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Abstract This introductory paper to the volume contrasts formative assessment
with summative assessment and describes the importance of formative assessment
to classroom instruction. In particular, it argues that a task is formative to the extent
that data from the task are used to enhance and inform further instruction rather
than simply to provide an evaluation of a student or of instruction. The use of
design research as a mechanism to develop sound classroom assessment is outlined
because a design science framework provides a means to tie together varied
exemplars of innovations in assessment. A cycle of task implementation and
revision can lead to improved assessment practices.

Keywords Design research � Formative assessment � Summative assessment
Evaluation

D. R. Thompson (&)
University of South Florida, Tampa, FL 33620, USA
e-mail: denisse@usf.edu

D. R. Thompson
College of Education, EDU105, Tampa, FL 33620, USA

M. Burton
Auburn University, 5020 Haley Center, Auburn, AL 36849, USA
e-mail: megan.burton@auburn.edu

A. Cusi
University of Turin, Via Tamburini 45, 42122 Reggio Emilia, Italy
e-mail: annalo@tin.it

D. Wright
Research Center for Learning & Teaching, Newcastle University,
Newcastle upon Tyne NE1 7RU, UK
e-mail: wrightdavidg@gmail.com

© Springer International Publishing AG 2018
D. R. Thompson et al. (eds.), Classroom Assessment in Mathematics,
ICME-13 Monographs, https://doi.org/10.1007/978-3-319-73748-5_1

3



1.1 Introduction

For much of the general public, including parents and politicians, assessment is
often synonymous with tests. But assessment can and should be much more than
just a test. In fact, one way to define assessment in mathematics is “as the process of
gathering evidence about a student’s knowledge of, ability to use, and disposition
toward, mathematics and of making inferences from that evidence for a variety of
purposes” (National Council of Teachers of Mathematics [NCTM] 1995, p. 3). In
contrast, evaluation is “the process of determining the worth of, or assigning a value
to, something on the basis of careful examination and judgment” (NCTM 1995,
p. 3). Tests, then, are a means of evaluation, and evaluation is just one aspect of
assessment.

The tension implicit in the previous paragraph reflects the fact that assessment
has both formative and summative perspectives. A given assessment task can be
either formative or summative, depending on how the information gathered from
that task is used. If an assessment task is used for accountability purposes, at the
individual student level or to make value judgments about the quality of education
in a school or country, then that assessment task is summative; most large-scale
external assessments or classrooms assessments used at the end of a unit of study fit
within this category. However, when assessment tasks are used to collect insight
into students’ thinking that can inform the teacher or the students about their
learning which is then used to guide further instruction, the assessment task is
formative; tasks and activities that help move students’ thinking forward and help
guide teachers as they make instructional decisions fit within this side of the
assessment coin.

Too often, assessment is viewed as something that occurs at the end of a unit of
study or a specific time period. However, assessment “that enhances mathematics
learning becomes a routine part of ongoing classroom activity rather than an
interruption. … [and is] an integral part of instruction that encourages and supports
further learning” (NCTM 1995, p. 13). The papers in this volume take this view of
assessment—as an ongoing and integral part of instruction to enhance the learning
of students.

1.2 The Role of Formative Assessment in the Classroom

Black and Wiliam (2009) describe formative assessment in terms of decisions made
based on the assessment rather than on the actual collection of information from the
assessment. Assessment is formative

to the extent that evidence about student achievement is elicited, interpreted, and used by
teachers, learners, or their peers, to make decisions about the next steps in instruction that
are likely to be better, or better founded than the decisions they would have taken in the
absence of the evidence that was elicited. (p. 9)
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As noted by Wiliam, this definition means that formative assessment necessitates
“that one is clear about what it is that students are to learn, but it does not impose a
particular view of the mathematics curriculum, nor does it entail any particular view
of what happens when learning takes place” (2015, p. 250). That is, a determination
of the nature of an assessment depends on how information from that assessment is
used. A given task, even an end-of-unit test, could be formative if it is used to guide
instruction or help teachers determine how to move students’ learning forward, but
could be summative if it is used solely to provide a grade.

The definition of formative assessment posited by Black and Wiliam poses a
challenge for teachers, educators, and researchers. To gain the type of information
needed to make effective instructional decisions, cognitively demanding tasks are
needed that focus on conceptual understanding rather than just surface knowledge.
Identifying and developing such tasks is not only a challenge for teachers, but is
also a challenge for students who are asked to think mathematically in ways that
involve more than just procedures and to explain their thinking in multiple ways—
via pictures, words, symbols, or in some other format. Students and their teachers
need many opportunities to engage with such tasks to develop an appreciation for
the extent to which they can facilitate the learning process.

