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TEACHERS’ PEDAGOGICAL DESIGN CAPACITY FOR EMBEDDED
FORMATIVE ASSESSMENT:
A CASE STUDY OF MASTER TEACHERS IMPLEMENTING A NEW PRACTICE
Andrew Weatherhead, EdD

University of Pittsburgh, 2018

This study is concerned with how teachers use data about students’ ideas in science, elicited from
embedded formative assessment probes, to make decisions about next steps in instruction. Since
Black and Wiliam’s (1998) seminal work on formative assessment, researchers and practitioners
alike concerned themselves with formative assessment and its potential benefits to instruction
and student achievement. However, the literature shows that a significant hindrance for educators
is their ability to plan next steps in instruction in response to data elicited from formative
assessment. This study drew upon the concept of pedagogical design capacity and the Design
Capacity for Enactment framework (Brown, 2002) as a means to better understand what
resources teachers both identify and take advantage of when making decisions about formative
assessment outcomes.

The study took a qualitative approach and employed a case study methodology. | engaged
two fourth grade teachers at an independent laboratory school in Pittsburgh. These teachers
implemented two different formative assessment probes twice. The study collected data from
five sources. Observations with video and audio recordings captured teachers working with
information elicited from probes in planning sessions as well as planning documents dedicated to
science. Teachers annotated unit and lesson plans. Lastly, teachers were interviewed individually
multiple times throughout the study and at the end. Analysis of the data collected utilized

analytic memo writing and first and second cycle coding.
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The study found that teachers drew heavily on personal resources (pedagogical content
knowledge, subject matter knowledge, and beliefs and goals) when making instructional
decisions about next steps in instruction. Teacher response to data from the formative assessment
probes became increasingly responsive to student misconceptions as the unit progressed. Early in
the animal unit not many changes were made; later, every lesson was adapted or improvised in

response to the data.
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1.0 INTRODUCTION

“Elementary teachers are the first line of offense in addressing common
misconceptions that follow students from elementary grades into middle

school, into high school, and even into adulthood.”

Page Keeley (2014)

For many educators, including myself, the A Private Universe (P. Sadler, Schneps, & Woll,
1989) video was a pivotal and early example of misconceptions. The evidence provided made
such a strong case of just how pervasive misconceptions are, even for the smartest of us. The
video featured Harvard graduates who struggled to explain what causes the seasons. Their
confusion became evident as they drew upon prior knowledge and mental models of the
phenomena. This knowledge did not likely come from recent college course work or even their
secondary education.

It is quite probable that these misconceptions had remained with students since their
intermediate, or even primary, years when they began to develop space-based models of the
Earth-Moon-Sun system. These misconceptions often take the form of students envisioning the
Earth being farther from the sun in the winter when it is colder and closer to the sun in the

summer when it is warmer. This student thinking is consistent with the “More A — More B”



intuitive rule which leads students to misunderstand math and science (Stavy & Tirosh, 2000).
Left unchallenged by the formal learning environment this thinking will persist. Even when new
information, such as the Earth’s tilt, is introduced as being the reason for the seasons, students
will integrate this new knowledge into existing models. These new insights often result in
students imagining that the tilt causes parts of the Earth to be far enough away from the sun to
account for the seasons (Sneider, Bar, & Kavanagh, 2011). While the responsibility for
addressing these misconceptions lies with all levels of educators, those of us in elementary

education hold considerable influence over when and how this first starts to occur.

1.1 PROBLEM AREA

Formative assessment came into the spotlight after the seminal work Inside the Black Box:
Raising Standards Through Classroom Assessment (Black & Wiliam, 1998). This review of
formative assessment literature concluded that for minimal effort one could realize significant
results when using formative assessment. The impact of Black and Wiliam’s article, along with
an additional article on formative assessment published in 1998, is seen in the nearly 2000
citations they have received.

