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The University of Idaho and RMC Research Corporation proposed a latelssame and development

study to the National Science Foundation (NSF) Discovery Resea®(CHRK12) program that

addressed the learning strand by studying the Longitudinal Learning of Viable Argument in Mathematics

for Adolescents (LLAMA) interventicam effort to improve Gradg a G dzZRSy 4aQ YIF G KSY!Il GA O,
through the construction of viable arguments, a national standard of mathematical practice. LLAMA was
funded Septembet, 2016 and will concludat the end ofa secondno-cost extension year on

August31,2022(NSF award 1621438). The project seeks to demonstrate the effectiveness of the LLAMA
intervention and contribute to the knowledge base of student mathematical learning.

These goals are met by addressing 6 research questions:

1. To what extent di students in the treatment group demonstrate greater improvement on state
assessments than students in the control group?

2. Does the implementation of the LLAMA intervention chafigé dzR &bffity to Eonstruct viable
arguments and critiqgue the argumend$ others?

3. Does the implementation of the LLAMA intervention chaiigs | O &b8ityd#® €bnstruct viable
arguments and critique the arguments of others?

4. To what extent does treatment student learning align with that hypothesized in the LLAMA
learning pogression?

5. What pivotal intermediate conceptions are important for Graglstudents in developing viable
argumentation conceptions and practices?

6. What factors do teachers report as barriers to implementing the learning progression and the
practice of teaching and learning through viable argumentation?

The LLAMA design is based on a review of current research and builds upoql2 BRHoratory study,
Learning Algebra and Methods for Proving (LAMP), which developed-defiakd theory, intervention,

and collection ofmaterials. The LAMP pilot study showed promising results with a small samplegse.,
than 50 students per condition) in which the treatment students outscored control students on Smarter
Balanced Assessment Consortium (SBAC) state fB®atment students also made significant-post

gains on the LAMBeveloped argumentation protocol and control group did not.

The theory of action is:

A If teachers incorporate the LLAMA intervention into their curriculum and assessments,

A Thenstuderts will acquire the 12 conceptual pillars and increase their argumentation skills and
mathematics achievement.

Treatment students experience the LLAMA intervention and the practice of teaching and learning with
and through viable argumentation as featur@sdaily instruction and regular assessment. To ensure
implementation fidelity, LLAMA providdreatment teachers with school year and summer professional
development workshops and regular coaching sessions inlyaad YeaP. In YeaB and Yea4, the

control teachers become a delayed treatment group and receive the professional development.




Intellectual Merit

A comprehensive understanding of how reasoning and proving skills develop alongside content learning
in Grade8 does not exist outside theAMP pilot study. LLAMA addresses this gap in the research by
extending the work of LAMP to all C%&rade8 content domains and to larger and more diverse
3S23ANIF LIKAO aSdidAay3aa (G2 R20dzySyid addzRSyidaQ fSFENYyAy
intervention is effective for all. Teaching of viable argument outside of high school geometry is meager
despite calls over the past 2 decades from national organizations to place more attention on this
standard at all grade levels. LLAMA will provide theueses teachers need to incorporate viable

argument in their classroom by further developing and refinin@(@mplete set of teacher materials

that bring together the foundations for developing viable arguments and critiquing the arguments of
others whlie targeting success with CEG8%nd the corresponding SBAC assessments arah(b)
evidencebased learning progression that teachers can use to engage students in accessible proving
tasks.

Broader Impacts

.882yR [[!'a! Qa 02yl NR o duitedafics le@ning, KLAMABIXGENNEOK o0 & S
understanding of mathematics learning while promoting improved professional developmeglaf K
mathematics teachers by producing a detailed description of how to facilitate reasoning and

argumentation learningn Grade8 classrooms and meet the C@%Sb)improve mathematics teaching

and learning in the United States by developing curriculum materials and detailed instructions on

facilitating viable argument in Gradeclassrooms, and (8) Y LINE @S a hiledaig@néni skills, G A |

which are critical for a globally competitive STEM workforce.
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Four study designs address the 6 research questions. RMC Research leads the research on the first 3
guestions pertaining to the eftgiveness of LLAMA on teacher and student outcomes. University of

Idaho (Ul) leads the research focusing on Research Questiéna/Hich promise greater understanding

of how students learn and how teachers implement the interventiinis chapter providean overview

of the four original research studies. Over time, RMC Research and Ul developed additional studies and
modified the original study designs. The modifications and new studies are described in subsequent

chapters.The LLAMA logic model is shoimrExhibitl.

I This section presentle research designdescribed in the proposalngmajor modificationsto the

designs are described with the report chapters for each study.

Exhibit1: LLAMA Logic Model
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Research Questions

1. To what extent did students in the treatment group demonstrate greater improvement on state assessments

students in the control group?

2. Does the implementationofthe [ ! a! AYGSNBSy A2y OKIy3aS &dGdzRSy i a.

critique the arguments of others?
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critique the arguments of others?

4. To what extent does treatment student learning align with that hypothesized in the LLAMA learning progres:
5. What pivotal intermediate conceptions are important for Grade 8 students in developing viable argumentatic

conceptions and practices?

6. What factos do teachers report as barriers to implementing the learning progression and the practice of tea

and learning through viable argumentation?

Study1: Student Achievement Study Design

RMC Research will conduct an experimental research study afLiABIA intervention to address

Research Questom¥ & ¢2 ¢gKIF G SEGSYyd RAR aiddRSyida Ay
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consist of students whose teachers waandomly assigned to start participating in the LLAMA

intervention in Yeal and the control group consists of students whose teachers were randomly

assigned to start participation in the LLAMA intervention in Bedm this design the independent
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variable is the LLAMA intervention and the dependent variable is state mathematics assessment scores

(i.e.,Smarter Balanced Assessment Consortium [SBAC] scores). The primary hypothesis is that students
in the treatment group will improve significantly morerrathematics content learning measured by

SBAC than students in the control group.

A hierarchical linear model (HLM) will be used as the primary analytic method. The study recognizes that

that both mediating and moderating variables might have an impadtodent achievement.

Moderating variables are variables that exist at the time of the baseline and that may have an effect on
outcomes (e.gstudent gender, baseline achievement). Mediating variables are those that occur during
the treatment time period ad that may have an effect on the outcomes (emgunber of coaching visits,
hours of PD their teacher attended). At the time of the proposal the team identified 3 hypotheses to

examine the moderating effects in secondary analyses. The first is that teeateachers will be most

effective in their third year of project participation; therefore, participation year is included as a

moderator of the effect of the intervention on student outcomes. The effect of LLAMA on student

outcomes is expected to be stigest for students with a treatment teacher in Y&mwho will have had

2 prior years of practice implementing the intervention. The second hypothesis is that treatment

teachers who implement the LLAMA intervention with high fidelity will have a graatemdt on student

achievement than teachers who implement the LLAMA intervention with lower fidelity. A fidelity

measure will be incorporated in the model as a moderating variable to assess the effect of the

interaction between implementation fidelity andhé intervention on student outcomes. To assess

possible intervention mechanisms, the third secondary analysis hypothesis is that teacher content
knowledge and practice mediate the relationship between the LLAMA intervention and outcomes. The

Mathematical Kowledge for Teaching (MKT) assessment will be used to measure treatment and control
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Study?2: Student Argumentation Study Design

RMC Research will conduct an experimental aesle study using a prgost design and posinly design

to address Research Questiorz 52 Sa GKS AYLIX SYSyGlF A2y 2F GKS [ ]
GNBFGYSyl adGdzRSydaQ lFoAtAde G2 O02yaildNMzOG OAaAlofS |
student achievement study design and this student argumentation study design, the treatment and

control groups remain the same. The independent variable is the LLAMA intervention and the

dependent variable is student argumentation and reasoning skillselprapost design, treatment and

control students in Yeark, 2, and 3 will complete the Student Argument and Reasoning Assessment at

the beginning (pre) and end (post) of each school year. The pretest has 5 items: 4 that measure the

abilityto construct% 0 £ S | NHdzySydasz FyR m (KIFIG FaasSaasa GKS
items address mathematical content at the Gratlilevel to ensure the Gradestudents have the

mathematical knowledge necessary to adequately complete the assessmemtratest at the

beginning of their Grad8 year (i.e.this approach ensures the assessment is measuring argumentation

skills and not mathematical content knowledge). The posttest includes the same 5 items as the pretest

and 4 additional items that addresnathematical content that is taught to Gra8estudents during the

school year. In the prpost design, the hypothesis is that students in the treatment group will improve
significantly more in argumentation skills than students in the control groupdgubie 5 items that are

on both the pre and post). In the pastly design, the hypothesis is that students in the treatment

group will score significantly higher on the posttest than students in the control group for the 4 items

that are only included othe posttest.

Study3: Teacher Argumentation Study Design

RMC Researahill conduct an experimental research study to address Research Quesiion ¢ 52 Sa (K S
AYLX SYSyGlrdAazy 2F GKS [[!la! AYy(iSNBSyiliAzy OKFy3aS i
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argumentation study design, the treatment and control groups remain the same. The independent

variable is the LLAMA intervention and the dependent variable shraargumentation and reasoning

skills. The independent variable is the LLAMA intervention and the dependent variable is teacher
argumentation and reasoning skills. The treatment and control teachers complete the Teacher

Argument and Reasoning Assessm@mRA) as a pretest in Ydaand a posttest in Year. For both the

pretest and posttest teachers complete the posttest version of the Student Argument and Reasoning
Assessment (i.ethe one with 9 itemsherein referred to as the Teacher Argument anéging

Assessment [TARA]). The hypothesis is that teachers in the treatment group will improve significantly

more in argumentation skills than teachers in the control group.

Study4: LLAMA Learning Progression Study Design

There are 3 major components the learning progression study design. In the first component,

University of Idaho will gather classroom work or assessments from all treatment students. Treatment
teachers will submit 13 pieces of student data from 13 time points from all students i &3 and 3.

The student work will address the 12 processes for students to master and 12 related conceptual pillars.
In the second component, University of Idaho will draw a random sample of 10 treatment teachers to
participate in an intensive case syl In Yearg, 2, and 3, these teachers will be observed and

interviewed 3 times each year. Both research teams will complete a Classroom Argumentation
Observation Protocol at each observation and videotape the observations. University of Idaho will
interview the teachers using the Teacher Interview protocol and record the interviews. The recording
and videotapes will allow for idepth analysis. In the third component at the beginning of Yéags




and 3, University of Idaho will draw a random samplé®freatment students each year. The students

will each complete 12 Cognitive TeB&sed Interviews (Ginsburg, 1997), which represents one interview

for each of the processes/conceptual pillars expressed in the learning progression. Each interview is
condDi SR AYYSRAIFIGSE@ I FGSNI GKS aiddzRSyiaqQ GSIFOKSNI AY
process/conceptual pillar. The interviews will be videotaped and transcribed.

Utilizing all student data collected during the 3 components University of Idaho willmsthadology

similar to Lobato et al. (2012) to address Research Questbn ¢ ¢ 2 ¢KI i SEGSyd R2Sa
f SENYyAY3 fATdYy gAGK GKFG KeLROIKSAAT SR Ay GKS [[! a
aldzRSy G aQ f SI NIypoyhasized iniha ¥aiinings progréssian KLbbato, Kohensee,

Rhodelhamel, & Diamond (2012) assert that learners might have rudimentary ways of coming to know

and reason that are important for their development that have been forgotten by experts. These 12
conceptions become pivotal intermediate conceptions when they can be leveraged toward more
A2LKAAGAOFGSR glea 2F NBlFraz2yAy3ae ¢KS YlI22NARGe 27F
reasoning and proving and that of experts. To address Res@arestionp = G2 Kl & LA @241t Ay
conceptions are important for Gradestudents in developing viable argumentation conceptions and
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during the 3components to develop models of student conceptions at various time points, based on the
methods of Miles, Huberman, & Saldafa (2013). This analysis draws upon frameworks for student

thinking developed from previous iterations of the intervention and kéllused to develop learning

trajectories (Ellis, Weber, & Lockwood, 2014) that describe plausible paths through which students

acquire more sophisticated thinking. Research documenting barriers to teachers implementing the

practice of teaching and learningth and through viable argumentation is limited, and perhaps absent

from the literature. Therefore a grounded theory design (Strauss & Corbin, 1998) will be used to
a2al0SYFGAOKtte ASYSNIGS I GKS2NER (2 »REEaminge T Od
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teachers incorporate the LLAMA intervention into their curriculum and assessments, then students will

acquire the 12 conceptual pilistrand increase their argumentation skills and mathematics

achievement. Consistent with the N&fded project CAREER: Proof in Secondary Classrooms:

Decomposing a Central Mathematical Practice, LLAMA hypothesizes that teaching students to construct
viable arguments (DRL1453493, National Science Foundation, n.d.) and critique the arguments of others

can be accomplished by addressing subgoals for proving and viably arguing. The LLAMA learning

progression is expressed as a sequence of conceptual pillacegses that target these conceptual

pillars, and assessable intermediate outcomes (AlOs), which are student behaviors comprising a

coherent collection of argument practices and conceptions of viable argumentation.

Conceptual Pillar 1Students conceive gfable argument as requiring explicitly stated features: a
claim, a foundation, and a descriptive or explanatory link between the foundation and claim.
Procesd: Introduce the LLAMA argument framework: claim, foundation, and narrative link as a
reminder d the minimal features of a viable argumentatigkiO: Students use the LLAMA argument
framework to construct and critique arguments.

Generalizing activities are supported by cultures that encourage justifying (Ellis, 2011). Currently, middle
gradesstudeh & | NB y2i 2Fi4Sy Fa]1SR (2 adZldR2 NI GKS 0O2y2aS«
naive conceptions of argumentation in nonmathematical contexts are often incommensurable with the
concepts of proof and viable argument in mathematics, and studertsialikely to discover

mathematicsspecific argumentation and proving conventions on their own (Bieda, 2010; Fischbein,

1982; Lobato, Clarke, & Ellis, 2005). Existing research and teacher support materials for middle school
curricula lack appropriate staadds for proving at the middle grades level (Bieda, 2010; Stylianides,

2009). EngageNY materials (New York State Education Department, EngageNY, n.d.), for example,
incorporate numerous proving opportunities and provide teachers with examples of worketsplut

[tat RFEOF &adz33Sada 00KA& &adzZJR2 NI Aa AyadzFFAOASYyO 7
proof. As a starting point for viable argumentation, LLAMA uses an argument layout (modified from

Toulmin, 1958, 2003) to give students and tearsha classroom standard for the minimally needed

features for viable argumentation: an explicitly stated claim, a foundation that supports the claim, and a
narrative link (warrant) that explains how the foundation is used to support the claim.

ConceptuaPillar 2: Students conceive of the mathematics register as communicating precise
meanings. Students conceive of 2 types of claims in mathemaj@seralizations and existence

claimg and they are acutely aware of the domain of the claims they preBeotess?2: Introduce

the language of mathematics for making claims (efay-all, or-any, if-then, andthere exist}. AlO:

Students use the language of mathematics to state claims; distinguish between existence claims and
generalizations; and identify domain§the claims.

The mathematics register uses precise meanings of terms in ways that are different from their everyday
uses (Schleppegrell, 2007). Many students do not give proper attention to words secéergs

1 Thirteen conceptual pillars were originally proposed. Several ofdimeeptual pillarsvere related. After careful review by
research and PD team members, the conceptual pillars were reorganized resultingancEptual pillarsvithout losing any
information.




(Galbraith, 1981), yet such terms signifypontant mathematical meanings. The appropriate use of the
mathematics register is important for learning (Schleppegrell, 2007) and is intertwined with the practice
of mathematics itself (Ball & Bass, 2000). There are 2 types of claims in mathenfiatiad and

there-existt and based on these quantifiers, arguers choose a mode of argumentatiorefample,
exhaustion, deduction). The argument mode must fit the claim type. However, students have difficulty
identifying the claim type. Feall statements caisound like thereexist statements to a novice (Yopp,
2015). Students who fail to distinguish between the 2 types of claims may choose inappropriate modes
of argument (Yopp, 2015).

Conceptual PillaB: Students conceive of viable arguments for existence claims as providing an
example in the domain of the claim and demonstrating that the example has the desired properties.
Process3: Introduce providing an example in the domain of the claim and demogjrtiiat the
example has the desired properties as a viable mode of argumentation for existenceAl@ms.
Students construct and critique existence arguments using this mode of argumentation.

Students can hold misconceptions about the role of existemgaments unless this mode of
argumentation is addressed properly (see Yopp, 2013, 2014). The Common Core State Standards for
Mathematics (CCS8) include numerous content targets for which existence arguments are
appropriate. For example, 2 triangles a@ngruent if and only if there exists a sequence of rigid

motions that map one triangle onto the other (C@3&rade8, G.2). A viable argument for this claim
provides an example (the sequence of rigid motions) and demonstrates that the example has the
desdred properties (maps one triangle onto the other).

Conceptual Pillad: Students conceive of empirical arguments as insecure support for a
generalizationProcesgt: Introduce skepticism by creating cognitive disequilibrium when students
generalize based on exploring a few cases and then discover a counterexample using activities similar
to those in Stylianides and Stylianides (2089Q: Students express skepticisineonpirical

arguments and express an intellectual need for more secure modes of argumentation.

The finding that students at all levels are convinced by empirical evidence is robust (Stylianides &
Stylianides, 2009). Untrained students may produce a fewngles when asked to prove a

generalization (Balacheff, 1988; Healy & Hoyles, 2000; Bieda, Holden, & Knuth, 2006; Porteous, 1990).
Students may believe that examples prove the claim. Skepticism arises when students acculturate to the
practices of mathematians (Brown, 2014) and when they overgeneralize and find a counterexample
later (Brown, 2014; Stylianides & Stylianides, 2009).

Conceptual Pillab: Students conceive of exhaustion as eliminating the possibility of counterexamples
for generalizations witlinite domainsProces$: Introduce exhausting all cases as a viable mode of
arguing for generalizations with finite domaisO: Students construct and critique arguments using
this mode of argumentation.

Students with strong reasoning skills tend tdldumental models for a claim and use the models to

explore the claim (Johnsdmaird, 1983). When the domain of a claim is finite, students can eliminate
alternative models (i.ecounterexamples) by checking all cases. Constructing models of all possible
O2dzy i SNBEF YLX S& AYLINR@OSA | R2f Sa0SyiaQ NBF&azyAy3
counterexamples to a claim (Johnsbaird).




Conceptual Pilla6: A general pillar encompassing several others. Students conceive of proof as

eliminating the pogbility of counterexamplefroces$: A general process that lays groundwork for

further processes. Introduce pragmatic (Cheng & Holyoak, 1985) and mental models (airtson

1983) reasoning strategies using Wason Selection Tasks (Wason, 1966)eGaleagiention to the

mathematics words and, or, if, none, some,alii 2 S &S &dGdzRSydaQ fAy3Idzhi aidACd
listing the premises and prior results to ease working memory burdens when reasoning. Encourage
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counterexamplesAlO: Students make valid logical inferences and express an intellectual need for

arguments that involve valid logic.

Conceptual Pillai7: Students conceive of valid reasoning for galieations with infinite or large

finite domains as applying viable logical reasoning schemas that eliminate the possibility of
counterexamplesProcess: Leverage mental models reasoning strategies to eliminate the possibility
of counterexamples to geraizations.AlO:Students construct tables of mathematical objects that
meet the conditions of a claim and mathematical objects that do not meet the conclusion. Students
use these constructions to find or eliminate the possibility of counterexamples.

John&n-Laird (1983) asserts that the goal of all logical reasoning is to eliminate the possibility of
counterexamples to claims. A definition of proof as eliminating the possibility of counterexamples

appears to be unique to the LLAMA intervention. This cotiee@rose from LAMP data where students

@t ARFGSR I NBdzySyida a F2ft26ayY G¢KAA | NBdzYSyid Aa
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conception proved tde a pivotal intermediate conception (Lobato, Hohensee, Rhodelhamel, &

Diamond, 2012) which leveraged students toward more advanced ways of thinking of proof. It is
O2yaraitSyid 6A0GK 2So0SNRaA oHAamnoO | &aSNIwhaiicludek | & LINE
multiple definitions of proof for a variety of educational purposes.

Invoking pragmatic reasoning schemas (Cheng, Holyoak, Nisbett, & Oliver, 1986) and mental models
reasoning schemas (Johnsbaird, 1990) improves deductive reasoning (sedicBtides & Stylianides,

2008, for a discussion of these schemas and mathematics education). Pragmatic reasoning theory

asserts abstracted, pragmatic rules such as permissive and obligation schemas are invoked when

reasoning (Cheng & Holyoak, 1985). ModalsizOK & OFys> Yl & |yR Ydzald S@2]
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theory have been associated primarily with the Reduced Array Selection Task (RAST) or Wason Selection
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those showing p, g, not p, and not qutfects do poorly on these tasks but improve with training (Cheng

et al., 1986; Evans, 1982). Activating pragmatic reasoning (Girotto, Light, & Colbourn, 1988) improves
performance. Increasing comprehension of logical (e, or, if, none, some, allgtms also improves

performance (Johnseh A NRX mMdppnod® aSyidlrt Y2RSta NBFaA2yAy3d (K
build models for claims and search for alternative models influences reasoning skill (Jhairso&

Byrne, 1991). Arguers construcemtal models of the information presented in premises and then

construct concise descriptions of the models.

These descriptions can be used to conclude something not stated in the premises. Arguers then search
for alternative mental models (i.ecounterexamples) that refute these conclusions. If alternatives are
ruled out, the conclusion is taken as true. Practice managing models and limiting the number of




premises improves reasoning (Anderson, Howe, & Tolmie, 1996; Case, 1984; dodingo@akhill, &
Bul, 1986).

Conceptual PillaB: Students conceive of referents as representative of all possible examples in the
domain of a claimProcess3: Introduce approaches for constructing referents in the foundation of an
argument as a means of expressing gergrdée.g.,generic examples, variable expressions and
equations, diagrams, prior results, and definitiodd}D: Students construct and use referents to
express generality in the foundations of their arguments and determine whether a referent is
representaive of all possible examples in the domain of a claim.

Referents such as examples can be useful in developing mathematical intuition and proofs (Burton,

1999; Fischbein, 1982; Hanna & Jahnke, 1996; Kichemann & Hoyles, 2009; Pedemonte, 2008; Sandefur,
Maso/ 2 {Ge@ftAlFYARS&Y 9 2F(az2ys HAamoT ,2LIJE HAMMOUL ®
conditions and conclusions, like a number sentence, picture, or diagram (Yopp & Ely, 2015; Yopp, Ely, &
JohnsoALeung, 2015). The key to using an example apjmitgly when crafting arguments is to seek

and express conceptual insights (Sandefur et al., 2013), which are structural features linking the
conditions of a claim to its conclusion (Yopp, 2014; Yopp, 2015). An example can be a referent in a viable
argumentfor a generalization when the example expresses a conceptual insight. Examples become
generic examples (Rowland, 2002) when they are used to represent all examples in the domain of a
claim and when the arguer appeals to only features of the example shwgrat possible examples in

the domain of the claim (Yopp & Ely, 2015). Nongeneric example reasoning results in a nonviable
argument and occurs when the arguer appeals to a feature that is special to the example. These

distinctions are found even amongadep a4 (G dzRSy G1aQ ¢2NJ] o! RIYas 9fesx 39

representative cases with a variable can help students use their empirical work to develop more general
arguments (Stylianides, 2007).

Conceptual PillaB: Students conceive of a viable argurhér a generalization as requiring a
conceptual insight that applies to all possible examples in the domain of a Blaoes®: Introduce
practice of searching for conceptual insights that express links between conditions and conclusions.
AlO: Studentsconstruct referents that express conceptual insights linking the conditions of a claim to
its conclusion; students know that viable argument for generalizations require a conceptual insight
that links the conditions of the claim to the conclusion.

