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Abstract

Learn how to realize a measurable increase in stuia@agement and achievement in
mathematics through a guided, collaborative, atigeprocess grounded in mathematics.
Students and teachers collaboratively devise adtatan plan of action that moves learning
forward for all students and effectively suppottsisk secondary students in urban
environments. Learn how teachers in the LMU Maitti Science Teaching Program
effectively implement assessments as motivationstiaent achievement and develop
opportunities for students to demonstrate comprgbarand retention of essential content
over time. Students become active participanteserassessment process in an environment
where learning is an individual progression ank-téking is valued and encouraged. Find
out how students, guided by teacher-provided detbezi feedback, make decisions in a
process of self-reflection in which they criticalipalyze and compare their learning
outcomes to expectations of content mastery. Bypawing mastery to current performance,
students utilize failure and engage in error anstgsdeconstruct prior shortcomings and
devise a plan of action that will move learningifard thereby overcoming failure.
Introduction

The Loyola Marymount University (LMU) Math and Seee Teaching (MAST) program
inspires and supports cultural transformation tgtocollaborative, innovative, research-
based, and transformative practices that focusumtents as the impetus for improving
teaching and learning in mathematics and scienderemge pedagogy with academic
content. The MAST program serves as the link betwbe theories developed through
educational action research specific to math aimhee education with practical applications
designed to increase the number of students whersygged and achieving proficiency in
mathematics and science, and connect to the acadisuipline of mathematics and science.
The MAST program teaches how to analyze, orgapizsent, and assess information in
innovative and active ways that stimulate studesrisical thinking processes, embrace
failure as part of the learning process, balantlalwarative and independent learning, and
instill the value of mathematical and scientifioting as a solution for moving teaching and
learning forward [1]. The goal is to transformsgeooms so that they effectively implement
and analyze assessments as motivations for stadem@vement, as well as develop
opportunities for each student to demonstrate ceh@rsion and retention of essential
content over time [7]. Within this structure statkebecome active participants in the
learning process, influence the teaching processdecover the joy and value of
mathematical and scientific thinking.

Collaborative L earning Portfolios

In order to involve students as active participamtfie learning and assessment process, a
framework that supports them in successfully irdtng with the process and mathematics is
required. An effective structure for engaging st in this process is the MAST
Collaborative Learning Portfolio. This portfolioganizes data about what students know
and need to know with supporting evidence and getilng structures. A key component of
the Collaborative Learning Portfolio is the MASTdraing Target Logs. Through use of the
log students self-monitor their progress towarddaogic learning targets by using a rubric to
evaluate understanding of the content. The Legrharget Log groups learning targets with
levels and shows a progression of these levelsigiv@ut the learning process [2]. The
learning targets detail what students are expdot&dow, understand, and do in order to
achieve mathematical literacy and competency. Tieyide a balance between conceptual
knowledge and skills [8]. The levels assignechtzse targets on the log are based on an
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analysis of academic performance on assessmentsaedstanding of the content aligned to
learning targets.

Since Learning Target Logs are part of the Collatvee Learning Portfolio, these logs
support students in making choices about theividdal learning needs. With the logs,
students assess and track their own progress itingeékeir goals and meeting proficiency
while also collaborating with the teacher in anadgzprogress and next steps. When students
receive returned assessments, scored by the teaciparticipate in an activity, which is self-
assessed, the student identifies which learningptas being assessed, records the appropriate
level of understanding based on the rubric, and tetermines areas of strength and areas of
growth. A primary vehicle for teaching studentsvito appropriately self-assess is the
provision of descriptive feedback and communicatibout learning. Communication is a
continuous process, in which teachers and studigdtsyue back and forth during active
practice and individual communication about leagrgoals, progress, and questions [10].
This may be written, as feedback in the Collabwedtiearning Portfolio, or verbal, shared in
class or during a conference. The focus is sugpprogress to achieve the end goal of
mathematical literacy.

