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ABSTRACT
GROUNDING FORMATIVE ASSESSMENT IN HIGH-SCHOOL CHEMEITRY
CLASSROOMS: CONNECTIONS BETWEEN PROFESSIONAL DEVEHRRIENT
AND TEACHER PRACTICE
By
Dante Igor Cisterna Alburquerque

This study describes and analyzes the experierida® digh-school chemistry teachers
who participated in a team-based professional deweént program to learn about and
enact formative assessment in their classrooms. oVarall purpose of this study is to
explain how participation in this professional deyenent influenced both teachers’
classroom enactment of formative assessment peactithis study focuses on 1)
teachers’ participation in the professional deveilept program, 2) teachers’ enactment
of formative assessment, and 3) factors that edabl@indered enactment of formative
assessment. Drawing on cultural-historical agtithieory (CHAT) and using evidence
from teacher lessons, teacher interviews, profassidevelopment meetings as data
sources, this single embedded case study analgrethlese two teachers who
participated in the same learning team and haviasiogharacteristics (i.e., teaching in
the same school, teaching the same courses anthpopuwf students, and using the
same materials) differentially used the profesdideaelopment learning about
formative assessment as mediating tools to imptioie classroom instruction.
The learning team experience contributed to bathiters’ development of a better
understanding of formative assessment—especialgdagnizing that their current
grading and assessment practices were not appmepripromote student learning—and

the co-creation of artifacts to gather evidencstoflents’ ideas. Although both teachers



demonstrated understanding about how formativesagsant may serve to promote
student learning and had a set of tools availableitize for formative assessment use,
they did not enact these tools in the same waye t@acher appropriated formative
assessment as mediating tool to veifithe students were following her explanations,
and to checkf the students were able to provide the correcoresg The other teacher
used the mediating tool to promote better undedstgnof students’ ideas and her
mindset shifted to place more value on the divedistudents’ thinking and help them
be more aware of their ideas. This study illussdhe complexities of enacting
formative assessment practices in particular cd@sss because teachers may interpret
and use these tools in different ways. Thus, whaohers enacted these mediating tools,
their interaction with the activity system’s compaits produced different instructional
outcomes and tensions. Similarly, this study dessrhow the use of artifacts of practice
can be a vehicle between professional developmehtiassrooms, especially in early
stages of professional development. This studygms implications for professional
development and formative assessment researchraciicp. Professional development
needs to support teachers in reflecting on th@ictore in terms of activity systems, use a
solid and research-based understanding of formassessment, and promote
opportunities to teachers to create, enact, atectedn formative assessment artifacts

and tools.
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CHAPTER 1: INTRODUCTION TO THE STUDY
Classroom assessment is a key practice for classteachers. On average, a teacher can spend
as much as a third to a half of his or her protesalitime involved in assessment-related
activities (Stiggins, 1999). This large amountiofe spent on assessment implies that classroom
assessment is tied to teachers’ instructional jwectind can serve the purpose of supporting
instruction and influencing student learning (Mclsiil, 2013). Formative assessment is
recognized for its contribution to student learnfagy., Black & Wiliam, 1998a, 1998b; Ruiz-
Primo, 2011) and engagement (e.g., Black, Harrisea, Marshall, & Wiliam, 2004; Webb &
Jones, 2009). In 2006, based on the extensivewenf formative assessment literature and
consideration of the theories that are fundameattlis process, the Council of Chief State
School Officers defined formative assessment gg@cess used by teachers and students during
instruction that provides feedback to adjust ongaegaching and learning to improve students’
achievement of intended instructional outcomes” $S0O, 2008; p. 3). Teachers with
knowledge and skills in formative assessment attetbable to organize their instructional and
assessment practices for promoting student leaf@agk, Trauth-Nare, & Kaftan, 2010).
Teachers need information from students as a @gdo make discerned judgments, to provide
feedback to students, and to make instructionakabets. Moreover, students involved in
formative assessment are able to recognize thecesan their learning process and find
strategies to regulate their learning (Allal, 2018fudents engaged in the formative assessment
process are able to identify learning goals, recéedback from teachers and peers, show their
ideas and understanding to the class, and selésfiseir learning and the learning of their peers.
The interconnection of these strategies helps tga@nd students to decide future courses of

action based on the evidence of student learnitegrkB& Wiliam, 2009).



Even though formative assessment is recognized asf@rtant practice about which
teachers need to be knowledgeable and skillful esaasearchers (e.g., Athanases & Achinstein,
2003; Black et al., 2004; Black & Wiliam, 2005; Bkdart, 2001; Daws & Singh, 1996;
Schneider & Randel, 2009) argued that many teadtsars insufficient levels of assessment
literacy and lack of expertise in sound formatigeessment practices. This situation is
applicable to teachers, regardless of their stagteir professional careers. Many have argued
that teacher preparation programs do not proviegaate learning experiences for teachers (e.qg,
Brookhart, 2001; Buck et al., 2010; Maclellan, 2004ero & Nathan, 2008), although formative
assessment knowledge and skills are frequentlydea in teacher professional standards.
Moreover, there are scarce opportunities for teactoelearn about formative assessment, partly
related to the meager opportunities that schooldstdct administrators have to learn and
reflect on the importance of this practice (Stiggin006).

Despite the troubling state of the field, teaclearhing about formative assessment can
be promoted through professional development (B&ck., 2004; Popham, 2009; Schneider &
Randel, 2009). Well-designed professional devekammopportunities may help teachers gain
the knowledge and skills needed to do formativesssent in a way that is supportive of
student learning and goes beyond the mere usadide-centered assessment procedures
(Coffey, Hammer, Levin, & Grant, 2011; Shepard, 200Even though research has identified
some characteristics associated with effectivega®bnal development in formative assessment
(Coffey, Sato, & Thiebault, 2005; Sato, 2003; Sctk@e& Randel, 2009; Wylie, Lyon, & Goe,
2009), there is scarce research into how profeakasvelopment influences teachers’ practices.
This is important, because one of the key outcanhedl professional development models is to

influence teachers’ practices (Desimone, 2009).



The design of professional development modelsatetloser to the context of teaching
and situated in schools has been promoted asa& faatffective professional development.
One way to have professional development take gardefactors into account is through the
use of professional learning communities (Weng@98) that share knowledge and expertise
about classroom practice through reflective inquilry terms of developing a sustainable driving
force for change in schools (Stoll, Bolam, McMahWrallace, & Thomas, 2006) and developing
a empowered community of learners (Thomas, Winellargssman, Myhre, & Woolworth,
1998), these models are being suggested for inmgptetacher practice. Research has
documented some impact of these models on teachetiqe, but the evidence beyond teacher
perceptions is limited (Vescio, Ross, & Adams, 2008

Research does not provide much evidence aboutédexhers translate learning from
professional development experiences into enactofergw practices. Even though it is
expected that teachers make use of the knowledjskalis that they learned in professional
development (Kazemi & Hubbard, 2008), it is notaclbow teachers enact what they learned in
the classroom setting and connect it into theicfica. We also do not how teachers negotiate
tensions related to making changes in their cuirettuctional systems, for example, in terms of
the curricula and students’ characteristics.

Research on teacher learning, furthermore, pthgts even though teachers may learn in
cooperative professional development programsywenethey enact a practice in their particular
settings (i.e., classrooms) is individual and medidy numerous factors (Cobb, McClain, de
Silva Lamberg, & Dean, 2003). When enacting fomeaassessment, we know little about how
professional development and classroom settingkeading each other (Kazemi & Hubbard,

2008).



Research on formative assessment for scienceelsaahd in science classrooms reports
that professional development in formative asseasmay influence teacher practice and
student learning (e.g., Falk, 2012; Furtak, 201#tdk et al., 2008; Ruiz-Primo & Furtak, 2007).
While there have been some studies on sciencefigpgiecmative assessment, Coffey et al.
(2011) argued that research on formative assesdmsrdverlooked the nature of science
learning, especially in terms of scaffolding studéacientific ideas.

Purpose of the Study
The purpose of the dissertation study is charatteyithe formative assessment practices of two
experienced chemistry teachers (Diane and Lisa)pentcipated in a local team-based
professional development to learn about formataseasment theory and classroom practice.
This embedded single case study (Yin, 2009) chamaes the learning experiences of Diane and
Lisa in the professional development program, basel@arning teams—a type of professional
learning community (Wenger, 1998). Both teachetwaly engaged in discussions about
formative assessment in the context of one subuntggmschool situated in the state of
Michigan. Based on what they learned in the teasatimgs and motivated by activities in the
learning team setting, both teachers attempteddoveassessment practices in their
classrooms. Besides the participation in the daamaing team, Diane and Lisa have many
elements in common. Both have been working foesdwears in the same school building,
they use the same instructional resources, ant wamistry courses for the same grade level
students. This study examines both teachef8'gtade chemistry classes to understand the
nuances in the ways both teachers engaged withaforenassessment.

Drawing on sociocultural theories of l@ag and, in particular, cultural-historical actyi

theory (CHAT), this study describes the two teashemactment of formative assessment



practices and connects their classroom enactmehetioengagement in the professional
development setting. Even though both teachergiedame professional development
experience, they enacted formative assessmentatiffg in their particular and respective
instructional system. Equally important for thigdy is to understand the factors that influenced
the enactment of formative assessment and to tleatethese factors enabled or hindered the
development of this practice. This study also yred tensions that emerged in the professional
development experience and in each teacher’s olassr

In this study, | used evidence from learning teagetings (PD) and classroom
videotapes to examine what teachers actually tadkedt and did as well as teacher interviews,
to explore how teachers understood formative assa#s explained factors that influenced their
practice, and made formative assessment-relatesiaes

Research Questions
A classroom practice is formative to the extent thadence about student understanding is
elicited, interpreted, and used not just by teagHaut also by learners, students, and their peers
(Black & William, 2009). For this study | will facs on Diane and Lisa’s classroom enactment
of formative assessment as well as the influen¢beoprofessional development model in their
classroom enactment. In that sense, the emplsasisteacher practices both in the professional
development and in the chemistry classroom.

For this embedded case study, | posed an ovessdhrch question as well as three
specific research questions that refer to the iffesettings connected with the study. The
overarching research question is: “How does padiong in a team-based professional
development influence two chemistry teachers’ anaat of formative assessment classroom

practices?”



The specific research questions focus on 1) teacparticipation in the professional
development, 2) teachers enactment of formativesassent, and 3) factors that enable or hinder
enactment of formative assessment practices. Thespecific research questions are:

o How do these two chemistry teachers engage inna-besed professional
development about formative assessment?
o0 How do these two chemistry teachers enact formaisgessment in their
classrooms?
o What tensions emerge when these two teachersdeaut and enact formative
assessment practices?
Study Context: A Snapshot
In this section | will present contextual infornmatithat helps to understand where and how the
case study is embedded in a broader context. durglyi | explained that this study focused on
two teachers who participated in a professionaetitgment model that aims to promote
teachers’ knowledge and skills in formative assesgmThis section describes some
characteristics of the formative assessment proiegisdevelopment model and outlines some
features of the school and learning team.
Learning About Formative Assessment in a StatewidBD Program

Formative Assessment for Michigan Educators (FANE) statewide professional
development program that started in 2008 to proMdshigan teachers support in the
implementation of effective formative assessmeatfices that promote student learning. The
Michigan Department of Education developed FAMBpag of a comprehensive and balanced

assessment system created in response to the gbwgdhiool graduation requirements adopted



in 2006, which included the provision of teachesfpssional development in formative
assessment.

FAME is designed to support teachers in learnimguabbrmative assessment theory,
strategies, and techniques as well as providing@etus to implement, reflect on, and refine
new instructional and assessment practices. Tangulish these efforts, FAME is based largely
within local contexts in a team-based setting. Memship in the FAME learning teams is
decided at the local level (i.e., within a schootlstrict). Each learning team is composed of
one team facilitator (hamed as a “coach”) and foveight learning team members (LTMs) who
are interested in the study of formative assessm@éoaches may be teachers, school or district
administrators, or curriculum specialists who a@ally recruited to facilitate LTMs’ learning
about the concept of formative assessment andtoqie the use of formative assessment
strategies and tools.

Through team meetings, LTMs are expected to devaiowledge about planning for
and using formative assessment as an ongoing gro€eetting learning goals, gathering
evidence of students’ ideas, and using these ideasler to provide feedback and alter
instruction when pertinent. In addition, LTMs @&gected to actively participate in learning
team discussions about formative assessment, refiebie successes and challenges in using
formative assessment strategies, and support tHeamal ideas of other team members
(Michigan Department of Education, 2011).

Using the definition of formative assessment stégthe Council of Chief State Schools
Officers (CCSSO, 2008), the FAME model structubesgrocess of formative assessment
learning through eight components: (1) planningfdomative assessment; (2) learning target

use; (3) use of student evidence; (4) use of fauaatssessment strategies; (5) use of formative



assessment tools; (6) student and teacher anglysi®rmative feedback; and (8) making
instructional decisions (Measured Progress, 20I0 model also emphasizes that these
components are interrelated as a process and adsdcbherently articulated.

Before starting the team meetings, coaches andd dtnd a single-day workshop
named “Launching into Learning” to provide partams a common understanding of these eight
components. Teachers are asked to share theantumstructional and assessment practices, so
they can discuss and reflect on how the use ofdtum assessment would fit in their schools
and classrooms. Moreover, all teams have accgm@toand online materials that cover the
eight components of the formative assessment legupriocess and support teachers’
implementation of classroom strategies and tools.

Through this design, FAME is designed to prometeher learning about formative
assessment and to increase the use of formatieesasent strategies in the classroom. As
mentioned above, the FAME model is locally impleteernand learning teams have different
makeups, learning foci, meeting agendas, and ngegBauencies. These are developed
according to participants’ characteristics andrggés as well as with the collaboration of school
and district administrators. Therefore, what #erhing team meetings “look like” and how they
impact teachers’ knowledge and implementation ohtdive assessment is likely to vary. Since
this learning process takes time, it is expectat larning team members will commit to
working together for three or more years in oraerthis effort to be successful (Michigan
Department of Education, 2011).

The School
As part of the FAME professional development pragra learning team was created in

November of 2011 in a suburban high school locateshutheastern Michigan. In 2011-12 the



high school had close to 1,800 students enrolleldnaore than 90 faculty members. In terms of
student demographics, 83% of the students wersifitasas White, 8% as African-American,
3% as Hispanic, 2% as Asian, and 4% of the studeeits characterized as mixed-race.
Furthermore, 31% of the students were classifieecasomically disadvantaged, which means
students who are eligible for free- or reducedgrneeals (Michigan Department of Education,
2014).

In relation to students’ achievement, 33% of Igréde students at this school were
considered “proficient” in the science componenthef 2012-13 Michigan Merit Examination
(MME). As a reference, the statewide proportiostofdents that were considered proficient was
26%. Similarly, the proportion of students who riet ACT science benchmarks for college
readiness was 27% in this high school, whereastttewide average was 23% (Michigan
Department of Education, 2014).

To be clear, the focus on this study is on the gge®f learning about formative
assessment and enacting this practice in chendlstsgrooms by the two teachers that are
participants in this study. However, the profesalalevelopment and the school are elements
that frame and influence the experiences of bablters are quintessential for setting the stage
of this study.

Organization of this Document
This dissertation document is organized in six o1& The second chapter reviews research
literature that provides support to the problent haminates this study. The review considers
key components related to formative assessmentytlaea classroom implementation,
professional development, and teacher learningoaactice. The third chapter describes the

analytical framework for used in the study as \aslits research design and methods.



The fourth chapter presents the results abouttbhehemistry teachers’ participation in
the team-based professional development. Thedifépter examines both teachers’ enactment
of formative assessment and the activity systemhich each teacher was immersed. Chapter
five also describes their instructional and formathissessment practices, the classroom
enactment of formative assessment artifacts creatdxd professional development, and
different instructional situations that evidence grocess of enactment. In addition, the fifth
chapter examines perceptions of teachers abolgdheing experience, especially through the
analysis of particular formative assessment-relatsluctional moments.

The last chapter of this document connects araligées the teachers’ participation in the
professional development, classroom practice, hag¢hactment of formative assessment.
Chapter six also discusses the meaning of the iexerin terms of teacher learning, formative
assessment practice, and mediating factors inrtteeps of enactment of formative assessment.
The chapter presents and projects some implicatibtiss study’s findings for FAME as a
professional development program and for reseandiormnative assessment and professional

development.
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CHAPTER 2: REVIEW OF THE LITERATURE
In the introductory chapter | described elemends ttame this case study, such as its context,
significance, and research questions. In thistendmwill review conceptual and research-based
literature that serves to frame this case studyill start by reviewing the state of the field of
classroom formative assessment and highlightingnipertance of the appropriation of
formative assessment as knowledge and classroartigera Then, | will describe factors that
influence the enactment of formative assessmeutipes. Because teachers’ learning about
formative assessment can be promoted by profedsiemalopment (Popham, 2009; Schneider
& Randel, 2009), this chapter will review reseaochformative assessment professional
development, especially those school-based modkited to professional learning communities.
Finally, I will describe aspects related to the @gptualization of teacher practice and teacher
learning, and emphasize the connections with psadaal development.
Formative Assessment Theory and Practice
Formative assessment is a classroom practice reeaiyfor its contribution to student learning
(e.q., Black et al., 2004; Black & Wiliam, 19988&9Bb; Ruiz-Primo, 2011) and student
involvement (e.g., Black et al., 2004; Webb & Jyr#009). Teachers with knowledge and
skills in formative assessment are able to betigarnze their instructional and assessment
practices for promoting student learning (BucklgtZz010). Students who are in classrooms
where formative assessment is employed have tleaipaitof being more engaged in their
learning process because they have the agencyk® adegisions and adjustments to their own
learning (Black & Wiliam, 2009; Brookhart, 2004,13#).
Although the positive contribution of formativesassment is generally recognized, there

are slight differences in how formative assessnsedéfined both in research and practice (Dunn
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& Mulvenon, 2009). Bennett (2011) noted that thaent definitions of formative assessment
include a broad diversity of approaches and thexttrs little consistency from one
implementation to another. Formative assessmaartefore, has been used in different contexts
that go beyond its traditional conceptualizatiod development. For example, formative
assessment has been promoted to counterweightféioeseof summative assessment and testing
for accountability purposes (Shepard, 2005). Wili&a Leahy (2007) noted that formative
assessment is often used to describe assessmansavide information on the likely
performance of students and include some sorteaflfack, regardless of the purpose. Black
(2013) warned about the importance of distinguiglassessments with different purposes. For
example, some test-development companies labelghaducts, such as interim- or benchmark-
test products as formative assessment, but prqdocaad of themselves, are not consistent with
the research corpus that supports formative assedsas a practice that involves both teachers
and students (Popham, 2009; Shepard, 2009).
Formative Assessment Within Instructional Systems

Formative assessment has the purpose of infornurigsts’ learning and teaching (Bell
& Cowie, 2001). Based on the extensive reviewooffative assessment literature and
consideration of the theories that underlie thaecpss, the Council of Chief State School
Officers defined formative assessment as a “progssd by teachers and students during
instruction that provides feedback to adjust ongaegaching and learning to improve students’
achievement of intended instructional outcomes” $S0O, 2008, p. 3). Formative assessment is
not merely a collection of assessment procedurbs smministered; it is a teaching practice
embedded within instruction. Furthermore, forma@gsessment involves a continuum of

multiple processes that are organized in diffelevels of length, formality, and planning
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(Shavelson et al., 2008). These include plannsésasnent-related activities embedded in the
instructional curriculum (Heritage, 2007), infornfatmative assessment (Ruiz-Primo & Furtak,
2006; Ruiz-Primo, 2011), unplanned formative assess (Bell & Cowie, 2001), and rapid/on-
the-fly instructional moments that may have a fameacharacter (Shavelson et al., 2008). All
types of formative assessment practices are impitoated have the potential to improve students’
learning (Black & Wiliam, 1998a) because they carubed to make instructional and learning
decisions by teachers and students.

Cowie and Bell (2001) described a model that irgtegg planned and interactive
formative assessment situations. The purposeanigld formative assessment is to get
information from the whole class about the undediteg of a particular curricular content. Itis
characterized as cycles of eliciting-interpretirogiag. Interactive formative assessment takes
place during the instructional activities and ipkamned. Its purpose is to mediate student
learning in a more contextual and personal manheilso involves shorter cycles of noticing-
recognizing-responding and tends to be done indallg or in small groups. Planned and
interactive formative assessment serve differeatgydut they are highly interconnected and
feed into each other. Depending on the purposehers may move from one type to another in
any given class period.

The variety of types of formative assessment sstgghat this practice is, rather than a
single process, a complex system in which mulligyers are connected and depend on each
other. In his critical review of research on fotima assessment, Bennett (2011) suggested that
future research on formative assessment needsundegstood as part of a comprehensive
system in which all components work together tayprte student learning and help teachers

develop assessment competency. Allal and Mottogrelz (2005) made a connection between
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the formative assessment processes and reguldtiearning (Perrenoud, 1998). This includes
adapting teaching and learning activities in défgrways such as: retroactive, interactive, and
proactive. At the core of these regulation proessadjustments can be made in some “moments
of contingency,” in which “learning activities maange the course in the light of the pupils’
responses” (Wiliam & Leahy, 2007, p. 35). Therefoegulation of learning could be translated
into four formative assessment elements in a systaranner: goal setting, monitoring progress
to a learning goal, interpretation of feedback, gadl-directed adjustments in teaching and
learning (Allal, 2010).
Guiding Principles to Organize Formative Assessment

The variety of types of formative assessment @arfjanized in guiding principles related to
setting goals, gathering evidence from student$ nazking adjustments in instruction in order
to guide and promote student learning. Black anithiv (2009)—based on Ramaprasad (1983)
and Wiliam and Thompson (2007)—established thrgepkecesses in formative assessment in
relation to learning and teaching: 1) establishuingre the learners are in their learning; 2)
establishing where the learners are going; 3) skahg what needs to be done to get students
there (the goal). In a similar way, drawing on I8dd work (1989), Hattie and Timperley (2007)
described ‘feedback loops’ that included three mgdjuestions to be asked by students and
teachers: (1) where am | going?, (2) how am | ggtthere?, and (3) where to next? These three
guiding principledo formative assessment are described below.
Establishing Where the Learners are in their Learnng (Where am | Going?)

Setting instructional goals or learning targetsgsential for formative assessment since
they allow the completion of feedback loops (Bl&kViliam, 1998b) and establish a direction

for students’ learning processes (Marzano, PiclgeénPollock, 2001). Learning targets are

14



usually related to curriculum standards and refetifferent levels of specificity. Even though
many teachers are somewhat familiar with settiagilieg targets as part of instructional
planning, there are also learning goals that commever the course of informal formative
assessment practices. These targets tend to beemo, discrete, and immediate (Ruiz-Primo,
2011).

From the formative assessment perspective, ihportant that students can appropriate
the learning goal. This is important, becauseesttgican actively reflect on their current
learning in relation to the learning goals as waslthe relationship between the learning goal and
classroom activities, i.e., self-regulation (All2010). Therefore, learning targets should be
shared with the students (Brookhart, Moss, & L&@f)7) and stated in student-friendly
language (Huinker & Freckmann, 2009).

Establishing Where the Learners are Going (How am Getting There?)

Classroom practice cannot be formative if theeerar opportunities to verify: (1)
whether the student knows, and (2) what the stuklemws, understands, and can do (Torrance
& Pryor, 1998). Thus, the process of formativeeasment needs on-going opportunities to elicit
evidence of students’ thinking. Teachers need'mé&tion from students as a rationale to make
discerned judgments, to provide feedback to stsdamid to make instructional decisions.
Although many teachers are familiar and successgittl using different formative assessment
strategies to elicit student ideas, the processtefpreting the information collected tends to
confuse some teachers (Furtak, 2011).

In ensuring a learning-centered classroom, ingartant for teachers to be able to
notice’ students’ prior ideas (e.g., Hiebert, MsriBerk, & Jansen, 2007; Van Es & Sherin,

2002). Noticing consists of three steps: (1) alileg to significant students’ ideas, (2) reasoning
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about these ideas, and (3) making instructionakdets with regard to these ideas. In
differentiating planned and interactive formatiasessment, Cowie and Bell (2001) used
“noticing” in a slightly different manner. In thatodel, noticing, recognizing, and responding
are part of the interactive/unplanned side of fdimesassessment, while cycles of elicitation-
interpretation-acting are related to planned forvmeassessment.

Regardless of the strategy used to gather infoom&tom students’ ideas; three basic
principles are essential to formative assessmexttipe. The first relates to the scope of
students ideas. Some teachers elicit a restmztatber of views about students’ prior
knowledge, and within this group, they tend to foon academic concepts (Otero & Nathan,
2008; Otero, 2006). The second principle is cotetewith the use of students’ ideas to design
instruction. If teachers can anticipate studemteblematic ideas that are recurrent (Heritage,
Kim, Vendlinski, & Herman, 2009; van Zee & Minstel997), these can be included in planned
formative assessment activities.

The third principle implies that elicitation oustents’ ideas must go beyond the mere
verification of the correct and acceptable respsiiReliz-Primo & Furtak, 2007) and focus on
promoting student thinking and reflection. Studemted to be active participants in the
formative assessment process, so they can selpeardassess in order to reflect on what they
know and what can they do (Heritage, 2013). Sttedalso need opportunities to reflect on how
they are learning in the processes to discussigessays of action with teachers and peers.

When teachers elicit information from studettiey need to consider balanced
opportunities to conduct convergent assessment\eafying whether the student knows) and
divergent assessment—to discover what students kmoserstand and can do (Pryor &

Crossouard, 2008; Torrance & Pryor, 1998; 2001ysdbl and Gitomer (1997) referred to the
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use of “assessment conversations” as an instrutethalog that embeds assessment in the
lesson structure to engage students in evaluaiffegeht representations of students’ ideas that
are supported by evidence. These conversatiordiaogic and interactive and serve as tools
for student participation, self-assessment, andldfaek to students (Furtak, 2012; Ruiz-Primo &
Furtak, 2006; Ruiz-Primo, 2011), because they puhe table what and how students are
thinking. The use of formative assessment may sfivdents evidence that can be used for
current and future learning so students and teackdirbe able to discern ways of action that
guide learning (Heritage, 2013). Thus, teachedssaimdents collecting evidence of learning to
promote dialog and reflection aligns with the iddeest recognize formative assessment as a
dialogic (Crossouard & Pryor, 2012) and interpretivan Es & Sherin, 2002) process.
Establishing What Needs to be Done to Get Student$iere (Where to Next?)

In a learner-centered formative assessment systhacting information from students
is pointless if it is not related to a particulaeuespecially to support students’ learning and to
orient the following instructional moves. Feedbackl instructional decisions are central to
promote student learning and are at the core etk instruction (Wiliam, 2013). For Ruiz-
Primo and Furtak (2006), using student evidencdi@apnore than providing the right response

or mere evaluative feedback. They stated:

A teacher can provide students with specificrimfation on actions they may take to
reach learning goals: ask another question ttedtesiges or redirects the students’
thinking; model communication; promote the explimmand contrast of students’ ideas;
make connections between new ideas and families;aecognize a student’s
contribution with respect to the topic under dssian; or increase the difficulty of the

task at hand (p.61).
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Therefore, utilizing information from studentsre@ag encompasses a decision-making
process in which teachers balance their own bediefsvalues with the demands of external
factors to determine better courses of action (efieét al., 2007; Mcmillan, 2003). Although
teachers’ instructional decisions are highly contakzed, a general guideline is that these
decisions have to be made in a fashion such teatékt instructional steps are likely to be better
or better-founded in empirical evidence than thasiens that teachers and students would have
made in the absence of such evidence (Black & Wiili2009). When involved in formative
assessment, students also need to use assessidentevto make adjustments in their learning
(Sadler, 1998).

Feedback and peer-assessment constitute diffessrst to evaluate what to do next.
Effective feedback means that it is clear, desepiand related to learning goals (Hattie &
Timperley, 2007). Peer-assessment enable studerastively making judgments about peers’
performance or responses and help students toierperdifferent types of feedback (Topping,
20009).

Research on Formative Assessment in Science

Research on science education has documented nasdkéxperiences of implementing
formative assessment with pre-service (Buck ekallQ; Otero, 2006) and in-service teachers
(Ash & Lewitt, 2003; Bell & Cowie, 2001; Black et 22004; Coffey et al., 2005; Falk, 2012;
Furtak, 2012; Ruiz-Primo & Furtak, 2006; Sato, @gff& Moorthy, 2005). These studies have
shown the effect of formative assessment in scitggsons and classrooms in order to enable
teacher practice and student learning (e.g., Cdatey., 2005; Furtak, 2012). In addition, these
studies recognized the centrality of formative asseent to address students’ thinking about

science content and showed that the use of formaggessment has been helpful for promoting
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classroom practices related to questioning strasedeedback, and scientific inquiry (e.g., Black
et al., 2004; Ruiz-Primo & Furtak, 2006). Formatassessment can be especially relevant when
teachers and students are working with inquiryuargntation, and socio-scientific issues

(Driver, R. A., Newton, P., & Osborne, 2000; Dus@003), because students need teacher
support in topics that are particularly challengiogtudents, such as reviewing their claims and
warrants.

The use of formative assessment has helped sdieacikers: be more reflective about
students’ understandings (Furtak, 2012; Ruiz-Pi&rteurtak, 2006), develop more acute
judgments about student thinking (Ash & Lewitt, 3Dbetter identify students’ science
conceptualizations (Furtak, 2012), and increasie peelagogical content knowledge (Falk,
2012). However, implementation of formative asses# in science classrooms is not
straightforward. For example, Buck & Trauth-Na28@9) found that merely implementing
formative assessment tools does not necessarily itmgt students are learning science in depth,
because students were initially reluctant to comoaia their ideas to the teacher as well as they
did not receive descriptive feedback that supmittdent learning. In addition, in a critique of
the state of formative assessment research incciegtucation, Coffey et al. (2011) pointed out
that research on formative assessment in sciersctobased on strategies used by teachers but
that it has mainly overlooked the disciplinary pafrtvhat should be formatively assessed,

especially in terms of understanding the partictiées of the content area.
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Factors that Influence Formative Assessment Practec
Teachers can grow professionally when they havepipertunity to study and change their
practices in the interest of student learning (&dbewitt, 2003). Teachers who are learning
about formative assessment can detect and exaheimeotvn needs, beliefs, priorities and
assumptions (Black et al., 2004; Sato, 2003). &ebkehas identified different factors that
influence learning about and developing formatissegsment practices in the classroom. These
are in two categories: the social context of teagland characteristics of the learner (Grossman,
Smagorinsky, & Valencia, 1999). Social contextezcher includes time and support in schools
and cultural values and assumptions about assessf@baracteristics of the learner include
teacher beliefs and teacher knowledge.
Time and Support in Schools
Changes in formative assessment practices areasidweed to be gradually implemented
(Bennett, 2011; Black et al., 2004; Dunn & Mulven@009; Ofsted, 2008; Webb & Jones,
2009; Wylie et al., 2009). Changes are more likelgccur if they are a collective effort with
support from school principals and administratord with the dissemination of information and
practices regarding formative assessment in theasd¢uilding (Black et al., 2004; Ofsted, 2008;
Webb & Jones, 2009; Wylie et al., 2009). Collabioraalso helps teachers to share
responsibilities for the implementation of classrofmrmative assessment practices. The
implementation of successful formative assessmeatipes in schools is strongly related to
school administrators’ support, leadership, andatiffe communication (Stiggins, 2009; Wylie
& Lyon, 2009) as well as administrators’ trust dngh expectations (Ofsted, 2008). In terms of

designing professional development programs, gesiaiool support and collaboration is
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essential, since the organizational conditionschbsls tend to be overlooked (van Driel,
Meirink, van Veen, & Zwart, 2012).

For formative assessment to take hold in classspdiming, as a critical issue, needs to
be better managed in schools by increased collaboraith and support from colleagues and
administrators. The success of implementatiomohéative assessment in schools is related to
the ways schools perceive accountability-relatedatels, for example, when schools direct
their efforts student preparation for high-stakeseasments (Birenbaum, Kimron, & Shilton,
2011) and college-admission exams (Thomas & McRxl#)12). For some teachers, there is a
tension between covering the curriculum and implamg formative assessment practices,
which take time and repeated efforts (Buck & Trah#re, 2009).

Cultural Values and Assumptions About Assessment

Although there are calls for balanced assessnystgrss (e.g., Brookhart, 2013;
Stiggins, 2006) and for setting a continuum betwleemative and summative assessment
practices (Allal, 2010), there is a persistent eet@phasis on summative assessment in schools
that undermines thoughtful instruction (Shepard@®O0 For instance, instructional practices of
teachers tend to be aligned with the expectatibhggh-stakes assessments, which usually
consist of a paper-based single examinations tedb&en in the last week of school (Black,
2013). Several research studies (e.g., Black &ami] 2005; Gioka, 2009; Harlen, 2005;
Lamprianou & Christie, 2009; McClam & Sevier, 20H@scribed experiences where the
implementation of formative assessment createsaiemns the traditional grading practices of
teachers.

The issue of grading also affects students’ exgects about instruction. Thomas and

McRobbie (2012) described the tensions that stgdexperienced in the context of a
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pedagogical change related to the developmenudests’ metacognition in high-school
chemistry class. Even though students recognizethénefits and importance of this new
instructional approach, they also expressed tlogicerns about maintaining their academic
success—regarding results in high-stakes testecedly those ones related to college
admission.

International experiences show that the implentemtaf formative assessment in
schools may be complicated, especially in cultwisre parents, students, and teachers are
oriented to tests and results (Berry, 2011). Altjlodifferent countries have implemented
policies to promote a more balanced assessmeminsystschools, making changes in a culture
that is deeply rooted in societies is a hard enolea@ther studies (e.g., Black & Wiliam,
2005b), however, suggested that the local contentsjres, and educational policies about
assessment make some difference in promoting forenassessment practices at the school
level. For example, the differences in implemeaatabf formative assessment between
examination-oriented cultures such as in Hong K@wegry, 2011; Brown, Kennedy, Fok, Chan,
& Yu, 2009) and others such as New Zealand whearadbve assessment is also emphasized
(Brown & Hirschfeld, 2008; Brown, Irving, PetersdaHirschfeld, 2009; Gilmore, 2002) may
imply different ways of enacting formative assesstie schools and classrooms.