At thisstage of the intervention, treatment students have learned to express conceptual insights in
referents such as examples. The next stage is to leverage conceptual insights to develop a more viable
conception of explaining why. To some, the power of praafdhool mathematics lies in explaining why

a claim is true (Hanna, 1990, 2000; Hersh, 1993; Schoenfeld, 1994). Generic examples and other
referents can have this explanatory power (Balacheff, 1988; Lannin, 2005; Yopp, 2009, 2010). As
students manipulate xamples and other referents, they become aware that they are searching for what
causes a statement to be true. These searches eabdilictivereasoning (Ely et al., 2014; Pedemonte,
2008).

Conceptual Pillad0: Students conceive of a viable argument fgeaeralization as appealing to and
using prior resultsProcesd 0; Introduce practice of recognizing established facts that an argument

NBtASA dzld2y yR LidzidAay3 yS¢ FIOda ADSudemsS t Aadé

are able to recogize and identify pieces of prior knowledge that are used in an argument.




Proofs use logical and prior results to demonstrate the truth of a claim. When the inferences are correct,

an argument is calledalid. To besound an argument must be valid and leakon true assumptions.

Mathematicians create sound arguments by noting the axioms, definitions, and theorems used in their
arguments. Even without using terms lixgiom Stylianides (2007) notes how Ball develops GBade
AUdZRSYyGaQ | g1 NNBESA & CST 2y UWBNRA2Z2MQF y26f SRAS 6KSYy GKS
GKS fAadéd YNHZYYKS dzBilNa facie dadiptakendmssbvideatKiGshawih&n 2 F
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definitions, accepted truths, and previously established results throughout the intervention.

Conceptual Pillad1: Students conceive of an indirect argument for a generalization as viable because
it eliminates the possibility of counterexamplBsocessl 1a: Revisit Wason Selection Tasks (Wason,
1966) with an emphasis on indirect argumentation. Introduce the concept of eliminating
O2dzy i SNBEF YL S& 6& RSY2y&aiGNIGAy3a GKFEG YFGKSYFGAO
satisfy the conditins.Procesdl1b. Students compare and contrast the collection of counterexamples
for a generalization and the collection of counterexamples for its contraposttiveesd 1c.

Introduce contradiction as an argument that eliminates the possibility of eoexemples to
generalizationAlOa:Students construct indirect arguments by building models for the properties of
possible counterexamples and use these models to find a counterexample or to eliminate the
possibility of counterexamples. Students asseafiseict arguments (contrapositive and contradiction)

by determining whether the arguments eliminate counterexam@&b:Students validate the

logical equivalence of a conditional claim and its contrapositive by affirming that eliminating the
possibilitycounterexamples to a claim also eliminates the possibility of counterexamples to its
contrapositive, and vice versalOc:Students construct contradiction arguments by constructing the
collection of all possible counterexamples (descripted by the matheathptoperties) then

demonstrating that supposing a counterexample exists leads to an absurd or impossible statement.

Indirect reasoning arises spontaneously in mathematics courses for students at all ages (Antonini &

Mariotti, 2008; Reid & Dobbin, 1998hompson, 1996). During the LAMP pilot study, researchers found

that students conceived of indirect arguments differently than experts. Experts tend to validate indirect
reasoning based on their knowledge of logical theory. LAMP students often affirmegcingéasoning

as viable by noting that the possibility of a counterexample had been eliminated. For example, a LAMP

student argued for the claim by writing (2k + 1)2b@)o H{1{ 0 b o b 10 b ™M YR &NA
GKSNB I NByQi 6§¥B O30 SSBEYY¥LBRR ydzYoSNI (KF{iQ& Ydz
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mental models and pragmatic reasoning schemas.

In general, students tend to do poorly on indirect reasoning tasks (Antonini, 2004; Antonini & Mariotti,
2008; Leron, 1985). LLAMA leverages pragmatic and mental models reasoning to address this proble
Students confirm rules in RAST tasks by eliminating all counterexamples (Wason, 1966). Students reason
as follows: all possible counterexamples are of the form p and not q; if in all cases of not g we have not

p, then counterexamples cannot exist. LAMBdents also successfully constructed contradiction

arguments (e.gthe square root of 15 is irrational) using this mode of reasoning @arguing there

cannot exist a quotient of 2 integers equal to this number).




Conceptual Pillad2: Students conceive of viable argumentation activities as requiring a decision
about what mode of argument to usBrocesd 2: Offer opportunities to practice the modes of
argumentation described above and opportunities to choose artttege modes of argumentation.
AlO:Students make appropriate choices about modes of argumentation relative to the task.

Stylianides and Stylianides (2008) assert that students require practice to become proficient at
reasoning and argumentation. In LAMRjdents needed to practice modes of argumentation in a
variety of contexts to become proficient. The LLAMA lessons offer opportunities to consider multiple
modes of argumentation in one lesson. For example, when solving a linear equation, if the student fi
a solution, then 2 claims can be madeere exists a solutioandfor all other real numbers, none are
solutions A student can argue for the latter claim by noticing that the equation 3x 3x+4 is

equivalent to the statement 2 4.

Enhanced Peajogy

LLAMA asserts that making viable argumentation a daily feature of teaching and learning and a regular
feature of assessment can increase student achievement. A similar hypothesis is expressed in the
NSHunded project Preparing Urban Midd&ades Mathematic Teachers to Teach Argumentation
Throughout the School YedDRL 1417895, NSF, n.d.). LLAMA asserts that this disciplinary practice
builds solid mathematical practices within students. As students solve problems, they make explicit
claimsabout their solutions and their solution approaches. By building the conceptual pillars, students
increase their ability to construct viable arguments, critique the arguments of others, and deepen their
understanding of mathematics, resulting in increasetheir performance on state assessments such as
SBAC. Teachers facilitate these practices and mindsets by encouraging students to articulate
mathematical claims using the mathematics registry precisely (Ball & Bass, 2000; Yopp, 2014, 2015).
Teachers enamrage students to negotiate their claims, to develop shared generalizations (Ellis, 2011), to
be explicit about their support for claims, and to communicate conceptual insights (Yopp, 2014, 2015).
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toward more sophisticated arguments that align with the practices of mathematicians (Stylianides,
2007). Teachers facilitate a daily practice of making mathematical claims with the largest domains
possible relatie to the data and conceptual insights students articulate. Consistent emphasis on these
practices during instruction and assessments creates a mindset that viable argumentation and proof are
central to mathematics (Knuth, 2002; Wu, 1996) and an impottiawitfor learning mathematics (Knuth,
2002; Yopp, 2011a).
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This section provides a list of the study instruments and describes which participants complete each
instrument and when. Many of the instruments are used across research stidlieigit2 shows the

primary study in which the instrument is used. Details regarding instrument creation are included within
the study design chapterin Exhibit 2, TX refers to treatment teachers and CT refers to control teachers.

Exhibit2: List of LLAM Instrument and Participant Completing Instrument

Instrument Participant Completing Instrument
Student Achievement Study (led by RMC Research)

Smarter Balanced Assessment RMC Research obtains SBAC daic student demographic dafeom the

Consortium (SBAC) school districts for 5 school years: 2 years of baseline data (spring 2015;
spring 2016) and data for Yedrs3 of the project (spring 2017; spring 2018
spring 2019)Modification. RMC gathexd SBAC data frorthe students of
active CT teachers spring 2019 anglanned to gather data in spring 2020;
however, all state testing was canceled in sp20@0due to COVIEL9.

Mathematical Knowledge for Teachin TX and CT teachers complete thisdur assessment at the beginning of

(MKT) AssessmeMiddle School Yearl (pre) and end of Yea&r(post). The MKT is a mediating variable for tl
Patterns, Functions, and Algeb study.Modification. The MKTwasadministered for a third time at the end
Content Knowledge 2007 of Yar 3. The MKTwasnot administered in Year 4.

Implementation Measure Modification. Originally this measure was a fidelity measure for the TX gr

only. The research team assigned a code to each teacher in Y8an@d 4
specifying the extent tavhich the teacher utilizes argumentation in their
classroom.

Student Argumentation Study (led by RMC Research)

Student Argument and Reasoning TX and CT students complete this assessment at the beginning of each :

Assessment (SARA, Pretest) year inYearsl, 2, and 3.Modification. This assessment waso
administered at the beginning of the school year in Year 4 by a subset of
teachers.

Student Argument and Reasoning TX and CT students complete this assessment atrideoéeach school year

Assessment (SARA, Posttest) in Yeardl, 2, and 3.Modification. This assessment was to be administerec
at the end of the school year in Year 4 by a subset of teacheveever, due
to COVIEL9 only one teacher returned post data

TeacherArgumentation Study (led by RMC Research)

Teacher Argument and Reasoning  TX and CT teachers complete this assessment at the beginning df {feea)

Assessment (TARA) and at the end of Ye& (post).Modification. The TARAvasadministered
for a third time at the end of Yea andfor a fourth time at the end oYear 4
to the activeCT teachers

Argument and Reasoning Assessmer Ul uses the rubric to score all teacher and student reasoning assessmen
Rubrics

LLAMA Learning Progression Study (led by University of Idaho)

Teacher Interview Protocol University of Idaho intervieed the9 TX case study teachers 3 times each
duringYear2.




Teacher Interview Protocol Il

Classroom Argumentation Observatic
Protocol

Monthly LLAMA Survey

Student Work Samples

Cognitie TaskBased Interviews

Because several of the case study teachers became inactive and some
reported less use of teaching via viable argumentation, the research tear
selected 11 teachers to interview in Year 3 with this revised protocol.
Teachers were selected with differing levels of implementation, based on
selfreport and coach rating and with different levels of mathematics
knowledge, as measured by MKT.

Ul observes TX teachers twice a year in Yeéa2s and 3 and 3 times each
year for TX case study teachek&odification. CT teacherand a subset of T>
teacherswere observed in Yeat

All TX and CT teachers complete the survey each month in ¥,erand 3.
Modification. The survey was changed from a weekly to a monthly
administration to reduce the data collection burden on teach@iss survey
was onlyadminigered to active CTeachersin Year 4.

In Yeard and 2TX and CT teachers uplaatstudent work samples via a
tablet each month. TX and CT teachers upéub2l samples: 1 demonstrating
rich student understanding of argumentation and another representing
partial understanding. TX teachers uplead third sample representing 1 o
the 12 conceptual pillardn Year3 TX and CT teachers uploaded 3 student
work sanples (limited understanding, moderate understanding, and stron
understanding) via a tablet at 3 points during the school year (October,
January, and May). Other data collection changes in ¥ @arluded asking
TX and CT teachers to identify the argumignpie from the item they chose
and to include the feedback teachers would have provided to students b
on their work. YeaB changes were made to decrease teacher burden in ¢
way that still enabled the research team to gain a rich understanding of
teaclSNEQ O2YLINBKSyairzy 2F (KS RATFTT
interact with their studentsYear 4 data collection was the same as Year &
with one exception: teachers were not asked to submit samples in May
because of COVAD® school closures.

Modification. The data collection plan specified in the proposal (13 pieces
data fromevery student corresponding to each of the original 13 pillars) v
not feasible. Coachesayscor the student work samples using a structure
scoring formin Year 5.

Coaches conduct interviews with 20 treatment students from the case stt
S OKSNARQ Of2aadilGia WeadBMEach fegr, 12 iGterNaws will
be conducted with each student, 1 interview for each process conceptua
pillar expressedn the learning progression. Each interview is conducted
AYYSRAFGStE® FFASNI GKS addzRSydQa
associated with the process/conceptual pillar.

Modification. In Yearl, the project wadunded too late to make tlsi
meaningful because the teachers may have covered too little. In &ér
dGdzRSydGa 6SNBE aSt SOGSR T NRumbawof Ol
student interviews was reduced from 12 to 6 to reduce teacher burden. T
change was made to constructiahrer data set. The team selected a teach
who was known to implement LLAMA with fidelity and whose location
allowed the students to be interviewed by all of the Ul PIs. Choosing
students from one teacher known to be implementing the program with
fidelity allowed the team to focus on the learning of students who had all
received the treatment.

In Year3, no students were irgrviewed; however, ain-depth case study
including student interviewssasconductedin Year4.




Coaching Log
Other

Professional Developme@urvey

Attendance Data

Summer Survey

Participation database

Coaches complete the log after each coaching session with a LLAMA te:

Teachers takg LLAMA professional development during the school year
complete this survey tprovide formative data.

University of Idaho and RMC Research track attendance electror{fcaitys
not included in this report).

Teachergarticipating in the Summer Institute complete this survey to
provide formative datdforms not included in this report).

RMC Research records all teacher and student information in an Access
database.

Note. TX=treatment, CT=control.
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The University of Idaho and RMC Research Corporation proposed a late stage design and development

study to the National Science Foundation (NSF) Discovery Resea®(CRK;12) program that

addressed the learning strand by studying the Longitudinal Learning of Viable Argument in Mathematics

for Adolescents (LLAMA) intervention, an effort to improve Graded G dzZRSy 1 aQ YIF G KSY!Il G A O.
through the construction of viablerguments, a national standard of mathematical practice. The project

seeks to demonstrate the effectiveness of the LLAMA intervention and contribute to the knowledge

base of student mathematical learning.

The LLAMA design is based on a review of currestarel and builds upon a DRK exploratory study,
Learning Algebra and Methods for Proving (LAMP), which developed-defiakd theory, intervention,

and collection of materials. The LAMP pilot study showed promising results with a small sampdsgi.e.,
than 50 students per condition) in which the treatment students outscored control students on Smarter
Balanced Assessment Consortium (SBAC) state tests. Treatment students also made signicestt pre
gains on the LAMBeveloped argumentation protocaind control group did not.

Thelogic model(see Exhibifl) for this project shows that the designated resources (National Advisory
Board, Leadership Team, and Research Team) will work to implement project activities (teacher
recruitment, professional defopment, refining curriculum materials, conducting research) that will
result in two major outcomes (enhanced math learning experiences for students and enhanced
pedagogy) with the ultimate impacts of increased student argumentation skills, increaseshstudth
achievement, and increased use of argumentation in math classes across the nation.

The research team designed several studies to measure various aspects of the project (as described in

other sections of the report). A central component of theaach is focused oane outcome

AYONBI &SR dzy RSNBE Ul YRAY 3 27F JhetteRry of clofforthisi K £ S+ Ny A Y
outcomeis:

If studentsexperience the LLAMA interventjon

Thenstudents will acquire the 12 conceptual pillrsrgument practices and increase their
argumentation skills and math achievement.

The theory of actioms A (0 KA Yy { KS Iftehdpersanaorpbratesthe d LAMA intervention into their
curriculum and assessments, then students will acquire the 12 gomakpillars and increase their
argumentation skills and math achievement. Treatment students experience the LLAMA intervention
and the practice of teaching and learning with and through viable argumentation as feafutagy
instruction and regular a@ssmeng ¢ KS (i K S 2 Nievisedas theQdsdahyteaivhed the
definitions of the various aspects of this complex praject

What is the LLAMA Intervention?

This project is studying anstructional intervention and not teacher professional delepment. For

this project the professional development is used to help teachers implement the instructional
intervention.LLAMA is amstructionalintervention that combines a learning progression and the

practice of teaching and learning with and througtk 6 £ S | NBdzYSy 4 G A2y G2 A YLINJ
to constructviable arguments and critique the argumeitsothers (National Governors Association




Center for Best Practices & Council of Chief State School Offii@fCBP & CCSSZY10) as they learn
mathematics contentTheLLAMA instructional interventiorincludes 3 parts:

1. The teacher engages students in learning experiences targeting the learning of the 12 CPs as
O2yiGSyid FyR LN} OGAOSad ¢ K basednskyctbh, gy Sy dé¢ OFy A
instruction, etc. In other words, LLAMA does not prescribe any particular instructional format.

2. The teacher includes viable argumentation, as described in LLAMA, as a regular feature of
instruction and a part of assessment throughoue tschool year. This does not require daily
inclusion. However, a teacher should attend to viable argumentation at least weekly, barring a
handful exceptions, such as preparation for dk@sed assessment.

3. Teacher should include viable argumentation fongmlizations frequently, meaning at least
twice a month, and have students attend to whether or not counterexamples to generalizations
exist and when students believe a generalization is troaye students develop descriptions of
counterexamplesnd argie that counterexamples are impossible.

Based on the literaturéMunter et al., 2014)he LLAMA instructional interventiorcould be classified as

an unprescribed interventiorAn unprescribed intervention habwyo characteristics: (a) the

instructional sequence and pacing are not predetermined (e.g., no topical, weekly plans are provided for
teacherstof 2 f f 24603 YR 600 GKS OK2AO0S 2F Glrala Aa yz20 |
conclusion of tharticle Assessing Fidelity of ImplementatioraofUnprescribed, Diagnostic
Mathematicslntervention,

Gal ye LI G SyyalityintdrvierdionKakedifprescribed, require considerable tailoring by implementers, and

rely on teacher knowledge and professbdevelopment. The rigorous evaluation of such programs requires the
development of reliable fidelity measures that are both feasible to use and true to program components. The use

of such measures enables evaluators to link assessments of fideliptevhemtation to outcomes in order to more

accurately determine the relative strength of interventions (Cordray & Pion, 2006) and to provide feedback to
RSOSt2LISNA GKIG gAft KSELI AY AYLINR@GAY3I LINBINIYAQ SFFSO

How DoWe Know If Students Experienced the LLAMA Intervention?

Totest the theory of actionthe research team needs know if the students experienced the LLAMA
Intervention.

Year 1

During Year 1 the research team created a fidelity measure but the reseschwas not satisfied that
this document fully captured the needed information.

Year 2

Atthe conclusion of Year, Zhe research team convened several meetingdétermine how to measure
the extent to which students experienced the LLAMA interventioe. résearch team reviewed all
available data sources and convened several meetiiyst reviewing the data sources, the LLAMA
team determined that

26%o0f the active treatment teachers and 18% of the original treatment sample implemented the
LLAMA intergntion at thecategorythey had hoped. 100% of the active treatment teachers
implemented some parts of LLAMA intervention.




At the onset of the study, 34 teachers were in the treatment group. As of the end of Y&ar@were
25teachers in the LLAMA tagmentgroup, 6 of which were identified by coaches as high LLAMA
implementers, (i.e.24%of the active treatment teachers and 18% of the original treatment sample). To
determine who qualified as a high LLAMA implementer, coaches reflected on all th@dateoaching
logs, coaching interactions, observations, student samples, teacher administered assessments, and
interviews) and deemed a teacher a high implementer if the teachptemented all twelve conceptual
pillars and made argument, as the LLAMAM envisions it, a regular pawt their instruction (i.e.an

almost daily featur® The LLAMA team worked intensely with Colbteachers in Ye& and plan to
continue in Year 4 of the grant to increase the number of high LLAMA implementers.

Year 3

By the beginning of Year 3 the research team had made several efforts to formalize all aspects of this
process. First, the research team created a clear formative tool, Cohort 2 Implementation Guideline
document, to provide teachers and coaches with ciegslementation guidelines. Second, the research
team presented a summative measure to the National Advisory Board in summer 2018. The purpose of
the tool was to determine which teachers to define as high LLAMA implementers and to serve as a
replacement foithe older fidelity measure

Over the course of Year 3 the research team carefully reviewed the National Advisory Board feedback,
reviewed articles on fidelity of implementation in educational contexts, created various versions of an
implementation/fidelty measure; and continued to hone the theory of action and intervention

definitions. The article Defining, Conceptualizing, and Measuring Fidelity of Implementation and Its
Relationship to Outcomes inMKH / dzNNX Odzf dzY Ly & SNISy d doehghistoricdl Q5 2 y Y S f
context to measuring fidelity in education environments:

GCARStAGE 27F akeMthdlyhwuSopnstrudt 3/ curficélum intervention research, but its use in
program evaluation dates back-36 yearXAlthough seemingly wedlefined in the health literature (cf. Hansen,
Graham, Wolkenstein, & Rohrbach, 1991; Kolbe & Iverson, 1981), fidelity of implementation is rarely reported in
largescale education studies that examine the effectivenesgIit Kore curriculum interventiongspecially with

regard to how fidelity enhances or constrains the effects of the intervention on outcomes (L. D. Dobson & Cook,
1980; NRC, 2004; U.S. Department of Education, 2006). Moreover, according to the NRC (2004), even less seldom
is such a measerof fidelity to 12 curriculum interventions used to adjust for or interpret outcome measures LJ®

34).

The esearch teanused theguidelines as described in Defining, Conceptualizing, and Measuring Fidelity

of Implementation and Its Relationship to Outcomesim K/ dzZNNX Odzf dz¥Y LYy dSNISy A2y
and Assessing Fidelity of Implementation of an Unprescribed, DiagnostieMatics Intervention

(Munter et al., 2014jo provide a framework for the research team to conceptualize how to effectively

assess the fidelity of the LLAMA interventidihese steps are outlined below along with a status update

for each step.

A Step 1:Ensire that the fidelity of implementation criteria and instruments are based on the
underlying theory of the program being evaluated.

A Step 2:Ensure the program constructs, variables, and implementation processes are
operationally defined.

A Step 3:Develop istruments to document the implementation of core components and
processes as defined in the previous step.
STATUSThe LLAMA research team is in the process of addressing Sieps 1




A Step 4:Assess fidelity for all teachers. If this is not possible dreandom sample of teachers
so the findings can be generalized.
STATUSThe research team coded each teacher.

A Step 5:Test and report the reliability and validity of instruments and the fidelftglata
collected.
STATUSThis step will not be possiblévgn the sample size of the project and the resources
needed to create a reliable and valid fidelity instrument.

A Step 6:Indices should be combined where appropriate (Nelson et al., 2010, 2012) and each
aK2dzf R 6S NBfIGSR (2 2 diliayaed Bat tossoked eBeartiiersi a A 6f S
Y2YAG2N) GKS aGNUzOGdzNIF £ | aLISOGa 2F FARStAGE A
and, in so doing, fail to account for the variation in FOI that is most strongly related to outcomes
(Mowbray et al., 208).
STATUSThis step will not be possible given the sample size of the project and the resources
needed to create a reliable and valid fidelity instrument.

After working through the framework, the research team realized that developing a valid and reliable

fidelity instrument that other researchers could use was beyond the scope of this prajebe end of

Year 3 the research team used a process similérkol G Ay |, SF NI H G2 O2RS GKS {°
category To determine the appropriate code, the research team reflected on all of the available data
(e.g.,coaching logs, research team interactions with teachers, observations, student samplesr teache
administered assessments, teacher surveys, and interviews). The coding system is described below and
based on the 3 components of the LLAMA intervention.

A High Implementer? G S OKS NJ gr @the OataRIbRed kthd teacherya) engaged
students in learning experiences targeting the learning of the 12 CPs, (b) included viable
argumentation as aegular feature of instructionand (c) included viable argumentation for
generalizationgrequently(i.e., at least twice a month).

A Medium Implementer:!! i S OK S NJ éd Bthe OaRI®Wed kthé teacherWa) engaged
students in learning experiences targeting the learning of the 12 CPs, (b) included viable
argumentationsometimesin their instructon, and (c) included viable argumentation for
generalizationsometimes

A Low Implementer! (S OKSNJ g Bthe OaRIWed thé teakcherWa) engaged
students in learning experiences targeting the learningarfie of the 12 CR¢b) includedsiable
argumentationinfrequently in their instructionand (c) included viable argumentation for
generalizationsnfrequently.