Feedback is given on a variety of assessmentsleBtsican write questions which teachers
answer, or teachers write questions for studetis.iiodes of communication are exit slips,
reflective slips, quick checks, quizzes, tests, thedcollaborative learning portfolio. As the
teacher and student consistently and effectivefyaga in this process, students internalize
the appropriate and high-level usage of contemtedland academic vocabulary and the
ability to critically analyze their learning outcesifor errors [9]. Collaboration becomes the
norm within the classroom and a transformativeucalaround learning emerges. While
students need critical thinking in applying rubriodearning target-aligned outcomes to
record learning, the power behind the learninglilegnot in the sorting of levels of
understanding but in the analysis and action plaaisresult from this datum and other
samples of outcomes.

Learning Target-Aligned I nstruction and Assessment

Having discussed the framework in which the stuslerteract with assessments and various
other learning outcomes and the interaction betvgéients and teachers throughout the
assessment process, the relationship betweengbgssasent process and instruction is
addressed. The goal of instruction is not to tdackhort-term recall, but instead to support
a depth of understanding and long-term retentibime MAST spiral cycle supports the
internalization of learning through continued aauability and practice. This cycle is unlike
the traditional focus on spiraling content thatuies the continual re-teaching to students
who remain unsuccessful in mastering the contetfieainitial time of instruction to support
learning. The MAST spiral cycle supports continueesiopposed to initial, mastery of the
content. It operates under the assumption thatwadlents need to be able to maintain mastery
of content throughout the duration of a courseiatwfuture courses. Spiraling aligns with
the flow: students master a specific learning tailgarning moves forward, and the
previously mastered learning target is incorporatedaching of future content to support
long term retention and strengthening of learnimguigh mathematical connections [12].

As the content is consistently incorporated andheoted following the MAST spiral cycle,
differentiation aids all students in accessingdtwetent. In order to support retention,
assessment is embedded within each componentlgfimstruction. A MAST-sequenced
lesson includes a Hook to engage students at tfiarbeg of a lesson, an Activity Before
Concept (ABC) to transition from the hook to théivdery of new content, an Interactive
Mini-Lecture to deliver new content and engage atslin critically analyzing material as
they learn, Active Practice to challenge studeatthay interact with the material in class,
and an end of lesson assessment such as an g¥é]sliEach of these lesson components
facilitates multiple opportunities for assessménbtighout the lesson [3]. The Hook is used
to assess the students’ level of interest in thietim be delivered. The ABC measures
student background knowledge connected to the ponites information is used by the
teacher to determine the amount of re-teaching@vidw that is necessary for a given
lesson. The Interactive Mini-Lecture incorporatadtiple components; such as brain
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bubbles, think boxes, and think pair share; touwatal comprehension of the content as it is
delivered as well as students’ ability to conniettiew content to what they have already
learned. The Active Practice component of a lesseasures students’ ability to
communicate understanding through written and spek&d. The aforementioned
assessments measure understanding throughoubtheffthe lesson but provide no
deliverable for analysis. Throughout a unit otiastion, assessments that are marked or
graded to support future learning include exitssliguick checks for retention, spiraled
summative assessments, and assessments that gecooméent connections. EXxit Slips are
utilized to formally measure the learning of newiemt at the end of the lesson. Quick
checks are used to formally assess retention ofcpasent over extended periods of time.
MAST spiraled assessments incorporate all leart@rggets from the course in the same
assessment; these topics can be measured inasataitcan be combined to encourage
content connections and provide a more challengionglem set that requires careful critical
thinking. As students interact with these formedessments they can engage in a process of
intentional and purposeful reflection and errorlgsia [12].

Reflection and Error Analysis

Learning is an interactive process by which leaigrto make sense of new information and integrat
it into what they already know. Students are alweygnitively processing information and they are
either challenging or reinforcing their thinking amoment-by-moment basis [4]. Before teachers can
plan for targeted teaching and before student®ngage in practice and continued learning that is
tailored to their individual learning needs all fi@s need to know about students’ thinking and
understanding for a given learning target. Thiswdedge goes beyond the simplicity of considering
whether students have a question right or wronginstead connects to the constructs and patterns
that students have internalized about the cont&ateffectively deconstruct patterns that are inectr
students need to critically analyze their learrongcomes to not only obtain the right answer, but t
rectify their misunderstandings. To do this studemgage in the MAST Assessment Protocol. In the
framework of this protocol, students analyze thirk, scores, and descriptive feedback to assess th
own work and identify errors, complete an analggitheir errors - identifying the specific place avh