Teachers’ Beliefs

Cornett (1990) as cited in Sweeney, Bula, and Gor(#001) described that teachers are
influenced by personal practice theories. Thefar te the system of beliefs that are based on
previous experiences and result of enacting classqaractice. Thus, many studies have shown
that the implementation of formative assessmesiragly related to teachers’ beliefs, attitudes,

and conceptions about teaching, learning, currioufBlack & Wiliam, 2005a; Coffey et al.,
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2005; Sato, 2003; Shepard, 2000; Webb & Jones,)20tDassessment (Brookhart, 2007;
Matese, 2005). Matese (2005) emphasized thaticgeatsessment opportunities for teachers
has to consider the interaction of beliefs aboeatgtrpose of assessment, beliefs about making
curricular decisions (i.e., what to teach and vibassess), and categories of teacher knowledge
and skills. Implementation of formative assessmequires that teachers have the favorable
attitudes toward the role that formative assessiwemplay in enhancing teaching and learning
(Heritage, 2007). By examining cases of teachiepamenting formative assessment in Israel,
Birenbaum et al. (2011) said that teachers withenconstructivist beliefs about instruction,
learning, and assessment have a tendency to mapoetfrequent usage of formative assessment
classroom practices.

Research presents different examples of how tesidheliefs about formative
assessment interact with the cultural milieu presenlassrooms and schools (Coffey et al.,
2005; Maclellan, 2004; Sato, 2003; Webb & Jone8920 For example, the implementation of
formative assessment practices is affected by adittions between teachers’ beliefs about
learning and the existing culture in the classraommunity (Webb & Jones, 2009) such as in a
predominant culture of standardized and summadists {Marshall & Drummond, 2006).

Coffey et al. (2005) described an experience irctvitvo teachers made decisions about
formative assessment motivated by their set ofgretisbeliefs. The particular demands of
administrators, parents, colleagues, and studefiteenced their decisions as well.
Teachers’ Knowledge

Formative assessment is based on teachers’ prafi@sg&inowledge and experiences
(Bell & Cowie, 2001). When used by teachers feniafying students’ prior ideas in science

(Otero & Nathan, 2008), formative assessment, regu complex set of integrated skills
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associated with different categories of teachemitedge ; each category has to be developed
and integrated with the others. However, manyheescare not aware of the different purposes
and features of assessments, especially becaustdhg influence of traditional approaches to
assessment, such as viewing all assessments asasivenand for grading purposes (Song &
Koh, 2009; Stiggins, 2006).

Teachers’ content knowledge is important for foimetassessment because it influences
both instructional quality and teachers’ abilittiegpose precise questions to elicit students’
understanding (Matese, 2005). Athanases and Aeiin$2003) and Magnusson, Krajcik, and
Borko (1999) considered that assessment knowledgart of the domain of PCK or
pedagogical content knowledge (Borko & Putnam, 1@8uiman, 1986). Thus, teachers’ PCK
plays a large role in determining how effectiveytiaee at implementing various formative
assessment practices and in making instructiorasidas related to student learning
(Birenbaum et al., 2011; Cowie & Bell, 2001; Harl@005a; Matese, 2005). For example,
Alonzo, Kobarg, and Seidel (2012)—by observing vidpes of physics teachers when using
content knowledge in interactions with students enitfied the importance of teachers’ abilities
to recognize the content that was difficult foritlstudents as well as the piece(s) of content that
they need in order to connect with others. Inrsme teachers’ learning of PCK can be
supported by the implementation of content-spe&ifimative assessment professional
development (Falk, 2012).

Teachers Learning About Formative Assessment
Despite the abundant evidence about the effearafdtive assessment on students, many
teachers are not skilled in sustained assessmactiqas (Athanases & Achinstein, 2003;

Brookhart, 2001; Schneider & Randel, 2009) andgsfieiwith implementing formative
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assessment in the classroom (Black et al., 20k Wiliam, 2005a; Daws & Singh, 1996).
For example, a number of teachers struggle witterstdnding the purposes of different types of
assessments and using them meaningfully. In nobsiods, grading practices are
overemphasized and this may be related to teaclagisof training and experience in

innovative classroom assessment practices thatmganove student learning (Athanases &
Achinstein, 2003; Ofsted, 2008).

In science, Myhill & Brackley (2004) found that tkeers rarely explored students’ prior
knowledge. Teachers’ instructional decisions vemgentially based on “fixed” curricular
sequences instead of making adjustments basedidenss’ responses (Minstrell, Anderson, &
Li, 2011; Torrance & Pryor, 2001). In recognizistgdents’ ideas, some teachers limited the
spectrum of possible responses and these tendedu® on academic knowledge. Moreover,
teachers’ expectations of student responses jusiadered fully developed ideas, in some sort of
“get it or don’t” manner (Otero, 2006). Many haargued that pre-service teacher education
does not help teachers develop formative assessioeetence; and as a result, new teachers
lack the basic knowledge and skills in classroosessment (Brookhart, 2001; Buck et al., 2010;
Maclellan, 2004; Popham, 2009; Stiggins, 2009)atThay be connected with the fact that pre-
service teachers tend to learn about assessmenhdected from a particular theory of student
learning (Otero, 2006). The lack of assessmeasriality (Abell & Siegel, 2011; DelLuca &

Klinger, 2010; Stiggins, 2007) continues in thefpssional careers of teachers, because few
teachers and school administrators have opponbgridi learn about sound classroom assessment
practices (Stiggins, 2006). Thus, in order fonfative assessment to have a positive impact on
students, it is important that teachers have oppdi¢s to learn about formative assessment as

well as the impetus to enact formative assessnrantipes.
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Teachers need to learn formative assessment kdge/ke identify what formative
assessment is and is not. They also need knowbeuyskills to implement formative
assessment practices in the classroom, considiengarticular characteristics of their students,
content area, level of teaching, and culturalsgti Enacting formative assessment practices
can place new demands on teachers including findangs to support students in providing
feedback to peers, identifying learning targetseasing progress towards learning targets, and
adapting future instruction based on students’@awe (Wylie & Lyon, 2009). For Ash and
Lewitt (2003), learning about formative assessnenbnnected with the appropriation students’
thinking and actions, and making sense of partiaukeanings for students, for example, the
ways by which students think about science cont&hts implies that teachers are able to see
learners with more detail and perspective and, theiss problems related to instruction may
arise. In doing so, teachers develop a fine-turterstanding that helps them support and
respond to students’ thinking.

In sum, learning about formative assessment irmpleaveloping a varied and complex set
of specific knowledge and practices that are int&em in teaching and learning. Professional
development in formative assessment has been pd@ssa strategy to help teachers learn and
improve in this practice (e.g., Black et al., 20Bépham, 2008; Schneider & Randel, 2009;
Stiggins, 2009).

Professional Development Focused on Formative Assesent

Schneider and Randel (2009) distinguished sevbeabcteristics of effective formative
assessment professional development: administrstipport; individualization of teacher’s
learning goals; content knowledge; time; collaborgtcoherence; and active learning. Sato

(2003) noted that professional development in faeaassessment should also address
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teachers’ characteristics, such as content knowleag beliefs, so teachers can connect their
personal approaches to assessment with their bugstlictional practices. Professional
development is not solely about providing resoufoeseachers; teachers also have to want to
use them and make them appropriate for their m@a¢liorrance & Pryor, 2001). When teachers
have opportunities to guide their own learning arake more connections with classroom
practices, they can leverage the focus of the psod@al development into their own practice
(Schneider & Randel, 2009), especially when teacherceive the experience as important and
useful for their practice (Moscovici & Varrella, @8). Webb and Jones (2009), however,
emphasized that teachers may feel constrainedptementing formative assessment strategies,
which are partially affected by the contradicticgieeen the teachers’ beliefs about learning and
the existing culture in a classrooms and schools.

Professional development that aims to supporhiatuse of formative assessment
should not only focus on what teachers need to Kmawvalso the larger system in which those
teachers find themselves (Wylie & Lyon, 2009) iderto provide teachers adequate support.
Local policies, contexts, curricular guidelinesgdncal administrators need to be considered in
the design of professional development.

Research on the effectiveness of various profeakimevelopment models focused on
formative assessment has reported positive findmgmsachers’ practices. Working with small
groups of teachers and supported by researchexsk Bt al. (2004) and Sato (2003) reported
improvements in the use of questioning, use offaek, peer- and self-assessment, and the
formative use of summative tests. In a collabweatiction research project, Torrance & Pryor
(2001) reported changes in classroom practice cespyein communicating, criteria for success

to the students. Working with two teachers, Astt bewitt (2003) suggested that opportunities
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for teachers to enact formative assessment inlissroom may complement the effect of
professional development for teachers, especialtii¢ extent teachers can use cognitive tools
developed from the interaction with students. Vifggkvith communities of practice for
elementary teachers, Webb and Jones (2009) repbaegrofessional development helped
teachers become more likely to support studengshlag processes, while students were more
likely to take responsibility for their own learigin

Local and Community-Based Professional Development

Some studies (e.g., Borko, 2004; Desimone, 2008stnan & Woolworth, 2001;
Thomas et al., 1998; Wei et al., 2010) recommemulefibssional development models that were
situated in the school context, that focused odesttilearning, and that promoted teachers’
engagement in activities that allow them to shdisguss, and reflect on their classroom
experiences. In doing so, an important factorteeldo successful professional development is
the creation of a sustained community of learneas allows teachers to actively experience and
apply what they learned in their own context (Mosco& Varrella, 2008).

The use of local professional learning communitiesre & Wenger, 1991) composed of
teachers (and administrators) is one way to meetatjuirements of quality professional
development. Professional learning communitiesQPhay provide opportunities for teacher
learning and change by enabling teachers to wdt&lmratively toward a common goal
(Thomas et al., 1998) and constitute a vehicleséqporting collaborative inquiry (Nelson,
Slavit, Perkins, & Hathorn, 2008). Two assumptijustify local PLCs: (1) knowledge is
situated in the daily experiences and best undmidby critical and collective reflection and (2)
active participation in this process is relatethtbveased knowledge and students’ learning

(Vescio et al., 2008). Because of their schookHdasature, PLCs can provide support for
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teachers to make changes in classroom practiceteea space for reflection and insight,
engage teachers in a community that can be sudtairex time (Stoll et al., 2006), and attend to
process and content by engaging teachers in auwthgrnblems within their professional practice
(Wilson & Berne, 1999).

The impact of PLCs in teacher practice and stuldamhing is not conclusive. In their
review of research studies on professional learoorgmunities effectiveness, Vescio et al.
(2008) concluded that limited evidence of the intmdchis model exists beyond teachers’
perceptions—although it seems that participatioRLCs helps teachers orient their practice in a
more student-centered focus and increases collao@mong teachers. Moreover, research
suggested that creating and sustaining a PLC iametsy task, especially given the large
number of factors that influence its success (%todll., 2006).

Notes About Teacher Practice and Professional Dewgiment
For Desimone (2009), well-designed and effectivadgesional-development models should
produce increased teacher knowledge and skilloactanges in teachers’ beliefs and attitudes
so that teachers use these new learnings in tassroom with the focus on enhanced student
learning. This traditional approach understandsipact of teacher learning as unidirectional
and mostly focused on the outcome. Kazemi and Biab{2008), however, called for a
different approach to examine the contribution pfefessional development model, by
considering the multidirectional influences betwées professional development and the
classroom, as well as the coevolution of participam both settings. This is important because
teachers are professionally acting in multipleaistisettings (Wertsch, 1985). For example, in

a PLC composed of teachers from different contezdsa teachers’ abilities to adapt and reshape
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what they learned to the particularities of th@nient areas are critical, especially when is
argued that formative assessment is a contentfgppractice (Coffey et al., 2011).

Kazemi and Hubbard (2008) used the distinctiomwbeh “knowledge” and “knowing”
(Cook & Brown, 1999) to illustrate how the sameetyys learning is used differently depending
on the setting. Knowledge refers to something tdathers possess and knowing implies
knowledge that is installed in action, and enacfEderefore, the concepts of knowledge and
knowing and their interactions are relevant to us@ading what teachers learn in professional
development and how that knowledge is transforrteetde utilized in a variety of settings and
purposes. However, the manner in which this poésranslation occurs and how the new
ideas and understandings will be “reshaped” tosctasn use is unclear (Kazemi & Hubbard,
2008; Hewson, 2007).
Understanding Teacher Practice

In order to understand the complexity involved wieachers learn about a practice and
enact the practice in different settings, the didton between possessing types of knowledge is
not enough. Drawing on sociocultural theorieseairhing, | explore some approximations of the
meaning of practice to illustrate possible waysistializing teacher learning. From the
perspective of cultural-historical activity theqf@HAT), practice is indistinctive of action.
Individuals’ minds form part of an activity systehmat is part of the material world by itself and
shaped by the social and material milieu (Roth &,12007). For example, Roth and Lee (2007)
described a classroom situation in with studengmged in the study of ecosystems. They
participated in a field trip and designed projebest may help to finding solutions to the case of
a polluted creek. In doing so, practice meantesttglengaged in particular instructional

activities guided by tools and resources existmthe community, participated in socially-
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promoted activities, and found motivation in thalgoand values of their community. Similarly,
Wenger (1998) posited that learning occurs by $@adicipation within a community.
Individuals are “participants in the practices o€isl communities and constructing identities in
relation to these communities” (p. 4). From thespective of teachers learning in a PLC,
learning occurs when teachers are engaged in distiss sharing and analyzing classroom
artifacts, or creating tools, because they becarhieeasubjects in the community through
participation. Wenger considered that practicenes component for learning and it was defined
as “shared, historical and social resources, fraonkesy and perspectives that can sustain mutual
engagement in action” (p. 5).

The concept of habitus (Bordieu, 1990) providestlagr lens to explain that practice is
shaped by norms and tendencies that are creasedial groups and guide human action and
thinking. Habitus can also be associated witmibteon of teachers’ dispositions (Milne,
Scantlebury, & Otieno, 2006). Working in schoatsl daeaching chemistry can be conceived as
habitus, which tends to be stable, organized iemetia, and shaped by the values and
dispositions of a particular culture—for instanbe tulture of an U.S. suburban high school.
Even though the experiences of these teachers ifiayahd they can hold personal theories, a
large part of their instructional practice is shépg their expectations of teaching and learning
chemistry that are socially and culturally accepted

In a context of a professional development maala purports to provide impetus to
making progress and change in instructional pragctieese theoretical approaches to practice
may provide some elements to understand how temelnact a practice that they learned in a

professional development as well as the mediatwtpfs that influenced that enactment.
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Changes in Teacher Practice

If teacher practice is complex, shaped by theashnd dispositions of a culture, seen in
action, and developed in a community, is it possiblobserve changes in teacher practice?
Change is also related to the need of balancingipreitonstraints of different stakeholders. For
example, Cobb et al. (2003) posed that “teachass$tuctional practices are profoundly
influenced by the institutional constraints thaytlattempt to satisfy, the formal and informal
sources of assistance on which they draw, and #terrals and resources that they use in their
classroom practice” (p. 13).

Changes are also promoted and shaped by teaghéres and beliefs, especially in the
areas they feel important for them (Coffey et2005). Therefore, change may not be similar
among teachers. Some teachers change more thes,dhd some new practices are easier to
implement (Borko, 2004).

Amid this complexity, transformation and change levant for developing teacher
practice. Enacting practices such as formativesassent helps teachers to be more focused on
student thinking and learning (Athanases & Achimst2003). That change in focus implies that
teachers are more aware of new problems of pradinet demand a more accurate professional
discernment. Thus, teacher learning occurs wheydhe able to generate an enlarged
instructional scope to navigate and new learningsiiilities are created (Roth & Lee, 2007).

The emergence of instructional challenges andatilas (Kazemi & Hubbard, 2008)
implies that teachers can describe and analyzestudrk in a finer-grain size, and this might
constitute learning. Due to its dialogical andtextual nature, formative assessment implies to
teachers face dilemmas of practice (Bell & Cow@)D), which are based on professional

judgment. Webb and Jones (2009) described theepsanf expansive learning (Engestrom,
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2001) in the enactment of formative assessmenten/macting formative assessment the force
that enabled change in practice was the “contratidietween the teachers’ beliefs about
learning and the existing culture in the classrogm”165). Ash and Lewitt (2003) described
that teacher learning occurred at the moment aftertgaformative assessment practices. They
also explained that teachers and students apptegmrach other’s thinking and actions to the
extent that both parties were able to make senpartitular meanings such as students’
different ways of thinking.

In summary, learning and enacting formative assessimplies embedding this practice
in teachers’ current instructional systems of te@agland learning. These systems reflect a
teacher mindset and are situated within a cultuméibfluences their instruction. This poses the
guestion of how teachers enact a new practice—asi¢brmative assessment—Ilearned in the
context of professional development when diffefantors influence that enactment. In the next
chapter, | will describe the research design anthoaks for this dissertation study including the

analytical framework that will be used to explandarganize the findings of this study.
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CHAPTER 3: RESEARCH DESIGN AND METHODS
This dissertation study is situated in an inteipigt paradigm (Blaikie, 2007). The purpose of
this paradigm is to understand and interpret a ¢exygocially-constructed, and dynamic aspect
of reality (Glesne, 2010). Key is the assumptiuat teality can be interpreted from the
individuals’ perspectives and, similarly, in théfelient ways in which people interact and
construct social meaning.

The research methods related to the interprefiasadigm are considered qualitative.
Qualitative research methods focus on the exanoima@ind the interpretation of data to elicit
meaning, increase understanding, and develop exeédeased knowledge (Corbin & Strauss,
2008). These methods emphasize long-term andtaild@eractions with participants in their
particular settings, so data sources come fronvididals interacting in a social context.
Examples of these data sources are the obsenddttiman actions, the analysis of artifacts,
and the linguistic processes that refer to indigldusense making. As a result, qualitative
research methods produce a rich and deep corpofahation about a limited number of
people and cases (Patton, 2002); and they desamidbexplain how individuals interpret and
make meaning of a particular object, event, processtion (Glesne, 2010). Qualitative
research, however, would be incomplete withouttingeexperiences within a larger frame and
context in which the study is embedded (Corbin &&¢s, 2008).

The researcher role in qualitative methods impghdsng with individuals, observing the
social setting, and integrating different sourcesmfmrmation that are interwoven. Since
gualitative research is used to gain insights attbudes, behaviors, social contexts, and values
of individuals (Glesne, 2010), the researcher $emrpatterns in the data analyses that might

result in new theory, by using an inductive apphoa&s human instruments, qualitative
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researchers need to balance their own perspeeas/gsiders—by entering into the topic of
study—and outsiders, to rely on prior knowledgeultbe topic and context (Fetterman, 2009).

This qualitative study posits the in depth charazation of formative assessment
learning and enactment through observations ofdiwenistry teachers working in a learning
team setting (as professional development) anldin tlassrooms. The qualitative focus of this
study purports to examine formative assessmentitgaand enactment from the participants’
perspective and to discover new approaches andingsatmat contribute to the development of
empirical knowledge on these topics (Corbin & S$s312008).

This study was conducted by examining in-deptéradtions with relevant individuals in
their own contexts and sites (Glesne, 2010), saatiemsrooms and professional development
sessions. In doing so, the study considers eachee's beliefs, understandings, and
perceptions. The collection of different sourceédata would help to understand the ways in
which teachers linked the different settings (agtisystems) to learn and enact formative
assessment in the classrooms and the factors #dhated in these processes of learning and
enactment.

Analytical Framework: Sociocultural Theories of Leaning
This section describes elements of sociocultuedtiles of learning that help to frame and
conceptualize this qualitative study. Socioculttinaories of learning emphasize the
interconnections of social and individual processas the construction of meaning through
social interaction that develops cognition and ptevmeaning (Vygotsky, 1978) such that
knowledge results from social and cultural inteiatd. Accordingly, teaching, learning and
classroom assessment are human and social astisfitgged by institutional and cultural

contexts (Lemke, 2001).
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In sociocultural theories, therefore, observatibfearning includes three levels of
analyses: personal, interpersonal, and communitgdR, 1995). These levels are
interconnected, interdependent, and inseparalies ihdividuals are part of (or participate in)
particular activities that shape learning that eddmted by language, cognitive tools, and
symbolic tools. Subject participation in partiqudativities may imply the emergence of
different types of learning and development, sigtha participation imew types of activities.
Sociocultural Theories of Learning and Formative Asessment

Some scholars have argued that formative assessmets to be understood in the light
of social and cultural models of teaching and legyife.g., Pryor & Crossouard, 2008; Shepard,
2000). In their foundational review of researchfamative assessment, Black and Wiliam
(1998a) discussed this social approach by empingsizi..all the assessment processes are, at
heart, social processes, taking place in socighgst conducted by, on, and for social actors”
(p.56). Moreover, participation in formative assaent configures the development of new
identities as teachers—who are also learning atlassroom practices—and students. Pryor

and Crossouard (2008) explained:

Formative assessment interactions involve enalamers first to engage with new
ways of being and acting associated with new raspnal identities; and second to have
these recognized as legitimate, where what camtsgitimate is strongly framed by

institutional discourses and assessment demgn@s$. (

Formative assessment has been described agidig@vossouard & Pryor, 2012) and
discursive (Bell & Cowie, 2001) practice. For Al{2010), formative assessment concretizes in

the social interactions that occur in the classramah in the different assessment procedures that
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mediate in this process and imply collective actiolearning (Heritage, 2010). For example,
the use of pedagogical tools such as ‘assessmewntiEations’ may serve to model norms and
procedures that promote student engagement arstabas enculturation (Ruiz-Primo, 2011).

Teachers’ use of formative assessment is higldgyehcratic, because its enactment
depends on different purposes such as examiningstwnderstanding, eliciting particular types
of information, making interpretations and decisiaking (Bell & Cowie, 2001). Meaning-
making occurs in the classroom during assessmamesach assessment is “a head-on encounter
with a culture's models of prowess”, and an oceasidearning and self-reflection (Wolf, 1993,
p. 213).

Doing formative assessment implies individual endual appropriation of learning
products as part of joint participatory appropdat{Rogoff, 1995). Therefore, formative
assessment is inherent in Vygotsky’'s concept okzmrproximal development (Shepard, 2000;
Ash & Lewitt, 2003). Formative assessment is &@ss where teachers and students learn to
regulate the own learning in interaction with tloeial and contextual elements of regulation and
with the ones from the learning environment (Al20,10).

In summary, one can argue that socioculturalrtbe®f learning provide the most
productive way to understand the enactment of cdass formative incidents with the potential
to promote students’ intended learning (Pryor &<3amuard, 2008; Torrance & Pryor, 1998,
2001).

Sociocultural Theories and Science Education

Using sociocultural theories of learning to untland science teaching and learning

implies understanding science, science educatr@hresearch upon science education as

activities conducted within human, institutionatlasultural lens (Lemke, 2001). Sociocultural
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perspectives emphasize the role of human interagtiteaching and learning science activities,
for example, those that are enculturated in comtiasnfe.g., a science classroom).

It can be argued that students are learning thi@lsoand cultural traditions that are
traditionally emphasized (Lemke, 2001). For examl the particular case of chemistry
education—part of the scope of this study—the pmadant way of instruction often consists of
deriving and applying empirical laws (Gilbert, Justan Driel, De Jong, & Treagust, 2004;
Osborne, 2012). Lemke (2001) argued that the seieantent, which merely consists of a
collection of facts, is not enough to understareldifferent roles and implications of scientific
knowledge outside classroom contexts. Studerghtrhiave some basic understanding of
science and certainly, being able to respond ts wsccessfully, but their understanding of
science is unlikely to be used in real-life consext

In chemistry education, research has also posiednportance of using multiple
representations and levels to understand chemheaignena (Gilbert & Treagust, 2009;
Mahaffy, 2004). Students’ thinking of chemical pbevena should integrate three levels—
macroscopic, microscopic, and symbolic (Gabel, 199%®mas & McRobbie, 2001). Aligned
with a sociocultural perspective, Mahaffy (2004ggested adding the human component as the
fourth level that is needed to examine a chemihahpmenon to emphasize the public
understanding of the role of chemistry in the stycéand promote meaningful student
understanding.

Thus, the use of sociocultural theories of leagraantributes to a better comprehension
of teachers’ learning and enactment of formativseasment in the context of chemistry

instruction. For the purposes of this study, teaslare engaging with students in particular
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activities that are situated in and influencedy $ocial context. Teacher and student learning
are processes influenced by cultural and sociabfad¢hat are beyond the classroom interactions.

Cultural-Historical Activity Theory as Lens to Understand Complex Systems
In order to respond to the research questions@go/é meaning to the learning experiences of
both chemistry teachers, this study uses cultustttical activity theory (CHAT). CHAT's
origins are in the seminal work of Vygotsky, Le@wtiand other colleagues during the 1920s
and 1930s. Later, Engestrom (1987) developed eepnal and analytic framework for
representing the activity system—the unit of analyisat integrates complex sets of information.
That framework is usually named CHAT or third gextien activity theory.

Vygotsky (1987) defined the concept of mediatioexplain the relationship between
human development and the environment. This stg¢jest individuals do not interact directly
with the environment, but through artifacts, toalsg other social elements. That interaction
produces signs that assist individual developmanguage, and consciousness. Signs help
individuals to make sense of the world and whelga is tangible for individuals, it can be used
as a tool. Yamagata-Lynch (2010) posited: “theneat a clear moment when an artifact
transforms into a cultural tool, but a culturallt@oan artifact that has gained value within
participants’ activities rather than as a tempotao} for engaging in the immediate activity” (p.
17).

The work of Leontiev and his colleagues in the tkba School of Developmental
Psychology broadened the scope of Vygotsky’'s warkiatroduced human activity as unit of
analysis that is distributed among the subjectsghdicipate in the activity and its other
components (Zeek, Foote, & Walker, 2001). That ohanalysis is usually called object-

oriented activity (Yamagata-Lynch, 2010). For Leew, individuals choose to become
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members of one particular activity and, motivatgdhe object, participate to accomplish a
particular goal. In doing so, the object-oriendetivity condenses the different mediational
processes in which the subjects that participateearactivity engage.

However, participation in an activity system isdynic; the events that occur during and
within the activity system can modify the subjectsitivations, goals, the environment, and the
activity itself (Rogoff, 1995). In activity systanhumans transform social conditions, identify
contradictions, make decisions, and create new@lltools (Sannino, Daniels, & Gutierrez,
2009). CHAT is thus focused on understanding amastorming practice in context (Roth, Lee,
& Hsu, 2009) because individuals are also modifyang using different tools and artifacts that
may help them to create new activity systems irptioeess of sense-making and to trigger
transformations.

From the analytical perspective, the use of CHaMelpful because it provides support
to organize complex real-data sets in graphic nsothelt allow communication about this
extensive research (Yamagata-Lynch, 2010). TheUS&AT as an analytical framework is
based on the work developed by Engestrom (198@)ddveloped a triangular model that
represents the activity system—the unit of anali@<HAT embedded in a social and
historical context (Engestrom, 1987; Wertsch, 19%dmagata-Lynch, 2010). The activity
system is a bounded system in which a series @kgses and actions occur inside to focus on a
particular object (Yamagata-Lynch, 2010). In theg&strom’s model, each component is

located either in the triangle vertices or in theae of the sides of the triangle (see Figure 1).
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QOutcome

Subject Object

Rules Community Division of Labor

Figure 1 Activity system model (adapted from Engestrom8@)9

According to Yamagata-Lynch (2010): the objedhis goal or motive that organizes the
activity; the subject refers to the individual wogps of individuals involved in the activity
system; the tool includes artifacts, symbols, orcepts that can act as resources for the subjects;
the rules are any type of regulations that franeeatttivity; the community corresponds to the
social group that the subject of the activity systdoelongs; the division of labor refers to how
the tasks are shared among the activity systenestsband the community, and the outcome of
an activity system is the final result of the aityiv Therefore, relations among the components
of the activity system model occur within a boundgstem, but that also is embedded in a
particular culture and history. During an actiyitpntradictions and tensions can emerge from
any component. Contradictions can be characteagathknowns, barriers to achieving the
object, or conflicts between components (Nardi,3)99

CHAT is a meaningful approach to investigate tfamsing systems and to enable the

identification of the main contradictions and t@ms within a system in which contradictions
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may trigger driving forces for change (Engestro899). It also allows one to understand the
processes by which an individual adopts the pedagb@ols available in a particular activity
setting (Grossman et al., 1999). To some extddATintegrates and fuses the interaction
between individual and environment (Yamagata-Lyr&€1,0).

CHAT and Educational Research

Cultural-historical activity theory has been usathwlifferent purposes in educational
research. For Engestrom (1987), its main feagite support researchers in a participatory and
interventionist approaches. Penuel (2014) contiatsCHAT can be used to illuminate
formative-research interventions. Additionally, EHhas been used to describe real-world
leaning situations, developing new research meth®gdoring theoretical concepts, and
planning solutions to work-based problems amongrstllYamagata-Lynch, 2010).

Connected with this dissertation study, Grossntah. €1999) proposed that activity
theory—an umbrella term that includes CHAT—is gphdlframework for studying teachers’
professional development, because it emphasizeamfh@tance of social and cultural factors in
particular contexts. Webb and Jones (2009) usefTCid investigate the enactment of the
formative assessment practices of primary teachEngy explored changes and tensions of
teachers and students in the classroom as wédikadriving forces that enabled change.
Windschitl and Thompson (2011) used activity thelorgesign developmental tools for teaching
that can be used to support pre-service teachgesice practices. Thomas and McRobbie
(2012) used CHAT to interpret changes and tengielased to the use of new pedagogical tools
created to promote students’ metacognition in tEgheol chemistry. Patchen and Smithenry
(2014) used CHAT to analyze day-to-day participastructures in the enactment of a chemistry

classroom.
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In summary, CHAT is an appropriate framework fos tstudy and contributes to
responding to the research questions. CHAT isquéatly useful in understanding how
experiences in the professional development wemégioed, as an activity system, to make
possible science teachers’ learning about formatsgessment. It is also relevant in
understanding how the enactment of classroom fovenassessment was mediated in each
teacher’s activity system and how it evolved owuset

Teacher Learning and Appropriation of Pedagogical Dols
For this dissertation study, one relevant poitbiexamine the ways that the teachers leveraged
their formative assessment learning in classroamtfme. Thus, teacher learning can also be
understood by the ways that teachers appropriffexeht activity system tools that act as
mediators to guide a goal-directed action. Appadjmn refers to the process by which a person
incorporates and embraces pedagogical tools (Wmitl&c Thompson, 2011) to be used in a
social environment (Grossman et al., 1999; Wert$881). Therefore, | am interested in the
different ways that teachers adopt pedagogicastant! are able to transform the activity system
in which they are embedded.
Levels of Appropriation

In order to characterize how teachers are adopuiggogical tools that mediate in their
activity systems, Grossman et al. (1999) definé@icdint levels of appropriation. | will use this
framework to illustrate how teachers made progiresiseir formative assessment practices.
These levels are described below:

Lack of appropriation. Teachers do not adopt particular pedagogical tdtatsay occur
because the use is not understood; the tool iatcamwvay from the learner, or there is resistance

to using the tool.
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Appropriating a label. This occurs when a teacher uses the name of dhebiat does
not understand any of its characteristics. Thehteais not aware of the implications of the tool.

Appropriating surface features. A teacher at this level is learning some featufeb®
pedagogical tool, but he or she is not able undedshow these features are integrated and
function as a whole.

Appropriating conceptual understandings.A teacher at this level understands the
underlying rationale for pedagogical tool as wslita implications, identifies the nuances of the
tool, and is able to understand the applicationsHe tool in different contexts. However, the
tools are not translated into practice.

Achieving mastery.This level implies teachers’ understanding of theaeptual
underpinnings of the pedagogical tool as well asstill to use the tool effectively in the
classroom. This level is usually seen in experdrend expert teachers.

Research Approach: Case Study
Qualitative case studies help to understand thetifumng of real-life cases in real contexts
(Stake, 2006), so a case is studied in depth aadsively (Glesne, 2010). According to Yin
(2009), a case study focuses on the investigafianpbbenomenon in depth and in its particular
context, especially in those situations in which limits between phenomenon (the case) and
context are not clearly distinct. Stake (1995) tiogred that a case study is a system with some
sort of boundaries, but it also includes the anslgtits integrated working parts. A “case of
study” locates within a bigger system or contexefvell, 2007), and it is highly interconnected
with the contextual conditions that surround itieflefore, the researcher role for a case study is

to delimit the boundaries of the case from its egntal milieu.
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Stake (2006) considered that the main objectiveasé study research isunderstandhe
case, which also implies the examination of it<#méy, functioning, and activities. The
importance of case study research derives frofodiss on a rich and deep understanding
(Patton, 2002) especially regarding the researchaiad their working parts. A case study has
value when it highlights the phenomenon to be saidind becomes a focal point and a learning
opportunity (Schram, 2006).

This study is designed as an embedded singlestagg (Yin, 2009). Embedded case
studies are a subtype of single case study thatdas, within the single case, sub-units of
analysis. These embedded units of analysis catbrothe scope of analyses and increase the
complexity and richness of the case of study. dAg2002) recommended nesting and layering
case studies because, “You can always combineestodlindividuals into studies of a program,
but if you only have program-level data, you cargieaggregate it to construct individual cases”
(p. 447-448). Furthermore, design and analysesniiedded case studies need to balance the
findings that emerge in each unit of analysis i holistic aspects so that they can inform and
illuminate to each other.

Case Study: Single and Embedded Design

Case study research is helpful to describe anthiexgeal-life problems and operating in
real situations (Stake, 2006). This study encosgmthe experiences of two chemistry teachers
who learned about formative assessment in a teaedljarofessional development and are
making steps to enact some formative assessmaegtigaeiin their own classroom. This single
and embedded case study is justifiable becausgpbps to illustrate the particular events of
two experienced science teachers who are insertagimilar context (school, content area, type

of students, grade level, etc.) and learned alwyatdtive assessment in the same learning team
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as professional development. Moreover, the desonipf the enactment in two different
activity settings (such as classrooms) is helgfulriderstanth depththe diversity of mediating
factors and conditions that affect the enactmembiwhative assessment. Thus, gaining and
sharing understandings of complex human activihesugh particularization is one of the
researcher goals in using activity systems ana(Yasiagata-Lynch, 2010). Stake (2006)
mentioned that the researcher’s decision for deicgse study is to explain a phenomenon with
purposes of particularization (instead of geneadilan). In addition, this case study can be
justified as longitudinal (Yin, 2009), to the extéhat it is pertains to describe the coevolutibn o
teachers involvement in classroom practice andegsibnal development (Kazemi & Hubbard,
2008).