A No Implementation:! G S OK S NJ gn Bithe Of2aRi%Red khé tealcherid not start
the projector there was no evidermcof the teacher implementing LLAMA in the classroom

At the end of Year 3, of the 34 treatment teachers 18%4) were coded high implementers, 32%
(n=11) were coded as medium implementers, 4194 4) were coded as low implementers, and 15%
(n=5) were coded as no implementatio®f the 19 control teachers who completed through June of
Year 3 of the project, 5% € 1) were coded as high implementers, 329 6) were coded as medium
implementers, 53%n(=10) were coded as low implementers, and 1(t?4 2) were coded as no
implementation. This implementation variable will be used as appropriate throughout the analyses.

Year 4

In Year 4, there were 12 control teachers who completed two years of the project by spring 2020. Ul will
rated these teacherat the onset of Year 5. Of the 12 teachers, 17% were coded as high implementers




(n=2), 25% were coded as medium implementers 8), and 58% were coded as low implementers
(n=7). Exhibi3 shows the implementatiocategoriesy cohort for project years 3 and 4.

Exhibit3: ImplementationCategoriedy Cohort

n High Medium Low None
Cohort 1 34 12% 32% 41% 15%
Cohort 2 19 5% 32% 53% 11%
Cohort 2 12 17% 25% 58% 0%

Note. Implementation scores were given to Cohort 1 only after their second year of intervention (Project Year 3).
Implementation scores were given to Cohort 2 at the end of their first and second year of intervention (i.e., Years 3 and 4
respectively).

Research Corporati@Portland, OR 29
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The LLAMA professional developméRD)provides teachers with the concepts and skills they need to

proficiently engage students in the LLAMA intervention. Preliminary findings from LAMP suggest that

teachers have difficulties with iplementing lessons that involve viable argumentation and proof

because they lack the necessary understandings of viable argumentation and proving and how these

activities link to content learning (Yopp, Sutton, Espel, &Wang, 2015). To ensure fidelity of

imLX SYSy Gl GdA2ysS GKS LINRP2SO0 LINP@ARSa LXFyyAy3a 3FdzAR
Common Core content and Grafldesson plans that develop particular LLAMA conceptual pillars with
supporting Common Core content. The professional developmehtaaching also assist teachers to:

A Identify and create opportunities in the LLAMA materials and existing curriculum materials for
students to engage in constructing viable arguments with learning Common Core mathematics
content.

A Improve their knowledge ofiable argumentation and proving in Gra8lenathematics content.
A Use instructional practices that engage students in viable argument.

A Develop pacing calendars for implementing the LLAMA intervention while covering Common
Core content.

The professional d&vf 2 LIYSYy i Ay ONBIFasSa (S OKSNERQ loAfAGe G2 C
FYR YAIKG AyONBIFasS (SIFIOKSNBRQ YIFIGKSYIFGAaOa O2yaSyi
coaching sessions, summer professional developmentaaademicg/ear professional deslopment.

Curriculum materials were refined extensively in ¥da2, 3 and 4by Ul and participating teachers,

and numerous new lesson plans were created (saueral lesson plans on mathematical modeling with

and through viable argumentation). Cwuwium materials will be finalized in Ydar

Target: RMC Research will develop and maintapagticipation databaseto support project
YIEYylF3aSYSyGs Faaradg Ay (GKS O02YLMzil GA2Yy 2F @F NRI| of
information to the alvisory board pertaining to teacher recruitment, retention, and professional

development offeringStatus:Met

RMC Research created a Microsoft Access database i Yeaollaboration with the University of
Idaho. This database is used to track a myofBwesearch informationincluding professional
development attendance.

Academic YeaProfessional Development

Target: All Treatment teachers will atterttiree 4-hour professional development sessions during
the school year in Year(12 hourgotal) and again in Yed (12 hours total). Control teachers will
attend four 3hour professional development sessions during the school year i8 YEahours

total) and again in Yeat (12 hours total). This professional development was adapted &m be
online courseStatus:Nearly Met By the end of Year hdre were a total of 28ctivetreatment
teachers, all of which completeélde Year lacademic yeaprofessional developmeny the end of
Year 2, there were a total of 23 active treatment teashend92% attended all of the academic year
professional development. By the end of Yeah&d werel9 control teachers and®100%
completedsome portion of the PD and 80% completed more than Bglthe end of Yeda, there




were a total ofl2 activecontrolteachers an@®3% attended all of the academic year professional
development.

Target: 30 treatment teachers will attend professional developm@m)in Yeas 1 and 2 Status:
Nearly Met The 30 treatment teachers did not complete the fufiearsof the PD because some
teachers dropped out of the proje@y the end of Year lhére were a total of 28ctivetreatment
teachers, all of which completelde Year lacademic yeaprofessional developmenrBy the end of
Year 2, there were a total of 2&tive treatment teachers an@2% attended all of the academic year
professional development.

Modified Target:All reatment teachers will complete the BbLearn courses inYead in Yeal.

Control teachers will complete the courses in Besand 4.

Status:NearlyMet: Cohort 1 course completion ranged from 92% to 100% for active teachers. Cohort
2 course completioranged from 53% to 100% for active teachaith 79% completing more than

half of the course (i.e., through CP9)

Cohortl (Treatment Teachers)

Rather than three 4our sessions in Yedar this professional development was adapted to be an online
course omposed of lessons that corresponds to the 12 conceptual pillars and was offered by the
University of Idaho through Blackboard Learn (BbLeatps://bblearn.uidaho.ed). The videos

supported teachers in becomirmpmfortable with using and identifying viable arguments through
examples and guided exercises. After watching the video teachers engaged in online discourse focused
on how the conceptual pillar can be implemented in their classroom with their LLAMA aoddither

LLAMA teachers. Ongoing coaching sessions assisted teachers in implementing the LLAMA intervention
and assessing student workBbLearn Feedback Survesas developed to gather formative data about

the professional development. Teachers completigid course independently.

All 28 treatment group teachers who were active as of ay2017 completed the Yearschool year
professional development, though only one had completed all 12 by the end of the; 2016 school
year as planned. The other 2§§achers completed the sessions prior to attending the summer 2017
professional development. Because LLAMA was funded just as theZlll6school year was
beginning, the project was not able to begin implementing the professional development with the
treatment teachers in September 2016 as intended.

Rather than three 4our sessions in Year the LLAMA coaches led fouhaur online guided

discussions with teachers during the school year (October 2017, December 2017, February 2018, and
April 2018). Eachession focused on implementation strategies for different groups of conceptual
pillars. The final session in April focused on Conceptual P2land also gave teachers an opportunity

to discuss integrating argumentation practice into their preparatiantfie SBAC. Teachers were asked

to post responses to questions on a group discussion board about a month prior to the live discussion.
Online discussions were facilitated by coaches and delivered via Zoom.

In Yearl treatmentteachers participated in theLAMA professional development through BbLearn
individually (i.e.at their own pace). Attendance for the Ye&aBbLearn PD was tracked by Ul staff

through the BbLearn platform. A spreadsheet record was sent to RMC Research on a weekly basis and
was used® update the participant database with attendance. The project did not meet the target of 30
treatment teachers attending in Ye&r however, 24 of 25 (96%) treatment teachers active as of May



https://bblearn.uidaho.edu/

31,2017 had completed the Yedr professional development bé¢ end of summer 2017. The
remaining active treatment teacher completed the Yéarofessional development during Year

The YeaP professional development was delivered to teachers as online guided discussions, led 4

times. Twentytwo of the 25 activdreatment teachers (88%) attended all 4 sessions or mgke

sessions. Two of the remaining teachers attended 3 of 4 sessions; the last teacher completed alternate
activities in lieu of the professional development, sittoey wereLJdzNBA dzA y 3 | eeY a0 SNEQ RS:
concurrently. To make up the PD session, attendees viewed the session video and posted to the group
discussion, rather than attending the live PD session. These teachers will be flagged in the analysis as
receiving alternative PIEXhibit4 shows the pofessional development attendance for all inteottreat

RCT teachers.

Exhibit4: Cohort 1Academic Year
Professional Development Attendance Completion Rates

Intent-to-Treat  Active® Cohortl CaseStudy
Completion Teachers Teachers

Lesson n Ratet Completion Rate Completion Rate
Yearl

Conceptual Pillat 29 85% 100% 100%
Conceptual Pilla2 29 85% 100% 100%
Conceptual PillaB 29 85% 100% 100%
Conceptual Pillad 29 85% 100% 100%
Conceptual Pillab 29 85% 100% 100%
ConceptuaPillaré 28 82% 100% 100%
Conceptual Pillar 28 82% 100% 100%
Conceptual Pilla8 28 82% 100% 100%
Conceptual Pilla® 28 82% 100% 100%
Conceptual Pillat0 28 82% 100% 100%
Conceptual Pillat1 28 82% 100% 100%
Conceptual Pillat2 28 82% 100% 100%
Year2¢

October 2017 session 23 68% 92% 89%
December 2017 session 24 71% 96% 100%
February 2018 session 24 71% 96% 100%
April 2018 session 23 68% 92% 89%

an =34 Cohortl teachersPActive as of Magl, 2018n =25.°n =9 case study teachers.
dTeachers who madep sessions, rather than attending the live sessi@aober2017:6 of 23 (26%);
December2017:5 of 24 (21%)-ebruary2018:4 of 24 (17%)April 2018:6 of 23 (26%).




BbLearn Survey

In the Yead BbLearn PD, at the conclusion of groups of conceptual pillars, called sessions, teachers
were asked to provide their feedback on the session they most recently completed via a Survey Monkey
survey. There are 5 sessions: Ses&i¢@onceptual Pillal), Sesion2 (Conceptual Pilla&;4), Sessio
(Conceptual Pillars¢7), Sessiod (Conceptual Pillag;10), and Sessidh (Conceptual Pillakl¢l?).
Feedback on Sessiénwas gathered from teachers informally at the summer professional development.
EachsupSe O2ff SOGa F2NX¥I iA QD Sepitediprepalieghess B Alveds saiple i S+ OK S
lessons, engage students in the practices described for the designated pillar, examine student work in
terms of the designated pillar, and create new lesson pVanish incorporate the designated pillar. The
survey includes 3 opeended items: (1)s there any area in which you want more clarity or training?

(2) What would have made this session more useful for you? anid (Bere anything else you want us

to know? The survey was developed collaboratively by RMC Research and University of Idaho. These
survey data are used formatively to improve the LLAMA professional development. RMC Research
prepared 3 briefs throughout Ye&rsummarizing results from the BbLe&uarvey (Februarg017,

March2017, and Jun2017) for the LLAMA leadership team to review during the monthly meeailhg.

briefs are available upon requedthe data collection completion numbers as of JA6e2017 are

shown in Exhibib. With the exeption of the Sessioa Survey, survey completion was high.

Exhibit5: BbLearn Survey Completion Rates

Sessiorll  Completion Sessior2  Completion

Cohort1 CPE Survey Rate CPs 242 Survey Rate
Total Teachers 29 26 90% 28 23 82%

SessiorB  Completion Sessiod  Completion

CPs g72 Survey Rate CPs 8102 Survey Rate
Total Teachers 18 16 89% 14 8 57%

aThe sample sizes for each pillar are based on the number of teachers that have completed that BbLearn
session and not the total number bEAMA teachers.

Respondents to the BbLearn Survey rated all sessions good to very good, and by4Segsicied
feeling moderately to extremely prepared to access sample lessons. Respondents reported feeling
moderately prepared to engage students in fhiectices and to examine student work in relation to
Sessionsd3 but reported needing assistance in these areas in relation to Sesghaif reported

feeling a little prepared in both areas). In terms of creating new lesson plans which incorporate the
sessions conceptual pillars, respondents indicated needing assistance for Segdidaisldéast half
reported feeling a little prepared).

Cohort2 (Control Teachers)

The control teachers began the professional development in ¥daeginning with a kickff meeting in
August 2018. Twenty of the 21 active control teachers (both RCT anR@®n95%) attended either the
live kickoff meeting or the makeup session.

TheYear Jprofessional development followed a similar format to the PD offered in Yeatleos were
hosted online, and teachers viewed course materials at their own pace. For the control teachers, course

2June26 rather than May81 was used as the survey completion date to align thiéhanticipated end date of the online
course.




materials were hosted on a Google websitet{s://sites.google.com/vieWlama-project/llama-pd)

rather than BbLearn, to reduce the burden of accessing the Ul platform, which required dual
authentication to log in. In lieu of online discussion boards, 4 synchronous meetings were held3n Year
to discuss course materials (Obty 2018, Januar22019, March2019, and May019). Online

discussions were facilitated by coaches and delivered via Zoom.

The Year 4 professional development was delivered to active teaaher$?) as online guided

discussions, led@ times(October 2019December 2019, and Mar@®20). A fourth session was

planned, but due to the stresses of COXMDon teachersLLAMA coaches decided to facilitate a
discussion around what types of general support teachers needed as they switched to distance learning
in lieu of an argumentationPD session.

Exhibit6 shows theYear3 and 4professional development attendance footh intent-to-treat RCT

control teachersas well as active neRCTcontrol teachers Activecontroli S OKSNAR Q LJ NI A OA LI
selfpaced modules was high through Conceptual Pillé89% completed through this pillar), but only

about half of the activeontrolteachers viewed all 12 conceptual pillar videos in Be@O of 19; 53%).

In Year 3yndironous meetings had higher attendance earlier in the school (8g89% of active

teachers attended the first 2 sessions) than later in the school yeg6838 attended the last 2

sessions)Ten of the 12 activeontrolteachers (83%) attended all 3 symonous meetings in Year 4.

Exhibit6: Cohort 2Academic Year
Professional Development Attendance Completion Rates

RCT Control Intent-to-Treat All Control Activef Cohort2

Teachers Completion Teachers Teachers
Lesson n Rate? n Completion Rate
Year3
Conceptual Pillat 15 48% 21 100%
Conceptual Pilla2 15 48% 21 100%
Conceptual PillaB 15 48% 20 100%
Conceptual Pilla4 15 48% 20 100%
Conceptual Pillab 15 48% 20 100%
Conceptual Pillaé 12 39% 17 89%
Conceptual Pillar 12 39% 17 89%
Conceptual Pilla 11 35% 15 79%
Conceptual Pilla® 11 35% 15 79%
Conceptual Pillat0 11 35% 14 74%
Conceptual Pillat1 9 29% 12 63%
Conceptual Pillat2 7 23% 10 53%
Synchronous Zoom Meetings
October 208 session 14 45% 17 89%
January 2018ession 13 42% 16 84%
March2019 session 11 35% 13 68%



https://sites.google.com/view/llama-project/llama-pd

May 2019 session 9 29% 11 58%

Yeard

October2019session 9 29% 11 92%
December2019session 9 29% 12 100%
March2020session 8 26% 10 83%

an =31 Cohort2 teachersP’Includes both RCT and n&®CT control teacherdear3: Active as of Mag1,
2019 (n=19, 14 RCT teachers; 5 nRBRCT)Year 4: Active as of May 31, 2020=12 (9 RCT teacher§
non-RCT)

At the beginning of Year 3 there were 21 Cohort 2 teach@&gthe start of Year 4 (fall 201%he
number of activeCohort 2teacherswas 12.These 12 Cohort 2 teachers were active throughout . Il
years of the project including through Year Mlany Cohort 2 teachers dropped out of the project
during the summer betweerYear 3 and Year 4. The reasons for dropping out of the project
includemoving to a new position, loss and illness in famignd differences in pedagogical
approaches to Grade 8 math.

In Year 4, in spring 202@G0OVIB19 related school closure and transiin to distance learning was ¢
significant hurdle for teachers on psychologi¢c@ledagogicaland logistical leved. Many teachers
faced uncertainty in their personal lives and were faced with teaching virtually with no time to
prepare and for some wittsmall children at home and no childcare. This situation shifted teach: rs
focus from implementing argumentation to just being able to keep up with district demands an |
keeping students engaged in a virtual environment. As such, the last professional dexnedap
session of the year was canceled and instead coaches brought teachers together virtually to
discuss the stresses they were facing in terms of implementing distance learning and how
teachers and coaches could support teachers through this difficultbsidion.

PD Feedback Surveys

A PD Feedback Survey was submitted by each teacher after viewing the course materials for each
conceptual pillar to both serve as a record of participation and also to collect formative data about the
professional developmentral the coaching. The PD Feedback Survey included 3emad items:

(1) What did you find most useful about the conceptual pillar videoWaat would have made the
conceptual pillar video more useful, and (®hat assistance would you like from your chaegarding

this conceptual pillar?. Opeended answers were provided to coaches to discuss so that they could
determine what types of assistance to provide to specific teachers.

To assess the quality and usefulness of the synchronous Zoom meetings, 3 questions were added to the
monthly surveyin months where there was a meetingy rating item asking the overall quality on a scale
from 1 (oor) to 4 {ery good, and 2 operended iems (Is there any area in which you want more

clarity or training?, and What would have made this session more useful to yarfizipants rated the
synchronous meetings @®odconsistently over timeYear 3JanuaryM =3.1, MarchM =3.0, May:

M =3.1; Year 4: OctobeM =3.6, DecemberM = 3.5, March:M =3.8). Openended answers from both
surveys were provided to coaches so that they could determine what types of assistance to provide to
specific teachers.




Coaching

Target: All teachers will be afgned a coaclStatus:Met
Target: Coaches will be trained by David Ydptatus:Met

The LLAMA project set the goal of delivering 10 coaching sessions (in person and online) to treatment
teachers during each year of the project. To prepare for coachoaghes individually read the text

West, L., & Staub, F. C., 200&ntentfocused coaching: Transforming mathematics lessons

Portsmouth, NH: Heinemann. Coaches watched videos of LLAMA coaching sessions performed by Yopp
and discussed coaching moves relatio those proposed by West and Staub. The coaching team
developed a shared modeling for LLAMA teacher coaching. Coaching sessions include lesson planning
and development, pacing calendars development, assistance adapting existing LLAMA lessonsgr craftin
new lessons, and reflecting on student work. Each teacher is assigned a LLAMA coach, a University of
Idaho Principal Investigator or @vincipal Investigator, who will assist with implementation and use
coaching practices akin to those described in Vst Staub (2003). Every treatment and control

teacher who was active in Yehwas assigned a coach in Yédn =28 andn =25, respectively).

Coaches received training from Yopp, a Principal Investigator on the NSI2 [pRifect Examining
MathematicsCoaching. A coaching session must include 4 parts: plan, observe, debrief, and next steps.
A session can happen in person, on the phone, or remotely, but it must include the 4 parts. Coaches
complete a coaching log, either electronically or on paper, tfatks the date, duration, and method of
delivery. The coaching logs are then entered into the participant database by Ul and RMC project staff.

Prior to YeaB, the LLAMA team decided to assign a lead coach to each teacher and to utilize a more
team-oriented coaching approach in Ye&snd 4 with coaches visiting a variety of teachers, and not
just their assigned teacher. The project director assigned Céhmachers a lead coach to balance the
number of teachers per coach and to ensure that coachestéachers that were geographically in the
same area to ease travel burden for coaches. Cahostichers were virtually introduced to their head
coaches for Yed and informed that the LLAMA team would employ some team coaching during the
2018;2019 schobyear.Thisadapted approacihas mitigatecchallenges with coverage and also akbmiv
teachers to interact with coaches with different perspectives.

Target: Treatment teachers will receiv® coaching sessior(in-person and online) per year
in Yearl andYear2. Control teachers will receive 10 coaching sessiome(gon and

online) per year in Ye&rand Yea#. Status:Partially Met: While all active teachers
received at least one coaching session per year, the average number of cecadsiogs

per teacher was lower tharOXor all but one year (Year 2 for Cohort 1).

Cohortl (Treatment Teachers)

Due to the late funding date, none of the treatment teachers received 10 coaching sessionsin Year
One teacher received 5 coaching sessiangearl; most teachers had 1 or 2 coaching sessions. The
LLAMA coaches conducted a total of 59 coaching sessions wittetfiment teachers during Yedr
(Exhibit7). One session was conducted online; the rest were in person. All teachers active &g 31 M
2017 participated in at least 1 coaching session during the @i/ school year.




Exhibit7: Cohort 1Yearl Coaching Completion

Active?

Intent to Cohortl Case Study
Observation Treat Teachers Teachers
0 sessions 5 0 0
1 session 11 10 4
2 sessions 11 11 4
3 sessions 3 3 0
4 sessions 3 3 0
5 sessions 1 1 1
6 sessions 0 0 0
7 sessions 0 0 0
8 sessions 0 0 0
9 sessions 0 0 0
10 sessions 0 0 0
Total teachers 34 28 9
Total number of 59 58 17
Yearl coaching
sessions

Note.All Cohortl teachersn =34. Case Study teachers=9.
aActive as of May 31, 2017.

During Year 2, the LLAMA coaches conducted a total of 295 coaching sessions wittreaarmnt

teachers (Exhibi). Some sessions were as short as 5 minutes wttilers lasted several days. The vast
majority of coaching sessions were in person (250) and a small number were conducted online (45). Of
the teachers active as of May 31, 2018, more than half received at least 10 gold stangart) (3

coaching sessions4Dbf 25; 56%); most received 9 or more coaching sessions (20 of 25; 76%); and all
teachers received at least 4 gold standard coaching sessions during the22@87%chool year. A gold
standard coaching visit has 3 required parts.

1. A prelesson conferenceuting which a teacher communicates plan and intended outcomes to
coach or asks for coach assistance.

2. Either an observation of class or student work and data from class.

3. A post lesson conference during which next steps are discussed/planned. Any fommeit, e+
person, zoom, etc. is acceptable.




Exhibit8: Cohort 1Year 2Coaching Completion

Active?

Intent to Cohortl Case Study
Observation Treat Teachers Teachers
0 sessions 9 0 0
1 session 0 0 0
2 sessions 0 0 0
3 sessions 0 0 0
4 sessions 1 1 0
5 sessions 0 0 0
6 sessions 1 1 0
7 sessions 2 2 1
8 sessions 2 2 1
9 sessions 5 5 2
10 or more 14 14 5
sessions
Total teachers 34 25 9
Total number of 295 295 99
Year2 coaching
sessions

Note.All Cohortl teachersn =34. Case Study teachers=9.

aActive as of May 31, 2018.
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co-teaches the same students as the case study teacher);

therefore, there are 10 days of coaching for the students, but only

8 coaching sessions for the case study teacher. This exhibit only

captures gold standard sessions.

Cohort2 (Control Teachers)

Cohort2 received coaching beginningYear3. The LLAMA codes conducted a total df43coaching
sessions with th&9 activeCohort2 teachersduring Year 3 and a total @4 coaching sessions with the

12 active Cohort 2 teachers during YedE#®hibit9). Some sessions were as short as 5 minutes while
others lasted several dayEhe vast majority of coaching sessions were in pe(88) and a small

number were conducted onlin@9). Of the teachers active as of May 31, 2019, about a quarter received
at least 10 gold standard (Bart) coaching sessions (5 of 19; 26%); more than half received 7 or more
coaching sessions (12 of 19; 63%); and all teachers received at least 3 gold standard coaching sessions
during the 20182019 school yeaOf the teachers actir as of May 31, 202000% of ifperson

coaching sessions were gold standdralf receivedé or more coaching sessions, and all teachers

received at least 3 gold standard coaching sessions during theZiPI®school year.




Exhibit9: Cohort 2Coaching Completion

Year 3 Year 4

Observation Intent to Active® Intent to Active®

Treat Cohort2 Treat Cohort2

Teachers Teachers

0 sessions 16 0 0 0
1 session 0 0 0 0
2 sessions 0 0 0 0
3 sessions 3 3 0 2
4 sessions 0 0 0 1
5 sessions 1 4 3 3
6 sessions 1 0 3 3
7 sessions 2 2 0 0
8 sessions 3 4 1 1
9 sessions 1 1 0 0
10 or more 4 5 2 2
sessions
Total teachers 31 19 9 12
Total number of 116 143 61 71
coaching sessions

Note.All Cohor2 teachersn =37. RCT control teachers=31. NorRCT control teachers:=6.

