 ezzid & pjnom yonw Mo

— Pauels 1899 Luen

"} paxy Aoy |

‘ydeub Jivyy yum punoy Asyj 1eyl uonew.oul
awes 8y} way} dAI6 10U pip ¥ eyl punoy Asyy
san|eA o1oads 10} 8|nJ 418y} pal} Aayl 8ouQ

(D) 90BPUED ‘|9BYOIN ‘EleH ‘PreyseY

éoun

yora aWes ay) suiewsal jleym pue sabueyd jeym
£1S00 ezz/d buiddo)-g e seop yonw moH ¢éajni
anoA buisn 3soo ezzid buiddoj-| e seop yonw moH

L]

¢ +x0L$=90
108.100u] — o1eIqab|y

1s1 — (§D) uosey

“Yom [eniul iy Buisinel Jsye siyy 03 106 G5
*Ajjesrjoquifs diysuoinejai

ay) ssaidxa 0} sajqeriea buisn ajqnoJj peH
(29) a11se7 HOIN ‘Pater ‘Bpuelop

(19) yeny ‘suuoihy ‘Aejysy ‘suyo

¢0L$ 8y3 03 susddey reym

¢paiejas buiddo; sad 3500 pue sbuiddoy jo jequinu
oy} aie moH ¢sbuiddoy jo sequinu ayj Jussaidal
no/ pjnoo moH ¢uoijenba ue se siy} 83im noA ued

¢sbuiddoy g1 ¢sbuiddo; g
yum ezzid e Jo }S00 8y} jno ainbiy noA pjnom moH

‘0+$ PPE
pue g sawi} sbuiddo}
JO Joaquinu 8y} 3B} NOA

— 9AljelleN

"1X81u09 ay} pue ydeib
8y} Bunejal s|gnoli pey ¥5 pue €9 inq
IV "1X81u09 pue uoienbs ‘ydelb ‘a|qe}

9)e|ay “1X8ju0d Jo SWJa} Ul uoenba
Jo 1ed yoes ure|dxa 0} Sse|0 sy

"PaqLISap GO Feym
0} sajejes uonenbs s,g5 Moy SSeo Ysy

pug - (D) eleH

jiom [emul Jisy) Buisinel sae siuy1 106 O

‘paydelb uaym a1 paxoo|

uonenba ay} 1eym aquosap pinod Asy] -buroud
Jualayip 4 86UBYD PINOM JBUM MBUY 1X81U0D
0 swua)} ul suoiienba jo ped yoes pauie|dx3

(eo) BUMBYS YEBW[SQ ‘OB ‘U8jIUUSM

1BUM/OUM

Aym épaydesb uaym
ayl| 00] |[im uonenba unoA xuiyj noA op jeym

cuonenba inoA ur ebueyd pjnom
Jeym ‘pasealou] ezzid 9seayo e JO S0 8y} J

cuonenba inoA ur abueyo
pinom jeym ‘paseaoul buiddoy Jad }s09o 8y j|

Jwajqoud sy Jo 1x8)u00 8y}
JO swus) ul uesw uonenbs Jo Jed yoes S8op 1eym

suonsanp

yse| ezzid e buipjing Syl 40O 3 14ed 10 1ieyd Bulioyuon

g’ xipuaddy

sbuiddoy jo Jequinu =}

01$ +12$ =100
— oljoquAsg

ABajens

H 140



