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Research suggests that teachers’ content and pedagogical knowledge and educational beliefs about
teaching and learning are among the key factors for effective teaching. This study explores the extent to
which K-12 Houston Independent School District (HISD) math teachers develop more adaptive educational
beliefs about math teaching and knowledge and increase their mathematical knowledge for teaching (MKT)
through their participation in the Rice University School Mathematics Project’s (RUSMP) summer campus
program (SCP). This study also examines the effects of teachers’ professional background, educational
beliefs and MKT on students’ math achievement. Findings indicate that teachers significantly developed
more adaptive educational beliefs and increased their MKT after successful completion of the RUSMP
SCP. Results also indicate that although students’ prior math achievement was the strongest predictor of
subsequent math achievement, teachers’ MKT and holding a bachelor’s degree in mathematics had a
significant effect on students’ math achievement. Results provide support for the RUSMP model of
professional development (PD) in developing adaptive math teaching beliefs and increasing MKT, which in
turn, have a positive effect on students’ math achievement.

BACKGROUND beliefs reside across two ends of a continuum
(Schommer, 1994). On one enddividuals

Teachers@ducationalbeliefs about teaching  believe that knowledge is fixed, simple, certain,
and learningand theirdomainspecific knowledge objective, and comes from a person of authority.
play an integral rolén their instructionaldecision ~ The beliefs at this end have been classified as
making lesson planning, and instructional OnoravailingO epistemic beliefs(Muis, 2004)
practices (Parajes, 1992; Philipp, 200Teachers® Conversely, individuals classified as having
beliefs specific to matheaching andknowledge OavailingO epistemic beliefs view knowledge as
include beliefs aboubneOsability to effectively ~ evolving, complex, uncertain, subjective, and
perform mathteachingrelaed tasks (selfefficacy;  stemming from their own construction of
Enochs Smith, & Huinker,2000), beliefs about the knowledge (Schommer, 1994Availing epistemic
degree to which studentsO rmeathtics beliefs about mathemati@dign with the standards
performanceare attributed to teachemstruction proposed by the Nationalo@ncil of Teachers of
(internal locus of control; Rose & Medwa Mathematics (NCTM, 2014) and promote
1981a), and beliefs about thenature of math  constructivist teaching approaches (Toumasis,
knowledge (epistemic beliefs; Hofer & Pintrich, 1997). Constructivist teachiritas beerassociated
1997). In particular,higher levels of selefficacy ~ with greater student achievement in thematics
for teaching and having an internal locus of controland enhanced algebraic procedural and conceptual
for teaching are associated with greater teachinginderstanding (Kim, 2005; Ross & Wilson, 2012).
effectiveness and student performance (Klassen &hus, availing epistemic beliefs about mathematics
Tze, 2014; Rose & Medway, 1981kynd thus are knowledgearemore adaptive
themore adaptivédorms of these beliefs In addition to the aforementionedbeliefs,

In terms of defining adaptive forms of teachers@athinstruction is also irdrmed by their
epistemic beliefs about math knowledgpistemic ~ mathematal knowledge for teaching (MKT; Hill,
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Ball, & Schilling, 200§. MKT is typically DATA AND METHODS
considered one of the antecedents of effective
teaching and student achievement (Darling Data
Hammond, 2000; Hill, Rowan, & Ball, 2005). RUSMP provided a PDprogram for HISD
MKT is comprised of both math content math teachers durinthe summerof 2013 The
knowledge and knowledge of students, teaching?2013SCPwas a threeweek intensive?D program
and curriculum(Ball, Thames, & Phelps, 208 aimed at improving math teachersdKT by
Because theseeliefs aboumathteaching and focusing on the concept strands ohumber
knowledge and MKTunderpin math teachers® operations, quantitative reasoningpatterns,
decisions and enactment dhstruction, math relationships, ad algebraic reasoning Teachers
educators and math education researcherwere administered valid and reliable instruments
acknowledgethat the development of the adaptive based on previous research (3éeusures) before
form of these beliefs anithicreasein MKT should and afterthe 2013SCPR. Archival data from the
be at the center of math teacher education and013 SCP was used because both teacher belief
professional  development (PD) programsand MKT data informed by wedstablished
(Desimone, 209; LoucksHorsley, Stiles, Mundry, theoretical frameworks (e.g. Bandura, 1986; Hill,
Love, & Hewson, 2010) Grounded in this Ball, & Schilling, 2008) were collected that year.
premise,the Rice University School Mathematics The first part of this evaluation includethta from
Project RUSMP) designed an intensive, handa 61 HISD K-12 math teachersout of the 80 math
summer campus program (SCP) todevelop teachers who participated in the 2013 SQWost
teachers€@ducationabeliefs andVIKT. teachers who register for the RUSMP SCP do so
This study examined (1) the degree to whichvoluntarily while others are recommended by their
K-12 Houston Independent School District (HISD) principals
math teachers® educational beliefs and MKT The second part of thetudy only included
changed by participating in the 2013 SCP and (2gata from HISD K-8 math teachers because
the extent to which these changes predicted theigtudents in these grade levels had taken the
studentsO math achienent in the academic year Stanford 16-a nationally nornreferenced,
immediately following the SCP. ehche  vertically-scaled assessmentin two successive
professional background factord\ teaching years. Based on the aforementioned selection
experienceand ollege degree in mathematics, criteria, the second part of the study included data
were included as predictors of studénts from 34 HISD k8 math teachers and thedj330
achievement as these background variablese respective studentsnroled in their math courses
related to teaber effectiveness (@ling during the 2013-14 academic yedollowing their
Hammond, 2000 Rice 2003. The following  SCP participation The teacher dataeavecollected