A yiSyid G2 ¢NBIGé 2yte AyOfdzRSa w/ ¢ O2yidNRft (S OK
bYear 3Active as of May 31, 2018cludes both RCT and n&®CT control teache(d4 RCT control

teachers; 5 nofRCT control teachis)

bYear 4: Active as of May 31, 2026cludes both RCT and r®CT control teache(® RCT control

teachers;3 non-RCT control teachers)

Summer Professional Development
Target: Treatment teachers attended aveek summer professiondévelopment in 2017 and the
control teachers attenglda 2-week summer professional development in summer 28t8us:Met

during the professional developmeartd with data, observations, and questions that support further
learning and reflectiorStatus: Met

For both the summer 2017 (Cohort 1) and summer 2019 session (Cohprbf2ssional development
T20dza8R 2y AYONBFAAyY3I G $ith® K AWEIrtervangiod antl defeBiSng 8 T
personalized plan of implementation for the upcoming school year. The summer professional
development was positioned after the first implementation year so teachers would have experience
with the intervention prio to the summer session. Teachers came to the summer professional
development with existing products to be refined during the professional development and with data,
observations, and questions that support further learning and reflection. The goal feuthmer
professional development was for teachers to deepen their understanding of the LLAMA intervention
and have support from LLAMA coaches, as they made concrete plans for their implemeintétien

Target: Teachers come to the summer professional development with existing products to be refined

YR



upcoming school year

LLAMA summer professional demginent consisted of multiple sessions. There was a session for each
major content area outlined by Gra@&CCS#®l (number systems, expressions and equations, functions,
geometry, and statistics and probability). The purpose of these sessions is to prmacher

understanding of CC3%and how to use argumentation with each of the content areas of CSS
Embedded in the sessions are strategies to support English language learners with LLAMA vocabulary
and strategies for teachers to plan their implementatiof LLAMA for the 20£2018(Cohort 1) and
20192020 (Cohort 2academic year with the support of coaches and other teachers.

Cohortl (Treatment Teachers)

Cohortl teachers attendd 2 weeks of LLAMA professional development in summer ZDd@ntyfive

of the 34 intentto-treat Cohortl teachers (74%) participated in the summer.HDe majority of the
teachers who were active as of July 1, 2017 (18 of 27; 67%) attended summer professional development
in Moscow from Julg7 through Jul®8. To accommodatthe diverse group of teachers, who have

unique time constraints, the team provided additional sessions in Blackfoot, ID and Idaho Falls, ID for 7
of the 9 remaining teacher€f the 2 remaining teachersne dropped; the other completed alternate
professiamal development activities during the 2042018 school year to receive the same summer
professional development contenAll Cohort 1 teachers active at the time of the summer PD received
either 2 weeks of summer PD or an equivalent alternate PD acfiityteachers who attended summer

PD in Blackfoot or Idaho Falls and the teacher who made up the PD during the2@0& Bchool year

will be flagged in the analysis as receiving alternativel®B .chair of the National Advisory Board (NAB)
designed and adimistered a feedback survey to teachers who completed the summerT e results

were shared with the project team.

Cohort2 (Control Teachers)

Cohort2 teachers attended 2 weeks of LLAMA professional development in summer 2019. Eleven of the
12 Cohort2 teachers 92%) active as adfummer 2019participated in some or all of the PD sessions;

active Cohor® teachers who missed some or all of the summer PD contbiatke-up work in early

fall 2019. RMC Research administered a feedback stmwewachers wio completed the summer PD.

These results will be shared with the project team.
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The research team conducted a formative evaluatioifears 44. The formative evaluation was
included in the Year 4 report.

Research Corporati@Portland, OR 41
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Original designRMC Research will conduct an experimental research study of the LLAMA intervention

to address Research Questim> d ¢ 2 ¢KIF G SEGSYyld RAR &0GdzRSyida Ay (K
greater improvement on state assessments than students in the control géoup® KS G NBI G YSy G 3
will consist of students whose teachers were randomly assigned to start participating in the LLAMA

intervention in Yeal and the control group consists of students whose teachers were randomly

assigned to start participation in th& AMA intervention in Yed. In this design the independent

variable is the LLAMA intervention and the dependent variable is state mathematics assessment scores
(i.e.,Smarter Balanced Assessment Consortium [SBAC] scores). The primary hypothesisuideiist st

in the treatment group will improve significantly more in mathematics content learning measured by

SBAC than students in the control gpou

A hierarchical linear model (HLM) will be used as the primary analytic method. The study recognizes that
that both mediating and moderating variables might have an impact on student achievement.
Moderating variables are variables that exist at the time of the baseline and that may have an effect on
outcomes (e.gstudent gender, baseline achievement). Mediatiragiables are those that occur during

the treatment time period and that may have an effect on the outcomes (eugnber of coaching visits,
hours of PD their teacher attended). At the time of the preproposal the team identified 3 hypotheses to
examine tle moderating effects in secondary analyses. flisé hypothesisis that students in the

treatment group will improve significantly more in mathematics content learning measured by SBAC
than students in the control grouplhesecondhypothesisis that treament teachers will be most

effective in their third year of project participation; therefore, participation year is included as a
moderator of the effect of the intervention on student outcomes. The effect of LLAMA on student
outcomes is expected to bersnhgest for students with a treatment teacher in Y&mwho will have had

2 prior years of practice implementing the intervention. Thied hypothesisis that treatment teachers

who implement the LLAMA intervention with high fidelity will have a grembgact on student
achievement than teachers who implement the LLAMA intervention with lower fidelity. A fidelity
measure(implementation measurelyill be incorporated in the model as a moderating variable to assess
the effect of the interaction between inlementation fidelity and the intervention on student

outcomes. To assess possible intervention mechanismgpthieh secondaryanalysis hypothesiss that
teacher content knowledge and practice mediate the relationship between the LLAMA intervention and
outcomes. The Mathematical Knowledge for Teaching (MKT) assessment will be used to measure
GNBFGYSyld yR O2yGNRf GSFOKSNBEQ o6laStAayS YIFGKSYLF

Major Modifications. The research team decided not to collecttdan

Year 3 from the treatment teachers and would not test the second

hypothesis,d réatment teachers will be most effective in their third

year of project participatiob ¢ [ [ ! a! AYLIX SYSy Gl A2y gl a t2¢
expected with the treatment teachers and the search team decided

to focus all of the future efforts and resources on the Cohort 2

teachers.The original study was concluded at the end of Year 2 and

everyhypothesiswas tested with the exception oHypotheses 2.




SBAC Executive Summary
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HLM model building approach to address the hypotheses. The main finding teeHatAMA

intervention does not have a significant effect on SBAC scbhedirst hypothesisis that students in

the treatment group will improve significantly more in mathematics content learning measured by SBAC
than students in the control group. Test this hypothesis the research teamsedHLM Model Swith

covariates including student baseline scores, teacher implementation fideliggoriesteacher MKT

scores and teacher TAR&oresThe hypothesis was not supported for Wave*1n the 20162017

school year, there was no statistically significant program impact on student SBAC Sheres

hypothesis was partially supported for Wave ZheHLM results suggest there was a statistically

significant program effect oanly SBAC Claim 1 scores

S
y

Thesecond hypothesisvas not tested because data were only collected for 2 years.

Thethird hypothesisof the LLAMA study is that treatment teachers who implement the LLAMA
intervention with high fidelity will have a greater impact on student achievement than teachers who
implement the LLAMA intervention with lower fidelity. To test this hypothesis thearebeteam used

an HLM model that included teacher implementation categories as a covariate to account for teacher
differences in implementing the LLAMA interventiGime hypothesis was not supportedhere is no
statistically significant relationship betwa teacher LLAMA implementation categories andGBA
scores.Yet, for teachers in their second year of LLAMA there is some evidence that teachers coded as
implementationCategory 2 or 4 are having a naignificant positive effect on SBAcores. However,

the four teachers coded as implementatiGategory 3 are having a nesignificant negative effect on
student math achievement. The research team will need to conduct some exploratory analyses to
further investigate this finding.

To assess possible intervention mechanismsfabeth secondaryanalysis hypothesiss that teacher

content knowledge and practice mediate the relationship between the LLAMA intervention and
outcomes.To test this hypothesis the research team us#tdvViModel 4 which included MKT baseline

scores as teacher math content knowledge measures and TARA baseline scores as covariates (because
teacher practice data was not available) to examine the relationship between the LLAMA intervention
and these two teacher oabmes.This hypothesis was not supportedhere isno statistically significant
relationship between teacher content knowledge and argumentative reasoning skills and student SBAC
scores for Wave 1 or Wave 2.

Study Recruitmentind Random Assignment

To prepae for teacher recruitment University of Idaho completed and submitted a human subjects
protocol to the University of Idaho Office of Research Assurances Institutional Review Board (IRB). The
IRB approved the protocol on July 1, 2016. University of ldaviewed theapplication each June.
Recruitment for LLAMA began in September 2016 and concluded in November 2016. The University of
Idaho research team was responsible for teacher recruitment. Eligible teachers taught8srade
mathematics and were age 22 older. University of Idaho recruited teachers through a mpitinged
approach that included contacting organizations in which they had existing relationshipstésy.,
agencies, school districts); and sending out letters and informational fliersrtoipais, district

SWave 1: Grade 8 students had a LLAMA teacher during the 201’6 school year and baseline data was obtained from their
Grade 7 year in 2018016. Wave 2: students that had a LLAMA teacher in 2018 in Grde 8 andbaseline data was
collected in Grade #fom 2016-2017.




superintendents, and teachers. If teachers were interested in participating, University of Idaho provided
teachers with a memorandum of understanding that clearly explained the purpose of the project, what
their involvement would entailrbm attending professional development to providing the researchers
with data, the risks of participation, and the benefits of participation. A similar document was created
for principals. Teachers who wanted to join the study were asked to complete dicatm and sign a
consent form. Principals of these teachers also signed a consent form.

Nine teachers who completed an application were included in the random assignment but did not
adzoYAG | O2yaSyd FT2NXY | yR ¢S NBipaRdNPhbdeledhem BB ¥ (KS
included in RCT teacher counts and omitted from active teacher counts throughout this report.

All students in the participating school districts are included in the study, and SBAC data will be obtained
from all students in th@articipating school districtiRMC Research realized from past studies that is it

much easier to request data from all students and then cull the data set down to the students that are in
the study rather than try to request a subset of data from theostdistrict. Students were in the

treatment group if they had a LLAMA teacher. Students were in the comparison grouj tetiher

was randomly assigned to Cohort 2.

Power Analysis

Target: Power analysis with Optimal Design Software (Spybrook &0dll) reveals 50

teachers are necessary in the study to achieve desired power of .80 for student achievement.
Status:Met at the time of recruitment but not met at the time of analyses. The full data set
included data from 33 teachers (Treatment n = IHtdl n = 16) but the analytic sample
includes data from only 22 teachers (Treatment n=13, Control n=9). Therefore, the aa@yses
underpowered.

Prior to recruitment, the research team conducted a power analysis to determine the sample size
necessary taetect the impact of the intervention. The study team conducted a power analysis using
Optimal Design software (Spybrook et al., 2011), made specifically for power analyses for hierarchical
cluster randomized designs. Teachers, as clusters, were ran@ssiggned to each the treatment or

control group. Sample and cluster size were chosen to achieve a high level of power, greater than .80.
The study team chose conservative parameter estimates for the analyses to avoid overestimating

power. The assumed minum detectable effect for this study was 0.25 standard deviation. The

intraclass coefficient was set as 0.25, and we chose 0.50 of posttest variance explained by pretest scores
for this power analysis, assuming each teacher has 20 students. Power amalgsigd that 50

teachers are necessary to achieve desired power of .80 for student achievement. To account for possible
attrition, this study oversampled with a target of 60 teachers from the 3 states. With 30 teachers and 20
students per each class, appimately 600 Grad8 students will receive the LLAMA intervention in each
year for a total of 2,400 students in Yedarg!, and with 30 control teachers and 20 students per each

class, approximately 600 Gra8lestudents will be in the control group each yea

Target: 2400 participating treatment students (600 per year) and 2400 participating control
students across 4 years (600 per year). Estimate arrived by approximating 60 teachers in the
study and 20 students per teacher each y&atus:Met in the anaytic sample for

treatment teachers but not for control teachers. For control teachers the range of students

by year spanned 178 to 345.
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Teacher Participant Demographics

There were 76 applicants in total: 65 applicants were accepted to participate ptiloe teandom

assignment (described later in this section); 5 applicants were deemed ineligible to participate, because
they do not teach Grad8 CCS#/; and 3 applicants applied after the start of the project and were
admitted to participate in the profegonal development and project activities.

Exhibit10 shows the demographics of the 71 accepted applicaritsre are about the same number of

teachers from Idaho and Washington, and slightly less than half as many from Montana (44%, 42%, and
14%NB & LSO A GBSt evd ¢KS GSIFOKSNE ff KIFI@ZS . FOKSt2NRa
majority are female (75%). Most teach in a middle or junior high school (88%), and many teach in a rural
school (67%). Approximately three quarters (75%) havacadround in mathematics (degree major or
YAY2NE SYR2NESYSYyG> 2NJ OSNIAFAOFGAZ2Y AY YIFOGKSYIlGA

Exhibit10: All Recruited Teacher Participant Demographics

All All
Item Teacher3 Item Teacher3
Total Recruited 71 Ethnicity?
State White 97%
Idaho 44% Asian 3%
Montana 14% American Indian 2%
Washington 42% Gender
School setting Female 75%
Rural 67% Male 25%
Suburban 20% Yearsof experience )
Urban 13% Yeargeaching total 11.6
School type Yeardeaching mathematics 10.3
Kc8 3% Highest level mathematics courses completed
K12 2% 100¢199 (freshman) 10%
Jr/sr high 4% 200¢299 (sophomore) 11%
Middle/junior high 88% 300¢399 (junior) 19%
High school 2% 400¢499 (senior) 26%
Alternative 2% 500+ (graduate) 34%
Education and credentials Course credits in mathematicd/)
. OKSt 2NDA 100% Undergraduate credits 21
al &4 SNRa 54% Graduate credits 6
Doctorate 2%
Degree major/minor, endorsement, or 75%

certification in mathematics

Note. All (including nofRCT teachersi=59¢71.
ancluding noARCTbMay have listed more than 1.

4Six noRRCT teachers applied; however, 1 fRET teacher who applied never fully joined the project, so that teacher is not
included in the counts throughout the report.




Random Assignment

Teachers were randomly assigned to either treatment or control group®iuember2016. The 65

eligible teachers who applied before November were assigned a random number from a random
number generator (Rand in Excelleachers were then ordered by the random number. The first 33
teachers were assigned to the treatment grotipe second 32 were assigned to the control group. After
the initial random assignment, 3 schools had both the treatment and control teachers. These 3 schoaols,
and a group of teachers from the same school district who agreed to participate under theicondit

that they will be in the same group, were randomly reassigned as blocks to avoid contamination effect
within school. The reassigned teacher list has 34 treatment teachers and 31 control teachers. RMC
Research and University of Idaho held an informatlamebinar for all RCT teachers
(https://drive.google.com/open?id=1bRIHK4AHKGUHS68BwWLjjM2YZ6m8RNal0_). The 65 teachers were
from 54 schools. The treatment group (Cohbytbegan LLAMA professional development activities in
Yearl and the control group (Cohio2) will delay participation in LLAMA professional development
activities until YeaB.

Target: Recruit at least 60 Gradeteachers from rural, suburban, and urban schools in
Idaho, Montana, and WashingtoBStatus:Met

Target:Randomly assign 30 treatmg 30 control Status:Met

Exhibitl1l shows the teacher demographics by study group.

Control teachers (Cohort 2) have significantly more graduate credits in mathematics than
treatment teachers (p.002); however, there were no other significant diffeesndetected
between the treatment and control groups.

Exhibit11: RCT Teacher Participant Demographics

Cohortl Cohort2
Teachers Teachers AllRCT Case Study
ICEEES (Treatment) (Control) Teachers Teacherd
Total Recruited 34 31 65 9
State
Idaho 44% 42% 43% 33%
Montana 12% 16% 14% 33%
Washington 44% 42% 43% 33%

School Setting

Rural 65% 69% 67% 67%
Suburban 16% 24% 20% 22%
Urban 19% 7% 13% 11%

5The 5 eligible teadrs who applied after Novemb&016were admitted to participate in the professional development and
project activities but will not be included in any RCT analyses. These teachers are referretbteRET teacherthroughout
this report.




Cohort1 Cohort2

Teachers Teachers AllRCT Case Study

Teachers (Treatment) (Control) Teachers Teacher3
School Type

Middle/junior high 91% 84% 88% 78%

Jr/Sr High 6% 3% 5% 11%

Kc8 3% 3% 3% 11%

Kgl2 0% 3% 2% 0%

Alternative 0% 3% 2% 0%

High school 0% 3% 2% 0%
Experience ¥1)

Yeargeaching 10.0 13.2 11.5 9.1

Yeargeaching math 8.9 12.3 10.5 8.9
Education and credentials

. OKSf 2 ND: 100% 100% 100% 100%

al ad SNDa 47% 63% 55% 56%

Doctorate 0% 3% 2% 0%

Other 77% 84% 80% 89%

Course credits in mathematicV)
Undergraduate 23 20 21 22
Graduate 3 11 7 2

Highest level of mathematics course completed

100¢19% 12% 7% 9% 0%
200g29¢ 9% 13% 11% 13%
300¢39<% 24% 13% 19% 38%
400c499 30% 19% 25% 25%
500 24% 48% 36% 25%

Ethnicity (may have listed more than 1)

White 100% 96% 98% 100%

Asian 3% 0% 2% 0%

American Indian 0% 4% 2% 0%
Gender

Female 73% 7% 75% 71%

Male 27% 23% 25% 29%

Note. Cohortl: n =29¢34; Cohor2: n =26¢31; All RCT teachens=55¢65; case study teachers
(subset of Cohort):n=7¢9. NonrRCT teachers are not included in this table. Because of the
skew of the distributions, MantiVhitney U tests were used to assess significdretereen
cohorts for the Year§eaching and Credits variables.-€tpuared tests were used to assess

Research Corporati@Portland, OR



significance for proportions. No significance tests were conducted for variables wkese
aSubset of treatment groupDegree major/minor, endorsementy certification in mathematics.
cFreshman levelSophomore levekJunior levelfSenior leveldGraduate level.

Data Collection

This study ha& primary data sourceSBAC scores (mome measure). Other data sources that are

included in some models as mediating or moderating variables include Student Demographics,

Mathematical Knowledge for Teaching (MKagsessment, and Teacher Argumentative Reasoning
Assessment (TARA). This smttilescribes the data collection process for the SBAC data.

SBAMata Collection

Target: RMC Research will obta8BAC datdor participating schoolslistricts. Status:Partially
Met with 43% of the districts submitting data (23 ofd&8tricty and51% of the teachers (33 of
65randomly assigned teachgrs

Barriers to data collection included rural school districts not having the SBAC data in aaeeehilsible
format nor staff available to compile the data. School districts were also concergaddieg student
confidentiality.For this study, student mathematics achievemat S| & dZNBR dzaAy 3 (KS
scores. The participating states (Idaho, Montana, and Washington) administer the SBAC cdrapeter
summative test at the end of each sl year. RMC Research in collaboration with University of Idaho
developed a data request form in YearThis form specifies what should be included in each data file.
The research team sent this form to school districts via email in spring 2017 andregaiimg 2018.
Districts provide the research team with 5 data files: the first 4 data files include data from spring 2015,
spring 2016, spring 2017, and spring 2048 of June 30, 2@123 districts submitted data (ExhiblR).

The research team gathed data from all students in the participating school districts and not just the
students of RCT teachers. This approach will allow the research team to have flexibility in terms of
design and analysés follow-up analyses

Exhibit12: SBAC CompletioRCTDistricts

Status Treatment Control Total
Number of Districts in LLAMA 24 29 53
Number with Data Submitted 11 12 23 (43%)
Attempting to Get Data 6 6 12 (23%)
Will Not Get Data 7 11 18 (34%)

As Exhibii3 shows, SBAC Data has been provided for 100% of treatment teachers who are high
implementers and 55% of treatment teachers who are medium implemén@fr¢he randomly
assigned teachers, there is SBAC data from 50% of the treatment teachers (17 af 32%@0f the
control teacherg16 of 31).

6Copyright © 206 The Regents of the University of Michigan. For information, questions, or permission requests please
contact Merrie Blunk, Learning Mathematics for Teaching, (734 &332.
7 Implementation categories are defined in the Measuring the Implementatich@f.LAMA Intervention chapter.




Exhibit13: SBAC Completioby Implementation Status

Number of Teachers SBAC Data Received

Status Tx Control Total Tx Control Total
1-No LLAMA 5 37 42 20% 43% 40%
2-Low Implementer 14 0 14 43% 43%
3-Medium Implementer 11 0 11 55% 55%
4-High Implementer 4 0 4  100% 100%
Total 34 37 71 50% 43%  46%

Note. Six norRCT control teachers are included in this table. All Cohort 2 (Control) teachers
had no LLAMA implementation during the time period tlee analytic file (2012016, 2016
2017, and 2012018 school years).

What Works Clearinghouse Guidelines

What Works Clearinghouse utilizes three steps for reviewing RCTs and QEDs that assign individual
subjects to the intervention or comparisaondition:®

A Step 1:Assess the study design,
A Step 2:Assess sample attrition, and

A Step 3:Assess equivalence of the intervention and comparison groups at baseline (prior to the
intervention).

Step 1:Assess the study design

G¢2 0SS SEtAITAOES F2NI GKS 22/ QaMeksMAVK Senip Délgrii A y 3 F 2 NJ
Standards Without Reservatigrihe study must be an RCT with low levels of sample attrition. A QED or
highrattrition RCT is eligible for the ratifdeets WWC Gugp Design Standards With Reservatidris
ardAra¥faisSa GKS 22/ Q4 olaStAayS SldAgltSyOS NBIjdzA NBY
groups appear similar at baseline. A QED or-higfition RCT that does not satisfy the baseline

equivalence regirement receives the ratinpoes Not Meet WWC Group Design Standargs

This study is an RCT.

Step 2:Assess sample attrition
The What Works Clearinghouse (Institute of Education Sciences, 2008) definition of overall attrition is:

A Overall Attrition: & ! riliah is defined as a failure to measure the outcome variable on all the
participants initially assigned to the intervention and control groups. High overall attrition
ISySNIrftfte YI1Sa GKS NBadzZ Gda 2F || adddzReé adza LSO

8 Page 5https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_procedures_handbook_v4.pdf




Student outcome data was collected from 51% of the 65 randomly
assigned teachers. Using both the conservative and liberal attrition
standard, not collecting 45% of the data is still within an acceptable rar je

The What Works Clearinghouse (Institute of &tion Sciences, 2008) definition of differential attrition
is:

A Differential Attrition: § 5A FFSNBY GALIf FTGUGNRGAZ2Y NBTSNA
the original study sample retained in the follayp data collection is substantially differefior
the intervention and the control groups. Severe differential attrition makes the results of a study
adzal)SOUGs 0SOIdaS AdG Y& O2YLINRYAAS

g2

Exhibitl4 shows that there are 65 RCT teachers included in the studydebrwavethe school district
provided complete data sets fdi3 treatmentteachers and 9 control teachefise., the data included
both pre and posEBAC student dataThe overall attritiomrate for Wave 1 i67.65%in the treatment
group and74.19%n the control group. For Wave 2, the attrition rate6$.76%in the treatment group
and70.97%in the control group. Th&tervention group response rasare alwayshigherthanthe
control group response rat®r both waves

The level of overall nonresptse (greater than 30 percent) and the

levels of differential nonresponse require the establishment of

baseline equivalence of the analysis sample in order to warrant a

NI GAy3a 2F avYSSia SOARSYyOS aidl y M NRa
Clearinghouse 207).

gAlK

Exhibit14: SBAMata Received by Teachers

Number of Teachers Response Rate

Tx  Control Total TX  Control Total
RCT 34 31 65 - -
Wave 1 Post* 11 8 19 32.35% 25.81% 29.23%
Wave 2 Post** 13 9 22 38.24% 29.03%  33.85%

*Students had a LLAM&acher during the 201:2017 school yeafTheir teacher had attended
one year of LLAMA professional development.