Therefore, the engagement of two chemistry teagolwéh formative assessment in the
learning team and in their classroom constitutessghrticular case study. As previously
described, the purposes of FAME (Formative Assessioe Michigan Educators) are to
promote teachers’ learning of formative assesshkmowledge and practice as well as provide
an impetus to implement, reflect on, and refine mestructional and assessment practices. The
two chemistry teachers learned about formativesassent in the same activity system. They
participated in the same activities of the FAMEteag team, shared discussions about theory
and practice, and created artifacts to be usedthtin students. Each teacher, however, enacted
formative assessment in different classroom (ag)igettings. Therefore, the instructional
processes of both teachers (i.e. in the classraoeithe units of analysis embedded in the case
study including the enactment of formative assessmEach classroom setting is defined as a

particular activity system and delineated as a aingnalysis. Thus, the embedded case study
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design allows gathering evidence from these teadhatifferent sub-settings and by using

different data sources (Yin, 2009) that enrichuhderstanding of this case (See Figure 2).

CONTEXT
Classroom level School level

FAME PD and learning team District and macro policy levels

Expectations for students in a particular culture

/———————————————————————\
( Case of Study \

Two chemistry teachers learning about formative |

| assessment knowledge and practice in a team-based
| professional development model I
| - T T T T T TN S N l
| | Unit of Analysis | | Unit of Analysis | |
| | Enactmentin | | Enactmentin | |
\ l classroom 1 J k classroom 2 J I

Figure 2 Representation of single embedded study framethi® research, including the case
of study, the embedded units of analysis, and éméext (Adapted from Yin (2009)).

Along with the characterization of teachers inttlie units of analysis and in their
participation in FAME professional development gttase”), the connection between the case
and the embedded units of analysis is paramountthis study, understanding how
participation in the learning team influences eather’'s formative assessment enactment is
very important especially in terms of the mediatiactors that configure each teacher’s activity
system.

A good case study is context-sensitive (Patto@220In this sense, the contextual
background may include different elements and corapts. Stake (2006) mentioned that

historical, cultural, and physical contexts aréndérest, although other areas may include the
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social, economic, political, ethical, and aesthetincepts. Case study research is compatible
with activity systems analyses (Yamagata-Lynch,030hiecause activity systems analyses
examine systems that are difficult to separatedsithguish from the context in natural settings.
In addition, since this study characterizes formeatissessment from a sociocultural perspective
(e.q., Pryor & Crossouard, 2008) and recognizesntipertance of sociocultural perspectives in
science teacher learning (e.g., Lemke, 2001; Melnal., 2006) the influence of the context in
this case is considerable.

In this particular case study, examples of coni@xtomponents are the school culture
and policies, the national and local policies #ifétct curriculum and assessment enactment, the
community of teachers in the school building (esgBcthe teachers from the science
department), and the non-science teachers thatipated in the FAME learning team. Other
contextual components are the state science sts)ddudents’ aspirations, students’
socioeconomic status, etc. Moreover, classrooateeélcomponents are related to students’
characteristics such as previous ideas in sci@t@gsroom participation, attitudes about
assessment, etc.

Next, | will characterize the research methodkzet in this case study. | will describe
the characteristics of the two participant teachditsen, | will explain the data sources
employed in the study, followed by the data analpsocedures. Finally, | will discuss some
aspects related to quality qualitative research sisctriangulation and reflexivity for this study.

Participants
This embedded case study is focused on the expesaf two female teachers, Diane and Lisa

(these are pseudonyms) who teach chemistry in gi&de. | will describe each teacher based
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on the information that was collected through wiews, conversations, and other secondary
data sources.

The first teacher, Diane, completed 11 yearsadstbom teaching experience in 2013.
She also serves as science department chairpellsane has been teaching in the school
building for nine years. Prior to that she workednother high school in the same school
district. Before working as a teacher, Diane wdrie one year in a science museum. In her
undergraduate studies, Diane majored in dietetidsnainored in psychology. She holds a M.S.
in Science Education and is studying for an EdocaBpecialist Degree in K-12 Leadership
program. Diane is certified to teach chemistrg)dmy, general science, and psychology. She
also holds administration certification. In they®of data collection for this study she taught
chemistry (the course | observed), psychology,athéinced chemistry. She taught students
from Grades 10, 11 and 12. Prior to the FAME msienal development, she did not recall
having any formal training in formative assessment.

The second teacher, Lisa, has been teaching fgedr3 in the building. This is the only
school building where she has worked. She majoretiemistry and minored in physical
education. She holds a Master’s Degree in Educ&aence Leadership. In the years of data
collection she was teaching two chemistry courakk$or Grade 10 students: Chemistry (the
class that was observed) and Chemistry B—an inttody chemistry class that focuses on the
fundamental knowledge needed to become sciencatéteBesides teaching chemistry, she is
also the National Honor Society director in theah She said that she loves to teach
Chemistry, because “it combines my two favoritegjs—science and math.” [Interview #1,

Lisa, March 2013]. Lisa mentioned that she wathiced to formative assessment in the last
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couple of years, before participating in the FAME&rhing team. By then, she realized that some
of the things she has done in the past have betnhgidormative assessment.
Data Sources
One of the features of qualitative research isitir@lies on multiple sources of data (Corbin &
Strauss, 2008) and frequently uses data obtaimedgh observation, questioning of relevant
individuals, and interaction with participants (&e, 2010). Accordingly, three primary data
sources will be considered in the study for eaelslier—lesson videotapes, teacher interviews,
and videotapes of learning team meetings.
Lesson Videotapes
Lesson videotapes are the most compelling datasdarbe considered for the study.
Observations of classroom practices are usefuldeighe information to respond to the research
guestions in the place where they occur (Yin, 200®sson observations are essential to capture
assessment practices in the classroom, becausetistly reflect interactions between teachers
and students (Randel & Clark, 2013) or among stisdeMultimedia representations, such as
lesson videotapes can capture different compordriéachers’ practice at once and consider the
lesson analysis from different perspectives (H&chrossman, 2009). Conducting multiple and
consecutive lesson observations for the same teattbess gathering evidence of teachers’
abilities to connect lessons, students’ understaysdiand events as well as to display a fuller
range of instructional and assessment strategiasié3on & McGreal, 2000).
Thus, lesson videotaping constitutes the prinmaeyhod of gathering information about
teachers’ formative assessment practices. Frorfotheative assessment perspective, this
modality of consecutive lesson observation is @gfigémportant to collect evidence of the

ongoing process of making instructional adjustméatsed on evidence of students’
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understandings, although Hatch and Grossman (3ff)@)ed out that description and analysis
of instructional practices may be overwhelming egly in more than one lesson.

For each teacher | videotaped &' tpade chemistry class. According to the high-stho
science department website, the course is descabadtwo-semester college preparatory
course.” Its focus is on helping students undedstdremistry core concepts related to inquiry,
reflection, and social implications; forms of engrgnergy transfer and conservation; properties
of matter; and changes in matter. The courseiieiinclude a variety of teaching methods,
laboratory investigations, group and individualivaties, discussions, and cooperative learning.
Classroom assessment will be done through classipation, group projects, individual
projects, labs, homework, quizzes, and tests.

| videotaped both teachers’ lessons in two yer$1-12 and 2012-2013, approximately
at the same time of the year. The number of stisdareach teacher’s class was close to 28 in
both years. | collected videotapes for each taadh®ur episodes. The first one was in March
2012 and covered topics of thermochemistry, althcute lesson introduced a new unit about
solutions. The second episode of videotaping @edun June 2012, and it covered content
about redox reactions, but some lessons were spénal exam review. The third and fourth
videotaping episodes were in March 2013 and theoéiMhy 2013. These covered the same
topics that were covered in 2012 (thermochemigtiy r@dox reactions respectively). Since |
videotaped the teachers teaching the same cobesmdtructional units and the resources used
by teachers were the same.

In summary, 23 lessons were collected in totaln A@urs were from Lisa’s classes and
thirteen from Diane’s. Ten lessons were videotapetD11-12 and 13in 2012-13. Each lesson

lasted 60 minutes. The summary of lesson videotsga®sented in Table 1.
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Table 1

Summary of Lessons Videotaped

Year Teacher Unit Total
Round 1 Round 2

2011-2012 Diane 3 3 6
Lisa 1 3 4
Total 4 6 10

2012-2013 Diane 4 3 7
Lisa 4 2 6
Total 8 5 13

In seven of the eight videotaping episodes, | two or more consecutive lessons,
in order to gather evidence of the teachers’ aslito connect lessons, students’ understanding,
and events and to display a fuller range of instbnal and assessment strategies (Danielson &
McGreal, 2000). The consecutive videotaping wasiat for identifying how teachers made
instructional decisions and adjustments baseduatests’ evidence that cannot be collected in
one single lesson. Furthermore, multiple forma#issessment opportunities were captured as
target practice (Randel & Clark, 2013).

The lessons videotaped in 2012 displayed a braaaf setivities. For example, they
included activities guided by teachers, classro@oussion, group work, science laboratory
activities, and individual work with textbooks ahdndouts. Descriptions of each lesson
videotaped are presented in Appendix 1.

Teacher Interviews

Interviews have the purpose of entering into thespective of the other person, assuming

that the perspective of the interviewee is meanihgaluable, and explicit (Patton, 2002). As

an interaction between at least two individualseegchers have the role of disentangling what
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individuals say to make sense out the words etlditethe interview questions (Glesne, 2010).
For example, interviews can be used to gathernmition about classroom practice as well as
teachers’ perceptions about their practice (Tie&d&jlley, 2002).

| conducted two rounds of semi-structured intendgevith each teacher to gather
evidence of their understandings, beliefs, priesitiand assumptions about classroom enactment
of formative assessment as well as the rationalth&r decision-making process. In semi-
structured interviews, additional questions may rg@én the course of the interview and may
replace or complement the pre-defined questionssit&, 2010; Johnson, 2002). The first round
of interviews was in March of 2013 (the week afémson videotaping). The interview focused
on the following themes: (1) understanding of folineassessment, (2) previous experiences
with formative assessment, (3) classroom implentemaf formative assessment, and (4)
factors that influenced enactment of formative sssent practices.

The second round of interview occurred in June 201Be week following the last
episode of lesson videotaping. The interviews $ecuon the formative assessment related
decisions that both teachers made in their instmat practices and on perceptions of formative
assessment related instructional practices andigiginal decisions. | selected four video
prompts for each teacher—three from the redoxamdtone from the thermochemistry unit (all
recorded in 2013). The videos were selected bedhey represented examples of the formative
assessment components included in the FAME modeaéMred Progress, 2010) and illustrated
critical moments for their formative assessmenigiecs (Myhill & Warren, 2005). The
interview had teachers observe video prompts of tven formative assessment practices and
used stimulated recall procedures (Meade & McMenim&92; Peterson & Swing, 1982).

From the perspective of CHAT, mental activity canioe separated from observable action.

53



Rather, it serves the purpose of a sign in medigtf@magata-Lynch, 2010). Therefore, the
interviews helped me gather insights into the teeghthinking and their decision-making
process based on evidence of their students’ utashelings. As a follow-up, | asked about
factors that influenced their enactment of theseres.

All the interviews were videotaped and audio reedrdLastly, the four interviews were
transcribed. The protocols used in the two intasg are presented in Appendix 2.
Learning Team Meeting Videotapes

| videotaped five FAME learning team meetings dgr2®11-12 in which the chemistry
teachers participated. In those meetings, leargag members: (1) discussed the concept of
formative assessment (especially by comparing fommassessment with grading practices), (2)
reflected on their classroom instructional pracj¢8) discussed practical implications of the
formative assessment process for their particulajests and contexts, and (4) created formative
assessment tools and engaged with their classrgemAfter each meeting, | wrote a narrative
that described the events that occurred that fatasehe following topics: role of the team
leader, link to teacher practice, and link to studearning.
Secondary Data Sources

| collected and utilized exemplars of classroosotgces and instructional materials
captured in the lessons videotaped. | also coreidsome artifacts created or used in the
learning team such as readings or and formativesas®ent tools. These artifacts provide
context to lesson observations and, more impostaptbvide information that is not available
by other data sources (Glesne, 2010). | alsoaeliecomplementary information from other

sources of data that helped me organize the cadg. sEor example, information from the
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school and school district website, classroom pdragohs, information from teacher surveys,
and documents and instructional resources reféorate by the teachers.
Procedures for Coding and Analyzing the Data

Glesne (2010) noted that qualitative methods parpoa general sense, to look for patterns
through data analysis. These methods, howevarotlityy to reduce the multiple interpretations
to fixed categories or numbers, or to a generahnofhick descriptions are generated in order to
gain a perspective of the participants’ experiencelsiding contextual information. These
descriptions result from a constant reexaminaticth@® data collected to find accurate, fair, and
trustworthy report (Yamagata-Lynch, 2010).

| used a grounded-theory approach used to seattdrms across the different sources of
data. Grounded theory (Glaser & Strauss, 196a)nethodology for developing theory that is
“grounded” in the data collected, with the purposdemonstrating relationships between
conceptual categories and specifying the conditiorder which theoretical relationships
emerge, change, or are maintained. This approsehan iterative search in themes and patterns
to build theory. Therefore, grounded theory inesl\continuous data collection, sampling,
coding, categorizing, and comparing, in order toegate theory (Glesne, 2010). In particular, |
used the constant comparative method (Glaser &84rd 967)—in which the researcher
engages in a process of iterative reexaminatiotevdoimparing different data sources—as my
analytical method.

The constant comparison method starts by estamjsioding procedures, in order to
break the data in analytical units (Strauss, 19830 uncovers the key points to be considered in

the analysis. According to Yamagata-Lynch (20189,constant comparison method is
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compatible with CHAT'’s activity systems analysisthwa. Next, the procedures for coding the
data are described.
Data Reduction

Data reduction is the use of analytical techniquesearching through the data for
identifying patterns and themes (Glesne, 2010). tikie study, data reduction includes a
description and coding protocol for lessons, opmtirg for teacher interviews, and a coding
schema for the learning team meetings.

Classroom observation coding protocol and narrativel used a preliminary coding
schema to analyze the video-taped lessons. Thesrsxlkeonsidered the eight interrelated
formative assessment components described in tiiE#Aodel (Measured Progress, 2010) and
other relevant formative assessment-related elesrikat were mentioned in the research
literature (See Appendix 3). The purpose of tlidieg schema was to identify a wide array of
instructional and formative assessment elementsatiige helpful to identify patterns across
lessons and teachers.

For each lesson, | created a memo in which | ifledtthe respective codes, described
the lesson, and transcribed some examples of teandestudent talk. These memos included
notes about my interpretation of the particulawagibns, based on the formative assessment
perspective. | also focused my description oncaiitmoments (Myhill & Warren, 2005) in
which teachers enacted formative assessment. riicydar, these moments represented teachers
collecting evidence of students’ ideas and makuygieit decisions based on students’
guestions, responses, or comments. For exampie episodes included teachers using new
instructional strategies to provide a differentlax@tion for a concept that was confusing for

students or teachers making public announcemerite tstudents based on what they noticed on
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students’ ideas or work. | made a list of thessagfes and | selected three per teacher to be
used in the second round of interviews.

Once completing the description of the lessonsgawized a matrix that included for
each lesson the content taught, and the main lesgmities. The matrices also included the
following three questions that delineate the dimamsof formative assessment and guide it as a
process: Where are we going? Where am | now? Howeddlose the gap? (Hattie & Timperley,
2007; Sadler, 1989). Moreover, when relevantcluded comments and notes about how a
particular lesson was embedded in an instructisequience. This matrix is presented in
Appendix 1.

Coding schema for teacher interviewslnterviews were analyzed using an open-coding
procedure (Bohm, 2004). Teachers’ responses wackand broken down into preliminary
categories. When necessary, the preliminary catsgwere broken down in sub-categories. In
order to organize and facilitate the proceduresdduqualitative analysis software (NVivo) to
code the interview corpus.

| iteratively reorganized the emerging codes atiogrto the study research questions,
the context of teachers’ formative assessmentipes;tthe learning team meetings, and the
information that came up from the and the contéxhe implementation (e.g., content area,
connections with the FAME learning team, and sttglerinaracteristics). | used a hierarchical
“tree” to represent the relationships among theesodMoreover, since the interviews asked
about teachers’ perceptions of a number of fornreaissessment critical moments, the emerging
codes were used to provide insight into teachesgtuctional decisions and, in a broader sense,
to make connections with the general enactmeriteofdrmative assessment tools observed in

the lesson videotapes.
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Coding schema for learning team meetingsThe FAME research team developed a
coding schema to analyze interactions of the legrteams, especially in terms of how teachers
discussed classroom formative assessment topicsaameicted them with student evidence
(Gotwals, Cisterna, Kintz, & Lane, in preparatiofhe dimensions included in this coding are:
(1) types of activities, (2) formative assessmemitent, (3) depth of formative assessment
content, (4) depth of discussion, and (5) parttogpastructure. The coding categories are
presented in Appendix 4. In the case of the legrteam, a narrative case was created to
illustrate the participation of the teachers in iieetings, their discussions about classroom
implementation of formative assessment, and tledieations on the professional development
experience. The narrative included tables andhgrapgarding the meeting time that the
learning team spent in each dimension. This naeaerves for complementing the data
collected by lesson observations and teacher ietgs/to respond to the study’s research
guestions.

Coding and Activity Systems Organization

Once the data was broken into multiple categoriesganized the codes in groups of
families of concepts. For this purpose | usedlaading. Axial coding involves an intensive
analysis of the categories of codes that were ifieshin the previous phase of codes (Strauss,
1987), so the research identifies overarching tiseamel categories among codes, families of
codes and subfamilies of codes (Yamagata-LynchQR0Ry using mind-mapping-related
software (i.e., CmapsTools), | created and refirgguiesentations for each teacher that integrate
the different codes from the data sources and be@ofinst approximation to respond to the
research questions. | started this process byngakiationships among the interview codes to

create a first draft. Then | used the results ftbenlesson observation summary matrix to refine
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the initial representation. For example, this psschelped me to fuse codes, to re-categorize
some codes from one particular family to anotheewen to eliminate some codes. As aresult, |
created two representations that illustrated tbeahthies and relationships among the codes that
| ultimately established (See Appendix 5).

The final process was selective coding in whichrédssarcher codes data around a main
family of codes that are essential to the mesdagethe investigator learned in the study
(Strauss, 1987; Yamagata-Lynch, 2010). Priorddisig with this process and guided by the
research questions, | examined the code tree$ ¢hedited in the axial coding stage. For
creating the activity-system analysis model (Engest 1987), | used the guiding questions
suggested in Mwanza’s eight-step model (Mwanza2p@ad Yamagata-Lynch's model (2010)
to characterize the activity systems that woulahistuded to represent the different components
(See Table 2). By using these guiding questioigeritified preliminary themes that matched to
the components of the activity systems and werencomfor both teachers. For example, |
found that for both teachers had a similar (bulipiieary) interpretation of the activity system
object subject andtool, according to the axial coding results.

| continued my selective coding by mapping the congmts of my activity system that,
primarily, described different interpretations bétactivity system components. When pertinent,
| used evidence from lesson episodes and teadeevigws’ transcriptions to reinforce or
strengthen the characterization of those actiwisfesn components. For instance, | found in my
axial coding that both teachers had different waysonceive thelivision of laborcomponent in
the activity system and that was reflected throdifferent sources of evidence and in different
moments. The characterization of that componentiged me with support to differentiate each

teacher’s activity system.
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Table 2

Guiding Questions Used for Selective Coding

Mwanza (2002) Yamagata-Lynch (2010)
Step 1. Activity. What sort of activity am | intested in? 1. What are the key activities related to this gtud
Step 2. Objective. Why is this activity taking p&c that are in the data set?

Step 3. Subjects. Who is involved in carrying digt 2. What is the activity setting in which these
activity? activities are situated?
Step 4. Tools. By what means are the subjectsiogrry 3. Who are the subjects of these activities?
out this activity? 4. What is the shared object of these activities?
Step 5. Rules and regulations. Are there any @lltur 5. Do different subjects participating in the same
norms, rules, and regulating governing the activity view the activity and the object
performance of the activity? differently? If yes, why?
Step 6. Division of labor. Who is responsible fdtak 6. What tools, rules, community, and division of
when carrying out this activity and how are the labor are involved in these activities?
roles organized? 7. What systemic contradictions are bringing
Step 7. Community. What is the environment in which  tensions into these activities?
the activity is carried out? 8. What are the outcomes of these activities?
Step 8. Outcome. What is the desired outcome frosn t 9. What historical relationship does one activity
activity? have with another?

10. How does one activity interact with another?

| presented my preliminary activity system modelsie-by teacher—to an external
researcher who was familiar with the study charattes and context. We discussed the results
of the axial coding together and, revised the priglary descriptions of the activity system
models (when pertinent), and identified tensionthivieach teacher’s activity system.

My selective coding was complete when | wrote thdekcriptions of Diane’s and Lisa’s
classroom enactment of formative assessment imrative format. This served as the base to
organize and structure Chapter 5 of this dissertattudy. The writing process helped me refine
and polish the characterization of each teachgstem and; more importantly, to identify

nuances in the formative assessment practicestbftéachers that configured their particular
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activity systems. Simultaneously, since the wgitomocess implied a new layer of analysis, |
iteratively made changes in the characterizatiothefactivity system components for each
teacher.

Rigor and Quality in Research
In qualitative research, the quality of the anatydepends on the ability of the researcher to
analyze, provide insights, recognize patterns,veedht different sources of data. Thus, the
credibility of a study depends on three interrelagkements: rigorous research methods,
credibility of the researcher, and philosophicdidien the value of qualitative inquiry (Patton,
2002).

In terms of ensuring rigorous research metho@s)dulation is defined as the practice in
gualitative research of relying on multiple methtalgather data (Glesne, 2010) and make sense
of the multiple perspectives that are availableedam the data. In particular, triangulation
refers to the use of multiple data sources, metherasysis, and theories (Patton, 2002). Glesne
(2010) also indicates that triangulation may rébensing multiple investigators and multiple
theoretical perspectives. As human instrumentlitqtive researchers need to balance different
perspectives Fetterman (2009). Qualitative re$easchave to deal with perceptions and
impressions, either those that are collected frarkimg with participants or the personal ones.
Stake (2006) explained that triangulation provithesresearcher more confidence about the
accuracy of the research methods employed.

In this dissertation study, some of the stratetfias| used for triangulation were: first,
using various sources of data about the two cheyresachers. These included evidence of
classroom lessons and team meetings videotapasdiimg) what teachesctually did),

interviews, and other complementary sources. Skdarsed CHAT as the analytical
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framework for making sense of the problem for #iigly, but | also used other research
approaches within sociocultural theories of leagrtimat helped me to enrich the findings and
implications of the study. | also included diffetestrategies for coding the different data sources
in order to have an integrated perspective of tita dollected. Third, regarding coding, the five
FAME meetings that were videotaped were double @od@ne-third of the lesson videotapes
(four lessons by teacher) were double coded. Thidses were coded by me and by two
members of the FAME research team.

Fourth, | worked with other researchers to gasights on the processes of data coding
and analysis. | shared with the FAME research teaerpts of teachers’ interview
transcriptions, video clips from lessons that reprged critical assessment moments, and video
clips of teachers reflecting on those critical asagent moments. | also shared my preliminary
data analyses to receive feedback on their inseyidsinterpretations, based on the team
expertise working on the project and on the elaimwaof observation protocols. Lastly, when |
finished my grounded theory-based analysis and preliminary representations of the activity
systems, | shared them with the FAME research teasrder to receive feedback and make
additional refinements. Furthermore, | replicateese activities with two researchers external
to the FAME research team.

| recognize the importance of successively refhgobn the data collection process, data
analysis, and writing. For this study, the collaimn with my dissertation director, who is also
involved in the FAME research, and my colleaguethe\FAME research team helped me
understand the context of the program and itsaatiities. Another important experience that
helped me to reflect on my dissertation work wasgarticipation in a summer institute targeted

for doctoral students in science education, wheeegived significant ideas and suggestions

62



from mentor researchers. Based on that experi¢icceated a poster that was presented at a
national conference in science education that ptedepreliminary evidence of one of the
results’ chapters. | received feedback from thaience that helped me clarify my thinking
during the writing process. | also created a diasien log in order to register the various set of
personal ideas and others’ suggestions that maglipéul to improve this study. Although | was
not quite consistent as | wanted, the log helpedawdeck previous information, notes, and
evidence from my ideas and conversations with sther

Brief Notes About Reflexivity

In qualitative research, reflexivity becomes apamant concept in terms to understand
how the researcher influences and interacts withismfluenced by participants, research
setting, and procedures (Glesne, 2010). Reflgxfaitices the researcher to think about their
position in relation to research participants @at2002). Similarly, reflexivity contributes to
understand how personal characteristics, pringiplled ideas interact with others in the research
context and influence decisions about methodologthods, and interpretations (Glesne, 2010)
and serve as inquiry into the researcher own bi@ason, 2002). Thus, the examination of my
personal motivations and strengths as researchas ihme better understand the ways in which |
understand and report this study—that in term&i@tkinowledge generated is only partial.

My motivation for doing this study is related ty mterest in classroom formative
assessment as a process that is helpful for teaahdrstudents. Reflecting on my previous
experiences, | concluded that using formative assest in the classroom is helpful for teachers
and students. My background and previous worlducational assessment made me realize
that, along with the focus on technical quality aslies of validity of fairness, assessment

needed to be helpful for the primary users whoigp#te in the classroom interactions.
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Similarly, | believe that teachers can learn alamg improve their classroom assessment
practices (and formative assessment practicesriicylar), because | believe that learning about
formative assessment is key for reaching more stuckntered teaching. Teachers need
numerous and rich learning opportunities duringrtpefessional careers, so well designed
professional development initiatives—and researcthat topic—are crucial.

Even though | interacted with the two teacherslaad some conversations, my role with
the two chemistry teachers primarily assumed thlecgt of a non-participant observer. | spent
the time in the school videotaping learning teanetngs and chemistry lessons. This decision
mainly occurred in my role as a graduate reseassistant for the project that does research on
the impact of FAME as statewide professional dgwelent. | recognize that my role as a
researcher who also worked for the FAME researofept may have influenced both teachers’
approaches to the lessons that | videotaped edlganithe first year of videotaping.

| appreciate that both teachers were very recetnd open to being videotaped and
interviewed. Beyond formal videotaping, | had samnell conversations with the teachers
before and after the videotaped lessons. Thegapére basically about their lessons, the
school, some ideas about science teaching, andrtiy@iessions about how they were enacting
formative assessment. In those moments, moresipeaking from the FAME perspective, |
tried to speak from my experiences as a formensei¢éeacher in order to establish some rapport
and be empathic with teachers’ process of formatgsgessment enactment.

My experience as science teacher helped me tastadd the context of their lessons.
Although I never taught chemistry in the high-sdhewel (I taught chemistry content for middle
school), | am quite familiar with the content antblv some elements of chemistry teaching.

However, my perception of both teachers’ experiermmild have been influenced by the fact
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that | am not a US citizen or permanent residedt Hrerefore, | was neither educated in nor |
have not taught in the United States’ school syst&his means that | have a different cultural
lens through which | examine their lessons. | ddwdve possibly overlooked certain cultural
elements, but | probably | also noticed other el enore easily. | believe that the ‘outsider’
perspective is valuable, because it helped meflecteon my own educational experience, learn
about cultural practices that were unfamiliar fag,rand notice some elements that others would
not have recognized.

In the next two chapters, | will present the resof my study. Having firstly described
and analyzed Diane’s and Lisa’s experiences ine@w@ing team, | will focus on their chemistry

lessons especially in terms of their formative assgnt enactment.
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CHAPTER 4: FORMATIVE ASSESSMENT IN THE LEARNING TEA M EXPERIENCE

In this chapter, | will describe the learning teexperience of Diane and Lisa, two high-school
chemistry teachers who participated in the FAMBgssional development program. Working
on their school learning team, these chemistryhie@cwere introduced to formative assessment
content, created tools to gather evidence fromestudieas, and discussed connections between
formative assessment theory and practice (and som&ctions with science).

This chapter also includes contextual informatiwat contributes to understanding better
both chemistry teachers’ actions in the learniragrteespecially in the ways that the learning
team experience helped Diane and Lisa reflect efgertheir understanding of formative
assessment. Moreover, this contextual informasidrelpful to understand the ways Diane and
Lisa enacted formative assessment in the classtoamprove their chemistry instruction—a
topic that will be described in detail in the nekapter.

I will start with a general outline of what ocoed during learning team meetings in
order to characterize the team according to thetiviies, formative assessment topics, and
types of discussions. This characterization prewithe context for what happened over the
course of the professional development year. Theril focus my description on how these
two chemistry teachers engaged in the learning teastings, used these experiences to frame
their understanding of formative assessment, ardkraannections with science classroom
practice. Finally, | will synthesize the main outiees of the learning team experience for both
teachers.

Overview of the FAME Learning Team
This FAME learning team was created in October 2@1&n effort to disseminate the FAME

program in the school district. The team leades waocial studies teacher who also worked as
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curriculum coordinator. Among the learning teanmbers, two taught chemistry (Diane and
Lisa), one taught visual arts, one taught mathematind one taught English Language Arts.
The visual arts teacher only attended the inittivéies and did not persist the whole year. The
team leader recruited teachers in the school bedhese teachers were working on the
implementation of a new curriculum targeted forahed-level Grade 11 and 12 students (all
the teachers from the team but Lisa were workinghancurriculum).

The first activity of the learning team was a{udly FAME professional development
workshop in October 2011. In the workshop, théea@mponents of the FAME formative
assessment model were introduced to the audieftoese are: (1) planning for formative
assessment, (2) learning target use, (3) use déstevidence, (4) use of formative-assessment
strategies, (5) use of formative-assessment tf®)lstudent and teacher analysis, (7) formative
feedback, and (8) making instructional decisiongdbured Progress, 2010). Additional
activities included discussions of how each formefaissessment component could take place in
the classroom. Teams were encouraged to set agoailal and make commitments for the year.
To help team leaders organize their meetingshalpfarticipants received printed and online
resources that provided a general overview of itjet €ormative assessment components.

In November 2011, the learning team had its fiveeting in the school building. During
the professional development year, the team met tiiwes. The team met after school and
meetings lasted between 30 to 60 minutes. Baseldeocoding schema developed by the FAME
research team to analyze interactions and use etimgetime within learning teams (See
Appendix 4), | will describe the ways the learniegm organized its meeting time according to
the following dimensions (1) types of activitie®) formative assessment content, (3) depth of

formative assessment content, (4) depth of disonssi
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Types of Activities

The learning team spent the first meetings in mga@ind discussing information from
printed materials about formative assessment—al titgat decreased in the subsequent meetings
(see Table 3). Over the learning team meetingstithe spent in activities focused on sharing

experiences of practice increased (4% to 70%, thigrexception of the last meeting).

Table 3

Learning Team Activities Across Meetings

Codes Meeting (% of time)
1 2 3 4 5
Sharing examples or tools from practice 4 25 26 70
Analyzing & discussing examples of samples of 0 0 0 0

student work or video of classroom teaching

Reading, examining, discussing information from 55 32 15 5 0
a book or other source

Lecture or presentation of information 0 0 0 0
Discussion of external constraints or classroom- 14 25 0 11

based obstacles

Discussion of potential uses of Formative 9 12 28 7 41
Assessment

Discussion of unrelated topics 6 0 19 0 4
Guiding Discussion (e.g., setting the stage, giving 12 6 10 7 12

directions, setting meeting goals)
Other activities 0 0 2 0 43

Across meetings, time was also spent in discusabout potentialities or constraints

related to the use of formative assessment in sehdtowever, the team did not engage in
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activities to analyze evidence of student worklassroom practice, and there were not any
lecture or presentation of content.
Formative Assessment Content

Table 4 presents the distribution of the meetimgtspent in the dimension “formative
assessment content”. This dimension is relatéde@ight interrelated components by which
FAME structures the process of formative assesstaanting. An important proportion of the
meeting time was focused on getting a general gtalailing of formative assessment, especially
in the two first meetings (71% and 58% respectiveljhe learning team members spent most of
the third meeting talking about learning target (689 of the time). The fourth and fifth
meetings were more focused on using formative ass&# tools and formative feedback. In the
meetings however, there was a tendency to talktadibar topics that were not about formative

assessment (with the exception of meeting 3).

Table 4
Time Spent in Formative Assessment Components éynigle

Codes Meeting (% of time)

1 2 3 4 5

Planning 0 0 0 0 0
Learning target use 0 0 69 11 0
Student evidence and formative assessment tools 00 8 43 39
Formative assessment strategies and instructionalO 0 0 0 0
decisions
Formative feedback 8 0 0 34 17
General about formative assessment 71 58 0 6 27
Non directly related to formative assessment 11 42 23 7 16
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Topics related to strategies and instructional slens were rarely discussed. Similarly, the
‘planning’ component of formative assessment—thaans mapping out when, why, and how
formative assessment will occur in the instructlgracess—was not covered.
Depth of Formative Assessment Content

Table 5 shows the distribution of the meeting tibased on the dimension “depth of
formative assessment content” that refers to tbad@nd attention to authentic problems within
teachers’ professional practice (Wilson & Berne99)9

Table 5

Meeting Time Distribution According to Depth of Raative Assessment

Codes Meeting (% of time)
1 2 3 4 5
Abstract discussion of formative assessment 53 5 5 0 27
Discussion of theory only (e.g., discussion of 9 0 3 7 0

strategies without linking to specific tools)

Discussion of practice only (e.g., discussion of 9 40 17 66 24

tools without linking to a specific strategy)

Linking theory and practice (e.g., how atoolis 18 11 39 21 32
linked to a strategy)

No opportunities for formative-assessment 11 44 37 7 16
discussion

Overall, meeting 1 was mainly focused on “abstrdisticussion of formative
assessment—for example, what formative assesssantlihow different it is from summative
assessment. Meetings 2 and 4 focused on discussragts of classroom practice without
connecting with theory of formative assessmenta@dd 66% respectively). Meeting 3 spent an
important proportion (39%) discussing about conpestbetween formative assessment theory

and classroom practice and meeting 5 distributedigicussion time among different categories.
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It is important to note that little meeting timesvspent in discussing theory of formative
assessment, for example, by talking about the isrsefd characteristics of some formative
assessment strategies.

Depth of Discussion

This dimension refers to the examinatiorearning team members engaged with the
discussions, support each other’s ideas, andalfitiexamine classroom practice (Nelson et al.,
2008; Stoll et al., 2006). The role of the teaadkr in mediating and facilitating discussions
was key in the FAME model, so she was trained igritove Coaching strategies (Costa &
Garmstom, 2002).

