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Logic Model of IERI Study
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All focused on the same mathematical learning goal.

* Our ultimategoalis studentearningof specificmathematicsdeasandskills (which we referto as
learninggoals).

 Accordingto our model,teachingaffectsstudentearningandprofessionatievelopmenaffectsteaching.
Curriculummaterialsaffectstudentearningdirectly andthroughthe supportthey providefor teachers.

» We areseekingto learnif arelationshipexistsbetweerneachingpracticeandstudentearning,between
curriculummaterialsandstudentearning,andbetweerprofessionatievelopmenandteaching.

* At thesametime we areexploringthe effectof variousprofessionatlevelopmenactivitieson teacher
practice with theintentof formulatingtestablenypotheses.
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• Our ultimate goal is student learning of specific mathematics ideas and skills (which we refer to as learning goals).
• According to our model, teaching affects student learning and professional development affects teaching. Curriculum materials affect student learning directly and through the support they provide for teachers. 
• We are seeking to learn if a relationship exists between teaching practice and student learning, between curriculum materials and student learning, and between professional development and teaching.  
• At the same time we are exploring the effect of various professional development activities on teacher practice, with the intent of formulating testable hypotheses.
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Unique Features of the Study

* Focusing all aspects of the study on
specific learning goals increased
chances of having and detecting an
effect.

Videotaped lessons enabled repeated
examination of teaching by multiple
observers.

Well-defined criteria and indicators
enabled consistent and valid judgments
of teaching quality.

Learninggoalsdefinedat a fine grainsize,suchasunderstandingherole of symbolicequationsn representinghange
overtime or in relationshipto othervariablegversustopicslike “algebra”or “equations”), unpackingthelearninggoal
to key ideasanddesigningassessments measursstudentunderstandingf them(versususingonly anexistingtestthat
devotesl-2 questiongo thetargeteddeas) . examiningteachingof lessonghattargetthosekey ideas(versusalgebra
teachingn general) andfocusingprofessionatievelopmenon theteachingof thatspecificcontent(versuson generic
teachingstrategiemandexpectingteachergo applythem).

» Permanentecordof teaching(versusmainly selfreportsor notesfrom live observations)

» Well definedcriteria, with indicatorsandexamples/countegxamplesusedto train reviewersandchecktheir judgment:
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Learning goals defined at a fine grain size, such as understanding the role of symbolic equations in representing change over time or in relationship to other variables (versus topics like “algebra” or “equations” ), unpacking the learning goal to key ideas and designing assessments to measure student understanding of them (versus using only an existing test that devotes 1-2 questions to the targeted ideas), examining teaching of lessons that target those key ideas (versus algebra teaching in general), and focusing professional development on the teaching of that specific content (versus on generic teaching strategies and expecting teachers to apply them).
• Permanent record of teaching (versus mainly self reports or notes from live observations)
• Well defined criteria, with indicators and examples/counter examples used to train reviewers and check their judgments
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Algebra Learning Goal

Symbolic equations can be used to
summarize how the guantity of
something changes over time or in
response to other changes.

Learninggoalsourceis Benchmarkdgor ScientificLiteracy (AAAS). This learninggoalis
consideredentralto beginningalgebraandis embeddedn the statestandardef Delawareand
Texas thetwo locationsfor the study.


fmolina
Text Box
Learning goal source is Benchmarks for Scientific Literacy (AAAS). This learning goal is considered central to beginning algebra, and is embedded in the state standards of Delaware and Texas, the two locations for the study.
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For each of 3 years, we

» Provided professional development on
teaching the concept of change to 7t and 8t
grade algebra teachers.

Videotaped 3-5 lessons per teacher on the

algebra concept of change.

= Assessed 2500 students in videotaped
classes, using a test we designed to
measure students’ understanding of the
algebra concept of change.

41 teachers240classewvideotaped.
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41 teachers, 240 classes videotaped.
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Research Question

What is the contribution of curriculum
materials, teaching, and professional
development to improving students’
understanding of the algebraic concept of

change?
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Measures

Curriculum materials: high or not high
rating on textbook evaluations

Professional development: number of
days of participation per year

Teaching: numerical ratings on indicators
of 5 different instructional criteria

Student learning: scores on pre and post
tests

PD was1-2 daysin thefirst year,then5-7 daysin eachof the othertwo years

Curriculummaterialswereratedin anearlierAAAS study(4 materialsusedin the study,
2 wereratedhigh, onemoderateandonelow)
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PD was 1-2 days in the first year, then 5-7 days in each of the other two years

Curriculum materials were rated in an earlier AAAS study (4 materials used in the study, 2 were rated high, one moderate and one low)
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Key Criteria (Teaching)

® |[VC. Representing ideas effectively
® VA. Encouraging student explanations

® VVB. Asking guiding questions

Thesethreecriteriaoccurredwith sufficientfrequencyto usein the quantitativeanalysiswhile two other
criteriadealingwith pre-assessmeandpost-assessmedid not.
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These three criteria occurred with sufficient frequency to use in the quantitative analysis, while two other criteria dealing with pre-assessment and post-assessment did not.
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Significant Contributors to Learning

® Curriculum materials (Higher rated
materials contributed more than lower rated
materials)