**Students had a LLAMA teacher during the 22018 school yeaiTheir teacher had attended
two years of LLAMA professional development.

Step 3:Assess equivalence of the intervention and comparison groups at baseline (prior to the
intervention).

Baseline equivalence tests were conducted in this study for two study samples. The first sample is Wave
1 in which Grade 8 students had a LLAMAlea during the 2012017 school year and baseline data
was obtained from their Grade 7 year in 26A816. The second sample is Wave 2 in which the Grade 8

iKS

0KS O2YLJ NI

NE



students had a LLAMA teacher during the 2@071.8 school year and baseline data was obtained from
their Grade 7 year in 2018017.

I In Wave 1 the treatment and comparison groups were equivalent at baseline.

Exhibit1l5 shows the Wave 1 treatment and control group baseline scores in-2016. For Wave 1 the
control group on average scored higher than treatment group in SBAC overall scores, Claim 1 and
Claim 2 & 4 scores. HLM analysis was conducted to test the baseline equivalence between the two
groups using a null model where students are nested within classroom. Edhdhibws that there is no
statistical difference between treatment and control groups in SBAC overall measure anksab
measures. Therefore, in Wave 1 the treatment and control groups were equivalent at baseline. To
account for any baseline score differences, student SBAC scdresésm scores were still included in
the HLM analysis model as covariates at student level.

Exhibit15: SBAC Baseline Mean Scores in
Treatment and Control Groups in 2042016

Treatment Control
SBAC N Mean SD N Mean SD
Overall 670  2540.95 101.79 473 2549.67 78.35
Claim 1 607  2543.05 108.16 391 2545.91 82.44
Claim 24 607  2529.80 123.37 391 2541.33 91.01
Claim 3 607  2534.03 120.08 391 2532.70 102.65

Exhibit16. SBAC Baseline Equivalence Test between Treatment and Control Gro2pd %2016

SBAC overall Claim 1 Claim 2 &4 Claim 3
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 2550.98** 18.06 2545.03** 23.01 2541.12* 26.33 | 2535.5G** 23.99
:E”ftfzrc"temio” 21.25 2356 | -15.28 2896 | -22.73 33.15 | -14.69 30.18
% n <. 0071,

I In Wave 2 the treatment and comparison groups were equivalent at baseline.

Exhibitl7 shows the Wave 2 treatment and control group baseline scores in-2018. HLM analysis
was conducted to test the baseline equivalence between the two groups using a null model where
students are nested within classroom. Exhiléitshows that there is netatistical difference between
treatment and control groups in SBAC overall measure andtlsitm measures in 2018017. For Wave

9 p-value is an indicator that represents the likelihood that observed results occurred by chance. In education research, values
of p< .05 (i.e., values indicating that observed results had a less than 5% chance of occurring by chance) are typically used to
identify results that are statistically significant. Lowewalues indicate a smaller likelihood that observed results ocduse

chance andre therefore associated with statistically significant findings.




2, the treatment and control group baseline scores were equivalent. To account for any baseline score
differences, student SEAscores/suzlaim scores were still included in the HLM analysis model as
covariates at student level.

Exhibit17: SBAC Baseline Mean Scores in
Treatment and Control Groups in 204817

Treatment Control
SBAC tests N Mean SD N Mean SD
Overall 700  2554.67 135.79 426  2558.98 93.81
Claim 1 648  2559.84 108.72 341  2555.60 91.98
Clamz2 &4 648  2545.04 125.23 341  2541.85 114.14
Claim 3 648  2552.63 119.17 341  2539.61 113.30

Exhibit18. SBAC Baseline Equivalence Test between Treatment@aomtrol Groups in 208-2017

SBAC overall Claim 1 Claim 2 &4 Claim 3
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 2551.95%** 19.35 | 2542.04***  20.96 | 2528.55*** 25.84 | 2520.43*** 21.99
Intervention Effect  4.14 25.53 | 18.53 26.77 | 15.48 33.00 | 32.71 28.06

k< 001

Analytic Sample

Exhibit19 shows the composition of the analytic samples for this reporting period. To date there are
two waves for the treatment group: one that received the treatment during the 28067 school year
(Wave 1) and another that received the treatment during the 22078 school year (Wave Btudents

in Wave 1 had a teacher that participated in the LLAMA professional for one year, while students in
Wave 2 had a teacher that participated in the LLAMA professional development for two Asdine
pretest scores were used as student level covariates in the HLM analysis model, the final analytic sample
included only students with both pretest and posttest SBAC scores. Exibigplays the analytic
samples based on when the student had aMBAeacher. In the next report data will be available from
students who had a LLAMA teacher in Grade 8 during the-2018school year (Wave 3). As noted
previously, the full data set included data from 33 teachers (Treatmeni?7, Controh = 16) but he
analytic sample only includes data from only 22 teachers (Treatmel®, Controh=9), only these
teachers had complete data from both the baseline and Grade 8 years.

Exhibit19: HLM Analytic Sample by Wave

Number of Students

Wave 1 Wave 2
Study Baseline Grade 8 Baseline Grade 8
Group (20152016) (20162017) (20162017) (20172018)




Treatment Total
Overall
Claim 1
Clam2 &4
Claim 3

Control Total
Overall
Claim 1
Clam2 &4
Claim 3

678
670
607
607
607
474
473
391
391
391

678
669
606
606
606
474
468
387
387
387

710
700
648
648
648
429
426
341
341
341

710
704
704
704
704
429
420
386
386
386

Note. Sudent baseline data was collected from the year precedingyeer the student had aLAMA

teacher. Wave 1 students had a LLAMA teacher in 201§ in Grade 8 andaseline data was

collected in Grade ffom 20152016.Wave 2 students had a LLAMA teacher in 28QZ8 in Grade 8
andbaseline data was collected in Grad&dm 2016-2017.
a0n thestate test Claim 2 and 4 are reported together.

Findings

Twalevel HLMs with students nested within teachersre used to estimate the impact of LLAMA on

a0dzZRSy G aQ Yl {KS Yhelprdm@r studédio it i@eSrvit8sysilidp was student math

achiev Sy i YSI adzNBR dza Ay 3

iKS
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computerbased summative test at the end of each school year. Student level SBAC data were obtained

The SBAC data include the overall scale scores of the test arstetds for three Claims, including

Claim 1 Concepts and Procedures, Claim 2 Problem Solving & Claim 4 Modeling and Data Analysis, and
Claim 3 Communicating Reasoning. The data also intad®er identifiers, which the study used to
nest students within classroom.

Multiple HLM models were tested sequentially to test different research hypothdsedels 14 are
preliminary models used to develop Model 5 which provides the main findingst @ibogram impact.
The followings models were developed

A

A
A

A

The final analytic model includéd K S

Model 1was a baseline model with no covariate to identify if there is any baseline difference
between the treatment and control groups (see baseline equivalence section);

Model 2included the effect of the intervention and student baseline SBAC scores as covariate;

Model 3added teacher implementation fidelity covariate to account for teacher differences in
implementing the LLAMA intervention (the research team is still in thega® of deciding the

best model and analytic approach to address fidelity implementation. This @&aliisbe

included in the next report);

Model 4included student baseline measure and additional teacher covariates: teacher MKT
baseline scores that acanted for teacher mathematics content knowledge and teacher TARA

baseline scores that accounted for teacher argumentative reasoning skills.

Model 5is the final analytic model that includes student baseline measure and three teacher
level covariates: impimentation fidelity levels, MKT baseline scores, and TARA baseline scores.

a U dzR Sy (i @sa robustBavasidteiahaisdentiavel
(Levell). At the class/teacher level (Le\#), the model will include LMW group assignment




(intervention=1, control=0), teacher baseline math content knowledge, measured by MKT
assessments at the beginning of the study; and teacher baseline argumentative reasoning skills
measured by the TARA assessmeRtdC Research concted a 2level HLM to identify the mediating
effect of levels of LLAMA implementation on student outcomes, controlling for participation in the
LLAMA intervention and other covariates. All HLM amslygere conducted for Year 1 and Year 2
separately to eamine if program effects on student outcomes vary by year.

This section shows the findings for two waves of student data. All hypotheses are addressed with the
exception of hypothesis 2He treatment teachers will be most effective in their third yearobject
participation. Hypothesis 2 is not addressed in this report because 3 years of data were not collected
(see data collection section).

Hypothesis 1: tadents in the treatment group will improve significantly more in mathematics
content learningmeasured by SBAC than students in the control group.

First, the research team ran descriptive statistics as a naive presentation of the data (i.e., not correcting
for baseline differences or controlling for other variables) to descriptively see thedfifferbetween

the treatment and control group posttest scorésxhibit20 shows that in 2012017 school year (Wave

1), control students scored higher in the post SBAC overall assessment and all thotsreuineasures.

In Wave 2, however, treatment studenoutperformed in the SBAC Claim 1 and Claim 3 measures (see
Exhibit21).

Exhibit20: Wave 1 SBAC Post Test Comparison
between Treatment and Control Groups in 202017

Treatment Control
SBAC tests N Mean SD N Mean SD
Overall 669 2550.91 112.40 468 2564.79 93.56
Claim 1 606 2546.53 116.97 387 2561.63 100.83
Claim?2 &4 606 2545.62 131.46 387 2546.80 109.38
Claim 3 606 2544.62 143.49 387 2546.39 115.33

Exhibit21: Wave 2 SBAC Post Test Comparison
between Treatment and ContrdGroups in 20172018

SBAC tests Treatment Control

N Mean SD N Mean SD
Overall 704 2574.62 115.34 420 2576.44 114.37
Claim 1 704 2582.88 121.95 386 2569.73 119.82
Claim?2 &4 704 2552.12 134.64 386 2558.02 130.37
Claim 3 704 2566.81 139.63 386 2560.33 147.86

Next, HLM model 2 wadeveloped to examine the impact bE AMA interventionvhere students were
nested in classrooms/teacheasid student baseline SBAC scores were used as a covariate.




The results suggest, in the 202617 school year, #re was no statistically significant program
impact on student SBAC scores (ExI#Bjt Similar findings were also found for Wave 2 (see Exhibit
23).

Exhibit22. HLM Model2 Results Examining the Impact of
LLAMAon Wave 1 SBAC Scores20162017

SBAC overall Claim 1 Claim 2 &4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE

Intercept 170.77* 51.17 | 542.20** 67.09 702.54** 70.84 | 803.07** 80.58
BaselinéSBAC score 0.94 0.02 0.79 0.03 0.73 0.03 0.69 0.03
Intervention Effect -6.50 7.69 -13.84 11.73 | 1.85 12.92  -8.87 15.42

**p <.01,**p <.001

Exhibit23. HLM Model2 Results Examining the Impact of
LLAMAon SBAC Scores in 202018

SBAC overall Claim 1 Claim 2 &4 Claim 3
Estimate SE Estimate  SE Estimate SE Estimate SE
Intercept 1027.05** 51.22 391.97* 64.06 793.18** 67.41 | 971.25** 80.62
BaselinéSBAC score 0.60** 0.02 0.85** 0.02 0.69** 0.03 0.62** 0.03
Intervention Effect 14.15 17.42 | 14.70 15.80 @ 4.15 19.49 14.41 26.05

ey < 001

The final analytic HLM model (Model 5) with covariates including student baseline scores, teacher
implementation fidelitycategoriesteacher MKT scores and teacher TARA scores, however, shows
positive program impact on SBAC ptest Claim 1 scorda Wave 2 (see Exhit), but for Wave 1, in
the 20162017 school yeathere wasno statistically significanprogram impact on student SBAC scores
(Exhibit25). For Wave 2, HLM results suggisire wasa statistically significarprogram effect on SBAC
Claim 1 scores, controllirigr studentpretestandteacher level covariates including TARA and MKT
baseline scores and implementation fideld@gtegories Treatment students in Wave 2 significantly
outperformed control students in Claim 1 post scores.

For Wave here wasno statistically significanprogram impact on student SBAC scores. For Wave 2,
HLM results suggesitere wasa statistically significanprogram effect on SBAC Claim 1 scores,
controlling for studentpretestandteacher level covariates including TARA and MKT baseline scores
and implementation fidelitgategories




Exhibit24. HLMAnalytic Model Results Examining the Impact of

LLAMAon Wave 1 SBAC Scores in 2eP@L7

SBAC overall Claim 1 Claim 2&4 Claim 3
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 151.23 60.28 519.68** 88.29 631.87** 87.47 854 .42+ 95.85
Baseline SBAC scor  0.95* 0.02 0.8  0.03 0.75* 0.03 0.68* 0.03
Implementation effect
Category?2 -0.83 18.86 2413 38.07 -11.28  34.90 32.35 39.99
Category3 -20.54 16.19 -12.22  33.57 -52.89 31.25 0.00 35.85
TARA -0.28 1.78 -0.66 2.76 1.11 2.45 -0.35 2.80
MKT -2.60 15.12 -15.14 23.78 3.64 20.98 -34.61 23.92
Intervention effect 4.32 15.00 -18.00 33.83 38.24 31.28 -23.87  35.88
*p<.0b;*p <.001
Exhibit25. HLMAnalytic Model Results Examining the Impact of
LLAMAon SBAC Scores in 202018
SBAC overall Claim 1 Claim 2&4 Claim 3
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 1139.4%** 69.95 340.22* 85.58 826.26** 88.37 1041.64* 117.45
Baseline SBAC score 0.57* 0.02 0.87*  0.03 0.69* 0.03 0.62%* 0.03
Implementation effect
Category? 10.82 35.17 -33.38 33.79 -17.60 34.35 25.33 56.63
Category3 -53.08 29.42 -59.35 28.92 -82.94* 29.55 -58.62 48.36
TARA -1.93 2.89 0.38 2.93 1.04 2.95 -3.93 4.93
MKT -12.50 21.36 -6.78 17.66 -41.43 18.11 -9.45 29.50
Intervention effect 37.13 23.91 52.23 2531 45.65 25.84 39.12  42.36

* p< (B, ** p< .01, ***p <.001

Hypothesis 3. Thegeatment teachers who implement the LLAMA intervention with high
fidelity will have a greater impact on student achievement than teachers who implement the

LLAMA intervention with lower fidelity.

This is a more wdepth analyses dflypotheses 3.

I In the Year 3 report to NSF the research team includetkespreliminary analyses éfypotheds 3.

Thethird hypothesisof the LLAMA study is that treatment teachers who implement the LLAMA
intervention with high fidelity will have a greater impact on studerttiagement than teachers who

implement the LLAMA intervention with lower fidelity. To test this hypothesis the research team used
an HLM model that included teacher implementation categories as a covariate to account for teacher
differences in implementinthe LLAMA interventionl'he hypothesis was not supportedhere is no




statistically significant relationship between teacher LLAMA implementation categories and student
SBAscores.Yet, for teachers in their second year of LLAMKere is some evidence that teachers

coded as implementatio@ategory 2 or 4 are having a naignificant positive effect on SBAcores.
However, the four teachers coded as implementati@ategory 3 are having a nesignificant negative

effect on studenimath achievement. The research team will need to conduct some exploratory analyses
to further investigate this finding.

Description of ImplementatiorCategories

The research team gave each LLAMA teacher an implementation category code. Codes randged from
4,

A High Implementerl G ST OKS NJ i @the OataRIkbRed thd teacherya) engaged
students in learning experiences targeting the learning of the 12 CPs, (b) included viable
argumentation as regular feature of instruction, and (c) includédble argumentation for
generalizations frequentlfi.e., at least twice a month).

A Medium Implementer:!! i S OK S NJ éd Bthe ORaRl®Wed kthé teacherya) engaged
students in learning experiences targeting the learning of the 12 CPs, l(Ijedosiable
argumentationsometimes in their instruction, and (c) included viable argumentation for
generalizations sometimes

A Low Implementer! (S OKS NJ gH Bthe OaRI®Red thé teacherWa) engaged
students in learning experiences tatgy the learning of some of the 12 CPs, (b) included viable
argumentation infrequently in their instruction, and (c) included viable argumentation for
generalizations infrequently.

A No Implementation:!! G S OK S NJ g Bithe GaraRl$oRed khé teacherid not start
the project or there was no evidence of the teacher implementing LLAMA in the classroom.

Analytic Sample

The analytic sample includes 21 teachers: 12 treatritemtd 9 control for both waves. Exhib&6 and
27 show the numbers of teachers and students included by implementa@degory

Exhibit26. Number of Teachers by Implementatiddategoryand StudyGroup

Wave 1 Wave 2
Implementation Category Treatment Control Treatment Control
Category 1: Nne 1 9 1 9
Category 2: Low 4 0 3 0
Category 3Medium 4 0 4 0
Category 4: High 3 0 4 0

10Wave 2 which is comprised of students that had a LLAMA teacher in2201B7in Grade 8 anldaseline data was collected in
Grade 7rom 2016-2017.

11 The treatmentnis 12 rather than 13 because only 12 teachers had SBAC data from both waves. One teacher did not have
SBAC data from 2048)17.




Exhibit27. Number ofStudentsby ImplementationCategoryand StudyGroup

Wave 1 Wave 2
Implementation Category Treatment Control | Treatment Control
Category 1: Mne 88 474 80 429
Category 2: Low 281 0 229 0
Category 3: Medium 222 0 257 0
Category 4: High 87 0 144 0

Analytic Plan

To investigate the relationship between student EB&hievements and teacher implementation of

LLAMA intervention, especially for those high implementing teachers, this HLM model comprised two
analyses. In the first analysis all 4 implementation categories are included and Category 1 is used as a
referencegroup in the analysis. For the second analysis teacher implementation is recoded as a
dichotomous variable where Category 1 and Category 2 indicate low implementation fidelity (0) and
Category 3 and Category 4 refer to high implementation fidelity () Exaibit28 for the analytic

sample for the second analysis. In both analyses, Implementation category was still included in the HLM
model as a covariate, along with student pretest scorelentify the extent to whictsSBA overall

scores and sublaimscoresfor LLAMAparticipating studentsvary according to differentategoriesof
LLAMAImplementation

Exhibit28. Number of Teachers in Each Group:
Dichotomous Coding of Implementation Variable

) Wave 1 Wave 2
Implementation
Category Treatment  Control Treatment Control
Low 5 9 4 9
High 7 0 8 0

Analyses 1 Results: CategatyJsed as theReferenceGroup

Exhibit29 and ExhibiB0 present theimplementationanalygsresults for Wave 1 and Wave 2

respectively for Analysis 1 where Implementatioategoryl was used as the reference grodjne

hypothesis was not supportetivhile implementation fidelity varied across participating teachers, there

is no statistically sigficant relationship between teacher implementaticategoriesand studentSBA

scores for Wave 1 or Wave Pheoverall model is not significanData tables with descriptive statistics

are shown in Exhibit31-34. For both waves, students taught by Categ8 teachers had the lowest
baseline SBBscores across all four measures although these differences were controlled for in the HLM
analyses.

Exhibit29. Analysis 1: LLAMA Implementation Categories HLM Results in-2016 (Wave 1)

SBA overall Claim 1 Chim 2&4 Claim 3




Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 177.19** 51.56 551.85***  67.54 712.72%*  71.21 816.89*** 81.19
Baseline SBA 0.94*** 0.02 0.79%** 0.02 0.72%* 0.03 0.68*** 0.03
score
Implementation effect
Low -2.30 18.58 -7.99 25.36 -4.19 26.82 -44.98  33.80
Medium -14.46 18.58 -28.72 25.37 -27.30 26.84 -42.20 33.83
High 6.43 20.02 -2.25 30.57 17.58 33.16 -19.05 41.29
Intervention -1.85 17.53 0.66 24.37 12.11 25.75 27.17 32,50
effect

** < 01, *** p<.001.

Exhibit30. Analysis 1: LLAMA Implementation Categories HLM Results in-2013 (Wave 2)

SBA overall Claim 1 Claim 2&4 Claim 3

Estimate SE  Estimate SE Estimate SE Estimate SE
Intercept 1030.08***  51.23 | 393.96*** 63.86  797.54***  67.21 976.33*** 80.59
Baseline SBA score 0.60*** 0.02 0.85%*** 0.02 0.69*** 0.03 0.62%** 0.03
Intervention Effect
Low 3.45 43.98 -20.32  32.77 13.33 41.70 11.42 58.87
Medium -28.27 42.57 -31.60 31.70 -24.66 40.34 -33.67 56.98
High 24.08 43.02 25.99 33.72 45.68 42.87 45.24  60.07
Intervention effect 15.44 40.19 26.02 30.42 -1.44  38.72 12.74 54.62

*p<.05,** p<.001.
Exhibit31. Descriptive Statistics:
Implementation Category by Treatment Group in 2026017 (Wave 1)
SBA overall Claim 1 Claim 2&4 Claim 3
Implem. Group Mean SD Mean SD Mean SD Mean SD
None Control 2564.79 93.56  2561.63 100.83 2546.80 109.38 2546.39 115.33
None Treatment 2612.62 65.40 | 2610.61 67.38 2601.84 87.37 2619.91 99.32
Low Treatment 2563.73 128.09 2558.88 133.00 2560.94 148.39 2550.45 161.42
Medium Treatment 2508.25 88.57 | 2502.93 94.63 2498.80 106.52 2505.19 120.94
High Treatment 2554.61 110.95 2564.04 100.73 2587.83 130.23 2560.75 129.35
Exhibit32. Descriptive Statistics:
Implementation Category by Treatment Group in 202018 (Wave 2)

Implem. Group SBA overall Claim 1 Claim 2&4 Claim 3




Mean SD Mean SD Mean SD Mean SD
None Control 2576.44  114.37 2569.73 119.82 2558.02 130.37 2560.33 147.86
None Treatment 2567.01 98.44  2579.91 107.87 2530.40 128.73 2557.40 113.02
Low Treatment 2608.71  109.45 2608.81 113.77 2598.02 125.38 2612.06 134.41
Medium Treatment 2521.61 103.90 2531.32 112.72 2495.19 122.64 2503.04 133.34
High Treatment 2617.64 115.46 2633.83 124.15 2590.90 133.20 2611.99 127.48

Exhibit33. Descriptive Statistics:
Baseline SBA Scores by Implementation Category in 2208 (Wave 1)

SBAoverall Claim 1 Claim 2&4 Claim 3
Implem. Group Mean SD Mean SD Mean SD Mean SD
None Control 2549.67 78.35 254591  82.44 2541.33 91.01 2532.70 102.65
None Treatment 2600.83  57.52 2605.30 72.16 2595.65 67.59 2597.61 55.40
Low Treatment 2552.80 113.56 2552.16 120.26 2537.09 138.32 2547.11 131.97
Medium Treatment 2504.85 87.28 2505.78 91.72 2491.55 110.72 2491.20 111.39
High Treatment 2533.70 96.03 2550.08 82.30 2553.46 83.71 2541.42 86.13

Exhibit34. Descriptive Statistics:
Baseline SBA Scores by Implementation Category in 220067 (Wave 2)
SBA overall Claim 1 Claim 2&4 Claim 3

Implem. Group Mean SD Mean SD Mean SD Mean SD
None Control 2558.98 93.81 2555.60 91.98 2541.85 114.14 2539.61 113.30
None Treatment 2532.87 91.56 253559 94.35 2511.95 111.44 2534.86 113.20
Low Treatment 2599.83 99.90| 2600.63 104.61 2592.07 125.96 2595.02 115.25
Medium Treatment 2509.12 174.60 2519.42 105.57 2501.34 110.02 2510.20 110.48
High Treatment 2574.16 95.68 2588.82  93.27 2574.95 125.08 2577.51 115.13

Analyses 2 Results: Implementation as a Dichotomous Variable

Exhibit35 and ExhibiB6 presentthe results from the implementation analyses with teacher
Implementation category treated as a dichotomous variable. Agiaéme isno statistically significant
relationship between teacher implementation and student SBA scores for Wave 1 or Wave 2.