Formative assessment takes on many forms and can vary considerably along a
continuum. Heritage (2007) views this continuum in terms of levels of planning and considers
the bookends of the continuum to be “unplanned” and “planned.” Ruiz-Primo, Furtak, Ayala,
Yin, and Shavelson used levels of formality to describe the continuum, informal to formal
(2010). The three broad categories that capture the spectrum across both the level of formality

and level of planning are On-the-Fly, Planned-for-Interaction, and Embedded (Furtak & Ruiz-



Primo, 2008; Heritage, 2007; Ruiz-Primo et al., 2010). On-the-fly formative assessment is
prevalent in the research literature. It is typically grounded in talk and allows teachers to engage

students in repeated feedback loops over a relatively short period.

Informal, Unplanned Formal, Planned

»
»

P
<

On-the-Fly Planned-for-Interaction Embedded

Figure 1. Formative assessment continuum (Shavelson et al., 2008).

At the other end of the spectrum, embedded formative assessment has found more
prominence in the professional community literature. In contrast to the spontaneous nature of on-
the-fly formative assessments, embedded formative assessments are constructed ahead of time
and purposefully placed in instructional sequences during planning. The ready-to-use nature of
embedded formative assessments and its ability to “create goal-directed teachable moments”
(Shavelson et al., 2008) has made them a highly useful and flexible set of tools, particularly for
elementary teachers.

Page Keeley, a retired senior project officer at the Maine Math and Science Alliance and
former President of the National Science Teachers Association, has been at the forefront of the
formative assessment focus in the professional community. This work has served as a vital link
between research and curriculum, instruction, and assessment for practitioners. Her early work
with the National Science Education Leadership Association (NSELA) focused on providing
educators with a resource that facilitated easy access to the multitude of resources about various
topics in science education. The product of this work was her first book Science Curriculum

Topic Study (Mundry, Keeley, & Landel, 2009) Her well-known series of books on formative
3



assessment stemmed from the work done with Science Curriculum Topic Study. Her formative
assessment books now numbers close to 15 volumes, providing educators nearly 400 formative
assessment probes for embedding into science instruction. The series’ first volume Uncovering
Student Ideas in Science (USIS) (Keeley, Eberle, & Farrin, 2005) laid the groundwork for
professional development work that continues today.

Quality science instruction has long been an area of focus and concern in elementary
schools. Some significant issues contribute to this, including teacher comfort with disciplinary
content and instructional strategies. The National Survey of Science and Mathematics Education
(NSSME) is a nationally representative survey of over 10,000 teachers from 2,000 schools. In
1977 the NSSME was administered for the first time. Since then it has been administered four
more times; 1985-86, 1993, 2000, and 2012. The most recent survey examined many issues
facing science education including, but not limited to, beliefs about teaching and learning,
perceptions of preparedness, and instructional practices (Banilower et al., 2013). The NSSME
confirms some commonly held beliefs about elementary science instruction and provides a
quantitative look at some of the contributing factors.

According to the report (Banilower et al., 2013), only 39% of elementary teachers feel
very well prepared to teach science in contrast to 81% feeling very well prepared to teach
language arts. Even more, telling is the breakdown of the various science disciplines where only
29% of teachers feel very well prepared to teach life science, 26% earth science, 17% physical
science, and 4% engineering. According to the NSSME, 31% of teachers reported using “non-
commercially produced materials most of the time” (Banilower et al., 2013). Of those teachers

who did use textbooks, 42% reported skipping parts of the textbook and cited “having different



activities that work better than the skipped ones” as their primary reason for doing so (Banilower
etal., 2013).

The NSSME study shows that teachers make decisions to change planned instruction.
Teachers adapt and improvise when curriculum resources are deemed inadequate. Despite this,
teachers have exhibited difficulties making decisions about next steps in instruction (Heritage,
2007) following “instructionally tractable” (Wiliam, 2010) formative assessment outcomes. This
difficulty, coupled with difficulties surrounding the enactment of quality formative assessment
(Furtak et al., 2008; Hondrich, Hertel, Adl-Amini, & Klieme, 2015), illustrates an area of
formative assessment use that warrants further examination. It is this area of difficulty that
inspires and informs my inquiry described in this document; to better understand the decisions

teachers make in response to formative assessment outcomes.