® Teaching that guides student interpretation
and reasoning (Asking Guiding Questions)

Multi-level structuralequationrmodelingwasusedon measuresf curriculummaterials professional
developmentieaching andstudentearning.Resultsshowsignificanteffectson learningfrom useof
higherratedcurriculummaterialsandhigherscoreson the Asking Guiding Questionriterion.
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Multi-level structural equation modeling was used on measures of curriculum materials, professional development, teaching, and student learning. Results show significant effects on learning from use of higher rated curriculum materials and higher scores on the Asking Guiding Questions criterion.
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Case Study of Teaching

Curriculum Material Connected Connected
Mathematics Mathematics
Teaching experience At least 10 years At least 10 years

Teaching Quality Above mean both Above mean both
(Encouraging VEEUS VEEUS
explanations)

Teaching Quality Below mean both Above mean both
(Guiding reasoning) VEEUS VEEUS
Student learning and Above mean year 1; | Above mean both
learning gains below mean year 2 years

Two teacherwith similar backgroundsindsamecurricularmaterialsarecomparedor their useof two

of theinstructionalcriteria: Encouragingstudenexplanation@ndaskingguiding questions).
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Two teachers with similar backgrounds and same curricular materials are compared for their use of two of the instructional criteria: Encouraging student explanations and asking guiding questions).
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Teacher A Lesson Graph

V.B Asking Guiding Questions

V.A Encouraging Student Explanations

Quality of Instruction

| HDHMDH |

IV.C Representing ldeas Effectively

» E

20 25 30
Minutes of Classroom Time

Thesearegraphsof thevideoanalysisfor a singlelessonwith the minuteson the horizontalaxisandthe weightingof eachcriterion
ontheverticalaxis. The blueboxesshowhow muchtime theteacheispenton the learninggoal. The heightof thoseboxesindicates
how accurateandaccessibléheyareandto whatextenttheteachemusedtherepresentation® promoteconceptualinderstandingf
thelearninggoal.Abovethatis V.A, EncouragingStudentExplanationsandabovethat, Asking Guiding QuestionsAn interpretation
of this graphis thattheteachemuusedmostof the availableclasstime on the learninggoal, with moderatelystrongscoreson useof
representationShehadbrief interactionswith studentsluringwhich sheencouragethemto expresgheirideas but sheeitherlimits
their expression$o low-level responsesr doesnot encouragenorethanafew studentsShehasonly oneencountewith student(s)
who havea dilemma,andis moderatelysuccessfuat askingguiding questionsluringthatsingleencounter.
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These are graphs of the video analysis for a single lesson, with the minutes on the horizontal axis and the weighting of each criterion on the vertical axis. The blue boxes show how much time the teacher spent on the learning goal. The height of those boxes indicates how accurate and accessible they are and to what extent the teacher used the representations to promote conceptual understanding of the learning goal. Above that is V.A, Encouraging Student Explanations, and above that, Asking Guiding Questions. An interpretation of this graph is that the teacher used most of the available class time on the learning goal, with moderately strong scores on use of representations. She had brief interactions with students during which she encouraged them to express their ideas, but she either limits their expressions to low-level responses or does not encourage more than a few students. She has only one encounter with student(s) who have a dilemma, and is moderately successful at asking guiding questions during that single encounter.
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Teacher B Lesson Graph

V.B Asking Guiding Questions

V.A Encouraging Student Explanations

Quality of Instruction

IV.C Representing Ideas Effectively

20 25 30 35
Minutes of Classroom Time

PleasenotethatlV.C., therepresentatiowriterion,addressethelearninggoalandcanbe coded
simultaneouslyvith V.A. andV.B. which, however.aremutually exclusive An interpretatiorof this
graphis thattheteachewusesnearlyeveryminuteof the classto focuson thelearninggoal,using
representationto promoteconceptualinderstandingShehastwo episodesluringwhich sheencourages
studentexplanationspnemoresuccessfuthanthe other.As thelessonprogressesnanystudents
encountedilemmas.Theteacheis highly successfuat askingguidingquestionslisteningto students
andaskingresponsiveandpersistengjuestionghatguidetheir understanding.
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Please note that IV.C., the representation criterion, addresses the learning goal and can be coded simultaneously with V.A. and V.B. which, however, are mutually exclusive. An interpretation of this graph is that the teacher uses nearly every minute of the class to focus on the learning goal, using representations to promote conceptual understanding. She has two episodes during which she encourages student explanations, one more successful than the other. As the lesson progresses, many students encounter dilemmas. The teacher is highly successful at asking guiding questions, listening to students and asking responsive and persistent questions that guide their understanding.
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Discussion

® Uniqueness of focusing all aspects of the
study on a clearly defined learning goal

® Importance of both quantitative &
qualitative analysis

® Our analysis needs to continue . . .

We alsohavedatafor 6" gradeteacher®n a Numberlearninggoalanddatafrom grade-8 for all
teacherdor alearninggoalon DataAnalysis.Resultsof theseanalysesareunderway.
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We also have data for 6th grade teachers on a Number learning goal and data from grades 6-8 for all teachers for a learning goal on Data Analysis. Results of these analyses are underway.
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To access the AERA paper, visit

http://www.project2061.org/publications/articles/IERI/algebralearning.