Exhibit 35. Analysis 2: LLAMA Implementation Category HLM Results in 2001 (Wave 1)

SBA overall

Claim 1

Claim 2&4

Claim 3




Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 167.63** 51.81 527.95*** 67.85 689.35*** 71.85 805.54*** 82.28
Baseline SBA 0.94%** 0.02 0.79%** 0.03 0.73%** 0.03 0.69*** 0.03
Implementation 514 10.11 16.20 13.95 14.06 15.45 1.42 1955
effect
Intervention -3.65 9.61 -5.68 13.47 8.90 14.87 -8.14 18.86
effect

** < 01, *** p<.001.

Exhibit36. Analysis 2: LLAMA Implementation Category HLM Results in 2B (Wave 2)

SBA overall Claim 1 Claim 2&4 Claim 3
Estimate SE  Estimate SE  Estimate SE  Estimate SE
Intercept 1022.44**  56.32 397.95%**  66.76 | 788.19**  71.42 | 962.78**  86.76
Baseline SBA score 0.60*** 0.02 0.85%** 0.02 0.69*** 0.03 0.62%** 0.03
Implementation 590 24.58 -5.63 20.82 7.28 25.65 11.03 34.37
effect
Intervention effect 18.10 24.07 11.37 20.78 8.86 25.60 2149 34.32

*p<.05,** p<.001.

Hypothess 4. Bacher content knowledge and practice mediate the relationship between the
LLAMA intervention and outcomes.

Teacher practice data was not collected in the current study. Instead, teacher baseline TARA data was
used to estimate teacher argumentative reasoning skilldMModel 4 was developed to include MKT
baseline scores as teacher math content knowledge memsand TARA baseline scores as covariates to
examine the relationship between the LLAMA intervention and these two teacher outcé&xieiit37

and 38 presentthe Model 4 analysis results for Wave 1 and Wave 2, respectively.

There isno statistically sigificant relationship between teacher content knowledge and
argumentative reasoning skills and student SBAC scores for Wave 1 or Wave 2

Exhibit37. HLM Model4 Results Examining the Impact of
LLAMAon SBAC Scores in 202617

SBAC overall Claim 1 Claim 2&4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 143.8% 59.62 499.72** 82.70 645.28** 86.81 821.17** 90.64
Baseline SBAC score 0.95** 0.02 0.82** 0.03 0.75* 0.03 0.69* 0.03




TARA -0.51 1.75 ‘ -0.43 2.40 -0.37 2.59 ‘ 0.35 2.44
MKT -0.01  15.02 ‘ -12.50 22.92 -3.10 24.70 ‘ -29.94 22.80
Intervention effect -455 1131 ‘ -16.93 16.67 5.17 17.95 ‘ -13.29 1651
**p<.01, *** p<.001.
Exhibit38. HLM Model4 Results Examining the Impact of
LLAMAon SBAC Scores 20172018
SBAC overall Claim 1 Claim 2&4 Claim 3
Estimate SE Estimate SE  Estimate SE Estimate SE
Intercept 1140.94*  71.88 376.63** 83.13 867.86** 91.65| 1049.96*  112.45
Baseline SBAC score 0.58**  0.02 0.87*  0.03 0.69** 0.03 0.62+ 0.03
TARA -2.84 297 -2.63  2.57 -2.22 3.17 -5.31 4.27
MKT -2.72 22.36 0.51 19.12 -30.71 23.61 -2.36 31.84
Intervention effect 19.27 19.92 16.82 17.32 3.62 21.39 18.52 2891

* < 001,
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The research team decided to conduct an additional SBAC study with the 12 highly engaged Cohort 2
teachers. The research team decided to conduct this additional study because the Cohort 2 teachers
were highly engaged in the LLAMA professional developnmenhé entire time period. There are two
designs for this study.

SBAC Executive Summary

This section investigates the same hypothesgshe Cohort 1 Student Achievement Study but presents
findings for Cohort 2 fotwo SubStudiedFirst, there is a within treatment teacher study (Substudy 1)

that represents 9 of the 12 teachers and includes SBAC data fronf'th@ders and 8 graderstaught

in the treatment year (Project Year 3; 202819 school year) and the SBAC data from thgraders

and 8" graders taught by the same teachers prior to LLAMA (Project Year :2PQ¥6school year and
Project Year 2; 2017018 school yearSecondthere isa quasiexperimentalstudy (Substudy 2) that

includes both treatment and comparison data. The treatment data is comprised of students in Grades 7
8 from 7Cohort 2 teacherwith treatment data in Project Year 3 (i.e., 262819 School Year). The
comparison data is comprised of students in the same grade levels who did not have a LLAMA teacher in
Project Year 3 but were in the same district as the 7 treatment teachers. This design includes 7 teachers
instead of 12 because only 7 teachers had corspa data.

For Substudy 2 the treatment and comparison groups did not have similar baseline scores in Project Year

2. To control for this difference, student scores from Project Year 2 (i.e., the school year prior to the

Cohort 2 LLAMA intervention) weirgcluded in the HLM analysis model as covariates at the student
level.Research Questiom A &3 a¢2 6KI G SEGSYd RAR adGdzRSydGa Ay
AYLINRGSYSyid 2y adlFdS I aasSaaysyTharesdaichtgamsedazRSy ia Ay
HLM model building approach to address the hypotheses. The main finding is that the LLAMA

intervention has a partial significant effect on SBAC scaitesiirst hypothesisis thatstudents in the

treatment group will improve significantly more mmathematics content learning measured by SBAC

than students in the comparison grouphis hypothesis was partially supported by the results from

SubStudy 2Controlling for significant baseline inequivalence, the HLM model shows a partial significant
positve LLAMA effect on their mathematics achievement in SubStudy 2. The treatment students scored
statistically higher in the SBAC Claim 3 measure. They did not show significant difference in overall

measure and sulaim 1 and suelaim 2 & 4Hypothesis Iwas not supported for SubStudy There

was a statistically negative program impact on student SBAC Claim 1 and Claim 2 & 4 scores for students

that had a LLAMA teacher in YeaiTBat said, this analysis compares different groups of students over

time andcannot control for potential differences among the student groups.

Thesecond hypothesisvas not tested because data were only collected for 2 years.

Thethird hypothesisof the LLAMA study is that treatment teachers who implement the LLAMA
intervention with high fidelity will have a greater impact on student achievement than teachers who
implement the LLAMA intervention with lower fidelity. To test this hypothesis thearebeteam used

an HLM model that included teacher implementation categotieded as ¥4 as a covariate to account

for teacher differences in implementing the LLAMA interventibime hypothesis wagpartially

supported for SubStudy .1Thereis a significantelationship between teacher implementation scores of

3 and student SBAC overall scores and their scores in Claim 1 and Claim 2 & 4 for SubSutdy 1.
SubStudy 2, hypothesis 3 wa®t supported LLAMA implementation category did not had a significant
impact on student mathematics achievement measured by SBAC. Due to the small sample size within




each implementation category (i.e., some categories with only teacher), these results should be
interpreted with caution.

To assess possible intervention meclsams, thefourth secondaryanalysis hypothesiss that teacher

content knowledge and practice mediate the relationship between the LLAMA intervention and
outcomes.To test this hypothesis the research team usidviModel 4 which included MKT baseline
scoresas teacher math content knowledge measures and TARA baseline scores as covariates to examine
the relationship between the LLAMA intervention and these two teacher outcoghdsStudy tesults
revealedthat there is no statistically significant effect efsicher content knowledge and practice on

student SBAC scoreghis hypothesis was not supported in SubStudyThis hypothesis cannot be

tested for Substudy 2 because MKT and TARA scores were not collected from the comparison.teachers

Study Recruitment
Sudy recruitment is described within the chapt8tudy1: Student AhievementStudy.

SBAMata Collection

Target:RMC Research will obtain SBAC data for the participating schools/districts of the 12
active Cohort 2 teacherStatus:Partially Met with 75% (9 of 12) of districts providing data for
Year 3. Due to COVID, state achievement testing was cancelled for the 28020 school

year, as such there was no SBAC data to collect for Year 4.

Exhibit39 shows the data collected fdhis study. The research team collected SBAC data in Years 1
through 3, but due to COVID® the SBAC was not administered in Year 4 during the-2020 school

year. By the end of Year 4, there were 12 active Cohtwaehers. For the within treatment stly, 9 of

the 12 active Cohort 2 teachers submitted data for Yea8g215%). For the quaskperimental study, 7

of the 12 active Cohort 2 teachers submitted data for their students and comparison data for students in
their district without a LLAMA teachéor Years 13 (58%).

Exhibit39: SBAC Completio@ohort 2 SubStudy

SubStudy 1 SubStudy 2

Within Treatment Study QuastExperimental Study

No. of % of No. of % of

Cohort 2 Complete Cohort 2 Complete

Year Teacher3 Data Sets Teacher’ Data Sets
Year 1 (Spring 2017) 9 75% 7 58%
Year 2 (Spring 2018) 9 75% 7 58%
Year 3 (Spring 2019) 9 75% 7 58%
Year 4 (Spring 2020) N/A N/A N/A N/A

aReflects number of teachers with treatment data
bReflects number of teachers witheatment and comparison data
¢SBAC was not administered spring 2020




Analyses andrindings

Assess equivalence of the intervention and comparison groups at baseline (prior to the
intervention)

SubStudy 1: Within Treaent Study

The 7 grade and 8 grade students taught by the same treatment teachers in 22067 and 2017
2018 (businesssusual years) were used as the comparison group for the 2018 treatment group
in the same grade levels. Baseline equivalence cannot be compecedide data was only collected at
one point in time from the students.

SubStudy 2: Quakixperimental Study

The 20172018 student SBAC data were used as baseline data in this study. BXkHoitvs treatment

and comparison group baseline scores inrgp2018. Ttest results revealed that, on average, the
treatment students scored significantly higher in SBAC overall scores anthgutscores than the
comparison students. HLM analysis was also conducted to test the baseline equivalence between the
two groups using a null model where students are nested within teacher. Similar findings were found in
the HLM analysis as displayed in ExhibitFhere was a significant treatment effect on SBAC overall
measure and swolaim measures. To account for baselinequivalence, , student scores from Project
Year 2 (i.e., 2022018 school year prior to the Cohort 2 LLAMA intervention) were included in the HLM
analysis model as covariates at the student level.

Exhibit40: SBAC Baseline Mean Scores in
Treatment axd Comparison Groups iSulstudy 2

Treatment Comparison
SBAC N Mean SD N Mean SD
Overall** 404 2568.40 86.79 | 2472 2522.05 103.58
Claim z** 372 2565.04 87.43 2440 2524.87 110.56
Claim 2/4¢** 372 2553.62 107.34 2440 2512.88 118.97
Claim 3** 372 2553.19 108.71 2440 2502.23 124.99
***p <.001

Exhibit41. SBAC Baseline Equivalence Test between Treatment amip@dsonGroups

SBAC overall Claim 1 Claim 2 &4 Claim 3
Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 2522.04 2.04 | 252462 2.15 | 2502.01 245 | 2512.62 2.34
Intervention Effect  45.33*** 5.40 34.95+* 5.69 44 94> 6.49 35.47+* 6.20

*p < 001




Analytic Sample

Exhibit £ shows the composition of the analytic samples for the two SubStudies.

Exhibit42: HLM Analytic Sample by S8iidy

Number of Students

SubStudy 1 SubStudy 2

Within Treatment Study QuastExperimental Study
Grades 7/8 Grades 7/8 Baseline Grades 7/8
Study Group (20172018)  (20182019) (20172018) (20182019)
Treatment Total - 726 410 410
Overall - 718 404 407
Claim 1 - 680 372 374
Claim2 &4 - 680 372 374
Claim 3 - 680 372 374
Comparison Total 1418 - 2473 2473
Overall 1395 - 2472 2470
Claim 1 1207 - 2440 2438
Clam2&4a 1207 - 2440 2438
Claim 3 1207 - 2440 2438

Note. 20n the state test Claim 2 and 4 are reported together.

Findings

Twolevel HLMs with students nested within teachers were used to estimate the impact of LLAMA on
a0dzRSyGaQ YIFGKSYFGAOa I OKAS@SYSyGs YSI adidbR dza Ay 3
scores. Multiple HLM models were conducted sequentially to té&rént research hypotheses.

Models 14 are preliminary models used to develop Model 5 which provides the main findings about

program impact. The followingmodels were developed. For SubStudy 1: Within Treatment Study, the

analysis models did not incladstudent baseline model as students taught by the same teachers in Year

1 and Year 2 data were used to form the comparison group. For SubStudy 2: Quasi Experimental,

teacher mathematics content knowledge and teacher TARA baseline scores were not afa@ildige

comparison teachers. Therefore, only Modeld were included in SubStudy 2.

A Model 1was a baseline model with no covariate to identify if there is any baseline difference
between the treatment and comparison groups (see baseline equivalendersgct

A Model 2included the effect of the intervention and student baseline SBAC scores as covariate;

A Model 3added teacher implementation fidelity covariate to account for teacher differences in
implementing the LLAMA intervention;

A Model 4 included student baseline measure and additional teacher covariates: teacher MKT
baseline scores that accounted for teacher mathematics content knowledge and teacher TARA
baseline scores that accounted for teacher argumentative reasoning skills.




A Model 5is the final analytic model that includes student baseline measure and three teacher
level covariates: implementation fidelibategories MKT baseline scores, and TARA baseline
scores.

Hypothesis 1: Students in the treatment group will improve signifidgninore in mathematics
content learning measured by SBAC than students in the control group.

Naive descriptive statistics, as displayeé&xhibit 8, reveal thedifference between the treatment and
comparison group posttest SBAC scores for SubStudy hinWiteatment. The comparison group

scored slightly higher than the treatment groapross all SBAC salaim measures. The HLM null model
analysis results showed no intervention effect on SBAC scores between the two groups (Exiioit 4
SubStudy 2: QasiExperimental, however, the treatment group scored significantly higher in the overall
SBAC measure and three stlaims in the #est analysis (Exhibit 45) and the null HLM model (Exhibit
46).

Exhibit43: Substudy 1 SBAC Comparison
between Treatment and Comparison Groups

Treatment Comparison
SBAC tests N Mean SD N Mean SD
Overall 718  2581.41  104.42 1395 2580.09 106.10
Claim 1 680 2577.61 110.91 1207 2581.86 111.17
Claim2 & 4 680 2569.60 130.79 1207 2570.76 131.21
Claim 3 680 2569.63 124.26 1207 2571.38 125.12

Exhibit44: Substudy 2 SBAC Post Test Comparison
between Treatment and Control Groups in Year 3

Treatment Comparison
SBAC tests N Mean SD N Mean SD
Overall** 407 2583.81 96.34 2470 2537.57 109.55
Claim Z** 374 2574.38 101.37 2438 2539.29 116.32
Claim 2 & 4** 374  2574.13  121.03 2438 2519.94 129.59
Claim 3** 374 2568.10 117.48 2438 2524.49 128.55

%k < 001




Exhibit 4. HLM Null Model ResultExamining the Impact of
LLAMA on Substudy 1 SBAC Scores

SBAC overall Claim 1 Claim 2 &4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE

Intercept 2586.26** 12.97 | 2581.49* 14.17 2568.22** 14.01 2568.8%* 16.71
Intervention 0.30 4.65 | -0.48 5.16 1.58 5.86 | 3.0514 6.10
Effect

**p < 001.

Exhibit 4. HLM Null Model Results Examining the Impact of
LLAMA on Substudy 2 SBAC Scores

SBAC overall Claim 1 Claim 2 &4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE

Intercept 2537.57 2.17 2539.29 2.32 2524.49 2.58 2519.94 2.60
Intervention Effect =~ 46.24*** 5.77 35.09%** 6.36 43.61*** 7.06 54.19%+* 7.14

*4p < 001

For the quasexperimental study, HLM model 2 was performed to examine the impadt AMA
interventionwith student baseline SBAC scores as a covaiiéte results from SubStudy 2: Quasi
Experimental Study partially support hypothesisgintrolling for significant baseline inequivalence, the
HLM model shows a partial significant pagtLLAMA effect on their mathematics achievement. The
treatment students scored statistically higher in the SBAC Claim 3 measure. They did not show
significant difference in overall measure and siiim 1 and sulelaim 2 & 4 (Exhibit4.

Exhibit 4. HLM Model 2 Results Examining the Impact of
LLAMA on Substudy 2 SBAC Scores in Year 3

SBAC overall Claim 1 Clam2 &4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE

Intercept 299.57 39.01 440.64 3150  822.19 36.81 | 795.74 40.48
Baseline SBAC scor 0.89*** 0.01  0.83** 0.01 0.68** 0.01 0.69*** 0.02

Intervention Effect 5.72 3.21 2.26 3.9 9.39 5.37 26.68** 5.60

k< 001

Next, the final analytic HLM model (Model 5) with teacher level covariates were conduct8dld8tudy
1 to further examine the LLAMA impadhe results from SubStudy 1 did not support hypothesis 1.
Exhibit 8 shows that, controlling for LLAMA implementation fidetigtegory teacher mathematics
content knowledge measured by MKT, and their argumentative skills measured by the TARN,&he
2019 treatment students significantly underperformed th2@162017 and2017-2018 comparison
group in SBAC Claim 1 and Claim 2 & 4.ribdel was not run for Substudy 2 because the MKT and
TARA were not collected from the comparison teachers.




Exhibit 8. HLM Analytic Model Results Examining the Impact of
LLAMA on Substudy 1 SBAC Scores

SBAC overall Claim 1 Claim 2&4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 2506.44 56.82 2518.54 64.73 249592 61.10 2492.05 75.98
Implementation Fidelity
Category3 21.83 9.72 34.37* 10.89 51.52%** 12.34 18.64 12.90
Category4 -1.70 17.82 3.54 19.10 22.09 21.65 -15.35 22.62
TARA 579  3.92 5.11 457 4.81 4.29 5.97 5.36
MKT 14.34 24.32 20.50 26.99 31.29 2547 21.15 31.68
Intervention effect -10.59 7.27 -18.61 8.28 -27.05* 9.38 -5.07 9.80

**p<.01;**p <.001.

Hypothesis 3. The treatment teachers who implement the LLAMA intervention with high
fidelity will have a greater impact on student achievement than teachers who implement the
LLAMA intervention with lower fidelity.

The research team hypothesized that treent teachers who implement the LLAMA intervention with
high fidelity will have a greater impact on student achievement than teachers who implement the
LLAMA intervention with lower fidelity. To test this hypothesis the research team used an HLM model
that included teacher implementation scores as a covariate to account for teacher differences in
implementing the LLAMA intervention.

Analytic Sample

The analytic sample includes 9 treatment teachers for the SubStudy 1 and 7 treatment teachers for the
SubStudy 2 (Exhil®9). All treatment teachers have implemented the LLAMA intervention in their
classroom with a fidelity score of 2, 3 orfhe researa team gave each LLAMA teacher an
implementation category codim Year 5Codes ranged from 1 to 4.

A High Implementer? G S OK S NJ gr Bthe OataRsIoRed kthd teacher¥a) engaged
students in learning experiences targeting the learning of th€Rg, (b) included viable
argumentation as regular feature of instruction, and (c) included viable argumentation for
generalizations frequentlfi.e., at least twice a month).

A Medium Implementer:!! 1 S OK S NJ ¢d Bthe OfaRl$Wed kthé teachday engaged
students in learning experiences targeting the learning of the 12 CPs, (b) included viable
argumentationsometimes in their instruction, and (c) included viable argumentation for
generalizations sometimes

A Low Implementer:A teacher was code | 1 @the data showed the teacher (a) engaged
students in learning experiences targeting tearning of some of the 12 CPs, (b) included viable
argumentation infrequently in their instruction, and (c) included viable argumentation for
generalizathns infrequentlyNo Implementation:!! G S OKSNJ ¢m BtheO#aR SR | &
showed the teacher did not start the project or there was no evidence of the teacher
implementing LLAMA in the classroom




Analytic Plan

Descriptive statistics demonstrate thatt$Study 1 students taught by teachers with LLAMA

implementation scores of 4 scored highest in SBAC overall scores and@Hisubwhile students

taught by teachers with implementation scores of 2 scored the lowest (ExX@biFor SubStudy 2,
howeverd G dzZRSy i &d02NBa AYyONBIaSR o0& GKSANI (SIFOKSNBRQ A
2 & 4 (Exhibis0). HLM Model 4 was then conducted to investigate the relationship between student

SBAC achievements and teacher LLAMA implementation for SubStndySubStudy 2 (Exhibits &nd

52). The hypothesis wagpartically supported for SubStudy .IThereis a significant relationship between

teacher implementation scores of 3 and student SBAC overall scores and their scores in Claim 1 and

Claim 2 & 4 for Suutdy 1For SubStudy 2, hypothesis 3 wast supported LLAMA implementation

category does not had a significant impact on student mathematics achievement measured by SBAC.

Exhibit49. Descriptive Statistics:
Implementation Fidelity by Treatment Group in Substudy 1

Impl SBA overall Claim 1 Claim 2&4 Claim 3
Category Group Mean SD Mean SD Mean SD Mean SD
1 Comparison 2580.09 106.10 2581.86 111.17 2571.38 125.12 2570.76 131.21
1 Treatment - - - -

2 Treatment 2568.04 9454 2568.56 100.78 2551.37 123.83 2564.95 116.54
3 Treatment 2589.89 110.62 2583.19 118.70 2582.35 125.06 2574.51 140.06
4 Treatment 2558.52 57.12 | 2572.11 56.57 | 2536.11 87.59 | 2535.56 94.92

Exhibit . Descriptive Statistics:
Implementation Fidelity by Treatment Group in Substudy 2
SBA overall Claim 1 Claim 2&4 Claim 3

Impl Score Group Mean SD Mean SD Mean SD Mean SD
1 Comparison  2537.57 109.55 2539.29 116.32 8 2519.94 129.59 2524.49 128.55
1 Treatment - - - - - - - -
2 Treatment 2560.31 79.11| 2558.32 89.64 | 2530.33 117.93 2569.80 88.02
3 Treatment 2593.84 103.08 2580.41 108.67 2585.22 116.80 2579.02 134.37
4 Treatment 2564.68 53.91| 2577.72 54.06 2546.36 82.21 2542.40 85.59




Exhibit 5L.. Model 4: LLAMA Implementation Fidelity HLM Results in Substudy 1

SBA overall Claim 1 Claim 2&4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 258611 1332 2579.84 1534 2563.82 14.78 2569.85 1716
Implementation Fidelity
3 25.88** 9.70 28.63** 1057 46.14%** 11.96 13.15 1251
4 18.83 34.48 36.32 36.84 16.86 39.52 -5.92 42.82
Intervention -16.38* 7.79 -1821*  8.27 -26.28** 9.36 -4.71 9.79
effect

%k p < .001.

Exhibit 2. HLM Model 4 Results Examining the Impact of
LLAMA on Substudy 2 SBAC Scores

SBAC overall Claim 1 Claim 2&4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 297.70 2762 439.18 3152 82508 3685 79470 4054
Scajri“”e SBAC 0.89** 0.1 0.83**  0.01 0.68**  0.01 0.69* 0.02

Implementation Fidelity

Category 3 2.45 6.92 299 846 30.23** 1137 -10.29 11.90
Category 4 25.82 13.27 33.08* 15.94 41.21 21.42 -12.22 22.41
Intervention 2.41 6.06 -1.97 731 -13.32 9.82 34.36** 10.27
effect

*p<.05; *p < .01***p < .001.