Table 6 presents the distribution of meeting taneoss according to different categories
for the dimension “depth of discussion”. When theetings offered room for discussion, an
important proportion of the meeting time was speronversations type parallel sharing (i.e.,
team members sharing examples or ideas withoutibgibbff of others’ examples or ideas),
especially in meeting 2 (69%).

Moreover, meeting time was also spent in discussio which learning team members
were actually able to build their ideas based tversf comments. This was particularly
important in meeting 4 (77% of meeting time). Aadhproportion of the meeting discussion
time was deeper, in which learning team membeiis difiiothers’ ideas and examined reasons
that underlie and justify specific formative-asseent strategies and tools. Those moments

occurred especially in meetings 3 and 4.
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Table 6

Depth of Discussion Across Meetings

Codes Meeting (% of meeting time)
1 2 3 4
No opportunities for conversation/discussion 39 21 14 0
One-way sharing (e.g., one person talking and 19 4 11 7 12

giving information)

Parallel sharing (sharing examples or ideas 26 69 33 17 32
without building off of others’ examples or ideas)

Linking ideas or examples through building off of 16 7 30 76 39
others’ ideas, but does not push for reflection or

in depth analysis of the “whys”

Linking ideas and examples through an 0 0 12 0 17
examination of why ideas and examples are

similar/different or why they happened

Synthesis

Based on the different learning team meeting céalethe dimensions about meeting
time use, | classified the meetings into three gsouMeetings 1 and 2 were focused on general
ideas about formative assessment, in which leat@ag members spent an important
proportion of the meeting time examining informatabpieces, while discussion allowed team
members to reflect on the basics of formative assesat. Meetings 3 and 4 were more focused
on topics such as learning target use, formatigesssnent tools, and use of evidence. In these
two meetings, there were opportunities to talk alboumative-assessment classroom practice
and some connections with theory were made be na#tleugh not systematically. Discussions
in the learning team tended to develop some sdns@moperation, and in some moments,

learning team members were able to discuss formasgessment in depth (some examples of
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these moments will be described in the next sestdithis chapter). The fifth meeting, at the
end of the year, was more focused on potential ofsEsmative assessment where learning team
members showed a tendency to integrate some abthponents they learned in the
professional development year in their conversation
Progress During Learning Team Meetings

In this section, | will describe the learning ti@@ry of the learning team during the PD year.
My goal is to provide a rich description of theittgy discussions, and conversations that
occurred in the learning team meetings in ordemierstand how the formative assessment
content was addressed and developed by team men&ssd on the overall description of the
learning team meetings presented in the previottsose | will organize the description of the
meetings in three groups which represent stagesachers’ learning trajectory. The first refers
to understanding formative assessment and itsae&dtip with grading practices (meetings 1
and 2); the second refers to crafting formativeeassient tools to assess learning targets and
using student evidence (meetings 3 and 4), anthtftecorresponds to the evaluation and
projections of the learning team experience (Mgehin
Understanding Formative Assessment and its Relati@hip with Grading

The first two meetings were focused on creatiggr@eral and common understanding of
formative assessment. In the first meeting, taetieader planned an activity to discuss some
essentials of formative assessment and set the &iathe professional development year.
Team members read the article, “The best valuermdtive assessment” written by Chappuis
and Chappuis (2007) that outlined some ideas dbouiative assessment. Based on this article,

the team participated in a jigsaw activity thatliried five topics, namely, a) what is formative
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assessment?, b) summative use of learning metbpadse of feedback, d) formative for
learning methods, e) what are your targets?/wlatscyou?/and questions that we still have.
After concluding the activity, the main discussigas about how to insert formative
assessment into a grading-oriented school cultlieam members provided several examples
from their content areas and classrooms to illtsstnaw crucial and decisive grading was for
students, parents, and the school. They alsogmbmit that grades are a powerful force that
guide and influence their instruction. In that o, team members mentioned that the
implementation of formative assessment in theissri@oms would be challenging, especially if
they had to change their current grading practid@saddress these points, the team leader
provided suggestions and clarifications to makertidementation of formative assessment
more manageable. She emphasized that team meh#ukts start slowly, focus on one class,
and use formative assessment in particular instmet moments only. She also explained that
participation in the FAME learning team does noplyma quick and radical shift in classroom
practice. In contrast, the team leader emphasimednportance of using formative assessment

to support student learning so students can exegleanically. She mentioned:

You are never going to have 100% of your classrberformative assessment, you have
to have summative [assessment]. You have to hadeg and things, but you need to
provide enough formative assessment so the kidiegdback to do well in summative
assessments. If the kids are going great on homnkelbut then failing in every test, or
they doing great in classes but failing commomexavhat does it say of what is
happening in the classroom?

[Learning Team Meeting 1, team leader, Noven2od 1]
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The team leader tried to direct the discussiahégpotential impacts and benefits of
implementing this practice (9% of the meeting timkgarning team members, however, insisted
on their concerns regarding potential negativect$fef enacting formative assessment (14% of
the meeting time), especially in relation to thenocaunity and students’ attitudes about grading.
For example Diane, one of the chemistry teachespanded to the comment of another team
member who mentioned that formative assessmentiohael “sold” to the students and the
community. Diane said that involving the studantthe benefits of formative assessment would
be hard, since they are very grade-driven and ra@d/by external rewards. To illustrate her
point, she commented that in the previous yearséeior students from the advanced class were
familiar with making their own guiding questionsitithat situation did not occur this year with

the new cohort of students. She explained hetrétisn:

| had to change this [activity] for that [this yggroup. | had to grade it or they will not
do it! And they know they were going to get the teand they don't care. | don’t know
how to make them care!

[Learning Team Meeting 1, Diane, November 32011

In response to the concerns mentioned by theitegateam members in the first meeting,
the team leader planned the activities for the s@eneeting. The goal was to promote teachers’
reflections on the impact of their grading pradioa instructional practices and student
learning. In doing so, they read an article frofocal newspaper that described the efforts of

some schools in the area to rethink their gradiagtres to prioritize grading students’ learning

achievement and to diminish the weight of behavicoanponents of grading.
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Thus, the team discussion focused on how mucwéwydheir assessment practices were
influenced by the use of behavioral grades (e.qptetion points for working in class and doing
the homework), a practice that was widely legitieaain that high school. Team members
recognized that reducing the use of behavioralegaduld help teachers and students be more
centered on student learning instead of just gicmpletion points for students doing
homework or completing the unit worksheets. Everugh team members recognized the
positive implications of assessing student learoinly, they recognized that changing this
practice was struggling in a culture where gradiagaviors was the norm and shared by

different teachers. That concern is illustratedi®/mathematics teacher.

[Teachers] do give credit for cleaning, for washihg desks, such and such. And when
they come to me, they don’t have the basic skikytneed to be successful, and then...
the parents are saying like ‘they don't find thabther math classes’; and | research it,
and I'm looking at all the test grades are failingnd even, I'm guilty of [what] the
district says... homework is 30%. So 30% of the grimd putting down anything in a
piece of paper, anything at all, it is not masiarthe subject. | would love to try this
[assessing student learning only], it will be a §ingft in thinking, [but] | can see a lot of

parents getting very upset about it, because wesararding them.

[Learning team meeting 2, mathematics teacheceber 2012]

Guided by the team leader, team members gradstaltied to recognize the importance
of separating grades that measure student leaamdgrades that check behaviors during the
meeting discussion in the sense that their cuapptoaches to grading did not actually reflect

mastery of the content and, according to them, igdgjrade inflation.
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Team members also discussed whether the endaofdy&rict common assessments
actually reflected students’ learning in the cohtmea especially because the results of those
assessments counted for 20% of the final gradeamTraembers posited that the district common
assessments —although they stated assessing loiglegrskills—focused more on factual
knowledge. These assessments actually had diffenephases from what was expected and that
fact was important for team members. They recaghthat the common district assessments
were important for planning and guiding their instton and may affect the implementation of
formative assessment practices.

The team members expressed awareness and colmaetineir current assessment and
grading practices were not completely focused odesit learning, and in some cases, they were
merely rewarding students for completing tasksarm enembers also mentioned that
implementing more formative assessment implied ngakhanges in the ways they understood

their teaching, as pointed by the team leader.

[Doing formative assessment] is also a huge shiay: ‘| do not care when you turn it

in, I don’t care if you come to class late, | dui nare if you got a pen.’ It does not mean
that all has to be implied, but if you are reailbt going to grade behavior, we really need
to look at what we grade.

[Learning team meeting 2, team leader, Decer®d&1]

A large focus in these discussions was that, diled strong influence of students,
parents, and teachers expectations about gradgesn#éttment of formative assessment would be
problematic. In that sense, team members recogjtinee the discussion was helpful to

recognize that their current grading and assessprantices were not fully aligned with the
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promotion of student thinking. This is an impottatep in making sense of formative
assessment. However, they may have over-extehddthpact of formative assessment on
grading. Having a culture that supports formatgsessment in the classroom does not imply
that teachers are not concerned with behavior@aspf learning (e.g. coming to class on time
and prepared). Rather, a formative assessmenteutight shift the focus to student ideas and
learning and less on assigning grades along the way
Crafting Formative Assessment Tools and Using Studé Evidence

The third learning team meeting occurred in Jan@@ty?2. The goals for the meeting
were to discuss the use of learning targets anabtovate teachers to use formative assessment
in their classrooms. At the beginning, the teaadés recalled the importance of learning targets
as starting point for implementing formative assemst. She also showed some examples of
learning targets that were created, crafted, anceshby her previous FAME learning team.
Although teachers said they had some previous keabyd and familiarity with the use of
learning targets, they recognized that they didusetthem systematically. Teachers noted that
they often would remind students of the learnirrgets at the beginning of an instructional unit,
but did not connect them with the classroom acdéigiin a regular basis. Thus, the team
members said that they wanted to create formassessment tools that would help them gather
evidence of students’ ideas that were connectdul legtrning targets and content standards
during a unit, especially before the administrattbsummative assessments.

An emphasis of this meeting’s discussion was geaf student-friendly learning targets,
especially in terms of making content standardsenagocessible to students. Team members
shared some examples of learning targets thateamgiemented in different contexts. For

example, the ELA teacher talked about how to uamlieg targets in her AP classes, and the
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mathematics teacher mentioned her challenge ofusarning targets that operationalize the
Common Core standards. The chemistry teachersilbegdow they struggled with the high
number of content standards to be covered, whigha&s working with a huge number of
learning targets in short units of time. They gisinted out that this fact made the use of
learning targets in high school very different fretementary teachers.

Based on those inputs, the two chemistry teadbdrthe creation of a formative
assessment tool designed to assess students’ destomgnt of learning targets either for an
instructional unit or a single lesson. The mainppse of that formative assessment tool (called
exit slips) was for teachers to gather informaatout students’ progress so that feedback could
be provided to support students before summatsts.telhe team agreed to use the tool during
the second semester in at least one class. Imetktesection of this chapter, | will describe in
detail the creation of this formative assessmaeuittttat focuses on the role of the chemistry
teachers in this process.

The fourth meeting occurred in February 2012thenmeeting, the teachers discussed the
use of formative-assessment tools that are helpfukflecting on students’ evidence. Team
members analyzed examples of rubrics to discuss nvhkes a quality rubric from the formative
assessment perspective. They also discussed hase texemplars of student work for the goal
of promoting better understanding of students’ sdaad supporting students’ learning. Team
members also examined examples of indicators ustxhcher assessment rubrics that were
related to formative assessment and instructiorzsaitiges. They reviewed indicators such as if
the teacher used tools to gather information alestts’ prior ideas or if the teacher posted the
learning targets on a public place in the classrodimey discussed whether those indicators

matched up with their own classroom practice. diseussion helped team members reflect on
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their current assessment practice (i.e. whethgrrtret these indicators and the reasons that
justified their discernment.)
Evaluation and projections of the learning team exprience

The last meeting occurred at the beginning of Jtheeweek before final exams (i.e.
district common assessments). The meeting focosexaluating the progress of the learning
team to suggest possible courses of action tormomtas a second-year team. Team members
shared what they wanted to accomplish the nextae@brought ideas and suggestions that may
be implemented in the classroom. Although teacbenmsmented on their efforts to do formative
assessment and enact the formative-assessmettiegalreated (exit slips/stop-light), teachers
recognized the importance of being more systematitthis process for the next year. Since
they started with the classroom enactment of fareatssessment in January, they felt that they
were not as consistent as they expected.

Finally, the discussion moved to collect suggestiabout how to gather better evidence
from students’ ideas. They mentioned the impoeasfausing formative assessment tools with
that purpose and also addressed the idea of usthgraacting formative assessment tools similar
to those used and proved by other FAME learninm$eaThe team members discussed possible
learning resources, such as books, that can beimsleeir second year. Similarly, the team
leader shared her plans of having professionalldpmeent days in which the team can meet for
FAME only.

Despite the positive outcomes mentioned in thienhesting, the team did not meet as a
second-year team. Even though the team leaddrttrieegroup the teachers, the team did not
continue. In October, 2012 the team leader expththat main reason for not meeting as a

second-year meeting was the lack of district supfoterms of paying for teacher substitutes
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and resources) that would have allowed professidenatlopment days for FAME instead of
volunteering after school. The team leader saahiemail communication: “We were expecting
the district to support the work more. We wantaatinue discussing formative assessment and
working together, but | don't know how organized tekam can be with everyone taking on more
work this year.”

Chemistry Teachers’ Role in the Learning Team
This section describes the participation of the themistry teachers, Diane and Lisa, in the
learning team. The purpose of this section idi@racterize the learning experience of these two
teachers regarding their gradual involvement in team and learning about formative
assessment. The section also makes connectidmseu#nce content and practice. For example,
Diane and Lisa brought elements of their classrotonthe discussion table. The section is
organized according to the three stages of leartdagn meetings as described in the previous
section of this chapter.
Different Approaches to Formative Assessment and @ding (Meetings 1 and 2)

In the first two meetings, Diane and Lisa activedyticipated in the discussion about the
compatibility of using formative assessment andlgig Although the team leader emphasized
the idea that formative assessment has the pugidtscilitating learning,” she also made the
comment that formative assessment “should not édegt.” That issue was controversial for the
teachers, and Diane and Lisa had different opinatnmaut this. The conversation below

illustrates teachers’ opinions regarding their ustianding of formative assessment.

Team leader: “How do we feel about that, thadeeot grade formative assessment?”
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Diane “That is one of my frustrations, | donkd it. | mean, you can still give an
assessment, | feel, that it is formative in ngtbut there is bullet points...
Why not? You can grade homework.”

Lisa “What about formative assessment alonguéng at the end of the grade?
You know [that] at the end, summative assessnientio formative to
help them learn, how they...get the mistakes owtr, and totally
understand what they are understanding, andségnOK, now we are
doing the summative assessment to make sure”.

[Learning Team Meeting 1]

Diane’s first approach to formative assessmenbDiane described grading as a frequent
component of her instruction. She administeredklyeguizzes and used completion points for
grading student work. Thus, grading served aswgponent to organize her instruction as well
as to regulate students’ completion of tasks.hénfirst meeting, Diane described her assessment
practices as “formative in nature,” because sheawmatinuously providing feedback to students,
while they were working on their assignments suckaboratory reports or worksheets. In doing
so, her students had enough time and opportundiesview their assignments based on her
guidance and feedback before grading.

Although the use of completion points and graduag part of Diane’s approach to
instruction, these were more related to the purpbsegulating student work than supporting
students’ thinking. For her, grading was justifisetause it helped and forced students to master
the content. Diane also said that her gradingegiyawas responsive to her students (and

parents) because most students had the goal ofiagbr college. Her chemistry courses,
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therefore, prepared them for and were aligned wotlege admission tests (Diane mainly taught
chemistry courses for advanced students). Sheueelithat, in order to be successful, her
students need to be prepared in high school fosthemative assessment culture of college. For
example, in the second learning team meeting sbiégpiathat in college everything “is about
summative [assessment], they are not given any&exg and this is real life,” [Learning Team
meeting 2, Diane, December 2011], so Diane arguadgrading needed to be part of her
instructional classes.

Another component that influenced Diane’s graditigtegies was her beliefs about
students’ motivation. For her, a proportion of Btrdents lacked intrinsic motivation for
learning chemistry as well as curiosity for scien&udents were taking chemistry, because they
“have to take it” as a requirement for college aggtlons. In that scenario, she mentioned her
disappointment that their students just wantedythele but were not interested in learning
chemistry. She even noted that some studentsprene to cheat in quizzes and exams.

Nevertheless, during the discussions that too&epiia the two first meetings, Diane
recognized that her practice of frequently gradiglents’ completion of tasks and other
behaviors could be pernicious for assessing stadie@irning. For example, she mentioned that
the overemphasis on grading implied that scienaehters tended not to plan many laboratory
and experimental activities in their courses, beeahe bulk of those activities demanded time
and opportunities for trial and error and wereidifft to be monitored with grades. Moreover,
Diane also commented that the use of behaviordimgaractices promoted the assessment of
vocabulary and factual knowledge and discouragaahieg more complex science content. This
situation was exacerbated by the large number mlect standards to be covered in chemistry

that made difficult teaching “in depth.”
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In summary, based on the learning team discussiziase recognized that the use of
behavioral grades may promote grade inflation; ghahstudents are not necessarily mastering
chemistry content, even though they were gettieghighest grades. She also posited that doing
formative assessment would require using more fbama systematic ways to collect evidence
of students’ thinking so that students could beysuied before the summative exams.

Lisa’s first approach to formative assessmentLisa understood formative assessment
in a different manner. She agreed with the idea fibtrmative assessment should not be graded.
For her, formative assessment was helpful for techince their students provide information
about what they learned and it was helpful for stus to improve their work. She explained

that students needed more time to try out andwetheir work before be assigned a grade:

What if you did a lab using, OK the way you hanidyeur data; turn it in, and | give you
an assessment on that, and OK and you turn im agair conclusions, if you did it, just
broken up and give it feedback on each part. iktiere’s a lot of work, but I think that,
overall, I will take all the feedback that you'getten and you get your perfect lab
report, almost like a rough draft versus finalfdra

[Learning Team 1, Lisa, November 2011]

In the first meeting, Lisa suggested some ideafofmative assessment tools to gather
information on students’ progress. She sketcheddeas for exit slips; for example, these slips
would include a ‘target for the day’ and have studeexplain to the teacher “what you got on the
lesson [and] what still you don’t understand.” d.edso mentioned she was motivated to use
formative assessment even though she recognized wauld imply more work. She expressed

her belief that formative assessment would helgesits progress in their understanding of
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chemistry. Actually, Lisa said that she wante&riow “how much they [students] actually
retained and how much they can apply things...| wasee them do both”.

Lisa’s main concerns were related to engagingma@nd the school community in the
process of adapting formative assessment practce® she perceived that making changes in
the traditional assessment and grading practicgscauzse some resistance. She emphasized in
the discussion that the implementation of this pssas slow and may imply more work for the
teacher, but it would be beneficial for studerttsa also suggested that teachers and the school
community had to be consistent in this collectifferé so that parents would buy into the idea of
formative assessment and recognize that “the wioobeative is helping them in progressing as
a learner and to understand.” [Learning team megéitjriLisa, November 2011]

In summary, although both teachers expressedeiff@pproaches to and attitudes
toward the implementation of formative assessmefite first two meetings, they mentioned in
the first meetings the motivation to pursue ineéheeavor of learning about formative
assessment.

Collaboration in the Creation of Formative Assessme Tools

In the third meeting, team members were introddoddarning targets as a base for
enacting formative assessment. When sharing élxperiences with using learning targets in the
learning team, Diane, who also serves as the s&ot@ice department chair, said that the group
of science teachers already included the contantatds at the beginning of the unit packages
(the set of handouts and written materials thatestts use in each unit). Nevertheless, in
response to the team leader’s question about Ukgay statements” in the science
department—a tool typically used to state leariargets in student friendly language—Diane

said that high-school students did not like that,tsince they felt treated as little kids. Faatth
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reason, she suggested creating student-friendigifeatargets that refer content standards in a
different ways.

Both chemistry teachers noted that the mere userdént standards was not enough for
implementing formative assessment. They wantextradtive assessment tool to help students
be more aware of the learning target as well gs teelchers to gather information of students’

ideas in relation to the learning target duringringtion. Diane explained:

We give them [the list of standards] to the kitlsat is the first page, that is what the
book contains, this is what they need to know..d jginen] I will say, “by the end of this
you're going to know about this”; but then, | doreally go back. That's my problem,
like “here is the test review, let’'s go”. But Ivex go and say, “how do you feel about

that?”

[Learning Team 3, Diane, January 2011]

In this meeting, the team leader brought and thiced some exemplars of formative
assessment tools that were shared in her previddEHearning team. This stimulated both
chemistry teachers to start sketching out a pdatidarmative assessment tool helpful for
students and teachers. While the rest of the taapting was engaged in a conversation about
using learning targets to check for understandhigne and Lisa started a sidebar conversation

about that formative assessment tool.

Diane: “I would like to, and | am thinking of howill we do it with formative
assessment with that idea..., maybe not everylldyat the end, before we get
them start getting ready to start assessing tiayt. ‘where I'm at?’, ‘How do |

feel?’...”

86



Lisa: “Thatis what | start doing, referencing bagaying that we have gone over this.
Start. How do you guys feel about it? [Using]rttas up, thumbs down, whatever

| can do it.”

[Learning Team 3, January 2011]

Based on the previous conversations and ideasvéiratbrought to the discussions,
Diane and Lisa engaged in the co-creation of a &ine-assessment tool that reflected the main

ideas mentioned during the meetings. The follovdagversation describes how both teachers

created the tool.

Diane “Maybe we can do a red, yellow, green, &y {students] pick the color and
they write.”

Diane “Should we do that after a test reviewdteethe test?, but they need enough
time to look at it.”

Lisa “Ithink so, but after, they need time foagtice.”

Diane “...and for the homework?, so in each homevwekwill use the tool], then go
over... Do we need it? Yes or no?”

Diane “We can do a red piece of paper, a greshilze yellow; and after we lecture,
after the practice, after we go with a homewdiken we can say: ‘pick a color’,
and the color is going to tell me, because viguhkE color can tell.”

Lisa “They could give them...”

Diane “They can be a ticket out the door tooywsccan make that right, and we can say:
‘if you get those, then you need to give me xamgple of the problem

solved...If you pick a stack, tell me why’...”
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Lisa “The yellow may be: ‘Il understand this p#nf not this part’.”

Diane ‘I think for the goal, | get it, becaus&dnt an example, like ‘give me, show me
what you know’. But step two, | want question3®vo solid questions that you
have.. [Different from] ‘I don’t understand anything’.”

Lisa ‘I think, maybe, even put the example”

Diane “[some sort of] ‘Show me what you know?’...”

Lisa “Showing an example may be hard, they camadt.”

[Learning Team 3, January 2011]

Thus, the formative assessment tool that theyt@tlezonsisted of three cards with
different colors: red, yellow, and green (see feg8). Students pick one of the three cards,
according to the perception of their own learninggelation to the learning target or goal for the
day. Moreover, they had to write on the card tisdification of their choice. For example, if
students chose the yellow card, they would hawexptain what they learned and what they still
have doubts about, or if they chose a green cardests would have to solve a problem to
demonstrate their understanding of the learninggtar

Diane and Lisa shared and explained the formaisgessment tool to the rest of the
learning team, received suggestions for improverfrent other learning team members, and
persuaded team members to try this tool out tosled in their respective content areas and

classrooms.
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Figure 3 Students selecting the red-yellow-green cardghefformative assessment tool co-
created in the learning team.

Along with the co-creation of the formative assesst tool, another key point of the
third meeting was to translate the chemistry stedsleto student-friendly learning targets. In
the previous meetings, Diane mentioned the diffieslassociated with doing formative
assessment especially concerning the large nunflsentent standards for chemistry. For
Diane, teachers were pressured and did not haeettirmlow down and provide feedback on
students’ work. For example, Diane commentedghathad to teach close to 133 content
standards in high school chemistry, and therefm®yiding detailed feedback for every single
response of each student in a systematic mannediffiaslt for her to do.

Therefore, Diane and Lisa talked about how to attegpcontent standards into learning
targets that are more student-friendly to be usembnnection to the formative assessment tool

that they co-created in the meeting. The follondngversation details the process of debriefing:

Diane “When we talk about chemistry, the decisiabhout our curriculum are pretty
much made. It's just about how we do it, andwltbe learning targets. My

only question [is]: how broad are they and hote?”
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Lisa

Diane

Lisa

Diane

Lisa

Diane

“It sounds very broad for me, we can...”

“So I like the idea of, before quiz...” [stmakes the gesture of passing out cards]
“Even if we took, like pretty broad expectais, and we would say, ‘Ok, our
learning targets for these expectations are tinidothis, and this’, you know
what | mean?”

“I think that you can probe it too.”

“Yes, because this one is the relationsketwben..., [for example] we are
learning the gases’ laws: Charles, Boyle..., yoovkr| understand the
relationship visually as well as in a model’, dribink, we just can take some

of the chunk on.”

“...and | think, because we are already brepkown into quizzes, then we
assess the quiz, and then those quizzes build like. at the end we go through
to the content standards and check them off. \ihey quiz, maybe they can go
through the content standards, fill the yelloarfj, and then the quick through
the final summative, to check them off. So hththis it, that's what we need to
do!

[Learning Team 3, January 2011]

In this conversation, Diane and Lisa explored § toaranslate the content standards into

assessment.

learning targets that can be more student-frieadty can serve as guide for formative

The exit slips tool serves as a edioictonnecting students’ ideas with the

learning targets. Thus, the teachers plannedigaaize the content standards in a few learning
targets that represent content expectations inra cencrete way and refer to eventual

indicators of student learning.
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In this process, both teachers mentioned the itapoe of using the exit slips to monitor
student progress before summative assessmentbe 8ame time, they suggested dividing the
unit content into chunks to be assessed througizgsi Although Diane and Lisa did not say in
the meeting if they wanted to grade the quizzessdalwould be helpful for tracking student
progress over the course of an instructional undrder to help teachers and students make
decisions on the instructional process. In thd nkapter, | will describe in detail the process
for enacting the exit tools in both teachers’ adlasms.

Evaluation of the learning team experience

As part of their reflection at the end of the ydaigne and Lisa made some points about
the formative assessment implementation as welesnactment of the exit slips. Even though
both teachers had a similar experience, both egpdedifferent foci to guide their work with
formative assessment.

Diane’s foci. Diane mentioned the importance of enhancing hemfisearning targets to
help students and teachers determine the accomigtof the learning targets. She pointed to
her interest in using formative assessment in ativatyallowed her to know students were
meeting the content standards. She also commé#rdethe group of science teachers was
currently working on translating the content staddanto student-friendly learning targets for
the classroom books and unit packages. She pandexample that would also serve students
as a self-assessment: “I strongly believe thahldztermine the number of electrons, by looking
at the periodic table” [Learning Team 5, Diane, N2l 1]. Diane also mentioned her idea of
making an effort to use quick formative assessrtaois as checking for understanding. She
wanted ideas of tools that would help her to vestiydents’ progress as group instead of talking

to and asking each student.
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However, after trying with the exit slips, Diareadgshe was not very sure if these tools
were adequate for her instruction. She said thatrss almost thinking of avoiding the exit slips

because they were very time consuming. She explaine

I am almost wondering about eliminating them add hot like that either [using the exit
slips], because...; and it’s a lot [of work], if ybiave to give, and | thought, | you have
to give every kid, or three really [cards], be@ysu don’t want a single mouth saying:
“what color do you need? red?”

[Learning Team 5, Diane, May 2011]

Lisa’s foci. Lisa mentioned the importance of helping studestsnore aware of their
thinking, as a reflection tool, in addition to tagsessment of learning targets. She explained to

the team:

| wonder if we can take their tests and...going diiertest, they do it by their own, just
take a day and say, “here is your test, here & wbu said you could learn, and go

through and say OK, | said | can do this, butaesiy, | didn’t”.

[Learning Team 5, Lisa, May 2011]

Lisa also mentioned that she would like to usefdnmative assessment process in a way
that allows students to explain what they did ormbt understand in a sort of journal log. Then,
students would be able to relate their learninipéounit standards. Lisa was particularly

interested in supporting the chemistry topics #ratmore of a struggle for students.
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Regarding the use of the exit slips, Lisa saidl $ha was using the tool in some of her
other courses. She needed more time for implerientdoough, because she started to enact the
tools in the middle of the second semester. Siiyjlaisa mentioned that the use of formative
assessment has been helpful for her studentsnafidpossible sources of mistakes in their
responses or ideas. She valued the fact that,ibyg temative assessment, her students can see
the progress in their own learning.

Outcomes of the Learning Team Experience
In this section, | will explain some implicationktbe learning team experience for both
chemistry teachers. First, | will illustrate hometformative assessment tools were created based
on the collaboration and learning team memberg’eshaxperiences. Second, | will explain how
some of these tools may connect different settirigsrd, | will explain how the learning team
experience helped Diane and Lisa to learn aboutdtive assessment knowledge about practice.
| will also explain how teachers used the learnaan experience to make connections with
classroom practice.
Formative Assessment Tools as a Product of Sharecjectations

The design and creation of artifacts to be usedstructional practice is a valuable task
to be considered in professional development (Ka&ekiubbard, 2008). Such tasks are helpful
for teachers to understand the functions and irapbos of these artifacts in different settings.
Windschitl and Thompson (2011) explained that santiéacts can be conceived as tools—as
activity theory’s mediating tools (Engestrom, 198@magata-Lynch, 2010)—that allow
teachers to improve classroom practice. Theseettiare helpful because teachers can
visualize, analyze, and critique their own practetethe light of the classroom enactment.

Therefore, these artifacts also constitute a medjadol between the teacher and the formative
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assessment theory that is enacted. Accordingdotsky (1987), mediation implies the
relationship between human development and the@nwient, because individuals interact with
the environment through artifacts, tools, and ofomial elements.

Therefore in this learning team, the actigitéand discussions that occurred in the first
meetings served to prepare the context to helfetiraing team members connect current
classroom practice and the ideas around formasisessment and to promote their engagement
in formative assessment practice. As previouscdeed in this chapter, the team leader
planned the two first meetings on a topic that e@sgroversial for the teachers—the use of
formative assessment in a high school culturevhidated and emphasized grading practices.
The description of the learning team meetings shealgar difference in Diane’s and Lisa’s
opinions about embedding formative assessmenein ¢lassrooms despite working in the same
school and teaching the same subject, chemisting discussions, however, helped teachers
reach some agreement about the importance of pnognformative assessment in their current
classrooms in order to better support student legrnHence, the exit slips that were co-created
in the third meeting of the learning team year gegll and condensed teachers’ perspectives
about what constituted an adequate formative assgggool for that high-school context.
Moreover, creating that artifact served to catalymeprocesses of reflecting on and analyzing
classroom practice.

Formative Assessment Tools as Potential Boundary @Hzts

The artifacts created in the learning team mesfiagch as the exit slips, have the
potential to be used dundary object§Star & Griesemer, 1989) that allow a connection
between teachers in the professional developmeathakie different backgrounds and

classroom experiences. Cultural artifacts, tamlqarocesses can act as boundary objects
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(Kazemi & Hubbard, 2008). Boundary objects (StaGesemer, 1989) are helpful to
coordinate participants’ perspectives in a commanp@se and may facilitate teacher learning
and practice. Wenger (1998) noted that boundagctdbconnect a wide range of communities
of practice and their members despite the factahaiundary object may have different

purposes in each setting. He explained:

These connections are reificative, not in the sémsiethey do not involve participation,
but that they use forms of reification to bridgsjdint forms of participation. They
enable coordination, but they can do so withoutaltt creating a bridge between the

perspectives and the meanings of various constitegn (p. 107)

Previously in this chapter, | described how twerlstry teachers participated and co-led
the creation of an artifact (the exit slips). tlis particular case, the creation of the exit slgs
based on different sources and experiences, relatethe participation of different team
members in the team. For Wenger (1998), the dedigrtifacts in communities of practice goes
beyond the creation of the artifact itself. laitually about th@articipation of members of the
communities and how they engage. In developingettieslips, several steps were completed.
First, teachers had previous ideas and beliefs tath@uformative-assessment scope that they
brought to the discussion. Second, some of theusssons in the initial meetings helped
teachers share ideas, classroom experiences, a&mnd ekpectations about how formative
assessment might fit into the culture of the schaya their current practice. Third, the team
facilitator guided the team activities and discossito generate the conditions to help teachers

notice the importance of getting involved with fatiwe assessment. Fourth, team members had
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developed some common understanding of formatisesasnent—they also had some working
familiarity—and they used their new ideas and us@erding to co-create artifacts for their
classroom use. Thus, developing an artifact impthesl conjunction of a set of conditions in
order to pursue an objective.

Team members committed to enact this tool in tlesscoom with the purpose of
gathering information of students’ ideas. Wherytdal it, these tools were able to cross the
boundaries of one (professional development) getimd to be part of the classroom, but with
different functions. Teachers commented aboutahactment of those tools in the last two
meetings, although they did not have opportunif@srefining the tools and reflecting on
classroom implementation.

If the learning team would have continued as amsggear team and had multiple
opportunities to connect the exit slips in bothisgs (professional development and classrooms)
they would be an example of boundary object to tenteacher learning better. In order to be
considered a boundary object, an artifact needslfid some conditions such as: 1) modularity,
or the ability to gather and integrate differentrgpectives; 2) capacity of abstraction; 3)
accommodation to different purposes; 4) standatidizawhich means they can be understood
by anyone that interacts with the object (Star §e€mer, 1989). Due to the limited number of
meetings during the professional development yaarconditions aforementioned did not occur
fully. Therefore, the exit slips created in tharteserved as an initial stage in the development of
boundary objects to connect both settings.

Influence of the Learning Team in Teachers’ Learnimg of Formative Assessment
To be part of FAME, team members engaged in legrabout formative assessment as goal. In

pursuing this effort, the analysis of the meetimget shows that the learning team spent the

96



majority of the activities around the topic of fative assessment, although some components
were more emphasized than others.

Determining the success of the learning teammspdex in terms of linking professional
development opportunities to teacher learning (8\json & Berne, 1999). In their review of
research on the impact of professional learningrnamities on teacher practice and student
learning, Vescio et al. (2008) outlined limitatiosfsthe research about teacher learning and
practices. For example, although several stu@iesgnize the impact of professional learning
communities on making teachers’ practices moreesttidentered, most of the evidence comes
from teachers’ perceptions of impact.