Over the last three decades, in particular, there has been a recognition around the
globe of the need to engage many more students in mathematics, and to ensure that
all students have an opportunity to be successful. As a consequence, mathematics
educators in many countries have emphasized the importance of a student-centered
classroom rather than just a teacher-centered or teacher-directed one. Formative
assessment is a critical component of shifting to a student-centered perspective
because it places the student at the center of the assessment process, through having
students assess their own learning as well as supporting the learning of classmates.
Black and Wiliam stress that, together with the teacher and the learner himself,
fundamental agents in the assessment processes are the peers. Peers can challenge
learners to reflect on their own thinking, helping them “to make unconscious
processes overt and explicit and so making these more available for future use”
(2009, p. 19). As Leinwand and colleagues note, “an important goal of assessment
should be to make students effective self-assessors, teaching them how to recognize
the strengths and weaknesses of past performance and use them to improve their
future work” (2014, p. 95). Through both self-assessment and peer assessment of
present and past performance, students become the center of the instruction and
assessment cycle.

1.3 Design Research in Classroom Assessment

The report Knowing What Students Know (Pellegrino et al. 2001) identifies progress
in the science of designing assessments as a key factor in enhancing classroom
assessment. The report provides a range of assessment examples and steers the
analysis of them towards a science of design:
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while it is important to carefully analyze each of the examples as a separate instance of
innovative design, they also need to be analyzed as a collective set of instances within a
complex ‘design space.’ The latter can be thought of as a multivariate environment
expressing the important features that make specific instances simultaneously similar and
different. (Pellegrino et al. 2001, p. 304)

Developments in design science in recent years (Barab and Squire 2004; Bereiter
2002; Burkhardt 2006; Cobb et al. 2003; DBRC 2003; Kelly 2003; van den Akker
et al. 2006) provide a clearer view of what might be required for the design of
effective assessments. The principles of design research can be described as:

a formative approach in which a product or process (or ‘tool’) is envisaged, designed,
developed and refined through cycles of enactment, observation, analysis and redesign,
with systematic feedback from end-users. Educational theory is used to inform the design
and refinement of the tools, and is itself refined during the research process. Its goals are to
create innovative tools for others to use, to describe and explain how these tools function,
account for the range of implementations that occur, and develop principles and theories
that may guide future designs. Ultimately, the goal is transformative; we seek to create new
teaching and learning possibilities and study their impact on end-users. (Wright et al. 2017,
this volume as adapted from Swan 2014)

Examples within the papers in this volume provide windows into the different
perspectives of the design process as researchers attempt to develop innovations in
assessment occupying the complex design space identified in Knowing What
Students Know. Teaching itself has also been characterized as a design science
(Laurillard 2012) with technology and assessment playing crucial roles in
improving practice. Hence, design research appears to provide a guiding framework
for the development of assessment tasks and resources and might be adopted as a
strategic approach for further research into assessment practices. A design frame-
work provides one means to tie together different papers in this volume with their
varied perspectives on formative assessment. As teachers take small steps in
changing their assessment practice, reflect on the benefits and challenges of those
changes, and then try again, they are actually engaging in aspects of design science
(Suurtamm et al. 2016).

1.4 The Ongoing Nature of Formative Assessment

As noted in Suurtamm et al. (2016), the current climate in mathematics education
encourages teachers to focus students’ learning on both content and process and to
ensure that students have robust mathematical proficiency consisting of appropriate
skill proficiency, understanding of concepts, ability to reason, and productive
attitudes towards learning mathematics. Research with Canadian teachers as well as
with Finnish teachers has found that a focus on the use of formative assessment has
encouraged teachers to view assessment as a social practice that becomes a natural
part of the daily life of the classroom. As teachers move toward ongoing assessment
practices that engage students in demonstrating robust mathematical proficiency,
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they often face a number of dilemmas: conceptual dilemmas relate to viewing
assessment as more than an end-of-unit result; pedagogical dilemmas focus on how
to develop and implement ongoing assessment opportunities; cultural dilemmas
address challenges faced by teachers and students when assessment practices
change from the established practices in a schooling environment; and political
dilemmas arise as teachers’ assessment practices interact with district or national
assessment practices (Suurtamm and Koch 2014). Although not characterized as
such, the papers in this volume reflect various ways in which teachers and
researchers have addressed one or more of these dilemmas.
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