Hypotheses 4. Teacher content knowledge and practice mediate the relationship between the
LLAMAIntervention and outcomes.

Teacher content knowledge and practice was estimated using their 2018 baseline MKT scores and TARA
scores as covariates in HLM Model 5 for SubStudy 1. ExBibidiSates that there is no statistically

significant effect of teacher content knowledge and practice on student SBAC Sduisebypothesis

was not supported in SubStudy This hypothesis cannot be tested for Substudy 2 because MKT and
TARA scores weret collected from the comparison teachers.




Exhibit 53. HLM Model 5 Results Examining the Impact of
LLAMA on SBAC Scores in Substudy 1

SBAC overall Claim 1 Claim 2&4 Claim 3

Estimate SE Estimate SE Estimate SE Estimate SE
Intercept 2505.70 55.41 2518.61 62.71 2500.98 61.25 2486.92 74.55
TARA 546 3.84 472 444 437 432 5.62 5.28
MKT 14.13 2361 18.02 25.99 2451 25.32 2295 30.90
Intervention effect 0.44 4.65 -0.33 5.17 192 5187 3.33 6.11

¢ < 001,
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RMC Research condectan experimental research study using a-piest design and posginly design
to address Research Questior 52 Sa GKS AYLIX SYSy Gl GA2y 2F GKS

treatment group consistof students whose teachers were randomly assigned to start participating in

the LLAMA intervention in Yearand the control group consists of students whosachers were

randomly assigned to start participation in the LLAMA intervention in ¥ &dre independent variable

is the LLAMA intervention and the dependent variable is student argumentation and reasoning skills. In
the pre-post design, treatment andontrol students in Yeark, 2, and 3 completéthe Student

Argument and Reasoning Assessment at the beginning (pre) and end (post) of each school year. The
pretest has 5 items: 4 that measure the ability to construct viable arguments, and 1 that agbesses
FoAftAGeE (2 ONRGAILdzZS 20KSNRQ | NBdzYSyidao7kewl$asS A
ensure the Grad8 students have the mathematical knowledge necessary to adequately complete the
assessment as a pretest at the beginning of thead®8 year (i.e.this approach ensures the

assessment is measuring argumentation skills and not mathematical content knowledge). The posttest
includes the same 5 items as the pretest and 4 additional items that address mathematical content that
is taughtto Grade8 students during the school year. In thee-post design, the hypothesiis that

students in the treatment group will improve significantly more in argumentation skills than students in
the control group (using the 5 items that are on both thre pnd post). In th@ost-only design, the
hypothesisis that students in the treatment group will score significantly higher on the posttest than
students in the control group for the 4 items that are only included on the posttest.

Major Modifications. The data collection for the original study

occurred as planned; howevebased on the estimated number of
scorers (4), targeted timeline to finish YearSARAs (September 2018 ,
and the number of assessments to score (approximately 3,000), RV Z
Research estirated each scorer would have to score 250 assessmer (s
a month to complete all Year 1 SARAs. Due to time and resource
restraints, the LLAMA team decided &rore a sample of the SARAs
rather than all of the SARAs collected. The sample consisteal of
subset d Year2 SARAs which focuden 6 of the 34 Cohorl teachers
(treatment) and 6 matched Cohort 2 teachers (comparigoDetails
regarding the sampling are included within this chapter.

SARA Executive Summary

Research Questiom> @52 Sa (KS fihUIANAVh&Wentiod chahge the treatment
A0dRSY(AQ FoAtAGe G2 O2yadNHOG GAl o THfirdt NB dzy Sy
hypothesis ighat students in the treatment group will improve significantly more in argumentation

skills than widents in the control group (using the 5 items that are on both the pre and posg).

second hypothesiss that students in the treatment group will score significantly higher on the posttest
than students in the control group for the 4 items that ardyoimcluded on the posttesio test both
hypothesesthe research teanadhered to WWC guidelines as closely as possible in order to address
potential issues related to attrition and baseline equivalence.

[
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Thefirst hypothesis was supportedlo test the hpothesis andaccount for any group differences in the
SARA pretesta more nuanced analysis BFANOVAwas used testimatethe treatment effect on
student prepost growth scores for Problems5l(i.e, problems that are on both the pre and post
assessment, items-8 are only on the postResults showttere was a statistically significant difference
between thetreatment group and control groupn the growth scores o€ombined dependent variables
of five SARA growth itemB(5, 317) =868 p =.000.

Next, Multivariate analysis of covariance (MANCOVA) analysis was conducted to further account for
teacher variance of LLAMA implementation fidelity. LLAMA treatment status was used as the
independent variable. Student growth score was calculated as¢bee difference between the pre and
post SARA assessments. Teacher implementaategory(from 1-4 as described in previous chapters)
was used as a covariate. Significant differences were observed between the treatment and control
groups,F(5,316) = B09,p = .000. When controlling for teacher implementation fidetigtegories
participation in LLAMA program was still positively and significantly associated with student
argumentative skills.

Thesecondhypothesis was supportedTo test the second Ippthesis andaccount for any group
differences in theSARA pretesta more nuanced analysis BFANOVAwas used testimatethe
treatment effect onitems 69. The hypothesis was supportéthemultivariate analysis of variance
(MANOVAwas conducted to congre post test scores for Problem€96The dependent scores are the
four problem scores indem B from the posttest. The independent variable is the study treatment
status: treatment vs. control. The results of the MANOVA anahsis herewere statistically
significant differencebetween thetreatment group and control group for Problem=6F (4, 318) =
3.963 p=.004.

SARA Methods

Study Recruitmenand Random Assignment

Study recruitment and random assignment is described within the enegtudy 1: Student
Achievement Study.

What Works Clearinghouse Guidelines

What Works Clearinghouse utilizes three steps for reviewing RCTs and QEDs that assign individual
subjects to the intervention or comparison conditiéf:

A Step 1:Assess the studgesign,

A Step 2:Assess sample attrition, and

A Step 3:Assess equivalence of the intervention and comparison groups at baseline (prior to the
intervention).

Step 1:Assess the study design

G¢2 0SS SEtATA0ES F2NI GKS 22 fdiesMedksAWIVK Seoup Désignii A y 3 F2 NJ
Standards Without Reservatigribe study must be an RCT with low levels of sample attrition. A QED or
high-attrition RCT is eligible for the ratiddeets WWC Group Design Standards With Reservatitins

al GA&aTA S dasdlifie quivalenc@r@quitement that the analytic intervention and comparison

12 page 5https:/lies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_procedures_handbook_v4.pdf




groups appear similar at baseline. A QED or-higffition RCT that does not satisfy the baseline
equivalence requirement receives the ratibges Not Meet WWC Group Design Staddb €

This study is an RCT.

Step 2:Assess sample attrition

The What Works Clearinghouse (Institute of Education Sciences, 2008) definition of differential attrition
is:
A Differential Attrition: § 5A FFSNBY GALf FTGOGNRGAZ2Y NBFSNA (G2 (K
the original study sample retained in the follayp data collection is substantially different for
the intervention and the control groups. Severe differential attrition makesréseilts of a study

S
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Differential attrition is 22% (74%2%) for the intent to treat study groups (i.e., all teachers/students
initially recruited for the study). For the intent togat sample, 74% of the treatment group submitted
pre/post data and 52% of the control group. The differential attrition for active teachers is smaller (i.e.,
those who have not dropped out of the project). For the active teachers in Year 1 the differential
attrition is 17%: 89% of the treatment group submitted pre/post assessments and 72% of the control
group. For Year 2, the differential attrition was 0%: 100% of both the treatment and control group
submitted pre/post assessments.

The What Works Clearinghse (Institute of Education Sciences, 2008) definition of overall attrition is:

A Overall Attrition: 6 ! G ANRAGA2Y A& RSTAYSR Fa | FlFAfdNB (2
participants initially assigned to the intervention and control groups. Higadl attrition
ISYySNIrfte YI{1Sa GKS NBadzZ Ga 2F | addzRé &dzalLISO

For the intent to treat study groups (i.e., all teachers/students initially recruited for the study), overall
attrition was low for the treatment grougvith only 26% not submitting pre/post data but overall
attrition was higher for the control group with 48% not submitting pre/post data.

Differential attrition cannot exceed 11% and this study is at 22%.
While the differential attrition is not in an accgtable range, the
overall attrition is within an acceptable range. In order to Meet WW( .
Group Design Standards With Reservations this study will need tc
show that the sample members who remain in the intervention and
comparison groups in the analysis wesamilar on important
characteristics at baseline.

Step 3:Assess equivalence of the intervention and comparison groups at baseline (prior to the
intervention).

SARA pretest results were compared using the independent sampdss to examine the baseline
equivalence betweeltreatment students taught by the LMPA participating teachers and business
usual control studentsDifferences 0SARA scores between all treatment and constldentsare
presented in ExhibB4.
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Overall, treatmenstudentsoutperformed the controktudents in Problem 1 and ProblenaBd scored
lower than control students in Problems 2, 4, and 5. The group differences were statistically significant
for Problem 2 and 4Therefore, baseline equivalence was establishedhae out of five SARAtems.

In the MANCOVA analysis, studentwgtio scores (score differences between the pre and post SARA
assessments) were used to account for gmyup performancedifferences at the outset of the study.
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at baseline.The analysis Wi account for anygroup performance

differences at the outset of the study.

Exhibit54. Student Pretest SARA Scores by Treatment Group

SARA

Problem 1
Problem 2
Problem 3
Problem 4
Problem 5
Problem 6
Problem 7
Problem 8
Problem 9

Treatment Control
(N=200) (N=123) Mean
Mean SD Mean SD Difference
0.61 0.91 0.45 0.66 0.16
0.61 0.67 0.85 0.77 -0.24+
1.40 1.27 0.93 1.18 0.47*
0.46 0.92 0.56 1.05 -0.11
0.35 0.76 0.46 0.79 -0.11

Note. Statistically significant based on independent samplest results
*p<.05**p<.01. Pretest data for Problems96nere not available for analysis.

Instrument Developmen& Interrater Reliability

ol 88t Ay S

Target:UseStudent Argument and Reasoning Assessié/ersiorll (pretest) and Versiad

(posttest).Status:Met

Target: The research team will develop Argument and Reasoning Assessment Rubric

Status Met

The research team developéide Student Argument and Reasoning Assessni®ARA)o measure
A0dzRSY(4Q | o Aviatlelaig@rentsh@critie s & K JKEDG  ThREABA Y dfiginally
developed and validated in the LAMP pilot stytysF Award Number: 1317034ems were developed

by reviewing prior research guroof/proving (e.g.Healy & Hoyles, 2000; Knuth, 2002b), state
assessments, and feedback from the external advisory bddwel préest assessment has 5 items: 4

items measure the ability to construct viable arguments, and 1 item assesses the ability to critique

2 (i K &rpliEneéhts Specifically Item 1 was designed to elicit a direct argument. ltem 2 was designed to
elicit an indirect argument or a direct argument. Item 3 was designed to elicit a counterexample

ax



argument, and Item 4 was designed to elicit an exhaustiveraegi. Item 5 was designed to assess
aidRRSyiGaQ FoAftAaGe G2 aSS GKS ISYySNItATLFGAZ2Y AY
example applied to all caseBhese items address mathematical content at the Gratvel to ensure

the Grade8 students have the mathematical knowledge necessary to adequately complete the
assessment as a pest at the beginning of their Gradg year (i.e.this ensures the assessment is
measuring argumentation skills and not mathematical content knowledge). ds$teept assessment

includes the same 5 items as the pretest d@atditional items that address mathematical content that

is taught to Grad@® students during the school yaaat the onset of the school year the students would

not have the content knowledg® respond tothese items on a pretest.

Exhibit55 shows the two types of ratings each SARA received during scoring. Total SARA scores range
from 0-15; scores per item ranged from3) For the interrater reliability training only the second rating,
viable argumentation, was utilized.

Exhibit55: SARA Ratings and Rating Scales

Rating Type Rating Scale

wSFR /2NNBOGtey YSIadaNBa addzR
objects/definitions and of the format/structure/instructions of the
task

: No evidence afinderstanding
: Some understanding
: Demonstrates understanding

argument : Limited elements of a viable argument
: Elements of a viablergument

0
1
2
+AF0fS ! NHdzySyidlFidAz2yY YSI adzNB 0:No elements of a viable argument
1
2
3: Viable argument

For the 5 items included dooth the pretest and posttest version, LAMP established content validity
through an expert panel and assessed interrater reliability using single rater Intraclass Correlation
CoefficientICCjn PSSwhich suggested that raters moderately agragmbn results (Itend

ICC=0.47;Item 2 ICG=0.48; I1tem3 ICG=0.92; Item4 ICG=0.45;Item 5 ICG=0.56). During the LAMP
project, the team refined th&ARA, developed a scoring rubric, and scored ##RAsDeveloping the
scoring rubric required a significant amount of time, which left little time for formal interrater reliability
training. Additionally, the scorers had considerably diverse backgrounds, which resulted in enough of a
gap in perspectivéhat the ratings differed substantially. The research team betid¢iaat the interrater
reliability waslower than expectedprimarilydue to a lack of time dedicated to training raterather
thanissues with theSARA or rubric.

At the onset of the LLMA project the team had 3 major goals pertaining to the SARAS:

1. Refine and revise the LAMP Scoring Rubric for the LLAMA project
2. Ensure high interrater reliability among coders
3. Score the LLAM&tudent Argument and Reasoning Assessni8ARAS).
RMC Reseah worked with University of Idaho to establish and begin implementing a-staljie plan

to addresghesethree SARA goalWhat occurs during each stage is described in detail in the
Longitudinal Learning of Viable Argument in Mathematics for Adolesé&ntwote Interrater Reliability




Training Manua¥. Exhibit56 shows the stages, which SARA was used in each stage, who comprised the
scoring team, which item was scored, and the intraclass correlation for each item that was scored. As
shown in Exhibit56, the ICCs were low during the LAMP scoring but greatly imgrover time.

To date, the project has metl three goals for this studifthe team met Goal 1 by refining arel/isng
the LAMP Scoring Rubric for the LLAMA projébe team has met Goal 2 by attainimgh interrater
reliability among coder§.e., at east .70 ICC or higher). This is a substantial improvement from the
LAMP scoring. The teamet Goal 3by scoringall the SARAs for this study.

Exhibit56. Inter-Rater Reliability Estimates for Argument and Reasoning StudeARA

Item Number on SARA

Scoring

Stage Assess. Team 1 2 3 4 5 6 7 8 9
LAMP ICC LAMP LAMP A7 .48 .92 .45 .56 NS NS NS NS
Stage 1 I1CC
(July 2017) LAMP LLAMA 91 .86 .84 .87 74 .89 .93 .83 .80
Stage 3 ICC
(January 2018) LAMP NAB .84 .67 .90 .91 74 .89 .91 .85 .85
Stage 2 Round 1 IC
(October 2017) LLAMA LLAMA 57 .61 .95 .62 A7 NV NV NV NV
Stage2Round 21C | \ya (LAMA 90 73 92 86 84 99 NV NV NV
(June 2018)
Stage 2 Round 3 IC

LLAMA  LLAMA 74 a7 .92 .88 .86 .93 NV NV NV
(August 2018)
Stage Round 4 ICC

LLAMA LLAMA .82 NS NS NS NS NS NS NS NS
(February 2019)
Stage 2 Round 5 IC

LLAMA LLAMA .88 NS NS NS NS NS NS NS NS
(March 2019)
Stage 2 Round 6 IC

LLAMA LLAMA NS .80 NS NS NS NS NS NS NS

(June 2019)

Note. NS= Not Scored because calibration round focused on a specific item. NV=ICC calculated but not enough variance so the
ICC is invalid. Stage 1 and Stage 3: Iteghs(h=27), Items 69: (n=14). Stage 2 Round 1: Item&5l (n=60), Items G9:

(n=30). Stage 2 Round 2: Itemg% (n=48). Stage 2 Round 3 n = 50. Stage 2 Round 4 n = 50. Stage 2 Round 5 n = 50. Stage 2
Round 6 n = 50. LAMP, Stage 1, and Stage 3 ICCs are based on scoring of the same LAMP SARAs. Sta§eaPeRmasads 1

on scoring o& sample of LLAMA Year 1 SARAs. Stage 2 Ro6rate dased on scoring of a sample of LLAMA Year 2 SARAs.
Items 69 (Version B LAMP SARASs) were not scored during the first LAMP scoring.

13 Qureshi, C., Wang, X., Lev@s, Yopp, D., & Hiebert Larson, J. (2019). Longitudinal Learning of Viable Argument in
Mathematics for Adolescents Remote Interrater Reliability Training Manual. RMC Research Corporation and

University of Idaho




Data Collection

Target: Treatment and control students in Year2, and 3 will complete th8tudent
Argument and Reasoning Assessment Versiat the beginning (pre) and end (post) of each
school year; they will completéersion2 at the end of each school ye&tatus:Met

RMC Research prepared the materials for teastand mailed them a pre administration packet in
December 2016 for Yedrand August 2017 for Ye2aand August 2018 in Year Bhe packet included a
copy of the parent consent form, Student Assent Information Sheets, a Research Study Assent Form,
copiesof pre SARASs, and instructions for administering the SA&¥#hers read the Student Assent
Information Sheet to the students, had the students sign the Research Study Assent Form, and had
students complete a paper version of the SARA. Teachers mailedrnhgeted Research Study Assent
Forms and SARAs to RMC Research. This process was repeated in sprisyyip@12018and spring
2019for the post administration, except that assent forms were only administered to new students at
the post administration

Data Collection Completion

As shown in Exhibit7¢58, participation in this data collection activity was high for the active treatment
and control teachers in Yeat-3 (i.e., 72%100%), but was lowerd8%74%) using the inter-treat
sample that intudes all teachers recruited for the study.

Exhibit57: Intent to Treat RCT Teachers Submitting Data

Treatment Control

Time Period Teachers  Completion Teachers  Completion
Total recruited 34 31

Submitted Yeal pre 28 82% 24 77%
SubmittedYearl post 26 76% 18 58%
Submitted Yea® pre 25 74% 16 52%
Submitted Yea? post 25 74% 16 52%
Submitted YeaB pre 19 56% 15 48%
Submitted YeaB post 19 56% 15 48%

Note. Although Year 3 data were collected as planned, Year 3 data were not included in this study.




Exhibit58: Active RCT Teachers Submitting Data

Treatment Control
Time Period Teachers  Completion Teachers  Completior?
e ]

Total active May 31, 2017 28 25

Submitted pre 27 96% 25 100%
Submitted post 25 8996 18 72%
Total active May 31, 2018 25 16

Submitted pre 25 100% 16 100%
Submitted post 25 100% 16 100%
Total active May 31, 204 22 15

Submitted pre 19 86% 15 100%
Submitted post 19 86% 15 100%

Note. Although Year 3 data were collected as planned, Year 3 data were not included in this study.
aFive additional nofRCT teachers also submitted Y2asix norRRCT teachers submitted Yé&ar

pre and post assessmen@nd 3 noARCT teachers submitted Year 4 pre assessmgmise are

not included in this percentage.

Student Participants and Consent Information for RCT Classes

Exhibit59 shows the totahumber of students participating in this study (student assented; parents did
not withdraw consent) is 1,721 for Yehr1,032 in the treatment group and 689 in the control group.
The total number of participating students for Y@awas 1,21: 997 in thetreatment group and 524 in
the control group (Exhib&0). Using a twesample test for equality of proportions with continuity
correction, there were no significant differences between cohorts for parent refusals for eithefl 6ear
Year2, nor were theressignificant differences between cohorts for student refusals in 2ehowever,
significantly more Cohott students than Coho@ students refused in Year(14% and 11%,
respectivelyp =0.016). The parent and student consent process are descritibe iGtudent
Achievement Study chapteExhibit61 shows student participation for Year 3, the analyses on the
consent process was novrducted for Year 3 since Year 3 data were not included in this study.




Exhibit59: Student Participants and Consent Information
for Yearl RCT Classes that Submitted Data

Active No. % Students

Student Parents w/ Parents
Study Condition Students  Participant®  Refused Refusal Students Refusetf
Cohortl (treatment) 1,229 1,032 29 2% 177  14%
Cohort2 (control) 782 689 13 2% 83 11%
Total 2,011 1,721 42 2% 260 13%

Note.One nonRCT teacher also administered student assessments to 30 students; they are not included in this

table or the analysis.

aUnduplicated count. Two students (who both withdrew assent) were in 2 Cehorii SI OKSNER Q Of I aasSao
bActive student participants includal students who assented and whose parents did not withdraw consent.

‘Three hundredsixty threestudents (Cohort: 213; Cohor2: 150) had teachers who did not send these

dldzRSyGiaQ FaalSyid FT2Nya G2 GKS NBaS ladigdskollawédthe propgrk S NB a S|

assent procedures but forgot to mail the assent forms to the research team. These students are counted as
giving assent.

Exhibit60: Student Participants and Consent Information
for Year2 RCT Classes that Submitted Data

Active No. % Students

Student Parents w/ Parents
Study Cadition Students  Participant®  Refused Refusal Students Refusetf
Cohortl (treatment) 1,282 997 35 3% 264 21%
Cohort2 (control) 679 524 20 3% 143  21%
Total 1,961 1,521 55 3% 407 21%

Note.Five nonrRCT teachers also administered student assessments to 125 students; they are not included in

this table or the analysis.

aUnduplicated count. Two students (who both withdrew assent) werein 2 Cohorii S OKSNE Q Of I 8a8a o
bActive student particignts include all students who assented and whose parents did not withdraw consent.

cOne hundred fiftyeight students (Cohort: 93 Cohort Y cp0 KFR GSF OKSNE 6K2 RAR y2i
assent forms to the research team. These students are countedtlagrawing assent.

Exhibit61: Student Participants and Consent Information
for Year3 RCT Classes that Submitted Data

Active No. % Students

Student Parents w/ Parents
Study Condition Students  Participant®  Refused Refusal Students Refuset
Cohortl (treatment) 1,193 877 23 2% 296 25%
Cohort2 (control) 868 700 18 2% 157 18%
Total 2,061 1577 41 2% 453  22%

Note.Sixnon-RCT teachers also administered student assessme@@dstudents; they are not included in

this table or the analysis.

aUnduplicated count.

bActive student participants include all students who assented and whose parents did not withdraw consent.
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Assessment Completion for RCT Intent to Treat

Largely dugo 10 RCT teachers dropping from the project prior to pretest assessment administration,
the SARA completion rates for an inteénttreat model are low (Exhibi2-64): only 61% of all possible
students completed a pretest and 51% completed a postte¥eiarl; only 45% of all possible students
completed a pretest and 39% completed a posttest in Yeandonly 37% of all possible students
completed a pretest and3®6 completed a posttest in Year

Exhibit62: Student Argument and Reasoning Assessmeotn@letion:
Yearl RCT Intento-Treat Completion Rates

Completion Completion Completion
Study Condition Students Pretests Rate Posttests Rate Matching® Rate
Cohortl 1,461 903 62% 782 54% 629 52%
(treatment)
Cohort2 (control) 1,053 635 60% 488 46% 423 40%
Total 2,514 1,538 61% 1,270 51% 1,052 42%

Note.One norRCT teacher also administered student assessments to 30 students; they are not included in this table or the

analysis. These student counts include nonconsenting studentsdrhbined average class size of YeaL AMA classes, used

for mean imputation to arrive at the completion rate, was ~39 (38.7) students.

aUnduplicated count. Two students (who both withdrew assent) were in 2 Cohorii S OKSNE Q Of | 44 8sedd aSl y 7
to estimate class size for teachers who did not submit rosters or class counts (Cobaeachers; Cohof: 7 teachers; mean

classroom of 38.7 students).

bMatching refers to students who completed both a paad a postassessment.