Nevertheless, in the case of this FAME learniragtethe evidence of meeting
videotapes and teacher interviews show that theites in the learning team helped the
teachers to 1) recognize the importance of ‘balagitcheir assessment practices so that the use
of formative assessment would help teachers vstifglent progress before summative
assessments and provide some sort of instructaatjastments or feedback, 2) recognize that
their current grading and assessment practices negr@dequate to promote student learning,
and 3) co-create formative-assessment tools tegathdence of students’ ideas in relation to
learning targets and get impetus for their clagsreaactment. To illustrate these points, | will
focus on the particular experiences of Diane arsd, Lthe two chemistry teachers of the learning
team.

Diane’s Outcomes Since the beginning of the learning team mestibDgane actively
participated in the discussions and expresseddirtspof view based on her experiences
teaching chemistry. She evidenced some level afigh in her understanding of formative

assessment. At the beginning of the professioea¢ldpment year, Diane completed a survey
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administered by the FAME research team in whichdsaseribed formative assessment as a
“feedback system between teachers and studentdumbion of the system is to assist students
in mastery of content and develop a deeper undwlistg of material” [Fall Survey, October
2011]. For Diane, the emphasis was on communigatiformation in order to accomplish
learning goals. Over time, the discussions thatiged in the learning team—previously
described in this chapter—may have contribute@dftining Diane’s ideas about formative
assessment. Diane gave an expanded definitiogeareafter the professional development
experience. Then, she emphasized then a more aotev for the teacher to monitor and support

student work:

Developing the classroom environment that allovestoncheck to see if everybody’s
where | need them to be, and these kids mové diff@rent levels, so when | think
formative assessment for me, that's actually ntengeup, interacting with kids, coming

around, checking for understanding to see if tteewhere | need them to be.

[Interview #1, Diane, March 2013]

Of particular interest in this definition is thathile she considered a more active role for
herself as the teacher, she still was focused danmaure that students were where she needed
them to be (i.e., getting the “correct” answer)th& ideas that Diane mentioned in the follow-up
interviews were that 1) formative assessment doeseed to have a formal grade—although
she supported grading the completion of studenkw@aj learning targets are key in formative
assessment, and 3) formative assessment implieg iegdback to make decisions such as
whether to reteach or revisit areas where stugmusgy understood the content. Diane also

considered that the learning team helped her tefleter classroom assessment practices in the
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sense that formative assessment was not an additask to do, but it implied reorganization of
some of her current practices.

Participating in the learning team for Diane wafpful because she found herself more
insightful about what she is doing in the classrodshe also believes that her assessment
practices are better and have impacted studemtitegr This is aligned with what Vescio et al.
(2008) concluded in their review of research on BLi@ the sense that this professional
development model may help teachers focus moréugiests’ thinking. In the two interviews
conducted in 2013, Diane said that before partitigan the learning team she was more
focused on covering the material in order to gadlents ready to the test. She recognized the
discussions with her colleagues helped her be mwege of students instead of just covering the
content. Diane considered that the learning tegmer@ence was important in being more aware
of students’ work as well as finding the ways tport students.

Lisa’'s Outcomes In identifying her sources of learning abounfative assessment,
Lisa was much more illustrative and detailed altbaetlearning team contribution. In the follow
up interviews conducted in 2013, she recognizedntiipertance of her colleagues in learning
about new instructional and classroom assessmadctiges. She appreciated the space for
getting new ideas from their colleagues and feedingouraged to try out others’ practices used
in content areas different from chemistry. Lis@lained that this process was facilitated
because the learning team worked together and taugfoup of similar students allowing her to
mold others’ experiences in a way that was adecuraddamiliar for her students. She

explained:

99



It was nice to have that team to even reflect ehez are using it and what went wrong;
what went good, the good things; the bad thingaibformative assessment, or even our
understanding level. Sometimes just having a cwati®n about it with others, you
realize you understood it a little bit more or ayou did not understand as much as
you did with discussing. It was a very knowleddeajyoup for me because they are

all great teachers too so | just felt like | waskmg up tips and hints and things that |
could use in my own classroom.

[Interview #2, Lisa, May 2013]

The opportunities for collective inquiry in leangiteams combine the practical
knowledge from teachers’ experiences and the kriiyele@nd theory generated by researchers
(Vescio et al., 2008). In that sense, Lisa recogphthat working with colleagues allowed her to
get new ideas and insights about classroom praatide&knowledge of formative assessment.
The team discussions were helpful to reshape Lisaderstanding of classroom assessment.
Discussions were particularly important for reflagton her grading practices and its
implications and for making strides to balance fatire and summative purposes of assessment.
One year after concluding the learning team mestibiga described her efforts to delay grading

in the instructional process as well as the reatduatssupported that decision.

A lot of times | try not to do the grading or tagssessment of the test until the very end. 1
do not even like to do a quiz because | think glsshg the one number grade at the end is
good because during the whole unit, | can asseasking questions; by walking around;
by making sure they are doing it correctly; chagkhomework but not really giving

them grade for their homework. | do not give thgnades for their homework because |
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want to make sure they understand what they dargy@md practice makes perfect. |
do not want to mark them down for something thay did not understand and so that

we can work on it.

[Interview #1, Lisa, March 2013]

Thus, the learning team experience contributddiame and Lisa in developing a better
understanding of formative assessment, but whatntgans was slightly different for each
teacher. In the next chapter, | will describe andlyze how Diane and Lisa enacted the set of
tools about formative assessment in their chemddagsrooms as well as the implications of this

enactment in their respective activity systems.
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CHAPTER 5: ENACTMENT OF FORMATIVE ASSESSMENT IN CHE MISTRY
CLASSROOMS

In the previous chapter, | described and analyzegérticipation of Diane and Lisa in the
FAME learning team (the professional developmeBth teachers learned about formative
assessment theory and co-led the creation of aatbrenassessment tool to be used in the
classroom. In this chapter, | will explain how &iand Diane enacted formative assessment in
their classrooms and examine the factors thatentted their enactment process. From the
research design perspective, this chapter refdhsetsub-units of analysis (i.e. the teachers in
their classrooms) that are considered in this emid@end single case study (Yin, 2009).
Additionally, this chapter will make connectiongween the classroom enactment of formative
assessment and the professional developmentlieeEAME learning team) in order to
understand teachers’ appropriation of formativesssient for improving chemistry instruction.

I will use cultural-historical activity theory (CAT) (Engestrém, 1987, 1999) as an
analytical framework to make sense of both teatle@@ctment of formative assessment. | will
present evidence of Diane’s and Lisa’s instructigmactices to characterize their activity
systems (Engestrom, 1990), specifically focusingach teacher’s use of formative assessment
as mediating tool to enhance chemistry practioeill lalso explore the particular organization of
the components of each teacher’s activity system.

The triangular model presented in Figure 4 reprssimeactivity system-the unit of
analysis for CHAT—which results from the interactiof mediated and participative human
action (Pryor & Crossouard, 2008; Roth & Lee, 20&7) is embedded in a social and historical
context (Engestrom, 1987; Wertsch, 1991; Yamagatech, 2010). In activity systems

tensions, innovations, and agency become the driarce for change (Pryor & Crossouard,
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2008). The activity system is a bounded, singtel, @ticulated system in which a series of
proceses and actions occur inside in order to aplisima particular object (Roth & Lee, 2007;
Yamagata-Lynch, 2010). Individuals participateha activity in order to accomplish a
particularobject,making it the key component of the activity systehine object configures and
arranges all the components of the system. Thexetioe object-oriented actions that occur
within the activity system have capacity for inteation, sensemaking, and transformation

(Engestréom, 2001).

Tool

QOutcome

Subject Object

Rules Community Division of Labor

Figure 4 Activity system model (adapted from Engestrom8@)9

The use of CHAT is helpful to represent and orgammiomplex sets of information in
simple models (Yamagata-Lynch, 2010). To reprelBent activity systems work, considering
the activity system’s components as well as tlestures is important. Table 7 describes each

component of the activity system.
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Table 7

Activity System Components

Component Description

Object Goal or motive that organizes the activity

Subject Individual or groups of individuals invoti/en the activity system

Tool Artifacts, symbols, or concepts that can acatesources for the subjects
Rules Any type of regulations that frame the attivi

Community Social group to which the subject(s)haf activity system belong

Division of labor Modes by which the tasks are sddaamong the activity system subjects and

the community

Outcome Final result of the activity, in terms edining

Adapted from Yamagata-Lynch (2010)

In this chapter, | will present evidence from De&mand Lisa’s chemistry instruction,
specifically their enactment of formative assesdnrenrder to illustrate the different
components of the activity system for each teaahdrcharacterize their chemistry instruction.
In two years of data collection, | gathered 23 Baafrvideotaped lessons, so evidence of
instructional and assessment practices of botthézads abundant. Rather than documenting
teachers’ change in practice between the firstsednd year of enactment (and attempting to
make a claim about the effectiveness of the pradeasdevelopment) my interest is to look into
Diane’s and Lisa’s classroom practices and thenosumding milieu that were influential and key
in the enactment of formative assessment. | wilein depthevidence of the characteristics,
episodes, and teachers’ reflections that help tkersanse of the classroom enactment of
formative assessment as a mediating tool for enhgieachers’ chemistry practice as well as

the nuances that occurred in that endeavor.

A Starting Point to Organize Teachers’ Activity Sysems
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Diane and Lisa participated in the same learniagiten 2011-12 to learn about formative
assessment knowledge and practice. This initiaidandamental to understand the teachers’
chemistry instructional activity systems, becaulmeléarning team was the main opportunity to
formally learn about formative assessment. Asmasd in the previous chapter, both teachers
actively participated in the learning teams. Diand Lisa discussed the challenges of enacting
formative assessment in a strong grading-orientbdd culture. They also became more aware
of focusing assessment on student learning insteaterely grading the completion of tasks or
behaviors. Diane and Lisa created a formativesassent tool (exit slips) to be shared and
implemented in learning team members’ classrooAssevidenced by the conversations in the
learning team where creating the exit slips, Diané Lisa demonstrated understanding of
characteristics of tools that have the potentiddéaised for formative assessment purposes. For
example, when discussing the creation of a forreaassessment tool Diane mentioned some
features of an ideal tool, “I think for the goadkning target]... | get it, because | want an
example, like ‘give me, show me what you know’. Btep two, | want questions? Two solid
guestions that you have [different from] ‘I doniderstand anything’...” [Learning Team #3,
Diane, January 2012]

The learning team experience adds to many otlegghhat Diane and Lisa have in
common: they teach in the same school; they tdaekdme chemistry course with the same
curriculum, and they share the same resources @lasisrooms share a laboratory space). By
participating in the learning team Diane and Lis¢thicommitted to enacting formative
assessment in their chemistry instruction to prenstdent learning in chemistry. Thus, in
terms of activity systems, the goal of improvingehstry instruction corresponds to thigect

of the activity.
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Both teachers taught similar students in termgrafle level and background
characteristics (because they teach in the sanm®ichrhe chemistry courses that | observed
were targeted for advanced students, whose leté&aiming tended to be relatively
homogeneous (e.g., all students had previoushntalgebra). Moreover, both teachers
described the videotaped classes as quite repatisenf the groups that they have taught
historically. Diane explained: “most of them a@rg into the AP program, but there’re a lot of
them that are not at that accelerated level souldvsay they're probably a good sample of an
average high school chemistry class” [Interview Bane, May 2013]. Therefore, in the activity
systems, theubjectis composed of the respective teacher and theupgof (similar) students,
and for these two teachers, the main differencevdxst thesubjectof the activity system is
themselves.

The third component of the activity system thabmsider equivalent for the two teachers
is the activity system’sool component. The tool refers to the formative agaess “content”
that Diane and Lisa learned in the learning tedims included artifacts such as the exit slips co-
created in the learning team, ideas about formatssessment that the teachers learned from
their colleagues, formative assessment theoretaratepts and approaches, and so forth. In
some sense, both teachers had the same watlethat served as mediation in the enactment of
classroom practice.

Hence, some of the components of the activityesystfor Diane and Lisa are common
and established. Those include the activity syst@fject, tool, and subjects (see Figure 5).
However, this is only a starting point in undersliag each teacher’s activity system. In the next
sections of this chapter, | will provide evidenbattfurther describes the features of each

teacher’s activity system as well as the nuancesah teacher’s process of enactment. For
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example, although Diane and Lisa participated engaime learning team and had a sébvalk
available to utilize for formative assessment pags they did not enact these tools in the same
way. Thus, this chapter will illustrate how thadbers understood the tools and used them for
practice. In particular, | will focus on a des¢igm of Diane and Lisa’s instructional routines,

the classroom enactment of exit slips &sa, and the description specific formative assessment

moments in which teachers used formative assessmardke instructional decisions.

Formative Assessment
knowledge and tools

Tool
, Outcome

Improving
Teacher and chemistry
(respective) instruction
tudent " M
SHET T subject Object

Rules Community Division of Labor

Figure 5 Common elements for Diane’s and Lisa’s activitgtems.

Mapping the Terrain for Formative Assessment: Teachrs’ Instructional Practices
This section is based on the analysis of videdefl' grade chemistry classes, complemented
by perspectives obtained from teacher intervielwsdeotaped Diane’s and Lisa’s chemistry
classes in four instances (two in 2012 and twadib3} at the same moment of the school year,
so the instructional units that | observed werestlirme in both years: energy in chemical

reactions (thermochemistry) and redox reactions.
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First, 1 will focus my description of each teackespace, instructional materials and
curriculum. Second, | will describe the Diane &ungh’s instructional patterns for the classroom
activities. Third, | will analyze classroom insttion according to the activity system
components.

Spaces, Instructional Materials, and Curriculum

Diane’s and Lisa’s classrooms were similar in siad have a capacity of close to 30
students. Both classrooms had a direct connetditimee chemistry laboratory room that was
shared by both teachers. The classrooms’ walle w@vered with posters and banners with
information about chemistry-related topics and naitonal messages about the importance of
chemistry (see Figure 6). Furthermore, in botlsri@oms, the ceiling tiles were painted with
depictions of chemistry content. These were nextelior decoration only. | saw Diane refer to
one of the paintings when she explained to oneesiiuthe difference in color between copper
and cooper chloride. The arrangement of the studksks, however, is different in each class.
In Diane’s classroom, student desks are arrangaduay that students sat in groups while in
Lisa’s classroom, the desks were arranged in rand students looking to the whiteboard.

For the 18 grade chemistry course, Diane and Lisa used the $zstructional materials.
The teachers did not use a textbook. The departteaahers created their own instructional
learning guide. Each instructional unit has a tpaickage” that contains information and
guestions about the content, problems, and exsrcid&ane and Lisa used the package as a main
resource for their instruction. They usually ongad the content sequence and the instructional
activities according to the package organizaticsh @signed exercises for working in the

classroom and for homework. Once the instructiondl finished, students had to submit the
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package to the teacher in order to be reviewedyeaded. However, after the professional

development year, Lisa started not to grade homleviboit Diane continued. .

Figure 6.Views of Diane’s (left) and Lisa’s (right) chenmgtlassrooms.

Both teachers tended to have a similar approatdbtactivities. Before the lab, Diane
and Lisa explained the procedures to the studértie.emphasis was on procedures, security
issues, and possible sources of error that stuthewit$o pay attention during the lab. Then,
students worked in groups of four to six studef@ased on the videotapes, | observed that
students were clearly familiar with lab work, aheéy knew how to use the instruments and were
confident in completing the procedures. After ldde activity, the teachers explained the lab
problems and emphasized the accurate use of thedidécted in the lab, in order for students to
be able to discuss possible results, identify sesiof error, and explain a chemical phenomenon.

Lisa explained:

| usually have them kind of with the objective e-ttiey understand what the objective is?
and re-write that in their conclusion because ovknthat they understood what the

lab was all about. It's not just to write a deghle; answer the questions, but they have to
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conclude, using their objective, that they did &y were supposed to do. Maybe the
results weren't great, but do you understand wimatiab was all about, the general idea

so that | can kind of base this wasn't just attaldo a lab.

[Interview #2, Lisa, May 2013]

Diane’s Instructional Patterns

Before introducing the activities for each lesddigne tended to spend some time
informing students about the particular lessontamad this lesson was embedded in a particular
instructional sequence. Strictly speaking, Diaigendt use learning targets. In some cases, she
used statements that posited tasks and activitres lesson or for lessons that are consecutive.
For example in her unit of thermochemistry, Diaarl $0 the students: “we are going tomorrow
to the lab...make sure that you know what Q is [epér@nsferred in a chemical reaction]. The
goal for tomorrow, we are doing Q..., make sure yaun @o your Q problems, make sure you
understand those thermochemical equations...thapsitant” [Diane, Lesson #1, March 2013].
In these moments, Diane also had conversationsheitistudents about topics such as particular
chemistry problems that were difficult for the stats in the previous lessons, the sequence of
content and activities for the following lessondarthe entire week, or made connections with
the chemistry content and what was going to bereavim quizzes and tests (a very recurrent
topic). Thus, this classroom excerpt illustratestypes of conversations in which she informed

the students about the class activities and whaoests may ask about grading.

Diane. “I have [for you the] redox review now,aan be either [the final exam
review]... So you will have something to do!”

Student. “You will include these [questions] rettest?”
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Diane. “You will have some questions on redokitle quiz, there are some
questions in the final exam of redox.”
Diane. “So oxidation numbers will go on. As I'moking through...l don’t see

really many mistakes. It looks like you can tgbugh it!”

[Diane, Lesson # 5, May 2013]

In a typical lesson for Diane, after discussingarping tasks, the next activity tended to
be a lecture in which she explained concepts tstilngents or described procedures to solve
problems. She tended to use the unit packagéeoniates for the students while she was
explaining, so they could have the same notesaim gackages (see Figure 7). During the
lecture, she asked students questions in orddreckaf they were following her. The questions
she tended to ask were single-response. For eeamfiie thermochemistry unit she said, “that
IS a spontaneous reaction, you are going to losgggnso yourH [enthalpy] is going to be
positive or negative?” [Lesson #3, Diane, March301n general, she expected that students
said the right response. When students gave wesppnses to her questions, she tended to
ignore them until one student said the right ohken she repeated the right response and
continued with the lecture.

In some cases, Diane provided evaluative feedf@agk | like that! Beautiful') when
students said the right response. In the middtaefecture, she tended to ask questions to make
sure that the students were following her (e.gwido you feel about that?). In a few
opportunities, she asked probing questions in wkiabdents had to elaborate on their responses
(e.g., every year, this is the easiest problemhertdst, when it [water] freezes...why this is the
easiest problem?). For Diane, it was essentiahiastudents were following her lecture,

otherwise they would be lost. She explained:
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If I do a lecture that's longer than 20 minutéstis a long lecture for me. First of all,
their attention spans can’t handle it. They needio something, or | lose them; and if |
lose them, | can’t get them back for the hour.tl&at's why I'm trying to keep what | say
pretty short, let them work a little bit, and théhneed to come back and turn on the
overhead, | can do that or turn on the projedtoan do that to kind of work with them
some more, but me being out and helping kind btlgese questions going, | think that
allows them to continue a little bit more.

[Interview #2, Diane, May 2013]

Next, students worked individually to practicdéveny problems in the unit package.
Diane continually walked around to see if the stisl@vere working, if they had questions, and
to help students when they were struggling. Whedents asked questions, Diane’s
explanations were very similar to those ones sheipusly made in the lecture. While Diane
observed students working, she often made comnoemisblic announcements about something
that she noticed or wanted to emphasize. To netiggents’ work she trusted in her knowledge
of generic or prior students’ non-normative idead & the information of her students’
academic performance—she identified students’ $elvabed on their performance at the
beginning of the year. She commented that shevergsknowledgeable of the ideas that
students might bring up or where they might hawabl@ms, so she could anticipate who would
be struggling (and when).

While students worked, Diane continuously intezdavith students to check if they were

getting the right responses. She said: “I fed likn trying to like pull it out of them” [Intervie
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#2, Diane, May 2013] and if she noticed that naletu was able to give the response that she
was looking for, she started probing students.nBi@xplained, “I want them to kind of think.
‘why did you say that?’ ‘what were you thinking thmmade you say that?’ ‘is that what you really
meant?’...” [Interview #2, Diane, May 2013]. Sheamtommented that she used the
information collected from the high-performing stmds in order to make instructional decisions
such as a public announcement because, “if they denit, | know the rest of them are
probably lost... so | know if those kids are sgiigg, there’s more kids struggling” [Interview
#2, Diane, May 2013]. Nevertheless, Diane recaghihat she was not so familiar with the
work of students who did not talk with her durimg tessons.

Lisa’s Instructional Patterns.

Lisa’s lessons tended to be structured into twitspaAt the beginning Lisa tended to
note the topics to be covered in the lesson anmdghe introduced the main concepts through
lecture. She rarely mentioned learning targetgoaits for the day, but she tended to name the
activities (sometimes making connections with fati@ssons) and emphasized certain things in
order to focus students’ attention. For examplegnvshe started introducing the redox

reactions’ unit to the students, she said:

Today it is the first day of oxidation reductidrhis is your last package. Everything in
this will be learned in three or four days thisske@nd then, three days next week. So
everybody has the package. Ready, redox is a @rortdescribing oxidation and
reduction of elements of a chemical reaction.

[Lisa, Lesson # 5, May 2013]
Lisa used the whiteboard to explain and writertia@n points of the content that were

important for the students. This practice wasedéht from Diane, who used the unit package
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for writing explanations (See Figure 7). Lisa asoded to lecture to explain and review—step
by step—the exercises that students had completégtiprevious lesson. Sometimes Lisa had
students provide experimental data or explain aqutore to support her explanations. Lisa’s
focus was on providing clear explanations abouttireepts as well as giving the general rules
to solve the problems, so that students were cenfidith their learning before practicing.
During her lecture, Lisa asked questions to ségeistudents were following her,
especially to check how the students understoo@xm@anations. The questions tended to be
single-response and, similarly to Diane, Lisa #¢swled to ignore students’ wrong responses.
Nevertheless, there was a slight difference. tasaed to use students’ right responses to
support her explanations. She clarified the conoeprocedure mentioned by the student, or
connected them with prior knowledge. For instamdgen reviewing one problem that the

students solved in the previous lesson she asked:

Lisa “What's missing from the information of [gstion] number seven?”
Student: “TheAH” (enthalpy)
Lisa: “TheAH. Probably, findAH. Use any of your past prior knowledge, the

heat of formation, products minus reactantst fingans you have to pull
out, from that fancy chart and go through praslusinus reactants”

[Lisa, Lesson # 4, March 2013]
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Figure 7.Comparison between Lisa’s and Diane’s notes téa@xthe Gibbs’ free energy
equation. Lisa (top) used the whiteboard to writées while she explained while Diane
(bottom) completed her notes in the unit packagete the differences in the notes’ organization
and the level of detail.
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After the lecture, students worked on the exescisdghe unit package. Lisa tended to
give to the students the numbers of the exercissshe expected be completed. Similarly to
Diane, once the students were working, she spest afdhe time responding students’
guestions and walking around the students’ desksotitor their work. She posited: “Usually,
it's like, ‘Okay, would you like me to go over atyg?’...and if | get a yes: okay we’ll do some
more practice. No? Okay, you're ready” [Intervie® #isa, May 2013].

Similar to Diane, Lisa used her knowledge of stuslfenon-normative ideas and levels of
performance as tools to notice students’ ideasheunotion of these concepts was broader and
more complex. She understood that students’ nomave ideas can be generic, but she was
more interested in gathering the particular ideasifher students. She had a system called “key
students” in order to monitor students’ understag@nd notice their ideas. Accordingly, Lisa

explained how she identified these students.

Getting to know the class for a while, | can ddbey understand it or they don’t by the
looks on their faces of confusion. | try to look those and | have a couple key students
that I look at to make sure that if they underdtesmat’s going on, if they understood my
lecture, then | think I'm good to go. |look ditlavels of kids. I'll look at my lower

level and my upper level and if they understoalétture and paid attention, then |
know that I'm, average, I’'m good to move on. diyghat the kids kind of are

confused, I'll say, “Okay, let’s stop; let's rewdn What part is confusing?” And | don’t
like the words, “I don’t understand anything.” Weause there has to be something that
they do understand and then | like to go fromeheOkay, what parts,” and | like to

make them think about their understanding. | thkem to think about their learning and
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their level. “Where am 1? What parts of that bicbw understand?”...So that’s kind of
how I'll make the decision to go on.

[Interview #1, Lisa, March 2013]

Lisa used the key students to regulate her patgathmer evidence of students’
understanding. The use of key students helpedrh&dee instructional decisions such as
whether to reteach, give more time for practicekenaublic announcements, or enhance
students’ public participation in providing explénas or solving problems. In the next sections
of the chapter, | will provide more detailed degtians of Lisa’s use of key students and how
this system contributed to her enactment of formeagissessment.

Synthesis and Connections with Activity Systems

The descriptions of lessons above for Diane asd Are somewhat generic. They
represent some trends in their instruction, butat not be applicable to all lessons. Even
though there are differences between Diane’s asdd.instructional patterns, these are
constrained by the time demands, the curriculurd,tha instructional culture. From the
perspective of theommunity(in the activity system), both teachers recognibed they are
teaching a course that includes a large numbeaatiards to cover. Although Diane and Lisa
were able to cover all the material during the stlyear and prepare their students for the
district exams and college admission tests, théydt feel as though they have enough
flexibility to implement other types of chemistrgtaities that may promote a deeper
understanding of chemistry. Lisa explained thasien: “When | first started teaching until
now, it’s like, ‘I don’t teach that subject.” Idklike | don’t teach a lot of chemistry anymore. |

feel like | teach a lot of math, and | teach adbthe surface kind of chemistry” [Interview #2,
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Lisa, May 2013]. Similarly, Diane was emphatietgress her frustration about a high-school
curriculum that saturates students with conterttdioes not provide room to teach the basics.

She expanded that idea:

Really get kids thinking along those lines [cohemistry ideas] instead of trying to jam
down their throats Hess’s Law, and this is hoapiplies because we don’t really have
enough time to do it service; and | think thalie point of university. That's what a
university is for because they break down chemistio organic and inorganic and
thermal and physical chem so that the kids haweieh more in depth, thorough
understanding. We're just giving them pieces. rd/gist throwing stuff at them and
hoping some of it will stick, but | don’t think wgive it enough depth for it to stick. I'm
not saying they don’t learn it, but they wouldrle& better if we had more time to
elaborate, and we don’'t. We have 133 contentlstas. This is what we need to cover,
and we do the best we can.

[Interview #1, Lisa, March 2013]

In terms of the activity system, the main pointhiat the influence of theommunityin
Diane’s and Lisa’s activity systems is very perstgsand it significantly influences their
instruction especially from the perspective of themistry content enacted in the curriculum.
Even though both teachers are experienced, themiglry teaching tends to be fact-oriented and
traditional (Gilbert et al., 2004; Osborne, 201Zhe lessons that | observed were essentially
focused on content and solving exercises and prabthat included an important algebraic

component. Lab activities were more related toetkigerimental verification of chemical
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phenomena instead facilitating inquiry. Gradingwagkey factor that served to orientate and
regulate student work (especially for Diane).

In that context, however, there were slight défeses between Diane and Lisa in terms
of how they asked questions, provided feedback usihded student understanding to guide
their chemistry instruction. Diane was much foclisa teaching, questioning, and providing
feedback based on completion of tasks and procsdinat targeted the right response that she
was expecting for. Lisa was somewhat less focosegetting a right response from students
and a little more concerned about knowing studadesis. She showed some concern about
helping students to be more aware of their ideasexample, if they were struggling with
chemistry concepts or algebraic procedures.

These characteristics that are being depictelderattivity systems for Diane and Lisa
are important to understand the roldandls (i.e., formative assessment) that can be used for
enhancing chemistry instruction as well as the wayshich both teachers established ithies
and organizedivision of labor. What is important to note is that any formatigeessment
practice that both teachers enacted was insertbérmbedded in this general lesson structure.
Thus, in the next section | will describe and amaliiow Diane and Lisa used formative
assessment as a mediating tool for promoting bettiemistry instructiontfie object and how
this enactment influenced their classroom actisitgtem.

Enacting Formative Assessment Tools
In this section, | will focus on two classroom equles—one for Diane and one for Lisa—that
account for teachers’ practice of formative assesgmin terms of activity systems, this piece
corresponds to the enactment of pedagodgoms to enhance chemistry instruction (thigec).

Amidst the collection of formative assessment toloé teachers learned in the learning team
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(artifacts, concepts, etc.) | will focus on thetestips that Diane and Lisa co-created in the
learning team. The moment when this creation haggevas described in the previous chapter.

In this section, | will describe both teachersperences using that formative assessment
tool in their classrooms. | describe an episodehich Diane used the exit slips with her
students and her reflections of the enactment.ottiniately, | did not have an opportunity to
capture Lisa’s enactment of the exit slips, buikclude evidence from her interviews about her
enactment experience.
Diane’s Enactment

In March of 2012 Diane used the exit slips in ¢tleemistry class. She used the tool in a
consecutive two-day sequence, just before the suiveressessment for the unit on energy in
chemical reactions. On the first day (Monday), glaaned activities to review the content as
preparation for a quiz. First, students individjgabmpleted a “pre-assessment practice test”
activity that included the main topics coveredha tinit. Diane warned the students that the
practice test was not going to be graded, so staddrould respond only to what they knew.
Second, after students completed the practice@éste did a public review of the material and
focused her efforts on the water heating curve,afribe topics included in the practice test. She
asked numerous questions of the students to viethgy were able to identify the changes in
the states of matter as well as the meaning odifferent stages on the graph. Diane completed
the equations for the different states of mattase on experimental data that students obtained
in a previous lab activity. After finishing thewwew and before ending the lesson, Diane passed
the exit slips out to the students so they coudess their understanding of the lesson (see Figure

8).
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Figure 8 Diane’s students using the exit slips. Note thatstudent on the left selected the
yellow card and the student on the right is holdimgyellow and the green card in order to make

a decision.

On Tuesday’s lesson, Diane started by explainingtwactivities of the unit package
should be completed, because students had to sthiepackage to be graded. In preparation to
the summative assessment, Diane re-explained tragieqs related to the heating water curve
and connected those equations to eventual questidhe quiz. Before administering the quiz,

she provided feedback on the exit slip resultse §&hd to the students:

As I'm looking through your feedback sheets froestgrday, there are some people got
totally lost, hopefully going over. | will saysd'm going through the yellow, if you
went through and you look at the pretest we detgrelay and you do it by yourself, you
are going to be fine, because most questiond timate go all the way back to that cue,
[because] you are getting this equation.

[Diane, Lesson # 2, March 2012]

This situation poses interesting points of analfim the perspective of the enactment

of the exit tool. A few months before, in the Jary2012’s learning team meetings, Diane
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demonstrated understanding of the purpose of thle he said when discussing with her
colleagues what to include in the exit slips, ‘ihthfor the goal [or learning target]... | want an
example, like ‘give me...show me what you know’. Btép two, [do] | want questions?...two
solid questions that you have” [Learning Team Meg#3, January 2012]. This statement
makes clear that Diane knew the purpose of the tdolwever, her use of the tool in her
classroom was not consistent with her apparentrstateling. Diane used the exit slips with her
students after reviewing the material multiple tm&tudents completed a practice test, and then
the main topics were thoroughly reviewed and exygldj so the actual use of the exit slip in that
lesson was clearly redundant and reiterative.

In addition, the feedback that Diane providedeo $tudents based on the exit slips was
very generic, non-descriptive, and non-actionaltievould not have served to move students’
thinking forward. When Diane told the students vpincked the yellow card up that they were
going to be ‘fine’ in the quiz if they already hesl/iewed the practice test, she was not
supporting students’ learning and being specifiprioviding feedback on particular ideas with
which they struggled. Diane neither referred ®itteas that students wrote on the cards nor to
strategies to help students better perform in the.gDiane also said she found that some of her
students were “totally lost,” but she did not pae/any support for those students.

In addition, the use of the exit slips was proldémin terms of timing, because this tool
was administered the day before the summative stsses test and the feedback on these slips
was provided just before completing the quiz. Taedback was non-actionable for making
changes in learning or instruction, especially beeahe teacher and the students did not have

time for making instructional decisions or adjusiitse
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Connections with Diane’s activity system Did Diane know that the exit slips were not
going to be effective if administered just befdre summative assessment? The response is
uncertain, but there is evidence that in one legrteam meeting she posed this question when
co-creating the exit slip. In the particular cabeés formative assessment tool was designed to
help the teacher gather information from studeidisas to guide teachers’ instructional decisions
and provide feedback to students. It was alsa@deslito help students be more reflective on
their learning. However, Diane’s use of the toakvdisconnected from this purpose.

After several attempts, Diane gave up using thieséips. In an interview conducted one

year later, she explained that the tool did notcimé&b her instruction and was ineffective for her.

| tried for a little bit those cards, of | don'hderstand what I'm doing, and that’s fine. It
just doesn't fit what | do. | mean, | go back gwend I'm like, “Okay, | got some
grades.” But it's the same kids | already knowéese | watched. So | got the yellow
card, and I'm like: “Yeah, | know.” | know thiskalways gives me the yellow card
because they're always on the fence, or | knowkhd always gets it. So having that

piece of paper, | really don’t think helped as mas just interacting with the kids.

[Interview #1, Diane, May 2013]

What does this mean in terms of the activity sp§tén terms of thelivision of labor

Diane does not seem convinced that her studentproarde her information about their learning

and be actively engaged. She “already knew” tiael$eof performance of the students, based on

previous summative assessments and she seembaiutad is not going to change. Similarly,
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Diane did not seem very interested in providingmdor students to identify and communicate
their ideas and helping them be more engaged ipribeess. Similarly, regarding the activity
system’srules, Diane was much more focused on questioning aoviging feedback based on
completion of tasks and procedures that targetedight response. This also coincides with
Diane’s instructional routines in which she intdgsaonitored and asked questions of students
in order to verify if they had the right responsel & they were completing the right procedures.
Diane’s understanding of an adequate formativesassent tool looks like a quick check of
students’ ideas instead of something that maketests’ ideas visible, which implies a limited
misuse of formative assessment. In terms of theitycsystem, theéool was used as a second
check to sed students knew and nathatstudents knew (Torrance & Pryor, 2001).

Lisa’s Enactment

Different from Diane, | did not have the oppoityrio see Lisa enacting the exit slips in
her classroom. However, in the interviews she ipiexV rich descriptions of her use of the exit
slips. Lisa mentioned that she had partial successing the exit slip in her first year of
enactment. She attributed this partial succesisetdiming of her enactment. Specifically,
because she started using the exit slips in thensesemester and teachers were pressured to
cover the curriculum before the final exams.