1.2 PROBLEM OF PRACTICE

This study seeks to understand better the decisions that teachers make following the collection of
data from an embedded formative assessment probe. Probes are carefully designed to elicit more
than just a correct answer. All student response options are grounded in research about
commonly held student misconceptions. As a result, the probe provides teachers with
information about student conceptions about the given phenomena. Figure 2. is an example of a

probe that teachers could potentially embed into a science unit.



Solar Eclipse

People have always been fascinated by solar
eclipses. During a solar eclipse, parts of the Earth

What
cavses a

experience darkness for a brief rime during the

day. Throughout time, people have had different
Y g » peop solar

ideas about what happens during a solar eclipse. ec]ipse?

{

Here are some of their ideas:

A One of the nearby planets passes berween the
Sun and the Earth.

The Sun passes berween the Earth and the Moon.
The Earth passes berween the Sun and the Moon.
The clouds block out the Sun.

The Earth’s shadow falls on the Sun.

The Moon’s shadow falls on the Earth.

The Sun shurs off light for a few minutes.

T O M m QoD O W

The Sun moves behind the Earth for a few minutes then comes back again.

Circle the letter of the idea that you think best explains what happens during a solar

eclipse. Explain your thinking about solar eclipses.

Figure 2. Formative assessment probe example (Keeley & Sneider, 2012).

The literature shows that when teachers implement formative assessment, they have
difficulties with designing next steps in instruction (Heritage, 2007). Formative assessment must
inform instruction and results in changes, or else it is only diagnostic (Black & Wiliam, 2009;
Keeley et al., 2005). These variations can take the form of changes to planned instruction or
continue with instruction as planned given that the information gathered from the formative
assessment indicates that it is the best option. Probes intended to reveal student misconceptions;
naive ideas, preconceptions, incomplete ideas, commonly held ideas, alternative conceptions,
misunderstandings, and facets of understanding (Mundry et al., 2009) provide teachers with
robust data on which to base decisions about instructional changes. The data affords teacher the
opportunity to adapt or improvise the instructional episode in response to information revealed
by the probes. Understanding how teacher craft next steps in instruction following embedding
formative assessment frames the overarching question for this study.

6



Brown’s (2002) Design Capacity Enactment (DCE) framework in Figure 3. provides a
lens for examining the design choices teachers make and the relationship that exists between
teacher and tool. Examining teachers’ Pedagogical Design Capacity (PDC) for formative
assessment will provide an opportunity to investigate why some teachers with varying
backgrounds make similar curricular choices or why teachers with similar backgrounds might

make different curricular decisions.

Curricular resources Teacher resources
ST T e
= procedures PCK s
.
S
/ 1
I N x |
a domam“in\‘ phys o ¢ goals, ™,
re| ‘ objects . 2 beliefs 7
AN Types of Use: e
- " _____!/,//_

\\3-‘-::::2;---"‘\_ Offload, Adapt, Improvise .~
< 4

Instructional outcomes:
Tasks

Figure 3. Design Capacity for Enactment (DCE) framework (Brown, 2002)

Brown (2009) suggests that the variations in different teachers’ subject matter
knowledge (SMK), pedagogical content knowledge (PCK), or certain beliefs may result in
offloading; transferring the personal agency of the teacher onto the curricular resources. The
DCE framework helps to illustrate how, and potentially why, the same task might be

implemented differently by various teachers. Understanding the decisions that teachers make



when creating and navigating these diverging paths will help leaders to better support educators

engaging in formative assessment.

1.3 INQUIRY QUESTIONS

The following inquiry questions frame this study:
Overarching Question
How do teachers make use of resources available to them to interpret student responses

from embedded formative assessment probes and craft next steps in instruction?

Inquiry Question 1
To what extent do teachers offload, adapt, or improvise instruction in response to data

collected from embedded formative assessment probes?

Inquiry Question 2
What instructional resources—curriculum, professional development, and other tools—
do teachers identify and how do they make use of these resources in response to data

collected from embedded formative assessment probes?

Inquiry Question 3
What teacher resources-pedagogical content knowledge, subject matter knowledge, and
beliefs-do teachers express and how do they make use of these resources in response to

data collected from embedded formative assessment probes?