Exhibit63: Student Argument and Reasoning Assessment Completion:
Year2 RCT Intento-Treat Completion Rates

Completion Completion Completion
Study Condition Student$  Pretests Rate Posttests Rate Matching® Rate
Cohortl 1,704 920 54% 772 45% 753 43%
(treatment)
Cohort2 (control) 1,383 462 33% 426 31% 269 19%
Total 3,087 1,382 45% 1,198 39% 1,022 33%

Note.Five norRCT teachers also administered student assessments to 125 students; they are not included in this table or the
analysis. These student cournitelude nonconsenting students. The combined average class size & MeAMA classes, used

for mean imputation to arrive at the completion rate, was ~47 (46.9) students.

aUnduplicated count. Mean imputation was used to estimate class size for teacherdid/not submit rosters or class counts
(Cohortl: 9 teachers; Coho#: 15 teachers; mean classroom of 46.9 students).

bMatching refers to students who completed both a paad a postassessment.




Exhibit64: Student Argument and Reasoning AssessmEonmpletion:
Year3 RCT Intento-Treat Completion Rates

Completion Completion Completion
Study Condition Student$  Pretests Rate Posttests Rate Matching® Rate
Cohortl 2,102 825 39% 739 35% 699 33%
(treatment)
Cohort2 (control) 1,838 647 35% 542 29% 523 28%
Total 3,940 1,472 37% 1,281 33% 1,222 31%

Note.Sixnon-RCT teachers also administered student assessme@@students; they are not included in this table or the
analysis. These student counts include nonconsenting students. The combined average class si&LafAkéarclasses, used

for mean imputation to arrive at the completion rate, wa1<60.6) students

aUnduplicated count. Mean imputation was used to estimate class size for teachers who did not submit rosters or class counts
(Cohortl: 15teachers; Cohor2: 16 teachers; mean classroom 60.6students).

bMatching refers ¢ students who completed both pre- and a postassessment.

Assessment Completion for Students of Active Teachers

Exhibit65 shows the student SARA completion rates for the LLAMA teachers who were active as of May
31, 2017 in Yedr; Exhibit66 shows the student SARA completion ratesthe LLAMA teachers who

were active as of May 31, 2018nd Exhibi67 shows the student SARA completion rates for the LLAMA
teachers who were active as of May 31, 20TBe completion rates are much higher for assenting
students of active teachers: 788bactive students completed a pretest and 64% completed a posttest

in Yearl; 92% of active students completed a pretest and 79% completed a posttest i8; éear936

of active students completed a pretest aBi% completed a posttest in Year

Exhibit65: Student Argument and Reasoning Assessment Completion:
Yearl RCT Active Student Participant Completion Rates

Active

Student Completion Completion Completion
Study Condition Participant$  Pretests Rate Posttests Rate Matching® Rate
Cohortl 1,201 885 74% 760 63% 629 52%
(treatment)
Cohort2 (control) 749 635 85% 488 65% 453 60%
Total 1,950 1,520 78% 1,248 64% 1,082 55%

Note.One noRRCT teachers also administered student assessments to 30 students; they are not included in thighable or
analysis. One Cohottteacher who dropped from the project submitted pre and post assessments from 26 students; those
assessments are not included in this table but will be included in the analysis.

aActive student participants include all studentsaviissented and whose parents did not withdraw consent.

bMatching refers to students who completed both a pa@d a postassessment.




Exhibit66: Student Argument and Reasoning Assessment Completion:
Year2 RCT Active Student Participant Completion Rates

Active
Student Completion Completion Completion
Study Condition  Participants Pretests Rate Posttests Rate Matching? Rate
Cohortl 984 920 93% 772 78% 753 7%
(treatment)
Cohort2 (control) 524 462 88% 426 81% 394 75%
Total 1,508 1,382 92% 1,198 79% 1,147 76%
Note. Five norRRCT teachers also administered student assessments to 125 students; they are not included in this table or the
analysis.

aActive student participants include all students who assented and whose parents did not withdraw consent.
bMatching refers to students who completed both a paad a postassessment.

Exhibit67: Student Argument and Reasoning Assessment Completion:
Year3 RCT Active Student Participant Completion Rates

Active

Student Completion Completion Completion
Study Condition  Participants Pretests Rate Posttests Rate Matching® Rate
Cohortl 877 825 94% 739 84% 699 80%
(treatment)
Cohort2 (control) 700 647 92% 542 7% 523 75%
Total 1577 1472 93% 1,281 81% 1,222 77%
Note. Sixnon-RCT teachers also administered student assessmer@@dstudents; they are not included in this table or the
analysis.

aActive student participants include all students who assented and whose parents did not withdraw consent.
bMatching refers to studerstwho completed both a pr&nd a postassessment.

Data Collection Decision Rules

In several instances either the teacher or the student deviated from the instructions. EBB&d#bibws
how each of these cases were handled in terms of counting or exclstlidgnts from the completion
rates and analytic sample.

Exhibit68: Student Argument and Reasoning Assessment Data Collection Decision Rules

Data Collection Issue How This Case was Handled

The research team received a parent consent form for Because the parent consent form did not note the

aGdzRSyld o6K2 ¢l a y2i 2y G addRSyiaQ GSIFOKSNAZ (KS
aldzRSyG st+a y24 Ay | [[!
excluded that student from the count of students.

On the class roster, a teacher marked that a parent hac The research team counted the student as having a

withdrawn consent for their student. The research tean parent who refused and will remove the assessment
did not receive a parent consent form. from the analytic sample.

A teacher sent an assessment, but no assent form, for After making every effort with the help of the teacher tc
one or more students in the class. recover assent forms for these students, the research




One teacher sent a complete class list with assent nott
for each student.

One teacher sent an incomplete class list that listed
names aly of students who withdrew assent for one or
more research activities.

I NE Ay Y2NB

One student had 2 assent forms: 1 with nothing check
and another with everything checked.

The student comieted 2 assent forms: 1 with the
pretest and 1 with the posttest. The prgrants assent
and the postwithdraws consent.

The teacher noted on the assessment that the student
did not complete the assessment or missed the secont
day of testing.

¢KS (Sl OKSNJ 6NRGS
forms for which no boxes were checked.

GKS aid

For 1 student the name oré assent form was crossed
out and the teacher wrote the name. The boxes were
scribbled over.

One teacher removed student mees and coded the
assessments for the pretests. Students wrote their
names on the posttests, and the teacher also wrote a
code on the posttests. No assent forms were sent. For
students whose parents refused, the codes are known
but do not match from preo post.

One student was marked absent for the pretest, and tk
teacher did not send an assent form with the posttest.

The teacher neither sent assent forms nor a class list.

team will remove from the analytic sate the
assessments from students who are missing assent
forms.

The research team will verify that each student who se
an assessment is included on the class list and will
assume that proper assent procedure was followed,
excepting the teacher mailing the hard copies. The
students noted on the class list as granting assent will
included in the analytic sample.

The research team verified that the teacher administer
the assent forms but did not mail them. The students it
this class who are not noted as withdrawing assent wil
be assumed tthave granted assent and their
assessments will be included in the analytic sample.

Those students are only counted once in the completic
table and will be randomly assigned one of the 2
teachers in the anlgtic sample.

The research team counted the student as withdrawing
assent for all items and will remove the assessment frc
the analytic sample.

The research team counted the student as withdrawing
assent for both the preand posttests and will remove
the assessments from thenalytic sample.

The research team counted the assessment as comple
for calculating the completion rates but will remove the
assessrant from the analytic sample.

Because the students with boxes checked on the asse
form wrote their own names, the research team
assumed that the teachenstructed the students to only
complete the assent form if they withdraw assent. The!
students (for whom the teacher wrote their names) are
counted as giving assent. Their assessments will be
included in the analytics sample.

The research team counted the student as withdrawing
assent for all items and will remove the assessment frc
the analytic sample.

The research team assumed that the teacher followed
the proper assent procedures but forgot to mail the
assent forms to the research team. The students are
counted as giving assent, unless we received a parent
refusal. All assessments for thisater will be removed
from the analytic sample for prpost paired analysis.

The research team assumes this student did not grant
assent and wiltemove the posttest from the analytic
sample.

The research team cannot be sure that the teacher
dzLIKSt R GKS laaSyid LINROSa
will be removed from the analytic sample.




Samping

Based on the estimated number of scorers (4), targeted timeline to finisiL G2ERAs (September
2018), and the number of assessments to score (approximately 3,000), RMC Research estimated each
scorer would have to score 250 assessments a montimplete all Year 1 SARAs. Due to time and
resource restraints, the LLAMA team decided to score a subset ¢ 88&As as part of a substudy

which focusd on 6 of the 34 Cohott teachers (treatment) teachers and 6 matched Cohort 2 teachers

(comparison)

The 6 Cohorl treatment teachers were chosen based on their high level of LLAMA implementation and
fA1StEAK22R 27
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shown in Exhibi69, the 6 highmplementers resembled the overall treatment group with a few

exceptions.

A A larger percentage of high implementers were from smaller schools with 200 students or less

(33% vs. 12%).

A There were no high implementers from urban school settings compared ta218é overall

treatment group.

A Though 44% of the treatment group were from Washington, only 17% of the Washington
participants werehigh implementers

Exhibit69: Treatment Group Compared to High Implementers

Variable

Treatment f1 =34)

Treatment High

Implemerts (N =6)

n

%

n

%

State

WA

ID

MT

School Setting
Rural

Urban
Suburban
Grade Span
5-8

6-8

7-8

7-9

7-12

6-12

PK8

15
15

22

N N P W b

44%
44%
12%

65%
21%
15%

12%
50%
12%
9%
3%
6%
6%

[EEN

P B O O F» W O

17%
67%
17%

83%
0%
17%

0%
50%
17%

0%

0%
17%
17%

%



Treatment High

Treatment f1 =34) Implemerts (n =6)
Variable n % n %
KG8 1 3% 0 0%
Title |
Yes 25 74% 5 83%
No 9 26% 1 17%
Student Enrolled
0-200 4 12% 2 33%
201-400 9 26% 2 33%
401-600 8 24% 1 17%
601-800 7 21% 1 17%
801-1,016 6 18% 0 0%
Race
0%20% White 1 3% 0 0%
21%40% White 6 18% 1 17%
419%60% White 6 18% 1 17%
61%80% White 8 24% 2 33%
81%100% White 13 38% 2 33%
0%20% Hispanic 20 59% 3 50%
219%40% Hispanic 5 15% 1 17%
41%60% Hispanic 6 18% 2 33%
619%680% Hispanic 2 6% 0 0%
81%100% Hispanic 1 3% 0 0%

To identify an appropriate match for each Cohort 1 teacher, a sampling frame was prepared consisting
of all comparison teachers € 36). First, the research team excluded from the sampling frame
comparison teachers who weren RCTn(=5), did not teach Grade 8 during Year 1 or Year=22)), or

did not submit both pre and post SARAs in Year=12(1). A total of 22 unique teachers were excluded
from the sampling frame, leaving 15 comparison teachers that could be matcitkedhe treatment

teachers. From this list of 15 teachers, each treatment teacher was matched with a comparison teacher
based on the following school level variables. All data to create these variables was obtained from the
LyadAaddziS 27 NatawdCeitdr foyEdycadidn StatdtEebsite. To ensure that each
school level variable was weighted equally, each variable was constructed on a scale of 0 to 1..

A State (Washington, Idaho, and Montare)Coded as 0 exact match or 1 no match.

A School sding (rural, suburban, urbajt Coded afkural=0, Suburbarr .5, and Urbarr 1.
A

Gradespan(Grades 58, Grades 8, Grades B, Grades 6.2, Grades K@, Grades Pi8)t
Coded as 0 exact match or 1 no match.

A Title t Coded as 0 exact match or 1 match.




A Enrollment (Total number of students enrolled)Total number of students enrolled in school.
A Hispania % Hispanic students.
A Whitet % White students.

Using an exact matching approacha proximity score was then calculated for each comparison teacher
using the variables noted above in the following formula.

Proximity score = (State) + Absolute Value(School Settingsébool Setting CT) + (Grade
Span)+(Title 1) + Absolute Value((Enrodint TX¢ Enrollment CT)/Enrollment TX) +
Absolute Value(Hispanic TeHispanic CT) + Absolute Value(White @White CT).

The lower the value, the closer the match between the treatment and comparison teacher. Using this
approach, a comparison teacher weedected for each treatment teacher. If a comparison teacher was
YI §OKSR gAGK Y2NB (KIFIy 2yS GNBIFGYSyd GSIFOKSNE
matches were compared alK 2 YS GOSN & ySEG YIFIGOK KIFEIR GKS f1
comparison teacher and the other treatment teacher was paired with their next maxhibit70 shows
that the treatment and comparison group school characteristics were similar.

Exhibit70: High Implementers & Comparison

High Implementersi = 6) Comparison (1 =6)
Variable n % n %
State
WA 1 17% 2 33%
ID 4 67% 3 50%
MT 1 17% 1 17%
School Setting
Rural 5 83% 5 83%
Urban 0 0% 0 13%
Suburban 1 17% 1 17%
Grade Span
5-8 0 0% 0 0%
6-8 3 50% 3 50%
7-8 1 17% 1 17%
7-9 0 0% 0 0%
7-12 0 0% 0 0%
6-12 1 17% 1 17%
PK8 1 17% 1 17%
KG8 0 0% 0 0%

14 College board report




High Implementersi = 6) Comparson ( =6)

Variable n % n %
Title |
Yes 5 83% 4 67%
No 1 17% 2 33%
Student Enrolled
0-200 2 33% 2 33%
201-400 2 33% 2 33%
401-600 1 17% 0 0%
601-800 1 17% 1 17%
801-1,016 0 0% 1 17%
Race
0%20% White 0 0% 0 0%
21%40% White 1 17% 0 0%
41%60% White 1 17% 1 17%
61%80% White 2 33% 1 17%
81%100% White 2 33% 4 67%
0%20% Hispanic 3 50% 4 67%
21%40% Hispanic 1 17% 2 33%
41%60% Hispanic 2 33% 0 0%
61%80% Hispanic 0 0% 0 0%
81%100% Hispanic 0 0% 0 0%

Scoring for Substudy 1

The SARA assessmewsre blindly scored by University of Idaho in YeaA8 of June 30, 2019, all Year
2 matching pre/post SARAs of Substudy 1 teacher$46) have been scored.

Findings

This chapter includes the results from the SARA substudy based on SARA responses collected from 200
students taught by 6 treatment teachers and 123 control students taught by 6 control teachers in study
Year 2.

Pre-Post Comparisons: T Tests

Thefirst hypahesis is that students in the treatment group will improve significantly more in
argumentation skills than students in the control grotirst, the research team conductecaive
analysis (i.e., not correcting for baseline differences or controllingtfuer variables) usinggired
sampled test as a repeated measures t&sb analyzeSARA score changes over time. Exhillit

15Therepeated measres analysigncludedonly students with multiple years data. Therefore, the sample sizes in the repeated
measures analysis is different frothose in the group comparisanalysis.




~

presents the overaBARA score changes in thentrolgroup. The results indicate th&2 y G N2 £  a G dzZRSy
SARAscores increasefbr all problems, yet only three problems, Problems 2, 3, and 5, demonstrated

statistically significant prpost improvement.As compared to theontrol studentsthe treatment

I NRB EABA &coresignificantly increased for all five problems with a biggegnitude of

improvement (see Exhibit2 and73).

Exhibit71. Students of @ y i NB f  SARA FeKoinMiBic@Over Time

Pretest Posttest
(N=123) (N=123) Pre-Post

Mean
SARA Mean SD Mean SD Difference
Problem 1 0.45 0.66 0.56 0.81 0.11
Problem 2 0.85 0.77 1.15 0.99 0.3
Problem 3 0.93 1.18 1.28 1.26  0.35*
Problem 4 0.56 1.05 0.72 1.08 0.16
Problem 5 0.46 0.79 0.73 0.91 0.27*

Note. Statistically significant based pairedsampled test results **p < .01,*** p < .001.

Exhibit72. Treatment GroufBARA Performance Over Time

Pretest Posttest
(N=25) (N=25) Pre-Post
Mean

SARA Mean SD Mean SD Difference
Problem 1 0.61 091 |1.25 123 0.64*
Problem 2 0.61 0.67 | 143 111 0.82
Problem 3 1.40 1.27 1.88 1.24 0.48**
Problem 4 0.46 092 |141 1.30  0.95
Problem 5 0.35 0.76 | 0.87 1.06  0.52

Note. Statistically significant based pairedsamplegd test results *** p < .001.




Exhibit73. SARAScore Changes in Study Groups

Treatment Control

Problem 1 Problem 2 Problem 3 Problem 4 Problem 5 Problem 1 Problemn 2 Problem 3 Problem 4 Problem 5

- e Pretest Postrest = omom PrEtESt s POSTTEST

MANCOVA

To test the hypothesis aratcount for any group differences in tBARA pretesta more nuanced
analysis oMANOVAwas used testimatethe treatment effect orstudent prepost growth scores for
Problems 15 (i.e, problems that are on both the pre and passessment, items-8 are only on the
post). The hypothesis was supported. Results shbare was a statistically significant difference
between thetreatment group and control groupn the growth scores o€ombined dependent variables
of five SARA growth itemB(5, 317) =868, p =.000.

Implementation Fidelity

Next, Multivariate analysis of covariance (MANCOVA) analysis was conducted to further account for
teacher variance of LLAMA implementation fidelit AMA treatment status was used as the

independent variable. Student growth score was calculated as the score difference between the pre and
post SARA assessments. Teacher implementattegory(from 1-4 as described in previous chapters)

was used as eovariate. Significant differences were observed between the treatment and control
groups,F(5,316) = 5.809 = .000. When controlling for teacher implementation fidetigtegories
participation in LLAMA program was still positively and significasfig@ated with student

argumentative skills.

Comparison Post Only Items (Item=

Thesecondhypothesis is that that students in the treatment group will score significantly higher on
items 69 than students in the control grouptems 69 were only intuded on the post assessments.
First, the research team conductedaive analysif.e., not correcting for baseline differences or
controlling for other variables of student post SARA by conducting independent sarngss
Exhibit74 shows that treament students outperformed control students for all four post only items.
The treatment students scored significantly higher on each item.




Exhibit74. Student Posttest SARA Scores by Treatment Group

Treatment Control
(N=200) (N=123) Mean
SARA Mean SD Mean SD Difference
Problem 6 0.64 1.19 0.32 0.86 0.32*
Problem 7 0.11 0.48 0.01 0.09 0.1+
Problem 8 0.37 0.79 0.15 0.36 0.22*
Problem 9 0.39 0.84 0.20 0.52 0.19
Note. Statistically significant based on independent samplest results *p < .05,**p < .01,
** < 001.
MANOVA

To test the second hypothesis aadcount for any group differences in t88RA pretesta more
nuanced analysis ®1IANOVAwas used teestimatethe treatment effect ontems 69. The hypothesis
was supportedThemultivariate analysis of variance (MANOW#as conducted to compare post test
scores for Problems-8. The dependent scores are the four problem score®immB from the posttest.
The ndependent variable is the study treatment status: treatment vs. control. The results of the
MANOVA analysighow therewere statistically significant differensdetween thetreatment group and
control group forProblems €9, F(4, 318) =3.963 p = .004.

Item Level Analyses

Because the MANOVA results suggest significant differences between the posttest SARA performance in
the treatment and control groups, pairwise comparison of the individual item scores were conducted

using the analysis of variea (ANOVA) tests. Bonferroni correctiorwas applied to reduce the Type
error(ie,aFl £ A4S LRaAGADSAaEd 0D wSadzAg §a 2F (76 Resulis A NHA &S
suggest thastudents oftreatment teachers outperformedtudents ofcontrolteachers on all items-6.

At this item level MANOVA analyses, this second hypothesis is supported.

Exhibit75. Pairwise Comparisons for Treatment and Control Posttest SARA Scores: Form B

Posttest Problem Difference Lower Bound Upper Bound p Sig.
Problem6 0.318 0.076 0.560 0.010 *
Problem7 0.102 0.016 0.188 0.020 *
Problem8 0.224 0.075 0.373 0.003 %
Problem9 0.195 0.029 0.360 0.021 *

Note.2Adjusted byBonferronicorrection.
*p<0.05, *p<0.01.
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The original SARA study produced promising findings, so the LLAMA team decided to conduct additional
studies to examine student argumentation in greater depth. In Year 3, during the summer 2019, t
LLAMA team decided to conduct Substudy 1 with the 12 Cohort 2 teachers that were active through the
end of Year 4. Substudy 1 provides 2 years of data prior to LLAMA implementation (Years 1 and 2) and
one year of data after LLAMA implementation (Yedr@n 12 highly engaged teachers.

Study Recruitment

Study recruitment is described within the chapt&tiudy?2: Student Agumentation Study.

Instrument Development and Interrater Reliability
Study recruitment is described within the chapt&iudy?2: Student Agumentation Study.

Data Collection
Exhibit76 shows the number of pre and posets ofmatching SARAS per teacher per year for this study.

Exhibit76: Number of MatchingSets ofPre and Post SARAs Per
Teacher for Substudy of ActiveCohort 2 Teachers

Teacher Year 1 Year 2 Year 3 Total
Teacher 1 21 30 23 74
Teacher 2 14 8 13 35
Teacher 3 40 35 27 102
Teacher 4 42 25 40 107
Teacher 5 3 12 8 23
Teacher 6 37 31 73 141
Teacher 7 41 45 34 120
Teacher 8 22 26 33 81
Teacher 9 0 9 34 44
Teacher 10 0 19 64 85
Teacher 11 28 41 52 121
Teacher 12 26 44 44 114
Total 274 325 445 1,047




Sampling

Based on the number of SARASs scored to datedtimated number of scorers (4), targeted timeline
to finish scoringand the number odssessments to scqrihe research team developed a sampling
plan for this study that would result in a feasible number of SARAS to score.

The research team decided soore all matching pre/post SARAs of active Cohort 2 teachers for Year 3
and a randonsample of half of matching pre/post SARAs from Years 1 and 2. This would ensure the
research team has some SARAs from each year but the total pool of data prior to LLAMA beginning for
the Cohort 2 teachers/students data will be approximately the sameasizhe Year 3 data. Exhif@it

shows the number of pre and poseéts ofmatching SARAS per teacher per year sampled for this study.

Exhibit77: Number of Matchingsets ofPre and Post SARAs Per
Teacher for Substudg of Active Cohort 2 Teachers

Teacher Yearl Year2 VYear3 Total
Teacher 1 11 15 23 49
Teacher 2 7 4 13 24
Teacher 3 19 17 27 63
Teacher 4 19 12 40 71
Teacher 5 0 18 8 26
Teacher 6 17 15 73 105
Teacher 7 18 22 34 74
Teacher 8 9 13 33 55
Teacher 9 0 5 34 39
Teacher 10 0 9 64 73
Teacher 11 14 19 52 85
Teacher 12 21 44 44 109

Total 135 193 445 773

Scoring
The LLAMA team completed the scoring of these SARAs by September 1, 2020.

Findings

This chapter includes the results from SARA responses collected frostudiéhits taught by 12
treatment teachers in Study Year 3 and 328 students taught by the same group of teachers as a control
group during Year 1 and Year3®tailed data tables are in Appendix A.




Pre-Post Distributions of Individual ltem Scores

Ideally,a multivariate test such as MANOVA would be used to assess overpbhgirdifferences
between the treatment and the control groups. Although MANOVA is generally robust to violations in
GKS y2NXIFtAGe
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challenge of ungual variance among groups, precludes using MANOVA in this analysis.

Exhibit78. Pretest and Posttest Item Score Distributions by Group
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