After the professional development year, Lisa &gbsitive appreciation of enacting the
exit slips. She said in the interviews that ugsimg exit slips was helpful for students to assess
their progress during an instructional sequendee &so considered that using the exit slips was

helpful to support her instructional decisions loase student evidence. She explained:

With the exit slips if | get a positive overallpivhere most of them say they understand

it, then | go the next day and | say, “Okay, sigoa said you understand this, let's move
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on, maybe make it a little bit more challengin@&cause then if they do understand the
concept, then they should be able to apply theamkedge to the next level. If they say
they were not understanding it, then | will go lbaad kind of hit the basic key points
again and try to re-introduce the topic maybe difi@rent way, maybe using different
examples, real-world sometimes examples.

[Interview #1, Lisa, March 2013]

Lisa perceived that her use of the exit slips ey affected students’ engagement. She
mentioned that it was helpful for students to comioate their ideas, especially because they
did it anonymously and safely. Lisa noted thatg$ed a mailbox so students could put their
card inside. She explained that many high-schioolents did not like to participate publically
in the lessons to avoid being ‘academically lababgdheir peers—a fact probably related to the
values around grading in high-school culture. Aiddially, she commented that some students
felt more confident to ask questions when they sther students in the class doing the same.
Lisa also perceived that the use of the exit stipy have triggered student participation. In

doing so, she provided examples of how she useexihslips:

By choosing the green, they're not just sayingiritlerstand it” and they're turning it in,
but they actually have to show me how they underkit; tell me what you

understood or even do an example problem sohiegtreally think about how did

they understand it. Or, | struggled in this Eart’'m going to use yellow.’ Or, ‘I didn’t
get it at all, but this is what | didn’t undenst’ So they’re not just giving up with

the red. They have to tell me, ‘I didn’t understdhis because...” Or, ‘I didn’t

understand this particular part,” and why or whas difficult about it? Was it just the
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math, algebra or was it the actual wording? 8unk it made them think about what

they were writing down.
[Interview #1, Lisa, March 2013]

Initially Lisa implemented the exit slips in the"grade advanced chemistry classes, but
she discovered that the exit slips were more effedor her lower-achievement chemistry
course. The tool provided more room for elicittiferent types of students’ ideas in that
setting, because the students in the lower leaskels were more academically diverse than the
students in the advanced class. In those cowsisesjsed the information from exit slips to
make instructional decisions based students’ resgmrespecially when teaching big scientific
ideas. Lisa says that she was able to find a niclfeose courses because she teaches these
courses at “slower pace, and we don’t have as rooctent to cover as the other ones [courses],
and you don’t use the math” [Interview #2, Lisa,\N2913].

Connections with Lisa’s activity system Although I did not observe Lisa enacting the
exit slips in her classrooms, she expressed a favogable stance to the use of this tool,
especially for particular types of classes andesttgl It seems that Lisa was able to match the
exit slips to her practice. What does it mearemmss of Lisa’s activity system?

Lisa understood the exit slips, an example ofattevity systentool, in a way that is
more consistent with its intended purpose. Lidatlpeiemphasis on the exit slips as a tool to
better understand what students knew —in partictdadentify students’ ideas, and to promote
participation. Furthermore, Lisa had to make sajastments and changes in her practice to
make the enactment of exit slips possible. In gseofmules she developed strategies to ensure

students’ participation in a safe environment Hiktwed students to communicate their ideas
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(e.g., the use of the mailbox). Moreover, Lisaésdiption of her exit slips use was somewhat
less focused on getting a right response from stiscend a little more concerned about knowing
and understanding students’ ideas. In terndiva$ion of labor Lisa reported organizing her
class in a way that students had some opportumdiask about their conceptual doubts. Lisa
believed that students needed a space to commenicat ideas and be more reflective in their
thinking. Her description pointed to helping stndeidentify and differentiate the ideas with
which they struggled (e.g. differentiating the ch&ny concepts from the procedures that
include the use of mathematic and algebraic conteWtith her actions, Lisa was giving room
for the students to be more cognitively engagetiéir learning. She was also providing
opportunities for the students to regulate thein ¢@arning.
Synthesis of the Exit Slips’ Use and Connections thi Learning About Practice

The experiences of Diane and Lisa in using thegds illustrate the complexity of
enacting artifacts in the classroom that were eckat the context of professional development.
In the previous chapter, | suggested that the ioreaf the exit slips in the learning team can be
interpreted as an initial stage for the developnoét boundary object (Star & Griesemer, 1989)
that represented the interests, motivations, affiereint purposes of the learning team, especially
in terms of the participation of the learning tear@ambers in their learning journey about
formative assessment. In these first attemptisarclassroom, the exit slips were designed to
elicit students’ ideas and promote students’ (@adhers’) awareness of their learning.
However, the exit slips were enacted in differeayst The evidence suggests that the exit slips
were more helpful for Lisa than for Diane. Dianasvemphatic to explain that the exit slips did
not fit with her teaching and her approach to fameaassessment even though she understood

the purpose. For Lisa, the exit slips were noy ¢vdlipful in her formative assessment intention,
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they also triggered her reflection about her ingtamal and assessment practices to focus more
on student thinking. Therefore, her use of extissécaffolded her thinking about how to
transform her practices to make the chemistry ecamtere accessible to students (Hammerness
et al., 2005; Windschitl & Thompson, 2011). Altlygbuthe use of the exit slips corresponds to a
small component of Diane’s and Lisa’s instructiomactice—and only a small piece of
formative assessment — this tool represents a ctearection with the professional development
experience.

What can be said in terms of Diane’s and Lisasreng about formative assessment?
Grossman et al. (1999) defined five levels of appetion of pedagogical tools to be used in a
social environment: (1) lack of appropriation, &propriating a label, (3) appropriating surface
structures, (4) appropriating conceptual undersimsd (5) achieving mastery.

Based on the evidence collected in the learniamtmeetings, lessons (for Diane), and
teacher interviews, Diane understood the charatiesiof the tool and the “formative” purpose
of gathering information of students’ understandoedore the administration of summative
assessments. However, she was not successfuhothe tool in a timely manner to make
instructional decisions or to promote student ergant. In the case of Lisa, she understood the
purpose of the exit slips and how it was connetagdrmative assessment. Although | did not
record evidence of her use of the tool in the ctams, her reflections showed a deeper
understanding of the implications of enacting tha.t In terms of her description, it seems that
using tool influenced her practice and made it nsbuelent focused, especially when enacting
formative assessment in terms of using informatiom students’ responses to help them move
forward (Ruiz-Primo & Furtak, 2007). It is not ale however, how systematic was Lisa in using

the tool in her lessons and, more importantly, hlosvexit slips connected with other pieces of
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formative assessment (e.qg., learning targets, gptiser feedback) to enact this practice in a
articulated manner.

Hence, regarding the use of the exit slips a®kthat enables the learning experiences of
the teachers who participated in the professioeaélbpment. Lisa’s level of appropriation can
be characterized agppropriating conceptual understandingghile Diane’s level can be
approximated t@ppropriating surface featured.isa understood the rationale and purpose of
the exit slips and was able to characterize tlegitures. However, she was not able to identify
the conceptual underpinnings of the exit slipdm¢ontext of formative assessment to enact
them accordingly. Diane identified some featurethe exit slips, but her classroom enactment
was disconnected of its purpose and lacked corarectvith the process of formative
assessment.

Formative Assessment Moments: Zooming in on Classom Practice
In this section, my aim is to illustrate and prab&tize how and why Diane and Lisa made
decisions in some formative assessment moment®anglore the diversity of factors that may
influence their instructional decisions. | willstgibe in detail two moments that are related to
formative assessment practice that | observedlatd tisked teachers to reflect on in the
interviews. My purpose in this section is neittiex description of a typical episode of both
teachers’ formative assessment practice nor thecteization of an exemplary formative
assessment moment. Similarly, | am not makingrdaabout teachers’ learning of this practice.
| am more interested in explaining in detail howtbi@achers made sense of these formative
assessment moments and how they connect with édchioactivity systems. Both moments
refer to Diane and Lisa teaching the same conteeterhining oxidation states in redox

chemical equations.
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Diane’s Formative Assessment Moment

In May 2013, Diane taught her redox (oxidation egailiction) reactions unit, the last
unit before the final exam. On my first day of edaping (Monday), students were working
with a worksheet that contained a list of redoxctieas. Students had to identify the states of
oxidation of atoms that were transferring electrombey also had to write the equations for the
half-reactions (the oxidation and the reductiorg amidentify the oxidizing and reducing agents
for the redox reactions. Students worked indiviguahile Diane walked around the students’
desks to observe how they worked, to respond to gnestions, and to make comments when
she saw students struggling or “making mistakes.”

On Tuesday, Diane started the lesson by explathiaigshe wanted to review a couple of
exercises “that were causing some irks.” Dianearpt the two exercises using ideas from the
beginning of the redox unit and some chemistryrgamwledge (from the beginning of the
course). Diane asked students questions to chéuodyi were following her explanation. For
her, the main issues that students struggled watte welated to determining the states of

oxidation, as she explained when she saw the video.

It's the oxidation. They don’t understand thedation states. They don’t understand
that, if they’re losing electrons, that the elens should be... you should show them in
the products because they're being knocked offwin they're being reduced, that
they're taking them on so it should be on the teacside. They don’'t understand. |
mean, they're getting it, but they struggle whhtt

[Interview #2, Diane, May 2013]
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Her comment was consistent with what she had agddo me the day before (Monday)
when | asked her how she noticed students’ doutmtsrastakes when they asked her for
guidance. She told me that she looked if the stisdead the right oxidation states in the
worksheet and then she paid attention to the balftrons to see “if the states are correct to make
sure if they know that the charges are coming domthe charges going up. It usually when
they look at [pay attention to] the oxidation ssatieey are good” [Lesson # 5, Diane, May 2013].

Finally, Diane not only reviewed two problems, ben in total. She used these problems
to re-explain the rules for determining the oxidatstates and explain to the students what to
pay attention to. For example, she reminded thiethheorule for determining the reducing and
oxidizing agents, by saying that both would be tioa left side of the equation...they will both
be reactants. So when you guys start to pick ug'svbaidized and what's reduced you're
looking at the right side of the equation” [Lessb8, Diane, May 2013]. Later, Diane had
students complete the following problems for thet # the lesson by saying that she will show
the responses at the end of the hour.

The formative assessment moment | will focus lusitates how Diane provided support
to one student in the class named Hannah (a psgogorHannah was working individually on
her unit package and asked Diane a question beshasgas not able to find the oxidation states
for manganese in a redox equation (the reactionpetassium permanganate combined with
hydrochloric acid).

The following excerpt shows the dialog between Hémand Diane, in which Diane responded

to the student question.

Hannah. “I don't know if the oxidation number ight...”
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Diane. “Here you do! So you’re saying this i85 [The state of oxidation for

Mn in MnO4]”

Hannah. “Yes...”

Diane. “No, that's seven!”

Hannah. “I don't understand, how do | know this?”

Diane. “They all together [the oxygen atoms] goég to be -8 that is going to be
+7.

Hannah. “Oh, OK! | kind of get it!”

Diane. “Does it make sense? So it's +7 to +2 fthange in the half reaction],

what’s going on there?”

Hannah. “It goes...?”

Diane. “...down.”

Hannah. “Down”

Diane. “Soitis...?"

Hannah. “Oxidation? Reduction?”

Diane. “Reduction! Charge is reduced, so thegdhgoes from +7 to +2.”

Hannah. “So, it makes sense, so these two [cld@ioms], the one, and the
others...”

Diane. Zero here, -1 here. [oxidation stateshdorine]...makes sense?

[Lesson # 5, Diane, May 2013].

A few minutes after this interaction, Diane drevotdiagrams on the whiteboard that

represented two atoms with 14 protons in theireiushe used the + symbol to represent the
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protons), in order to illustrate a change in tlaesbf oxidation from +7 to +2. In the first

drawing, she drew seven lines that representetite@tecon the model “orbits”. Diane then

called Hannah and said:

Diane.

Hannah.

Diane.

Hannah.

Diane.

Hannah.

Diane.

“Hannah, ready? This is an atom. | never,ever lose my protons. They
are in the middle, so if | have 14 protons h#rere are 14 protons here
[Diane points to each atom]. If | have a +7rgeathat means...[Diane
counts from 1 to 7], | have 14 protons but Id&welectrons, because my
overall charge is +7. Does it make sense?”

“Yes!”

“Because seven of these electrons haesitive buddy, and seven don't.
So that my overall charge is +7 [write this n@nbn the board]. If I'm
going to +2, that means what...?”

“Hmm, there’s..., to 5?”

“So, how many more electrons do | haveettuce my charge?”

“Five”

“This one has more electrons now. It gaiise the charge is reduced.

Does that help? [in the model she counts theti®ns]”

[Lesson # 5, Diane, May 2013]

This formative assessment moment is relevacalse it shows how Diane made an

instructional decision based on what she noticenhfner interaction with Hannah. In the
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interview where | asked her about this moment, Biaoted that she decided to change her
explanation, because she knew that previous exjpdan@id not make sense to Hannah. Diane
expanded her comment about her interaction withnidan“she’s like, ‘mm-hmm, yeah’, and |
knew she had no idea...that was just her respofdg.yeah, | kind of get it.” And she was
going to figure it out, but | knew she didn’t fundantally understand it.” [Interview #2, Diane,
May 2013].

| asked Diane for the reason why she decided ptagxthis concept to Hannah by
drawing the diagrams. She stated that Hannalvesyehands-on student who needs visual
representations to understand the content andlieastruggled with concepts that she could not
manipulate. Diane reflected on the situation argla@ned that some kinds of representations are
necessary for some students: “if she can see. halpositives in the middle, and the
negative...you have to a negative for a positiveatacel it out...She’s just one of those kids that
needs a visual to kind of kick it in” [Interview #Riane, May 2013]. Thus, Diane’s comment
suggests that her expectations for students soteahgx problems are working at the symbolic
level, without making connections with the micrggicdevel (Gabel, 1998; Thomas &
McRobbie, 2001). In this particular case, the mscopic idea is that a change in the state of
oxidation implies an atomic transference of elatdro

Diane considered that working with this kind gbresentation, such as the atoms’
diagrams, were important for some students. AlghoDiane recognized that this visual
representation might help some students’ gain petaenderstanding of the content, she was
reluctant to use these types of models for theesnlass in her explanation. Her rationale for
this decision was that she did not want to promauszonceptions in students’ ideas that may

affect their performance in chemistry college cesrsShe explained.
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So I'm almost reluctant to put a Bohr model doveicdise | think, you know, they're
going to go to college. Professors are goingtg $That’s not true. | don’t know why
your teacher taught you that.” But high schodikskhave to be able to see something. |
mean, this is so difficult for them to understavitht that even means that | have to give
them something that’'s more concrete, and | jusags$ kind of preface that, you know,
this isn’t the real model, but let’s just say & Wwad to draw it.

[Interview #2, Diane, May 2013]

Contribution of this moment to understand Diane’sactivity system. This formative
assessment moment illustrates the main charaateregtDiane’s instruction in terms of helping
students getting the right response. In this paldr case, Diane recognized that Hannah did not
understand the meaning of reducing an atom (gaiecirons). When Diane explained to
Hannah how to solve the problem, she was focusedemhanical procedures and working at the
symbolic level to understanding the chemistry pme@aon (Gabel, 1998). Once Diane noticed
that Hannah did not understand the problem andrtkerlying concept, she decided to change
her teaching. Diane was re-teaching in a diffeveany and the new explanation pointed to what
she considered was essential for Hannah in thatantr(il) understanding that the charge of an
atom in relation to the number of protons and ebest and (2) that a change in an atom’s charge
implies a change in the number of electrons. Dissexl a simple representation to explain this
and to help Hannah learn.

What is paradoxical of this situation is to se&t fhiane was able notice that a student

was struggling and that she needed a particul& oypepresentation to understand the content
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better. However, this type of instruction thatlited these representations was not part of her
usual instructional practices. As noted abovenB®minstruction was so focused on solving
mathematical procedures and ensuring that studérnheg correct answer that she omitted
teaching the core ideas about redox reactions.w@seaware that representations are important
to support high-school students’ learning and stexkthat her students had different types of
learning styles, but she continued using the sarteelearning strategies to learn chemistry.
What is more relevant in this situation is herificsttion for not using representations that target
main chemistry ideas: to prevent interfering withdents’ chemistry experience in college. In
terms of the activity system, this moment illustsathat, for Diane, h@bjectof enacting
formative assessment to improve instruction wasdiat providing the correct responses to
students and to give them tools to solve chemistayhematical problems. However, the core
ideas behind these mathematical problems wereduessed.

Diane said in an interview that she wanted theidents to “understand chemistry”, but
her ideas about chemistry instruction are morededwon learning facts and procedures. She
also thought that students learn by making conoestbetween chemistry content in a way that
students moved from the chemistry facts to theieajbn (e.g. solving problems, preparing
exams for college). If thebjectof the activity system was understood as suchdnsuring
students could solve mathematical problems on sumenassessments and could be prepared
for college), the reason that Diane provided litdem to the elicitation of students’ ideas is
clear. The structure of her lessons is designadlyn@ ensure students’ correct responses to

(mathematical) problems.
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Lisa’s Formative Assessment Moment

In May 2013, Lisa was teaching the same instruetionit about redox reactions. Lisa
explained that the redox reactions unit is thedast of the year, and many of her instructional
decisions are influenced by the final exam andettectations of the students learning
chemistry. She posited that there are “five qoestion the final exam on redox, where there’s
85 questions total. [So] | hit the main points tédt be covered and that they need to know if
they go into the advanced class, the AP classtéfiew #2, Lisa, May 2013].

The lesson in which this formative assessment mowecurred was on the first day of
the redox sequence (Monday). Lisa noted thatadnéeat in this unit tends to be difficult for her
students because they had to integrate the neveptswith their previous knowledge such as
“how to name a compound, how to write a compound, arefer to polyatomic ions and their
charges and their formulas” [Interview #2, Lisa,\We013]. Lisa began by introducing the unit
package to the students and then she explainedradi@t reaction was—that oxidation and
reduction reactions are paired up because one etamexidized and the other is reduced. She
lectured and explained to the students that oxadatind reduction refer to losing and gaining
electrons, respectively (which is different fromabe, who focused her lecture only on solving
equations). Then Lisa provided examples of atdrasdre gaining or losing electrons. She

explained in her lecture:

Lisa: “An oxidation example, I'll put it over he If | have the elemental form
of magnesium and it goes to the ion form of nesgmm. So what it
happens here? I'm going from having no charge2t So it's oxidized

because | lost two electrons, you guys see tivatharge, that is a zero,

137



Student:

Lisa:

neutral, going to +2, that means I lost two &tats, so I'm going to show
that lost as a product, because | lost thesaitthe product phase. Where
in reduction I'm adding, and when you add thiritjs going to be part of
the reactants. So, let's use Fe with the +3gshaso how many electrons |
may going to have to gain to get elemental Fe?”

“Three”

“Three, absolutely, we are going to ad@é¢helectrons to the reactant side,
good job! Because this is reducing, I'm addimge electrons to reduce,
to make it more negative, OK?, it does makétle bit of jumble in your
brain, because when you are adding electronshgwe to remember, how
I’'m adding and reducing at the same time, bsit jgmember what we're

adding, you are adding a negativity, a negatieblrged particle.”

[Lesson # 5, Diane, May 2013]

Lisa’s explanation was sequenced and organizethak excerpt, she explained the

meaning of an oxidized and reduced atom (i.e.,dledtrons are added or removed). While her
explanation was organized, she only focused owrtihege in the number of electrons but not on
the balance of protons and electrons in the atbhen, she explained how to assign the
oxidation states for different atoms. She set etgi®ns for the students about learning this
topic, “we are going over the rules and have soxaengles with you, so you can be a little bit
comfortable, a little bit, probably, you're not ggito be super catching on until we practice a

little bit” [Lesson # 5, Diane, May 2013]. Diareught five rules, in detail, to determine the
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oxidation states for different elements. She askezktions to verify whether the students
understood the main concepts in the lecture asaselb connect with previously taught
chemistry content. For example, she remindedttidesats the location and properties of some
periodic table groups for determining the oxidatsbates of atoms in groups 1, 2, and 17 of the
periodic table. She, then, modeled how to detegrthie oxidation states of two similar
compounds where the rule was used.

After reviewing the rules for determining oxidatistates, Lisa modeled the procedure to
solve four problems from the model package. Theseproblems considered different rules,
and while she went through these problems, shedaskeeral questions to make sure that the
students used the right rules. Lisa let studemtsptete the rest of exercises individually. She
started walking around to see students work arubrebto their questions.

While Lisa was walking along the student desksnliutes after explaining the five rules
to the class, two students (Kelly and Emma) askebtipns about determining the oxidation
states in compounds in which they had to use tiiereint rules that Lisa explained at the

beginning of the lesson.

Kelly: “[Mrs. Lisa]. For the first one, is it -8r -6?”
Lisa: “Well, ...So what's the one thing you loakifayou can’t determine? ...
You look atif itis a group 1, 2, or 17. Sogthg in group 1, so it's going to

have a +1, then you can determine the next one.”

[90 seconds later]

Emma.. “Why?...isn't this a -3? Only...”
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Lisa:

Emma:

Kelly:

Lisa:

Kelly

“Only if it [the element] is diatomic byself, not attached. So it was just
sulfite or nitrate.”

HOK”

[3 seconds later]

“In order to those two &l.., how is it...?”

“So it is attached to what? and non-mefalit's acting as a metal, so it's a
+1.”

“So there it go, so...”

[Lesson # 5, Diane, May 2013]

In explaining this situation, Lisa referred to 8tadents’ problematic ideas that underlay

Kelly’s and Emma’s questions in this situation.e3ioticed that Kelly and Emma were

struggling with the same ideas, and she noticedttbnd in several of other students as well.

| don’t really have a problem with the kids’ idéyihg oxidation versus reduction...but

assigning the numbers and not relaying it baathrge, sometimes that’s difficult if

they can do... like if it's a three-element compouthey can do the outside, and they

have to figure out the inside. It's multiplyingdaadding and realizing that that has to

balance to a zero just like when they formed ammind back in October when we were

writing and naming compounds, and that was harthiem to not look at the charges

and try to balance that out. | think that wholesooeinception of things can be zero in a

compound, that was huge for them.

[Interview #2, Lisa, May 2013]
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Different from Diane, who works to get Hannahhe tight response, Lisa is trying to
remind Kelly and Emma of the rules to determinedkiglation states that she taught before so
that students can learn to use them. Lisa beliagscontinuous practice makes a difference.
She emphasizes for students the things that “aseingortant, and I'll repeat them three, four,
five times so that they... like pure elements ar®zkwill make them say over and over and
over again, so that... ‘Okay, this must be importarit]Interview #1, Lisa, March 2013].

Lisa mentioned that Kelly is one of the key stude¢hat she uses to monitor how the
class is working and provide her with informationrégulate the pace of instruction and to make
instructional decisions (when pertinent). She dabat Kelly was particularly engaged in her
learning and was good at providing informationtte teacher. Lisa can often look to Kelly to
see if she understood the content and know thaighndicative of the class as a whole.
Therefore, Lisa was not only using information fr&lly to provide feedback to an individual
student, she was also using Kelly to get feedbacdke effectiveness of her instruction. Lisa

expanded on her ideas about Kelly:

So it’s like, “Okay, everybody’s kind of not getgj it. Kelly, do you get it? Yes or no?
Okay, then | need to...” She’s one, and she maypadhe smartest in my class, but
she’s one that pays attention and wants to |&omwith her as my little feeder into the

rest of the class, it’s like, “Okay, am | gettithgs across? Do you understand it? Was that
clear?” She does the little verbal or nonverlgis where it's like, “Okay, that was clear
to everybody.” Because she understands how &lee’s around several of the other
students a lot where she’s like, “Okay, they gatii they're just not paying attention.

You were fine, you know. You got it across.” Amdook me a while to figure out who
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that was in my class, you know. First semestevag someone different in the same
class. Then second semester, she’s the one #iigtswod out as, you know, “Yeah, |

getit.” A lot of head shaking or she’d be lik&h, okay.”

[Interview #2, Lisa, May 2013]

In this context, the individual key students pd®d feedback to Lisa that helped her be
more aware of the particular ideas of the studantsthe extent to which they understood the
content. Similarly, Lisa had a type of rule oftfini to gauge when to make a public
announcement for the class or to make changes im$teuction. She explained: “Two of my 30
kids,...one of them is probably a B student. Onenig&tudent...if two of my students are
having the same problem, there’s more out thertehidnze the same problem” [Interview #2,
Lisa, May 2013].

Contribution of this moment to understand Lisa’s adivity system. This moment
illustrates how Lisa collected information from Istudents. She developed a system to
determine the pace of her lessons and some praetiuregulate her instruction—based on the
cues that her key students provided. Differentiyrf Diane, who assumed if her advanced
students did not understand she had to make amdtishal decision, Lisa integrated the
information that she noticed from the key studewtsy span a range of levels of learning.
Along with Lisa’s emphasis on recognizing and idgmtg students’ ideas, some connections
with theobjectof the activity system can be made. Lisa belighasa main goal of her
chemistry teaching is to make students passiotetet@hemistry so that they can see the
connections with real life. She explained, “thgriade doesn’t reflect that but they get it and they
ask questions and they do research on their ownheydcome in with... ‘look at this article’

and, ‘look at this — it's chemistry. It's what wieere talking about™ [Interview #1, Lisa, May
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2013]. Lisa wants to explore the diversity of €nt$’ responses to help students make
connections with daily life. Hence, in the aciyvdystem Lisa'®bjectis to improve chemistry
instruction by making student thinking visible, \Wiorg with students’ ideas, and making
chemistry applicable to real life.

Similarly, Lisa was making changes to accommotiaeules of the activity system to
pursue thiobject In the second year that | observed her, sheedtéo delay grading during her
units in order to provide different types of suggorthe students before the administrations of
summative assessments. | also observed a fewdesiso which Lisa promoted students’
participation. For example, in one lesson shedtadents explaining the solution to a problem.
She said: “so someone raise the hand and walk roegh this one” [Lesson # 5, Diane, May
2013]; and one student volunteered. Lisa was ngakimme attempts to accommodate aspects in
her activity system’slivision of laborby asking for more participation and allowing sots
more space to take ownership for their own learning

Activity Systems for Diane and Lisa
The enactment of formative assessmerbabkin Diane’s and Lisa’s activity systems certainly
influenced their chemistry instruction. Both teahrecognized a positive impact of the
enactment of formative assessment, although thegidered different outcomes. In this
chapter, | presented evidence of each teachetimat®nal and formative assessment practices
and made connections with the different componehtise activity systems. | will present two
models that account for the ways these teachessaed their instruction when they enacted
formative assessment @®l. | also will discuss the outcomes that emergmfeach activity

system.
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Diane’s Activity System

Figure 9 represents the activity system that dessrDiane’s chemistry instruction.
Diane used formative assessment tools with thecblofeimproving her instruction. However,
her main motivation to use formative assessmemb@svas to determine whether the students
knew the knowledge and procedures that relate@tanistruction.

Diane’s activity system
for her chemistry

Instruction Formative Assessment
knowledge and tools
Used to see if students know Intensifying traditional
practices
Tool Chemistry teaching

and learning focused

Improving chemisti :
P 9 i on completing tasks

instruction to help

students solve Qutcome
Diane and problems and
her students connect chemistry

facts

Subject Object
Rules Community Division of Labor

Using grades to Grade-oriented culture (students, Diane knows what her
monitor and regulate parents, schools) students know and need.
student work

Influence of college chemistry Students just complete
Focusing on (connections with high school the procedures and tasks
procedures to solve chemistry: type of instruction, assigned
problems and factual admission)

content

Figure 9 Representation of Diane’s activity system thatuoed when she enacted formative

assessment as mediating tool to improve her chigninsitruction.

In other words, the process of usingoal (i.e., formative assessment) to mediate her
chemistry instruction occurred in terms of verifyistudents’ work. Formative assessment, as a

tool, would be successful to the extent she wasramare of her own instruction.
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In describing her learning and enacting formasissessment, Diane commented on her
perception that students were performing bettéineir grades. She attributed this to the fact that
enacting formative assessment helped her be maeeaw her teaching and be more alert for
students’ misconceptions during her instructionsise could support her students in a more

immediate manner. She explained:

So | do think that you get the kids a little bibra invested because they know you're
more invested. They can tell if you're connedtetheir failure or their success, and
they can tell that when I'm walking around, whén bver their shoulder, you know,
they don’t particularly care for it, or you knowhat I'm saying, can | make them do
better? | expect more. So | think it's just mofea connection with the kids. That
formative assessment kind of... | hate to say foyoesto make... because you should
make that anyway, but when you’re very comfortablgour content, and you move
from behind the desk, and you’re actually out wité kids, to see where they are, to
assess them individually.

[Interview #1, Diane, May 2013]

So for Diane, her learning about formative assess practice mainly helped her
recognize that she needs to be more involved indaahing and in monitoring students’ work.
Theoutcomeof her activity system can be understood as ttemsification of her (traditional)
instructional practices. This may explain the theit, although Diane recognized an influence of

the formative assessment on her instruction, shh@ali make significant changes in ties,
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division of labor,or in the perception of her studeffssibject). This may also explain why Diane
continued her extensive grading practices.

Moreover, it is paradoxical that the enactmentofrfative assessment—in the case of
Diane—did not produce changes in the ways her stadeere involved in her instruction.
Therefore, rather than experiencing an instructiohange, Diane’s enactment of formative
assessment was employed in such a way that allbetetb keep the status quo with the ultimate
outcome of improving her practices that maintaioendtrol and enhanced monitoring.

Lisa’s Activity System

Figure 10 represents the components for the acBystem for Lisa. Enacting formative
assessment produced some slight modificationseinvdlys she organized her chemistry
instruction. In order to improve her practice niative assessment—tt@ol—matched Lisa’s
expectations of being more insightful of the variet her students’ ideas and helping students be
more regulative of their learning (Allal, 2010).

Lisa’s enactment of formative assessment as ttmved her to develop a new mindset
for her instruction. She prioritized discoveririgdents’ ideas as input to make instructional
decisions. This use of formative assessment impliat she started making adjustments to her
activity system. Even though Lisa’s instructiomtioues being traditional, she is attempting to
make slight changes in her activity system in otddre more aware of students thinking and
include students’ ideas in her instructional pi@etiShe has also developed a mindset more
favorable to the use of formative assessment irtlassroom, which may be considered a first
step before a change in practice.

When enacting the exit slips, a piece of forma#issessment, Lisa had to give more

responsibility to her students. As a result, thveye able to communicate their ideas, provide
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feedback to her, identify their problematic idemsg make instructional decisions as part of their
involvement. This is consistent with Lisa’s pertep of her enactment of formative

assessment.

| think I've slowed down a lot more and I've reathyed to get the kids interested in the
subject matter, not just to get them through tlas<l It's almost like | want them to be
an active part of my classroom instead of just emiaody with a grade attached to them.
.... I think formative assessment is going to hetpregthen my teaching with chemistry
because I'm going to understand student learniog rmore — how they learn; how deep
of an understanding they get out of the materjaktyour different levels of your kids.
And they're all not going to learn the same and/tieeall not going to be A-students but

| want them all to come out of my classroom witingoknowledge of chemistry, and |
think with formative assessment it should be edsielo that instead of looking at my
computer screen and looking at their grades altithe.

[Interview #1, Diane, May 2013]

By considering the organization of the activityst®m in Lisa’s classroom and how she
used formative assessment as a tool that medraamprovement of her chemistry instruction,
theoutcomeof Lisa’s activity system was developing a differenindset about the importance of
formative assessment to know about students’ idews making attempts to include some
student-centered practices with enhanced promaofigtudents’ ideas and in which students had
higher students’ responsibility for their own leiagn Therefore, Lisa plans to reflect more on

her practice and make decisions that promote bsttelent understanding. She said that she
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needs reflect on better ways to “come up with d#ife ways to teach the concepts that are not

math based,” because she is thinking of not gratBtydents as much on performance but on

understanding” [Interview #2, Lisa, May 2013].
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Figure 10 Representation of Lisa’s activity system thatwoed when she enacted formative

assessment as mediating tool to improve her chigninstruction.

Tensions and Challenges in Activity Systems

One of the main features of CHAT is the opportutatyisualize tensions and contradictions

within the activity system. Human activity can ypo&e tensions that reflect systemic

contradictions (Engestrém, 1987), especially wiendonfiguration of the activity system puts

148



thesubjec(s) in situations that interfere or hinder the ampbshment of the activity system
objector the participation of theubjectin the activity (Yamagata-Lynch, 2010). Contraidics
can be characterized as unknowns, barriers to\anbi¢he object, or conflicts between
components (Nardi, 1993). | will explore some tens that emerged when the two teachers
attempted to embed formative assessment in classirgsiruction.

For Diane, the main tensions emerged when shiedtanacting formative assessment
tools that were not aligned with the object of &etivity system. The exit slips created in the
professional development had the purpose of ermbtudent participation to elicit their ideas
and understandings. However, that contrasted Widihe’s expectations of student participation,
because she was more interested in getting theraghonses from students—factual knowledge
or procedures for solving problems. Two relatetsi@ns came up in Diane’s activity system.
One exists between the subjects and the objecthanskcond exists between the object and
division of labor. These tensions resulted froenfdict that Diane did not provide agency to her
students to participate in the activity. Figureptésents the main tensions in Diane’s and Lisa’s
activity system based on the enactment of formassessment as mediattogl to improve

chemistry instruction.
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Figure 11. Characterization of the main tensiolas #énose in teachers’ activity systems. For
Diane (top) the enactment of formative assessnrewluged tensions between the tool and the
object, the subject and the object, and the olajedtdivision of labor. For Lisa (bottom) the
main tension occurs between the object of the i¢tbject and the community.
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Regarding the subject of the activity (the studémthis case), Diane believed that many
of them were not interested in learning sciencethatithey were in her courses only because
they needed them for college (i.e., for college i@gdmn tests or for college courses). Similarly,
she also explained that some of these studentspene to cheat or do minimal work in order
to get the highest grades. This is one of theoreaw/hy the enactment of formative assessment
contradicts the role that Diane expects of heresitglin her classes. Students are expected to be
supported by the continuous monitoring and cordf@iane, and she does not expect that
students will (or can) analyze their ideas and toortheir own work. Thus, tension between the
implementation of formative assessment andlitaision of laborgrew. In simpler words, why
would students take more attribution for their d@arning when their teacher does it for them?
These tensions are exacerbated due to the typsatd that Diane expects of her students. She is
interested in her students knowing the procedursslive problems and making connections
between chemistry and factual content.