the error occurred and explaining what went wrargl self-reflect. As students reflect they respond
to questions that engage them in exploring what steps are needed to achieve mathematical literacy
and proficiency. Students analyze the learningetisrfor which they were ready to demonstrate
mastery, targets for which they were not prepaaed,the reasons for strengths and gaps in learning.
Learning is enhanced when students are encouraghthk about their own learning, to review their
experiences of learning, and to apply what theyeHaarned to their future learning. Making these
connections and then articulating next steps stnemg learning [5]. The teacher’s role is to previd

the structure and space to facilitate this progessnnection to assessments and learning godter A
analyzing assessments, students analyze theirga®gf the learning targets and devise study plans
based on their individual learning needs. As stiglengage in reflection they use the contenthesf t
Collaborative Learning Portfolios to support thendfication of learning targets that are strengthd
those that require more review. Teachers mustigeeadescriptive feedback in order to ensure a
feedback loop for this process [11]. When studantsteachers become comfortable with a continuous
cycle of feedback and adjustment, learning becamae efficient, students begin to internalize the
process of standing outside their own learning@msidering it against a range of criteria, rathan

the teacher’s judgment about quality or accurang, tzegin to take ownership of their learning. When
combined with a focus analysis of assessment tetsgties reveal to the students their individual
understanding of and gaps in the material. Udiigyanalysis, and descriptive feedback from the
teacher, students then set goals for and devis@midment a plan to support achievement of legrnin
targets.

Goal Setting and Action Plans

Connecting learning targets to academic expectatiows for written, reflective responses
to meaningful questions posed about the learninggss. It extends the meta-cognitive
analysis of learning the content to include thetiom of individual growth targets and the
process of creating goals. Goals are not simpledtand revisited at some obscure future
date, but instead aligned to a specific action gtamnis generated in collaboration between
the teacher and student and visited frequently Téle development of goals relies on
accessing information from the Collaborative LeagnPortfolio, including the Learning
Target Log, that align to learning goals in ordealign them with three categories: strengths,
topics for review, and highest priority for studyinReview topics are connected to learning
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goals for which a basic level of understandingbeen demonstrated whereas the highest
priority for studying are learning goals for whittte lowest levels of understanding have
been demonstrated.

Once learning targets have been separated intgarée based on evidence, students can
generate goals that include demonstrating an ieerefthe level of understanding for a
selection of learning targets that are not curyerdtegorized as strengths. These goals are
then aligned to an action plan that is developesbltaboration with the teacher to ensure that
the goals are measurable and that steps are takealize these goals. As students work
toward their established goals in alignment with dlction plan, they continue to engage in
the process of reflection and error analysis. &ttglreflect continuously on their work and
growth to determine what is supporting their untdarding and what aspects of their action
plan need to be modified to support their learrand proficiency in mastering the learning
goals. Student responses and products throughisysrocess give an indication of the
students’ understanding of and gaps in the matasitghey reflect on learning, as
mathematicians and scientists, and of their grawtheeting their goals. As they reflect the
Collaborative Learning Portfolio and Learning Targegs are updated to help students
connect their efforts to growth in meeting the héiag goals. Students continue to monitor
their performance of these learning targets andg#he plan as needed. This process
empowers students as they take ownership of th&ining and begin to view the teacher as a
support and facilitator in the process of learning.

Cultural Shift

As a result of implementing the Collaborative LeagnPortfolios, Learning Logs, Learning Goal-
Aligned Instruction and Assessment, ReflectionpEAnalysis, Goal Setting, and Action Plans a shift
of culture occurs for the student. In this framewstudents are able to take ownership of their
learning and take intentional actions to realiz@soeable goals. Teachers become partners with
students in the process of learning. Effectivelplemented assessments motivate student achievement
and develop opportunities for students to demotesttamprehension and retention of essential content
over time. Consequently classrooms in which thisgdigm is implemented realize a measurable
increase in student engagement and achievement.
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