1.4  DEFINITION OF TERMS

Formative assessment. “Practice in a classroom 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” (Black & Wiliam, 2009).

Formative assessment probe. “A purposefully designed question that reveals more than
just an answer. A probe elicits a response that helps teachers identify students’ ideas about
phenomena or a concept.” (Mundry et al., 2009).

Embedded formative assessment. “...comes ready-to-use; teachers or curriculum
developers place formal assessments ahead of time in the ongoing curriculum to create goal-
directed teachable moments.” (Shavelson et al., 2008)

Pedagogical design capacity. “The capacity...to mobilize the curriculum resources in

productive ways...perceiving the affordances of the materials and making decisions about how

to use them to craft instructional episodes that achieve...goals” (Brown, 2009)

1.5 PERSONAL INTEREST OF THE RESEARCHER

My very first teaching job was replacing a retiring fourth-grade teacher of 35 years. The
arrangement of classrooms changed. Consequently, the first impression of my classroom was of
30 years of teaching boxed and piled up in the middle of the room. I dug through the pile, sorting

into whatever categories | could discern. When all was said and done, there was a single box of



science materials. The instructional materials inside consisted of binders of worksheets,
printouts, photocopies, and even some mimeograph pages that had bled through the surrounding
pages. It was a curriculum designed over years of teaching. The reasoning for many of the
instructional choices would elude me, known only to my predecessor. When | inquired with the
other fourth grade teachers, | soon discovered that, apart from a few everyday activities, the unit
topics were the only things that were done consistently across the grade level. My induction
phase was a time of trial and error as | did my best to adapt and improvise my way through the
science units of study; weather, magnets, habitats, and the solar system. During those years, there
was a sense of being in survival mode. | needed to get through my units, reflect on what worked
and what didn’t, adjust my unit plans, and start the process all over again.

My situation is a familiar one to many educators, both new and veteran. While some
schools do provide educators with formal curriculum modules or textbooks, many are still using
self-designed curriculum and instructional materials. Brown (2009) suggests that “when teachers
use curriculum materials to craft instructional episodes to achieve goals when they use materials
as tools to transform a classroom episode from an existing state to a desired one, they are
engaging in design — whether or not they are aware of it.” Indeed, even though | was unaware of
Brown’s conception of pedagogical design capacity, it is clear that even during those early years
of science education | was engaged in the design, limited primarily by my inexperience with my
teaching craft.

Enter formative assessment, and what | would argue was one of the most significant
transformations of my professional practice in elementary science education. In 2009, |
undertook a fellowship with the Maine Governor’s Academy for Science and Mathematics

Leadership. Page Keeley led the Academy and at the core of the professional development in the

10



academy was her work with formative assessment, Uncovering Student Ideas in Science, and
Science Curriculum Topic Study, her work linking research to curriculum, instruction, and
assessment. Through the years of work with Ms. Keeley and formative assessment | have come
to appreciate and value the often overlooked, yet vitally important role elementary teachers can
play in revealing, challenging, and eventually breaking misconceptions. As Keeley says in her
book What Are They Thinking?: Promoting elementary learning through formative assessment,
“the elementary science classroom is the first line of offense in making sure misrepresentations
of science do not shape students’ views” (2014). It is this notion that inspires me to continue

working with elementary teachers in formative assessment professional learning opportunities.

11



2.0 REVIEW OF THE LITERATURE

In this review of the literature, | will discuss the significant focus of this study, formative
assessment. | will describe the major themes that resulted from the initial review. | conclude by
discussing the pedagogical design capacity the framework used in this study to examine teacher

implementation of formative assessment

2.1 FORMATIVE ASSESSMENT

This review utilized ERIC database searches, an analysis of handbooks, Web of Science database
searches, and journal article searches. Each review method generated new insights into formative
assessment along with additional questions and inquiries. Reviewing the formative assessment

literature revealed both common themes and gaps.