Strictly speaking, these contradictions not ordgegthe question of the meaning of
learning chemistryn depthin Diane’s classrooms, but they also pose thetoureabout what
chemistry learning is socially valued (i.e. the coamity component of the activity system),
because much of the current curriculum and higkestassessments are focused on the most
basic types of knowledge. Those previous companaiing with Diane’s extensive use of
grades for controlling and managing of student wodnfigure a system where the enactment of
formative assessment to promote students’ agentgafiregulation does not fit, and according
to Diane, is not going to work for her in that pautar high school.

For Lisa, the tensions that emerged were differérda made efforts to enact formative

assessment in her classroom to promote the eiiitaf students’ ideas and students’ self-
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assessment. In this process, she made some aéljustim some components of the activity
systems such as tigles and thedivision of laborto enable students’ engagement. However,
the main contradiction that emerged in Lisa’s c¢lass was between the object of her
instruction and the values of thbemmunity Lisa’sobjectwas the improvement of instruction to
help students make connections between the chgmttent and their current lives so that
students could feel engaged and motivated to lgamistry. However, this contrasted with the
expectations of parents and students, who are msmba grade-driven culture and tend to
associate learning in the subject with the graldeg get. Lisa even recognized this as an
internal tension, because her chemistry educatigzhasized the value of grading and numbers,
In addition, she was trying to have a differenpdstion in her chemistry teaching. She also
mentioned on several occasions the importancevohiing the parents and the rest of the school
in recognizing the benefits of formative assessn@mmétudents. For example, Lisa noted that
the efforts for implementing formative assessmerhe school necessitated coordination at the
school level, but she recognized the need to comjityrules about grading even though she
would like to reduce grading.

Thus, the next chapter has the purpose of syihgsihe main conclusions of the study,
focusing on the nature of the formative assessprafiéssional development, analyzing
teachers’ enactment of formative assessment, aedsBing the connections between these two
systems. Finally, | will discuss some implicatiamighis research study for research on

professional development, science instructionattmras, and formative assessment.
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CHAPTER 6: DISCUSSION AND IMPLICATIONS
In this chapter | will discuss the findings of tle@se study in order to respond to the research
guestions. | will also examine implications fosearch and practice about professional
development, formative assessment, and scienaedtish. Chapters 4 and 5 presented the
main findings of this study. In chapter 4, | désed Lisa and Diane’s participation in the
FAME learning team. | presented evidence of howtig@pation in the learning team facilitated
both teachers’ understanding of formative assessraspecially in relationship to their grading
practices. The teachers also engaged in the @neaftia formative assessment tool to be
implemented in the classroom with the purpose tiagyang information about students’ ideas
and to help students be more reflective on thaimieg. | discussed how this formative
assessment tool was the initial stage for the dgweént of a boundary object (Star &
Griesemer, 1989) that encouraged participatiohenéarning team and facilitated teachers’
attempts to try something new in their classroomnsChapter 5, | analyzed the enactment of
formative assessment in each teacher’s classroamuer to develop activity systems
(Engestrom, 1999). Drawing on CHAT (cultural-higtal activity theory), | explained how the
implementation of formative assessment as a meditiol influenced the configuration of each
teacher’s activity system in order to accompligiagicularobject(enhancing chemistry
instruction). In that chapter, | presented evidetacillustrate how th&ol developed in the
learning team influenced Diane and Lisa’s diffengatspectives in the enactment of formative
assessment. In particular, teachers had diffevags of conceiving thebjectof the activity
and, based on the interplay of activity system coments, a differertutcomewas produced,

where it was defined in terms of the teachers’ aegnpractice.
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In this chapter, my purpose is to link teacheestigipation in the professional
development to their classrooms activity systems.explained in Chapter 3, this study was
designed as a single embedded case study, witbulinits of analysis (Yin, 2009). This case
study encompasses the experiences of two chenestchers who learned about formative
assessment in a team-based professional developmogied and who worked to embed
formative assessment in their classrooms. Indisée study, the two units of analysis that are
embedded correspond, respectively, to the classes@motment of formative assessment by
Diane and Lisa. Accordingly, my purpose is to gnége and connect the findings from each unit
of analysis with the context in which the teacheosked and learned about formative
assessment. This broader configuration of the sasly illustrates the extent to which the
professional development informed the classroomtige@and the factors that mediated
classroom implementation (Patton, 2002).

This study has one general and overarching rasegrestion and three sub-research
guestions that will serve to organize this chaptewill focus this chapter on responding to the
overarching research question posed for this stlidlysww does participating in a team-based
professional development influence two chemistagiers’ enactment of formative assessment
classroom practices?” as well as the three sularelseuestions, 1) How do these two chemistry
teachers engage in a team-based professional geved about formative assessment? 2) How
do these two chemistry teachers enact formativesassent in their classrooms? 3) What
tensions emerge when these two teachers learn abdwnact formative assessment practices?
Following this, | will describe implications of tretudy for the FAME professional development
program, for research and practice about profeaktgvelopment, and for research on

formative assessment.

154



Teachers’ Engagement in FAME Professional Developme
Throughout the professional development year,gaming team met five times in order to
discuss formative assessment and talk about h@yptbcess looked in the classroom. Team
members also spent time sharing their classroomsrences about classroom assessment.
They created artifacts (such as exit slips) to@aitiformation from students in relation to
learning targets. To be clear, the evidence floen¢arning team meetings showed that the
teachers committed to a common endeavor, spentohtstir meeting time working on
formative-assessment-related topics, and madetetmuse their new learning about formative
assessment for classroom practice.

The learning team was composed of teachers frersadme school who volunteered and
committed to meet regularly. The team leader aemgahmeaningful discussions and was
responsive to the questions and concerns thae#maihg team members raised. Moreover, the
team members taught the same group of studentw, éaeh other (because they had worked
together in the past), and were motivated to wodether, grow professionally, and learn about
formative assessment. In sum, the team had falecainditions for conducting its work.

Although the team made some progress duringifsteykar, they did not continue
meeting as second-year team to further their lagrabout formative assessment.
Sustainability—a key factor for functional profesmsal learning communities (Richmond &
Manokore, 2011)—Ilimited opportunities for teachiersnove forward with their team-based
learning about formative assessment. In ordeat@ lan impact on practice, school-based
professional development models need to be sustamerder to provide time for meeting and
attempting new practices (e.g., Grossman & Woolnd001; Thomas et al., 1998; Wylie &

Lyon, 2009); and professional development effoescto be supported by school and district
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administrators (e.g., Richmond & Manokore, 2011;l/\et al., 2009). Prior studies have

found that professional development programs wathitact ranging between 5 to 14 hours per
year had no statistically significant impact ondetat learning while the largest impact was in
professional development ranging 30-100 hours sixeto twelve months (Darling-Hammond et
al., 2009). The FAME model recommended a minimdi@ three-year commitment by the
learning teams to allow for increased and deepéderstanding of the complexities of enacting
formative assessment as well as to provide imdetumaking changes in practice (Michigan
Department of Education, 2011). However, thisredy team did not get the support from their
school and district in order to allow them to cang working together and become a sustainable
team.

Thus, the evidence of these teachers’ learningdibe considered with caution. In this
context, making claims about the impact of the FAM&ning team on teacher learning of
formative assessment may be too ambitious. Th&enboovered during the first year was
insufficient to assure a deeper understandingefdhmative assessment process, especially for
supporting the enactment of practice. As mentiandte Introduction chapter, the FAME
professional development model presented formatsgessment as structured through eight
interrelated components that, as a whole, congibuta deeper understanding of this process.
However, the analysis of the content covered imtieetings showed that the learning team only
covered some components of the formative assessriReninstance, the team did not talk about
planning formative assessment (i.e., to embed fovamassessment in instructional planning)
and little time was spent on formative assessrsieategieshat support the use of tools to
gather students’ ideas. It is important to nos this scattered approach in covering the

formative assessment components in FAME does sbsadely on the learning team’s
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shoulders. Rather it is related to the fact FAM&ves learning teams to be autonomous in
organizing their meeting agendas and prioritiesese decisions were usually based on the team
leader’s priorities, team members’ expectationd, sthool and district needs.

Despite this imperfect scenario, analysis showeatfor the two teachers of this case
study, Diane and Lisa, the learning team experiappeared to contribute to teachers’ learning
of formative assessment, and even impacted sonmeiofbeliefs and practices. Both teachers
mentioned that the participation in the learnirgmeprovided a space to have discussions about
formative assessment and get ideas and suggeBtomsheir colleagues (especially Lisa).
Discussions also helped teachers reflect on thertapce of using formative assessment in
instruction and how to embed formative assessnmethigir practice, despite the strong grading-
oriented culture of the school. Both teachersgieed that the learning team enriched their
mindset about instruction and classroom assessnidms.contribution, however, was more
important for Lisa. In her case, she recognizedriportance of the learning team in refining
her ideas about formative assessment in ordermpgpastistudents, especially to help identify
their scientific ideas. The evidence presentdatiénprevious chapter showed that Lisa also felt
more impetus to enact formative assessment inlagsroom.

Learning Teams and Classroom Practice

Several studies (e.g., Desimone, 2009; Wei e2@l0, Schneider & Randel, 2009) have
found that effective professional development medabuld structure activities to be close to
the context of teaching and should promote teatkagagement in activities that allow them to
share, discuss, and reflect on their classroomreeqpees. Kazemi and Hubbard (2008) also

called for better integration of what teachersmpriofessional development and what they enact
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in the classroom. These studies suggest thaldberahe professional development is to the
classroom; the easier it is to make instructiohalnges.

However, the enactment of classroom practicesngptex even when professional
development conditions seem favorable. The expegief these two chemistry teachers shows
that participating in a school- and team-basedgssibnal model was not enough to produce
substantive changes in formative assessment pgaclice case of Diane is illustrative. In the
learning team meetings she demonstrated an undénsgeof the implications of using grades to
extensively monitor and regulate student work drelactively participated in the creation of a
formative assessment tool to be enacted in therdas. Diane participated in a community of
learners that created artifacts that reflected tpaals and motivations (Wenger, 1998).
However, in the classroom setting Diane persistdter traditional grading practices, did not
provide opportunities for the students to analyz@ @emmunicate their ideas, and actually
obstructed the use of the exit slip in her classtéointended use. The evidence from her
instruction and interviews showed that her appegfn of the formative assessment tools
created and discussed in the learning team wasfglgle For Diane the connection between
professional development and classroom practicemaae oblique, especially in the ways that
Diane understood and enacted formative assessrbéme identified some features of what
formative assessment looks like, but her classrenactment did not reflect its purpose.

Lisa’s experience illustrates that the learrieegm was more helpful in supporting her
classroom enactment of formative assessment. 8beable to use some formative assessment
practices in connection with what she learned enléfarning team. Lisa found a niche in her
instruction for the formative assessment tool aad successful in including these exit slips in

her classroom practice. In using this tool, shenagpted to help students communicate and share
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their chemistry ideas. She also began trying simsiifuctional changes, such as moving from
grading every day to delaying grading until the ehdn instructional unit. She also tried to be
more student-centered through eliciting and udeg tideas. Even though this progress
occurred in small increments, Lisa demonstrateghatent among the ideas about formative
assessment discussed in the learning team, heseatiallout instruction, and the practices she
was trying to enact in her classroom. She appaitgrticonceptual understandings of formative
assessment tools, although she was not able joutilize the conceptual underpinnings of
formative assessment to enact them accordingly.

In sum, | cannot argue that participating in FABKEprofessional development impacted
teacher learning of formative assessment and olasspractices, partially because formative
assessment was enacted within teachers’ traditcdrahistry instructional patterns and
curriculum (e.g., Thomas & McRobbie, 2001) andldaning team experience was not
sustained. Research has posited (e.g., Black &04l4; Bennett, 2011; Borko, 2004) that
changing practice is a slow and intricate procésghis study, both of these teachers—even
though they participated in the same professioaaélbpment and taught in a similar context—
were influenced in different ways. There are s@mees of Diane’s and Lisa’s classroom
practice that can be better connected to the legutieiam activities and some learning can be
inferred, but these attempts do not necessarilyyip overall shift in classroom assessment
practices. In fact, teachers’ use of formativeeassient tools was incipient and did not imply a
complete understanding of their potential or puep@specially for Diane).

Making Connections at Early Stages of Profession&evelopment

Even though the limited contribution of this pregenal development in influencing

substantive changes in classroom practice, thadyysthow how the creation and development of
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artifacts of practice at the early stages of pmitesal development can serve to start making
connections between teachers’ learning experiendbde professional development setting and
their current practices in the classroom. In theyestages of the professional development, the
use of these tools became the first attempt idéwelopment of boundary objects (Star &
Griesemer, 1989) that can navigate between diffexetings. In this study, teachers took the
exit slips they created in the learning team tar tfespective classrooms and these were used
with a formative assessment purpose (particulany_fsa) and served as an opportunity to
experiment and reflect on classroom practice. uke limited duration of the professional
development the connections were incipient andhiachad few opportunities to discuss about
the enactment of these tools in the team meethggprovide room for improvement in practice.

Teacher interviews and classroom observationsecet that the enactment of the exit
slips was, for both teachers, the instructional moithat provided more explicit connections
with the professional development. Diane useceitieslips for several months and then gave
up, because she did not find a match to her taaditipractices and was not willing (or able) to
make adjustments in her activity system to provaten for thistool. Lisa reported that she was
able to embed the exit slips in her practice andexs®me changes in her classroom activity
system to facilitate their use.

Kazemi and Hubbard (2008) suggested that the fudepactions and artifacts of practice
are helpful for the design of professional develeptactivities as well as for studying the
effects of professional development models. Tlagskacts allowed me to trace learning
trajectories of teachers in both settings (i.ee,lgarning team meetings and their classrooms).
Hence, because the learning team in which Diand_eadparticipated lasted only one year, we

might hypothesize that there would be more (antgges better) opportunities to analyze and
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reflect on the enactment of artifacts (e.qg., thégps). This, in turn, may have helped teachers
enact these tools more successfully, especiallieforhers whose classroom activity systems
were severely influenced by external factors thaviged tension for the implementation of
formative assessment (e.g., Diane and her gradadipes).

Activity Systems and the Enactment of Formative Assssment
Despite teaching in the same context and particigat the same professional development
program, the analysis of the activity systems f@r@ and Lisa—in which they enacted
formative assessment as a mediatog to enhance chemistry instruction in their classrse-
evidenced different configurations that can be usezkplain how they organized their
instruction. A central concern of activity systeamalysis is to understand the forces and
motivations of individuals and the types of todlattindividuals use to mediate the
accomplishment of the object of the activity (Groas et al., 1999). In this case, both teachers
used formative assessment as a mediating tooltanee their chemistry teaching. However,
the activity systentool andobjectwere interpreted differently based on the waysvhich Lisa
and Diane’s activity systems were established pagoarticipation in the FAME professional
development.

Diane appropriated theol of formative assessment (writ large; and the giptas an
example of this tool) for the purpose of verifyilighe students were following her explanations,
and especially to check if the students were abjgavide the correct response. Diane’s
approach to theol was consistent with the concept of convergentsassent (Torrance &

Pryor, 2001) that purports determining “...if thed#ats know, understand, and can do a
predetermined thing. It is characterized by dethplanning and generally accomplished by

closed or pseudo-open questioning and tasks” @.63¥). In the previous chapter, | presented
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evidence that showed how Diane focused her ingtrueind assessment by checking if her
students were completing procedures to solve pnablgvhich basically implied using
mathematical knowledge) or if her students were &blprovide the right response, mainly
related to factual knowledge. According to Dianey, instructional goals were that her students
learn chemistry and make connections among the meaes of (factual) knowledge, especially
to prepare themselves for college admission testallege.

For Lisa, doing formative assessment implied thahative assessment asoal
mediated her instruction to promote better undadstey of students’ ideas. In her mindset, Lisa
showed an interest in using formative assessmesapture the diversity of ideas from her
students, to find out what her particular studénesw, and to use these ideas to guide her
instruction. On some occasions (e.g., when u$iagkit slips) Lisa reported the use of
formative assessment aligned with the purpose whpatudents’ ideas guide her instruction.
Lisa made attempts to use formative assessmeilytmpre attention to students’ ideas and to
help students be more aware of their own idea® f&tused on students self-assessing their
learning, particularly focusing on ideas with whitley struggled. Even though her instructional
and assessment practices were very traditionatrendse of formative assessment contained
numerous episodes of convergent assessment, tesapaed to incorporate some practices into
her practice related to divergent assessment, wiashthe aims of discovering “what the learner
knows, understand and can do” (Torrance & Pryod12@.617). From the perspective of
divergent assessment, Lisa initiated some efforggtempt new practices, for instance, involving
students in evaluating their own learning (i.eqasing red, yellow, or green exit slips) or

focusing her instruction on aspects of the leageork.
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These differences in the way Diane and Lisa tisedet of formative assessmuntls
implied making adjustments in their activity sysgenitisa, especially, was able to modify her
activity system in terms of threlles anddivision of laborto accommodate formative assessment
as a newool. For example, Lisa changed her rules about ggagliactices to provide more
opportunities for students’ reflection and gave enaom for eliciting and sharing students’
different ideas. In contrast, the introductioraafewtool (i.e., formative assessment) did not
provide impetus for Diane to modify her activitysggm. These differences also implied that the
outcomeof the activity system was different. Diane’strastion was focused on getting
students’ right responses and, accordingly, alcthraponents of her activity system were
consistently articulated with this purpose. Agsult, Diane’soutcomemplied the
intensification of her traditional practices in erdo be monitor student work. In other words,
she modified her practice to make it more intemskfeequent. By contrast, tleeitcomeof Lisa
was making baby steps to promote elicitation ofistus’ ideas and having a more student-
centered mindset consistent with the theory befondative assessment.

Therefore, the analysis of the activity systenmaghthat, despite being in the same
professional development experience and schoahéza had differerautcomesn the
enactment of formative assessment. The charaatenzof Diane and Lisa’s activity systems
suggests that teachers appropriated the same feetradtive assessment resources and artifacts
differently (for similar examples, see Grossmaalgtl999). The evidence of the learning team
meetings showed that the level of agreement bet®é&eme and Lisa about their understanding
of formative assessment was higher than the wdyteaichers appropriated this practice in their

respective classrooms.
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As Torrance and Pryor (1998, 2001) concluded, @mgnting formative assessment in
the classroom is a complex process. The simpleluggmative assessment in the classroom
does not necessarily mean that it will produce ichpa student learning and engagement (Buck
& Trauth-Nare, 2009). It might, such as in Dianegse, be used in a superficial level that
merely serves to intensify the traditional instroical and assessment practices or “deliberately”
be misused to reinforce existing stances. It migicur, such as in Lisa’s case, to promote
efforts at enhancing student engagement in an@mwient that sends contradictory messages
about what aspects of chemistry learning are ingportChange in practice is related to the need
of balancing multiple constraints of different sthklders that teachers intend to satisfy (Cobb et
al., 2003), for example, when multiple demandsteréansions in the balance of teacher
practices connected with formative assessment eading and summative assessment.

Tensions in the Enactment of Formative Assessment
The analyses of activity systems for Diane and Elsaw that classroom enactment of formative
assessment is a process mediated by differentéatttat interact and produce particular types of
outcomes. Within activity systems, the interplayh@ir components causes tensions that may
influence individuals’ actions to particulautcomes From an activity theory standpoint, these
tensions emerge because they are the result @msigstontradictions (Engestrom, 1993), which
are inherent to the components of the activityeystut also manifest them in a contextual and
societal level (Engestrom, 1987, 1993).

This study shows that the outcomes of both teathetivity systems reflected different
tensions in the process of formative assessmewtrarat. For Diane, using formative
assessment to improve her classroom instructiotiechp tension between the purpose of the

formative assessment tools that were created itedraing team and her expectations of
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students’ learning chemistry. To be clear, thelence of Diane’s lessons and interviews
showed a focus on verification of students’ idead @onvergent assessment (Torrance & Pryor,
2001), mainly related to factual knowledge of ch&nyias well as procedures to solve exercises
and problems that use mathematical knowledge. éBanstructional focus was related to her
understanding of students learning chemistry tadyed perform successfully in college
chemistry courses and on high-stakes chemistrysassmnts, but not necessarily to help students
understand core chemistry ideas. In that conte&tenactment of formative assessment as a
process that purports to collect evidence of sttedagientific ideas and help students more
reflective in their learning process is not aligmath her expectations of student learning.

In terms of activity systems, this tension evidenm different components of the model.
First, a tension emerged between the activity systeol andobject because the set of
formative assessment practices did not fit to tle®s understanding of good instruction.
Second, there was a tension between the activtgsyssubject(the students) and tlodject
because student engagement was not substantivayraged and student work was promoted
by the use of grading. Third, a tension betweerstttivity system’'®bjectanddivision of labor
emerged because formative assessment was notaugeahiote student self-reflection and
cognitive participation, so Diane understood foireassessment as a way to intensify her
teaching, but not to promote students’ active pigodition. As a result, the enactment of
formative assessment as a set of instructitmads made these initial tensions grow.

Lisa’s experiences in enacting formative assessst@wed a different understanding of
formative assessment in order to meet her expenttf students learning chemistry. Lisa’s
mindset reflects a clear focus on student-cent@stduction—although this is only partially

evidenced in her lessons—that promotes studentgisydheir ideas and being reflective of

165



what they are learning. In that sense, the enattofdormative assessment practices implied
that Lisa started to make adjustments in some coems of the activity systems such asules
anddivision of laborin order to promote student participation and lmement. Moreover, this is
related to Lisa’s understanding of chemistry indian to the extent that she expects that
students, besides being successful in college mdstake states, can make connections
between chemistry content and students’ lives.t thglies a different conception of students’
expectations of learning chemistry and may exphdy the enactment of formative assessment
practices was more favorable for Lisa than Diane.

Thus the main tension that emerged in Lisa’s @gtsystem was related to the tension
between th@bjectand thecommunity For Lisa, the adjustments she started to makeiin
instruction when enacting formative assessmentiedmlelaying grading and creating an
environment to promote students’ participation e tentioned that these changes would cause
tension in the expectations of students, parentspther members of the school community
about grades. Lisa also recognized that the ntgjofiher students were influenced by cultural
expectations of learning science that conceivearfring in a grade- and number-driven
perspective.

Lisa’s tension implies that classrooms are planssrted within a particular context that
influences how an activity system will be configdirdn this example, the context was a
suburban high-school where a series of dispositamasvalues configure thé¢abitus(Bordieu,
1990) where teachers work. Formative assessmeant @nly subject to the sociocultural
aspects of the classroom (e.g., Black & Wiliam,889%®ryor & Crossouard, 2008; Shepard,
2000; Torrance & Pryor, 1998), but also the broaterocultural systems that promote student

learning (Black & Wiliam, 2005b; Harris & Brown, 20).
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Implications of the Study

The findings of this case study helped identify sarhallenges and implications related to the
main areas of interest for this study. First, Il describe implications for the FAME
professional development model. Second, | willagthe implications for professional
development. Third, | will outline some implicat®for research on formative assessment with
an emphasis on science.
Implications for FAME Professional Development

This case study was conducted in only one leart@am that worked together for one
year, but did not persist as expected. Therefbeefindings of the study are not necessarily
applicable to the context of other teachers (Iegyteam members), learning teams, or to the
design and implementation of the program. Simylagsearch upon the impact of FAME as
professional development on teacher practice shioatdearning teams exhibit different patterns
in their meetings activities, types of formativs@ssment topics, and levels of depth of
discussion (Gotwals et al., in preparation). Hogrethe particular experiences of Diane and
Lisa in this professional development program nilayninate some issues that can be used for
FAME design and implementation.

The evidence from the learning team meetings stdhet in the first year of the team,
Diane and Lisa discussed some components of forenaisessment. However, they did not
discuss others that were equally important—for g¥anthat the use of formative assessment
tools needs to be planned and embedded withiruetgin and linked to a meaningful use of
learning targets. In other words, the formativeeasment curriculum for this team was scattered
and not clearly linked to the current researchhantopic. Even though the team leader planned

activities that responded to the learning team nmegmboncerns, she did not use a conceptual
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model of formative assessment grounded in resedrbb.formative assessment content that she
used in the meetings was based on her own knowksolgéet formative assessment. Grossman et
al. (1999) warned about using tools for promotiegcher learning without grounding in theory.
They posed that if a tool is presented withoutdsceptual foundations teachers “may
appropriate only what is available, that is, tHeeleand surface features” (p.19).

Learning about formative assessment in this tygeam requires guidelines for the
research-based components of formative assesshag¢miged to be addressed in the team
meetings. That does not mean every FAME learreagithas to do the same type of activities
and organize their discussions in the same wayleghuating teams (and especially team leaders)
require a deeper understanding of the formativessssent process as well as suggestions to
organize the sequence of formative assessmenstapicle team discussions, and find research-
based materials and resources.

Diane and Lisa’s learning team worked only for gear. For various reasons, some
FAME learning teams are not able to persist oveeti However, these teams require
opportunities to learn the basic underpinningoffative assessment and need a common
knowledge base. The promotion of formative assessis not trivial. From a research-based
perspective, well-implemented formative assessrma#otts may impact student learning (e.g.,
Black & Wiliam, 1998; Ruiz-Primo & Furtak, 2006) dwwell sustained professional
development can make strides in teachers’ leamogit formative assessment knowledge and
practice (e.g., Black et al., 2004; Sato et alQ®2d orrance & Prior, 1998; Webb & Jones,

2009). However, when learning about formative sss®nt is scattered or not valued, it may be
seen as unnecessary for promoting student leaamddeacher practice; or still worse, becoming

a label, or just “the new buzzword,” as Diane mamd in one interview.
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Along with a research-based curriculum in forma@ssessment, the findings of this
study showed the importance of learning team mgetio make connections with classroom
practice. In order to promote these connectigantfacilitators and team members can be
supported with guidelines to create depict, crestd,enact artifacts in the classroom. These
artifacts may provide opportunities to team membe@nalyze and discuss the enactment of
these artifacts. These artifacts may also provmmortunities for gathering evidence of students’
understanding and promote reflection on studedesis and learning. In this study, the use of
the exit slips was, for both teachers, the piecdadsroom practice that was most connected
with the learning team activities. Thus, teacheasning in a professional development program
such as FAME need opportunities to reflect on ffects of creating formative assessment
artifacts, grounded in research-based theory, edpyewhen teachers are inserted in a culture
where the influence of grades and high-stakes sisgag is predominant. Moreover, teachers
need opportunities to try out formative assessruais in their classrooms and reflect on how
these tools function in real classroom settings.

Implications for Team-Based Professional Developmeémodels

Diane’s and Lisa’s experiences suggest that thetarent of new instructional practices
is complex and influenced by different factors.islimay occur partially because teachers are
professionals acting in multiple activity settinggertsch, 1985), such as classrooms and
professional teams. Teachers have multiple fach@diating their instruction and not all factors
can be attended to at any given time.

Regardless if the teachers are participatingprodessional development model that is
school-based and close to practice, their classsamdifferent spaces (or activity systems that

are particularly organized). Therefore, learnibgut practice requires opportunities for teachers

169



enact the set of tools that they are bringing,targaor analyzing in the professional
development and opportunities to discuss the melfactors that mediated their use in the
classroom.

In terms of CHAT, professional development sgiand classrooms are different
activity systems configured to accomplish particgeals. Therefore, resources for teachers in
the enactment of practice cannot be generic; tleey o be related to a particular activity
system. That means the design of professionallolevent should include opportunities to
analyze the enactment of formative assessmenaahées’ own classroom activity systems.

It is key for professional developers to desigtivées to help teachers reflect on the
implications of enacting netoolsin terms of activity systems. For example, teaslcan
anticipate the implications of enacting a toolemts of the classroonules anddivision of
labor. Professional development models require oppdarésrio visualize possible scenarios
that include the enactment of névols. Reflecting on the consequences of enacting¢iae n
mediating tools in the activity system would impihat teachers may discuss topics such as 1)
defining theobjectof their instruction, 2) modifying theilesthat structure the activity, or 3)
understanding how the values of t@mmunityshape classroom instruction. Moreover, if
teachers enact a set of mediatiogls they need to appropriate the conceptual foundsitod the
tools as well as the skills to use them effectivelthe classroom (Grossman et al., 1999).
Implications for Research on Professional Developmé
This case study showed us that the process ofiegaurctice is slow and requires time and
effort. Diane and Lisa reported that they felt emoonfident with their instruction and
recognized some contribution of the professionaktigpment one year after the learning team

experience. Interms of research on the effecéissmf professional development, this suggests
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that determining the impact of professional develept is a long-term endeavor. Kazemi and
Hubbard (2008) noted that research on professu@atiopment needs to pay attention to the
co-evolution of the teachers working on the pratesa development and in the classroom, in
order to trace a learning trajectory. That als@ansethat researchers need to consider long-term
outcomes when determining the contribution of trefgssional development. In those efforts,
the call for long-term and longitudinal studiepaamount. Similarly, an important component
of research on effectiveness of professional dgvent is to identify those key aspects of
practice that are fundamental for making chandgedshat sense, the use of activity system
analysis might be a generative framework to idgrtdw teachers are using what they learned in
professional development, in a concrete settingimiadtion That would help researchers and
professional developers to identify how teachem@griate pedagogical tools.
Implications for Research on Formative Assessment

This case study took place with chemistry clags@ssuburban high school. In this
particular context, the study showed that Diane® khisa’s classrooms were highly influenced
by the cultural context related to the expectat@asut high school chemistry. Both teachers
mentioned that the students, school staff, andpstead high expectations for the students,
which could be manifest in getting higher grades going to college. On the other hand, the
influence of district assessments was an impoftanbr in guiding instructional practices of
teachers. So summative assessment may be conkatesxacerbated component from the
communityand the culture and—from the CHAT perspectivefluences classroom instruction.

Research has documented numerous experiencesdn t&hsions between formative
assessment and the predominant culture of gradnegge (e.g., Brown, Lake, & Matters, 2011;

Gioka, 2009; Harlen, 2005; Remesal, 2011). Froracvity theory standpoint, these tensions
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emerge because they are the result of systemicachetions (Engestrom, 1993), which are
inherent to the components of the activity systeat,also manifest them in a contextual and
societal level (Engestrom, 1987, 1993). Therefone, implication for formative assessment
research and practice is to consider the tensiotsystemic contradictions between the
enactment of formative assessment and gradingBeogkhart, 2004; Looney, 2011; Wing, So,
Tai, & Lee, 2011) and the types of support thatgssional development in formative
assessment may provide to teachers in dealingthvte tensions.

The case of Diane is illustrative that the simpde of formative assessment tools,
without giving agency to the students to be resipbm®f their own learning is meaningless in
promoting students’ examination of their ideas.hém case, the outcome of Diane’s activity
system was a higher investment in monitoring sttedevork, although she continued with the
same type of traditional instructional practic@$is is concurrent with the argument posed by
Coffey et al. (2011) who said that research on &dive assessment in science has focused on
tools to be enacted by the teacher, but this reBdaas tended to overlook the disciplinary
substance of students’ scientific ideas. Whaeigik formative assessment is not solely what
teachers do, but what teachers elicit, see (analgm)t students’ scientific ideas.

In this study, the majority of the lessons thabserved consisted in very traditional
approaches to science, oriented to teaching factshee solution of problems that involved the
use of mathematics as goal. However, a possilgethegsis is that the enactment of sound
formative assessment practices might serve as atimggtool to promote science instruction
and student learning focused on deeper scientiias—to the extent students’ ideas can be

elicited and discussed. If teachers can learnhand room to enact sound formative assessment
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practices, developing a chemistry classroom manéeced on core scientific ideas may be
transformative.

Amid those perspectives, this case study shbaysomplexity of enacting formative
assessment as a grounded practice in scienceadassr Well-designed professional models are
able to promote the teachers’ formative assesskmentledge and practice, but they also need to
consider better connections between the profedsi@valopment and the classroom settings, as
well as the use of tools to help teachers navigetess them. The use of activity systems in the
design of professional development may help teaahse formative assessment to promote
formative assessment classroom practice.

Limitations of the Study
The limitations of the study findings are mainljated to the level of applicability to other
contexts, some characteristics of the data colleeied some elements of CHAT as analytical
framework. First, the findings of this embeddedecatudy only represent the experiences of
Diane and Lisa, who teach high-school chemistry particular suburban school and
participated in a specific learning team. In otierds, the results of this case study are not
necessarily applicable to the other teachers ofielagming team and school in which | conducted
this study. The findings are not neccesarily agiie to other participants in the FAME
program who are in different learning teams. Ircdrconsider that Diane’s and Lisa’s
experiences enacting a new instructional practidbeir classrooms are similar to other
chemistry teachers. However, since this study ptsgo characterize in depth the experiences
of both teachers in order to understand the enanttofdormative assessment, it may provide

particular insights process that can be helpfuirtderstand other contexts.

173



The second limitation of this study regards the@allection. Even though | collected
evidence from teacher videos from the same instm@k units during two years, the data were
insufficient to show changes in teacher practioenfiyear 1 to year 2. In part, | did not have
evidence from Diane and Lisa before participatimghie learning team that could be used as
baseline study. The evidence collected in profesdidevelopment and classrooms was
compelling, although it was not necessarily endiegldocumenting all the crucial moments that
connected the professional development and therolas enactment of formative assessment.
For example, | was not able to capture Lisa’s anant of the formative assessment tool that
was created in the learning team. For documerliisgepisode, | only considered the evidence
of her interviews—which is self-reported informatioAn additional limitation of my study is
that the evidence of students’ engagement in fommaissessment is scarce. My evidence of
students’ involved in formative assessment wasicéstl to students’ public participation or
short episodes in which | was able to capture tlikoaof some students’ conversations.

The third limitation of this study refers iy analytical framework and data analysis.
Using CHAT was my choice because it was appropt@atke study research questions because
it focuses on understanding practice in contexttfrRd al., 2009), investigates complex systems
and identifies the main tensions within a systemg@strom, 1999), and provides support to
organize complex real-data sets in graphic mod&s@gata-Lynch, 2010). | was able to
integrate different sources of evidence to repregencomplexity of classroom instruction. My
analysis provided important elements about how bedbhers’ chemistry instruction reflects the
systemic demands and forces that are interplayadarticular culture. However, my analysis
focused less on the historical component of CHARat is important because the activity itself

occurs in historical contexts (Roth, Radford, & lraiZ, 2012) that add a different layer for the
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analysis. My data collection focused on the exgrexés of these two teachers in the context of a
grade-driven culture, but | would have liked to arg my data collection in order to understand
how their practices—and the enactment of thesdipese—are connected with the temporal
experiences. For instance, | would have likedqaae how the enactment of formative
assessment was related to the development of Biamel Lisa’s professional careers, to the
historical elements that were consistent in thé bedachers’ high school, and to the educational
policies that promoted the use of formative assess$practices in schools.

Projections for Future Research
This study is the first step in my research agerdg.next goal is to work with professional
development for science teachers in topics ab@ttuational practices such as formative
assessment. | plan to develop small-scale prafiessdevelopment in order to help teachers
improve their practices in science topics thata&ao serve for research purposes. However, |
will conduct this research in a context that isdigdifferent from this study.

In addition, the findings of this case study vadllp me to design professional
development models and research. | plan to indludiee professional development different
opportunities for teachers to try out formativeesssnent tools and reflect on how these tools
function in activity systems. For example, | wdtalize part of professional development
agenda and curriculum for teachers in order ton@edictivity system objects as well as designing
activities to discuss about the enactment of folveaissessment tools in terms of activity
systems. | also plan to establish better connesti@tween professional development and
classroom practice through the iterative desigmstfuctional tools that can be enacted in the

classroom and serve as tools for reflection anchiaearning.
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In a more general stance, | want to continue gfamy research by using sociocultural
theories of learning such as CHAT. | want to imygrony knowledge and practice in these
models as well as to have more opportunities tagonthis type of research, especially in
contexts where sociocultural studies have beercslyaconducted (i.e., educational research in

South America).
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Table 8

Descriptions of Diane’s Lessons

Date | Content Description Learning Eliciting students| Closing the gap Notes
Targets ideas
Hess’ law. Teacher reviewed previous lab on Hess law. She Mention at the Basically, during | Provided She provided a lot of
Lesson: Unit| provided feedback on students’ reports. Then, siisde | beginning, a sort | the practice test descriptive statements about
review. completed a pre-assessment practice test (notdjrade| of target. and in the by feedback on lab expectations for the
195312 | SS determine and Students worked individually and teacher monitdted | “Task for today, | questions in the reports and tasks. And reminded

use the equations activity. you're going to review activity. responses to students what they
for Hess’ law at| After finishing, teacher reviewed some problematesl | write the Most questions students’ previously learned.
different states of to the heating curve of water. The class reviewedést| equations of were made to questions. She mentioned the
matter (they| responses. Teacher made a lot of questions adergtu| Hess’ law, verify, and a few | Explained the idea of students
analyze the water responded. She expected single responses. When | rearrange those, | for seeing rationale of the making connections
heating curve| students gave many different responses, she rebiate write the understanding activity (32:05) among content.
graph) one that was correct and continued. conclusions based ideas.

The teacher reviewed gas, liquid, and solid stabels on your aim” Lots of clarifying

focused on the changes of state questions from the

By using experimental data, the teacher compldted t| Note: Not all the | teacher. She tried

various equations. Then students reviewed related | lesson was related to make

concepts. For example, entropy, to that. connections with

exothermic/endothermic reactions. The teacher previous ideas

delivered the exit slips (who

remember..."?)

She started by explaining what students should gubm She only asked tq She made She provided She made sure to

Review of the| as part of the package, and makes questions dhioait. | the students the | questions to verify | feedback on the review the main idea

20/3/12

main concepts o0
the unit.
Test (summative)

explained the lab equations and Hess’ law agaia. Sh
also explained the procedure to determine the tietitd
H. She emphasized the conceptual part of the lab,
instead of the calculations.

Then she provided feedback on the exit slips, liut |
was very general. Not mention to students’ specific
ideas.

Then she explained the lab and changes in Tempin
water. She reminds to the students the main ideasta
Hess Law and what to remember

Students submit their unit packages and give tbte te

purpose of the lal
and some
responded.

that students
understood the
main ideas before
the test. Most of
them to verify
knowledge. A few
guestions were to
see if students
understood the
purposes and the
big ideas of the

unit.

exit slips. Her
feedback was not
specific though.
Feedback was
evaluative.
Questions were to
assess knowledge,
Few questions
were related to
guestion students’
ideas.

before the test and
asking those to
students.

D
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Table 8 (cont'd)

21/3/12

Introduction to
solution unit and
‘bubble activity’

At the beginning, she reviewed the test resultkimga
comments about some students not working in thie u
package and cheating. She reviewed the test, régftyb
explains the questions that didn’t get the highest
achievement. She basically explained the rightaghoi
and why the distractors were not. She made some
questions, quickly, to make sure that students were
giving the right responses. She made some connecti
with the unit activities and the final exam.

Then the new unit is introduced: solutions. The
introductory activity for the unit had students raak
bubbles with different substances (corn syrup and
glycerol) and have the biggest bubble possible.dgsive
the materials and directions to the students. Taglyto
register the time and the size of the bubble. Stizde
worked in groups and were engaged.

While students worked, there were a couple of ingui
questions (for example, the measure to use; detergi
the best solution).

At the end of the activity teacher has studentskthi
about the activity as well as the solutions’ congrus.
She also made connections with prior knowledgeead!3
to intermolecular forces.

She presented a challenge at the end of the lesson.

’L She mentioned

isome sort of
goals for the
students.

“You have to
make a bubble
solution, a good

D one.”
“You goal is to
make the biggest
bubble and the
longest lasting
bubble.”
But she also has
goals for herself.
See example
when she
explains to the
external person
who asks about
the lesson (she

1 said that students
need to get some
basic
terminology)

She basically
observed the
students working
but she didn’t
make many
guestions. Only to
verify that students|
were working
adequately.

She made a couplg
of public
announcements
when she realized
that students had t
record the
composition of
solution and they
hadn’t.

> In the test review, at
the beginning of the
lesson, she made
connections with the
D final exam, so some
ideas that students
learned in the unit
will be included.
Other interesting
issues were:

* |ssue about
students cheating an
not “playing the
game”.

* Evaluative
questions such as:
was the test easy or
hard?

* Connections with
previous knowledge
(intermolecular
forces).

Note: The idea of
identifying the type
of reaction based
only on the enthalpy
sign is an idea that
continues being
problematic for
students.
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Table 8 (cont’d)

4/6/12

Working with the
redox review

The teacher starts by talking about the final exaview
and how she will develop and explain the main t®pit
the year. The lesson is a review of the redox pgeka
The main topics are reviewing of the concept obxed
and oxidation, and understanding a voltaic celn&o
students still struggled with identifying the oxiiden
numbers (for example in group compounds). The
teacher made comments in order to remind studeats
rules for determining the oxidation states andenttiie
redox half equations.

She only
announced the
activity. That is,
students were
going to work on
the redox review.

t In some moments
she expressed to
the students somég
expectations on
the task (if you
are able to do thig
is fine)

h

She made
questions to the
students, but they
were only referring
to the content
(facts). They don't
make connections
with other content
(prior or future).

Mostly evaluative
feedback (e.g., |
like it!). In a few
cases, itis
followed by an
explanation.

She explained
some of her
decisions about the
final exam review.
She gave
suggestions to the
students about
what to include
and what to focus.

In this lesson, the
teacher made a lot of]
explanations to
support students
solving the problems.
However, it seems
that some students
continued struggling.

5/6/12

Lab
cells

on voltaic

The teacher started by explaining the materialsthad
instructions for the lab, related to correctly thet
galvanic cells. She reviewed the handout with the
students, step by step. She explained table A (tehat
combine for the reaction: solution and metal) et

B (half reactions).

Then students started to work in groups. She mgdto
students work. While observing she made questinds
comments (mostly procedural). Only in one occasiien
question was more conceptual. Then, students édish
the lab and worked on completing the handout.

She
operationalized
the goal of the lah
“is to find the
best salt”

o))

In general, the
teacher was
monitoring student
work and making
guestions and
comments.

She made a few
questions about th
concepts implied
in this lab (min 17)

There were a
couple of general
announcement
during the lab,
basically referred
to procedures (e.g.
about the salt

® bridge, not allow
that the leads touc
the salt solution).

There was a lot of
procedural
monitoring, that the
students were doing
the right stuff.

Connections with
prior knowledge:

n When students ask

about the color of the
copper solution.

6/6/12

Redox reactions
students reviewe(
the lab handou
about voltaic cellg
and also they
complete some
related questions
(they start with the
final exam review)

]

The teacher started by explaining how to fill tbenfula
sheet for the final exam. She says she will |edestis
decide what to write, but she will check it later.

Then she explained how a voltaic cell works and how

figure out what is reduced and oxidized. She erplai
the process with the help of students’ responsastto
questions. They mentioned how to recognize the
reactivity theories and identify the oxidation. fiHbey
were asked about some physical phenomenon in the|
voltaic cell. Students were also explained howdiheuit
works (and the cell bridge) and identified differeairs
of redox, in order to identify the ‘best cell’.

She mentioned
the goal of the
lab. It is about:
“understanding
how reduction
and oxidation
work in a voltaic
cell.”

Teacher made a lo
of questions to
identify what
students learned in
the lab.

She made
questions to verify
that the lab
procedures were
correct and the
students
responded. She

I Feedback was
mostly evaluative
and focused on the
correct response.
Individual
explanations
tended to be very
similar to the
lecture (no many
alternatives)
However, there
was a good case 0

Connections with
first semester conten
such as the periodic
table.

She suggested some
kind of students’ self-
regulation but finally,
she said that she will
check.

She made questions
to check if students

f understood, but

Students finalize the lab report and will start king on also made some | supporting sometimes she didn”
the final exam review (very incipient) guestions to clarify| students while give time to respond.
what students said| working!
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Table 8 (cont’d)

Students Students worked on the review. At the beginning she| She used a lot the Teacher asking for| She basically She’s explaining the
completed the explained how to adjust the values of delta H, bsea | word “goal” to procedural explained and problems and the
18/3/13 | thermochemistry | students struggled with understanding the reasams f | refer to baby questions. For wanted students to] main issues to be
review and the changing the values of the equation. She reviewed | steps in the example: what do | follow her. In solved. She also
prelab worksheet | questions about enthalpy, types of reactions lesson. (not a you have to do some cases she | explains about what
(endothermic-exothermic) and problems related with | lesson learning | to...? provided public students have to
Hess’ law. She reviewed different problems thatewer | target in a Her questions descriptive focus on.
complicated for students(basically, math issuestedl | problem, for looked for right feedback based on She made
to Hess law equations). example). response. Some | students’ connections with
Then the teacher started the prelab review. She mad guestions were to | questions. previous knowledge
questions and explanations related to the activity. Note: She verify is students | She retaught a and lab activities
Then students started working on the review. She included this were following her | couple of problems (connections)
monitored students’ work by walking around and lesson in a (how do we feel in response to There was a nice
explaining them. sequence for the | about...?) students’ demand.| dialog about the test
week and she She basically When students expectations and
gave the asked quickly to were working what is measured
conditions. verify ideas. If one | individually, she there.
student said monitored student
something wrong, | work and gave
she stayed silent | feedback when
until someone else| necessary.
did it again..
Hess’ Law lab The teacher started by reviewingéf students read the She mentioned | She made At the beginning
19/3/13 lab instructions. the “goal of the questions to verify | the teacher made

Then she asked procedural questions, related talhe
procedures and the security issues. She remarked th
importance of doing good revisions. During the sale
monitored, observed and questioned students efipec
for checking procedures. She also provided some
guidance when students were asking for calculations|

lab”. Understand
that the energy in
reaction 1 and 2
atogether equals
reaction 3.

In general students worked adequately.

that students knew|
the right
procedures.

sure that students
understood all the
procedures and
made sense of the
Hess' Law.
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Table 8 (cont’d)

20/3/13

Hess' lab review

Concept of entropy

She started by commenting on the lab results. imeso
cases she noticed that the calculations and numbers
didn't fit. She asked students about sources of emnd
there was an interesting discussion, in which sttgle
identified some sources of error in the data.

Then, the concept of entropy is introduced. InstEfad
giving a formal definition, she just started with
questions. The teacher was looking for the rightiil
and she ignored the wrong responses. She wrote
explanations in the package in order to give ntutebe
students. Then she made a connection with enthalpy|
temperature. She also made questions to see sudent
previous knowledge.

She introduced the idea of spontaneous reactidres. S
went step by step to complete a table.

Then she explained the factors that influencecoemgtr
temperature, pressure, # of moles.

Then she showed an example of one equation to
determine entropy. She explained the results.
Students started working on the review. Some stisden
asked questions to the teacher and she explained by
using the same ideas.

She really started
her talk about the
lab. No learning
targets
mentioned.

She had a nice
overview of the
sources of error in
the data and asked
students about the
concepts related tg
the concepts in the
labs.

When introducing
entropy, she made
questions to help
students connect
the concepts. Like
the previous ones
studied.

She explained to
the students what
she noticed in the
lab about how they
measured, and
provided feedback,
but it was is
evaluative.

When talking
about entropy, she
addressed
students’ previous
ideas and
expanded what
students say.
Some of her
questions on
entropy were more
probing. This is the
first time | saw
this!

Teacher was good at
explaining students
what is their expected
level.

To make connectiong
with previous
academic knowledge
The entropy part is
rich to understand
practice.

21/3/13

Redox review and
entropy before the
test.

The review started by checking some concepts of the
unit, such as specific heat. Then they reviewed the
calorimetry problems related to heat transference i
chemical reactions.

Then the teacher reviewed the water heating giSipé.
started by fusion (she also adds the equations) afSio
explained the reasons that explained these changes.
Then she solved one problem related to the graph
equations. She reminds to the students the edsdotia
responding to the test questions.

Then she reviewed Hess’ law problems and also
explained the essential concepts. The same with
endothermic and exothermic reactions.

No mention of
learning targets, it
is clear that the
lesson is about
reviewing the
unit.

She mentioned
iteratively what
students should
understand

Teacher questions
are about
following
procedures She is
checking that
students are
following the
procedures,
understand the
concepts that are
related. She
provided, brief
explanations.

In this lesson there|
were some
students making
guestions,
basically about
doubts to solve the

problems.

Evaluative
feedback when
students respond
correctly.

She tended to
explain and then
provided some
feedback to the
group, in general,
about how the
group performed.

She emphasized the
idea that she wanted
students understand
the problems.

Note: she did the
same activity last
year.

She was very clear tg
state what will be
graded in the test andl
what won't (for
example, problems o
the lab guide).
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Table 8 (cont’d)

28/5/13 | Redox review.
Determining half
reactions:
oxidation and
reduction

The teacher introduced the lesson by explainingshe
will review the oxidation states and provide feedba
Students worked on the redox review and the firatre
review. She made some questions to check what
students knew about reduction and oxidation.

She explained how to solve a problem with students’
collaboration. She reminded the rules that were
previously taught. So, the group together solvgdoap
of problems for determining half reactions (oxidati
and reduction).

Then she explained the assignment. But she comtinu
solving the problems. For example, she explained ho
to write the half reactions and locate the electron
correctly, depending on the gain or loss of eledr&he
also introduced the concept of the oxidizing and
reducing agent.

Students start working by themselves.

She explained
that the lesson is
concentrating on
half reactions
(redox).

She
contextualized
the learning
targets with
previous

e knowledge.

Teacher checked
prior knowledge at
the beginning of
the lesson.

Then she made
guestions to
students based on
what they learned
before (oxidation
states) very
quickly.

However, it seems
that she gives
more opportunities
to collect
responses for
several students
(even though the
nature of the
questions are the
same)

She monitored
student work when
they are in groups,
she checked what
they were doing
and made
guestions

General feedback
on previous work.
It was not very
descriptive though.
When she solved
the problem and
students gave the
correct responses,
she provided
evaluative
feedback.

In her explanation
of redox, in some
moments she mad
deeper
explanations or
responded to the
student. For
example, referring
to the atom or to
first semester
content.

She made a public
announcement
when students
were working and
explained the
problem to the
whole class (FA
moment)

| think the teacher
was more explicit
here in making clear
to the students the
rationale for the
class, so students ca
figure out what they
are doing.

She made reference
to previous
knowledge.

The teacher
explained what she
& noticed when
monitoring student
work.

=)
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Table 8 (cont’d)

29/5/13 | Review of redox| In this lesson the teacher started by explainiegwo No learning At the beginning, | She explained why| She again, is making
materials problems that were struggling students. She exgdain | target. She the questions were| she will start by re-| connections with
two problems in detail by determining oxidationteta | continued about a task that | doing the problemg prior knowledge. For
and half reactions. She reminded the rules and working with the | students already | that were more example atom
procedures for that. guide. She just did. problematic for the| structure and models
Then the teacher reviews one problem that students| said: “redox When she students. She
mentioned as struggling. She explained the entire stuff” explained the identified the areag
process and emphasized the problematic ideas and exercises, the and topics that
procedures for the students. students were were more
Students worked individually 1) completing a chaith making questions, | struggling.
redox reactions, 2) identifying the atoms that are or she made She recurred to
oxidized and reduced, the half reactions, the akidi questions to the previous
and reducing agent. students. knowledge and
She explained the exercises to the students, soeeti In general, most off atom model to
by different ways. In one case she drew an atometnod the responses are | explain one of the
on the board. In general, students’ questions weng straightforward problematic ideas:
similar, about determining oxidation states. Other and feedback is change of charge
students made different questions about the fixate evaluative. in ions.
review and she referred to prior knowledge. While students
work individually,
she supports
student work by
different ways,
including models.
30/5/13 | Redox  reactivity| The teacher started the lesson by explaining the No learning Questions to Connections with | There was an
theories sequence for future lessons. Students were checking target. It is just an verify, some of previous lab to interesting discussiory

Voltaic cells with
redox reactions

redox pairs based on reactivity theories. She ddfin
what a redox couple was. Then she explained aigolt3
cell. She explained how redox reactions occuret th
cathode and anode, in detail.

Students continue working on the redox review.

explanation of the
sequence.

them are more
open (the copper
color).

Students make
some questions, to
see if student
remembered the
basics.

During the review,
students worked
individually and
she asked studentg
if they were
understanding or

how they felt.

explain red/ox of
cooper.

She’s then
providing context
to the unit.

She responded to
student questions.

about grading with
the students.

There are several
moments here about
the final exam. A
quiz for each chunk
is announced.
Students made a lot
of similar comments.
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Table 9

Descriptions of Lisa’s Lessons

Date | Content Description Learning Eliciting students| Closing the gap Notes
Targets ideas
21/3/12 | Hess' law lab The teacher started by explainingadbeo the students. She asked the Few students madelt seems that the She will give the
It consisted of three experiments. She explainesl| tkearning target tg questions to clarify] explanations, results of the lab
procedures, about what to measure and how. She| shi&l students. (the procedures.  She calculations, and handout in a few
that in the next lesson students will deal wittcaldting | purpose of the briefly responded debriefs will occur| more days, and she
the Hess’ law equation. lab...). Studentd or made students in the nextlesson.| made connections
The teacher insisted in following the procedured amad read the more questions. with the final exam.
directions: 1) To measure temperature accuratelip 2)prelab before| Teacher made a
prepare the right solutions. She said that shendid| She guided this t¢ couple of
want skewed data in the measurement. introduce the| announcements
In the lab, students started working in groups. Thmeain ideas for the related to follow
teacher monitored was monitoring how students warkdab. some procedures.
In some cases, she clarified, responded to thestsicr The teacher
made questions. She usually had students regpeat monitored studen
instructions and read them (then she confirmedigte work and
response). Her main concern was about helping stside responded to the
in completing the right procedures. questions.  Often
she explained;, she
said that that will
be explained later.
4/6/12 | Review Students were working on the redox review. Thso mention Basically the Explanations to the She made some
redox lessons students have half of the lesson to go through |the teacher respondedstudents. When if comments to re;
review. Students started working and made questions to students’| occurred shg explain the main
individually to the teacher. guestions. basically explained ideas of redox, and
Some students are working, others aren't. She provided some again. Sometimes, explained the
Then she made a general explanation of the probiems good explanations in different ways. | sequence of future
the group. She started explaining the review. Sionest on feedback. lessons.
she asked to the students for the responses. Theénig In  the review,
to provide more explanations more than just theemer some students
response. made  questions.
She modeled the procedures for completing some Note: it is likely
exercises. She explained with mode details. Sheemad the teacher tried to
questions to the students, and at the end she maoe do more
checking for understanding. She continued reviewing conceptual
the rest of the questions briefly. Students madeva questions and
questions at the end. The teacher explained |the checking points.
characteristics of the quiz.
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Table 9 (cont'd)

5/6/12 | Beginning final| Students complete a quiz on redox reactions. Thsn goal Few questions.She made Teacher
exam review they started working on the final exam review. These werg announcements:| explanations
Later, students worked on the review. She gave the individual  and| highlighted the| tended to be very
formula sheet. focused on questions  that straightforward and
details need review. directed.
6/6/12 | Final exam| She started by explaining the materials and [th® goal. Jusi The  questiong The revision will
review formula sheet for the final exam. Students workegkbneral were not very| take place in the
on the thermochemistry questions of the review| indications. audible. But it| next lesson.
seems she was
supporting
students and
giving
explanations.
18/3/13 | Unit review | She started by talking about the review before(tldne did not| Her  questiong Basically there| She introduced the
before quiz test and the sequence of activities in the reviehave a clear LT| were mainly to| was explanation| sequence 0
She also referred to the test characterigtibst specified at check thatl but much more activities that
(multiple choice, etc.). the beginning of students  were lecture. students are
She reviewed some problems of the review. Stiee lesson this| following her. working during the
started by the one and explained how to solve| th&%hat I'd like | At the end of week.
problem and what to focus on the statement atal concentrate each explanation Her focus was ofr

other information given. She explained the datm today, is| she made helping  students
and gave an example with actual numbers, |amthke sure we questions to notice the clues and
emphasized on getting the right procedures |andderstand check that the details on the
data. She went step by step. Hess’ law, how| students  were problem, for
Then she explained enthalpy diagrams and Heées do these understanding. example, by
law. She explained one problem in detail. Tharoblems, the looking at the deltg
same for heat of formation. She gives time to |tineat of H problems
students to complete the review that will enter fiormation
the test. The last half hour. problems, and

specific heat]

problems”
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Table 9 (cont'd)

20/3/13

Hess' law lab

The teacher started by explainingpreslab. She
described the procedures that students had t
and the security procedures when dealing with
reactives and the materials. It was basically
lecture.

Students started working on the lab. They wor
very well compared with last year lab. They wsg

No mention
D do
the

a

ked
bre

following the procedures and completing the

handout. Few questions related.

At the end, she made questions to review in|the guestions. In
classroom. She asked for the three reactions. | She some cases she
wrote the equations and summed the values up to didn't give the
show how the Hess’ law equations are connected. answer.

Students made the calculations for determining Questions at the
enthalpy values. Before the review that Wwill end of the lab
happen in the next lesson, students need to regarding the
complete some exercises equations.

She made someShe

guestions to
verify that

students  were
following her

lecture.

During the lab

she responded tp
students’

made
announcements
related to lab
procedures
students had tg
follow correctly.

that

D
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Table 9 (cont'd)

213113 | Review of lab| The teacher started by reviewing the informatioshe referred She basically She explained She showed to the
results from the lab exercises. She used data from [otwéce to the| asked studentsthe rationale fon students the
student to make the calculations. She remindetstructional about what they her instructional| rationale for hern
Entropy students all the procedures to compute Q. |Skequence thatdid in the lab and decisions, when decisions.

went reaction by reaction. She explained how students are how studentg she had studentsShe also explained
compute the math concepts, and gave |tb&periencing made sense dfcomplete thel how this activity
examples. Finally she calculated the values jaddring the| their work. results of the lab| was connected with
applied Hess’ law by using experimental data, ameeek. She also In the section of She provided an instructional
found a small margin of error. She encouragedentioned what entropy she feedback on the sequence.
students to review their own data and self-correcstudents did and made some goodresults of| There were nicq
She explained with more details what entropy| iearned, what probing calculations and connections  with
She used real-life examples, she re-did |h#rey are doing questions. explains that it| previous and future
explanations about factors that affect entropy with the current| In the Gibbs law, was pretty good | knowledge.
other examples. It was the same explanation,| besson and what she made
more detailed. they are doing questions to helg She mixed a lot 0
Later she explained Gibbs’ free energy equationitothe future. her verify that things, including
determine if a reaction was spontaneous. She students  werg instructions,
explained how the formula operates in differei@he debriefed understanding. explanations, and
situations. learning targetq comments.
She explained the assignment in which studeritg example, in
needed to determine if a reaction was spontaneoihe entropy
She also explained the influencing factors (fqrart.
enthropy again, but with more details. She also
explained one math problem.
She then explained entropy problems of the guide.
She said what these problems were about. Students
worked by themselves in the last 10 minutes.

223113 | Entropy review The teacher was reviewing the pnwmisleof| Not mention Questions were She madg She gave the
entropy. She gave the responses to the studeBis she| just to verify if | explanations “on indications for the
and, in some cases, students responded or megglained the students have thethe fly” rest of the
comments. In a few cases, she solved |tBequence of right response. problems.
problems. activities for the
The assignment for students was to complete| thext week to She provided a
rest of the package. She explained what edoblp  students very detailed
problem was about. know when explanation of

they will have Hess' law to the
to submit the students.

package.
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Table 9 (cont'd)

28/5/13

Redox reactions.
Determining
oxidation states

The teacher introduced redox reactions, as the
package to be covered in the year. OIL — RIG
rules. She lectured on the concepts.

Then she explained what oxidation numbers ar
well as the different rules, for different types
substances. Next, the teacher solved four prob
to help students figure out the rules and use the
Students work individually solving some red
problems.

I8bie said
as a
chemical
erasction, your
ofob is to figure
e, by
nassigning
owxidation
numbers, to the
entire equation

normal

what element
was being
reduced and
what element
was being
oxidized, and

them will pull
them out and
create these ha
reaction”

“Just During

the
lecture she wa
concerned on thé
key students tg
see if they werg
following her as
well as making
guestions.

She asked fo
one student td
solve one
problem
publicly, like a
demonstration.

Verification

guestions at the

fend.

She

In terms of
“don’t guess”
and reminded
them the periodig
table.

The explanationg
tend to be very
simple.

made & She
5 comment on g
> student response

recurred g
students’ prior
2. knowledge to
explain the ruleg
for oxidation states

Reminded the
important rules and
emphases when sh
lectured.
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Table 9 (cont'd)

29/5/13

Redox reactions.

She started by summarizing the main ideas f
the previous lesson. She used this to explain
concept of half reactions. The teacher sta
working with a chemical equation and s
completed the oxidation states with student h
Then she taught students to cross out the reac
that are not redox. Then she taught to write
half reactions.

She also explained the tables for reactivity theso
as well as the relation of their values and

periodic table.

Then she explained the voltaic cell, described,
explained how the cathode and anode work and
processes that occur (she also teachers
nmemotecnic REDCAT).

Students started working with the assignme
They have to complete some problems

following these steps. They have to complete
questions.

Before starting, they solved one problem with

class together. She completed all the steps
made questions to the students to get the 1
values.

oXo mention of

e learning
rtéarget, but she
halso made
elpifferent
tipnsblems.

the

She debriefeg

rithe task for the
tHesson:

“we are taking
atie  full redox
fleactions,
tesign oxidatior
numbers,
priietermine  what
by the oxidation
dmalf  reaction,
what's the
thexidation half
aedction, what's
ighe  oxidation
half  reaction,
and filling the
chart.”

She askeg
students  while
2 she explains tg
integrate
students’ ideas
and check if they
were writing.

Students noticed
an error in
teachers’
explanation.

Not many, only
when she madks
sure that student
were  working
and responding
correctly.

Connection  with
> general ideas o
schemistry and
science.

f
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APPENDIX 2:

Teacher Interview protocols
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Interview Protocol #1

Teacher demographics: Years of experience (classeow professional), certification, previous
PD with FA, grade levels of teaching, number oflstuts per class.

Note: These questions refer to the process of im@hting formative assessment in your classes.

1. What are the current ways you are using forreaassessment with your students? Can you
provide specific examples in science?

Follow-ups:

- How do you know if students understand what gmuteaching?

- How do you know if you need to re-teach?

- How do you re-teach? Can you give an example?

- Do you find that you use different types of fotima assessment with different
science activities or different contents?

2. What have components of formative assessmeant [earning targets, feedback, questioning,
instructional decisions, self/peer assessment) Hhmeen effective in your classroom? Why?
Please give an example.

Follow-up
- Have these been easy or difficult to implemewRy?

3. What factors have influenced (positively or riegdy) your implementation of formative
assessment? (if they only mention learning teapositive influences)

Follow-ups

- Has anything hindered your implementation ofrfative assessment?
- Are any of these factors specific to sciencefly\& why not?

4. How do you currently understand formative assess?

5. Regarding your current understanding of forneatassessment. Can you identify some
experiences that helped you learn about this psaces

6. To what extent has your learning about formatgeessment improved your teaching of
science?

Follow-ups
- How?
7. Have your students been affected by your impfgat®n of formative assessment?

- If yes, how?
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Interview Protocol #2

Introduction
In this interview you will see video segments retato your formative-assessment practice. The
guestions focus on the formative-assessment-reldedions that you made as part of your
instructional practice, to gain insights into yoideas about teaching and decision-making
process—based on evidence of students’ understandings.

Two video prompts

- Formative-assessment moments over the course a week
- Formative-assessment moments over two years, ddlatbe same topic.

After seeing each prompt

1) What are students’ ideas or misconceptions abaitdpic (energy/thermodynamics or
redox reactions).
Follow ups
- Did this year’s students have problems with thec®piow did you notice
that?
- How do students learn these “problematic” ideas® o you plan to teach
this topic and address these ideas?
2) What did you notice about students’ ideas that mame..making a decision/question/
providing feedback?
- Why did you make that decision?
- After seeing the clips, would you have done sonmgthiifferent? why?
Follow ups
- How do you know that all students are making prsgréo the learning
targets?
- How do you make students aware of their ideas/ nstaleding the content/
moving forward.

Evaluative questions

1) After seeing these video clips, what do you thibkwt your FA practice?
2) What factors affected these practices? What alb@uFAME learning team?
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APPENDIX 3:

Preliminary Coding Schema for Lessons

195



wnN e

wN e wN e

wN e

wnN e

=

Preliminary Coding Schema for Lessons

Assessment conversations (Delimit length)

Context

Part of a planned activity
Part of an explanation / response
On the fly

Involvement & participation

Whole class
Individual or short group of students

Type of activity

Lecture/ Explanation
Group work
Lab/ practical

Science Topic

Redox
Energy in chemical reactions
Other

Nature of the topic

Conceptual
Procedural

Inquiry*
Formative assessment practices

Learning targets and process

Use of learning targets & connections with learnmgets
Connections within the same lesson
Connections with instructional sequence *prior &nlessons

Feedback to students

Evaluative
Descriptive
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agrwbnE

Sort of metacognitive (push students thinking fadya

Gathering and using students’ ideas

Teachers elicit students’ ideas

Students are asked for their ideas
Teacher recurs to “generic” student ideas
Teacher refers to previous student work
Teachers make students ideas explicit

Teacher actions & regulation

1. Make instructional decisions (explicit)

wN P

wN P

Having the potential of making instructional degiss *this is tricky, but I'd like to see if
it works
Teachers doing interactive regulation

Student learning/actions *this is hard to see,rbaybe it is possible.

Students making questions

Students showing their understanding *for examsponding to questions correctly. or
giving explanations.

Students solving a problem & showing their work

Students making connections with prior knowledgel&as

Students understanding learning targets or bigsidea

Student involvement& participation

All students providing evidence of their learning
Teacher collect evidence of some students
Use of particular “key” students

Use of students’ ideas

Checking for understanding
Convergent assessment
Divergent assessment
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APPENDIX 4:

Coding Schema for Learning Team Meetings
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Meeting Activity Codes

1 — Sharing an example or tool from practice (stof personal, observations experiences
student work)

2 — Analyzing & discussing examples of samples taflent work or video of classroo
teaching

3 — Reading, writing, examining, discussing infotima from a book or other source (vide
website)

4 — Presentation of information (lecturing...)

5 — Discussion of external constraints or classrbased obstacles
6 — Discussion of potential uses of Formative Assesit for student learning, teach
collaboration, school-wide reform...

7 — Discussion of unrelated topics

8 — Guiding Discussion (e.g., setting the stagangidirections, reviewing agenda or goals
meeting or for future meetings)

9 — Other

5, Or

m

0,

ner

for

10- Planning for classroom implementation (e.gitimg learning targets, creating tools (exit

slips, questions, models...), unpacking content...)

Formative Assessment Content Codes
1 — Planning (mapping out when, why and how foragatissessment will occur)
2 — Learning target use (student outcomes or gtieds are defined in student friend
language)

3 — Student evidence & formative assessment tpotsl(icts, observations, conferences)

ly

4 — Formative assessment strategies (i.e., actiyadrior knowledge, goal setting, feedback

use, self-assessment, peer-assessment) AND/ORatistral decisions (what teachers do w
student evidence)

5 — Formative feedback (feedback to students tthiEah know how close they are to learn
targets and what they can do to get to the learairggts)

6 — Other (i.e., not specifically about formatiasassment)

7 — General formative assessment or overview ahdébive assessment (no discussion

specific strategy or tool)

ith

ng

of

199



Depth of Content/Focus Codes
0 — No depth (e.qg., if there is a 6 (“other”) fdretcontent code; if the discussion is
specifically about formative assessment)

1 — Abstract coverage of the formative assessnwmrient

2 — Coverage of theory only (e.g., strategies witHmking to specific tools or mention of
how the theory will be implemented in classroom&IND/OR no mention of how content

(math, science, ELA, social studies) plays a role

3 — Coverage of practice only (e.g., tools withauink to how they are linked to a speci
strategy or a theory of how the tools will furtlstudent learning)

4 — Linking theory and practice (e.g., how a to®llinked to a strategy or how a spec

teaching/learning practice)

not

fic

=h

c

Depth of Discussion
0 — No discussion (e.g., reading material, compieti worksheet, watching a video...) or
topic
1 — One-way sharing (e.qg., presentation of inforomatno discussion)
2 — Parallel sharing (sharing examples or ideabawit building off of others’ examples
ideas)
3 — Discussion links ideas or examples togethewuin building off of others’ ideas, but dg
not push for reflection or in depth analysis of thys”
4 — Discussion links ideas and examples throughesamination of WHY things ar
similar/different or WHY they happened ...; challemgieach others’ ideas

Off

es

D

Participation Structure

1 — Whole group (e.g., presentation to whole growpple group sharing, whole group

watching a video...)
2 — Small group
3 — Pair-sharing

4 — Individual (e.g., individuals reading a book)
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APPENDIX 5:

Code Trees Representations
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