2.1.1 Defining formative assessment

While not the most significant finding, attention must first be paid to the definition of formative
assessment, or lack thereof. Despite recent critiques of formative assessment (Bennett, 2011) and
calls for more significant attention to disciplinary substance (Coffey, Hammer, Levin, & Grant,

2011) the literature lacks a singular definition of formative assessment and more particularly

12



lacks science- specific definitions. Literature reviewed that was specific to formative assessment
and science employed a broad, non-disciplinary specific definition (Atkin, Black, & Coffey,
2001; Cowie & Bell, 1999; Falk, 2012; Furtak et al., 2016; Gotwals & Birmingham, 2016;

Hondrich et al., 2015; Shavelson et al., 2008).

Table 1. Definitions of Formative Assessment Over Time (1989-2009)

Sadler (1989) is concerned with how judgements about the quality of student
responses can be used to shape and improve the student's
competence by short-circuiting the randomness and inefficiency of
trial-and-error learning.

Black & Wiliam (1998) | all those activities undertaken by teachers — and by their students
in assessing themselves — that provide information to be used as
feedback to modify teaching and learning activities. Such
assessment becomes formative assessment when the evidence is
actually used to adapt the teaching to meet student needs.

Cowie & Bell (1999) the process used by teachers and students to recognize and respond
to student learning in order to enhance that learning, during the
learning.

Atkin et al. (2001) refers to assessments that provide information to students and
teachers that is used to improve teaching and learning. These are
often informal and ongoing, though they need not be.

Shepard (2006) a tool for helping to guide student learning as well as to provide
information that teachers can use to improve their own instructional
practice.

Heritage (2007) a systematic process to continuously gather evidence about learning.

The data are used to identify a student’s current level of learning
and to adapt lessons to help the student reach the desired learning
goal.

Black & Wiliam (2009) | practice in a classroom 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.

The lack of a single accepted definition has promoted numerous variations of definitions
from seminal works. Despite the need for its handbook (H. L. Andrade & Cizek, 2010) there is
no agreed upon definition. Many works reviewed engaged in the same retelling of the history of

formative assessment. Table 1. highlights the evolution of formative assessment since the term
13



first appeared in an attempt to combine and simplify these retellings. The origination of the term
by Sadler (1989) focuses mainly on the student actor. The definition from Black & Wiliam’s
(1998) seminal review of studies expanded the working definition to include both teacher and
student and requirement that teaching is adaptive to the evidence collected. Some definitions
focused on when formative assessment takes place (Cowie & Bell, 1999), the ongoing nature of
formative assessment (Atkin et al., 2001; Heritage, 2007), and the process-oriented nature of
formative assessment (Cowie & Bell, 1999; Heritage, 2007). These earlier definitions of
formative assessments were much more restrictive and did not allow for my own problem of

practice to be well situated within them.

The final definition listed in Table 1 is from Black & Wiliam’s recent work to develop a
theoretical framework for formative assessment (2009). This definition and the subsequent
framework were meant to “define and delimit [formative assessment] within a framework which
can also unify the diverse set of practices described as formative” (Black & Wiliam, 2009).
Subsequently, they highlight five key points that draw much-needed attention to the broad
definition. The first centers on the agent in formative assessment where some studies focus
heavily on the student (Cowie & Bell, 1999; Heritage, 2007; Wiliam, Lee, Harrison, & Black,
2004) and others the teacher (Falk, 2012; Furtak et al., 2016; Gotwals & Birmingham, 2016;
Hondrich et al., 2015; Shavelson et al., 2008). Black & Wiliam explicate that anyone can be an
agent of formative assessment and that each different kind of agent engages in a unique set of
processes in the framework. These processes fall into three major categories; where the learner is
going, where the learner is right now, and how to get there. Figure 5. illustrates this two-
dimensional framework and the subsequent five key points (Black & Wiliam, 2009; Wiliam,

2010).
14



Where the learner is going Where the learner is right now How to get there

- . 2 Engineering effective class-
Teacher , 1 C!arltymg ]cgm{ng‘ room discussions and other 3 Providing feedback that
ek learning tasks that elicit moves learners forward
success evidence of student
understanding
Understanding and sharing
Peer learning intentions and 4 Activating students as instructional resources for one
criteria for success another
Understanding learning
Learner intentions and criteria for 5 Activating students as the owners of their own learning
success

Figure 4. Aspects of formative