research questions guided thisalysis by RUSMR while the student dataewe accessed
through HERCOdatabaseconsisting ofthe HISD
RESEARCH QUESTIONS teacher and student data

|

To what extent i HISD math teachersO Measures
educational belief$ self-efficacy, internal locus of Participating teachers took pre- and post
control beliefs, and epistemic beliefs about surveythree weeks prior tand on the last day of
mathematics, in particulaN change after the SCP. The survey items assessed teachersO self
participating in the RUSMP 2013 S€P efficacy (13 items) andnternal locus of contro{8

To what extent il HISD teachers®MKT items)for mathteaching(Enochset al, 2000) and
change after participating in the RUSMP 2013 nhonavailing epistemic beliefabout mathematics
SCP? (7 items; Schoenfeld, 1989) Teachers also

To what extent il teacher beliefs and MKT completeda 30minute Learning Mathematics for
affect studentsfath achievement in the academic Teachingassessmer(Hill et al.,2008) measuring
year immediately following the SCP? their MKT two weeks prior to and on the last of

To what extent did teachdésvel factors day of the SCP TeachersO echographic and
moderate the effect of students® prior mattprofessional backgrouridformationwerealso
achievement on students® subsequent ma@ellected througthhepre-surveyas some of these
achievemertt attributes are associated with student performance
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(Rice, 2003) TeachersO years of teachin beliefs and MKT and students® priomath

experience weréncluded as a continuousainable — achievement explainestudents@ubsequentnath

whereas whether theyhad received a math achievement. Additionally, in this last step, the

undergraduate degree was coded as a dichotomodegree to which the effect o$tudentsO prior

variable. achievemenon their subsequenmathachievement
Student data includedtheir demographic depend upon teachersBackground,beliefs and

information (e.g., gender and ethnicitgnd scores MKT was examined

on the mathematics portion of the Stanford

Achievement TestStanford10) for two a@ademic RESULTS

years: 201213 (prior achievementand 201314

(subsequent achievemgnt Stanfordl0 is a Results of the paired sampledests on the

nationally normreferenced valid, and reliable threeteacherbeliefs and MKT indicated that there

assessment that iadministeredto HISD K-8  were statistically significant improvements in

students The sores on the Stanford 1Bat were teachersO scores alh four measureom pre to

usedin the current analysisvere the normalized postsurvey 6ee Table ). Effect sizes were

standard scores, which are known as normal curvealculatedto determinethe strength of the effest

equivalent (NCE) scores. of the SCP on teacher beliefs and MKThese
effects were small but practically significant
Analytic Strategy (Ferguson, 2009)with CohenOds ranging from
First, several pairedsamples r-tests on the 0.391t0 0.48
three teacherbelief measuresand on MKT were Although 61 HISDteachers participated in the

conductedto investigate whetheHISD teachers 2013F2014 SCP only elementary and middle
demonstratecchangein their beliefs aboumath  school teachemata were includedn the HLM
teaching andcknowledgeand in their MKT upon  analyses because Stanford d#itawere available
completion ofthe RUSMPSCP. for their student®nly. Therefore, student data for
Second, terarchical linear modelindHLM) 34 elementary and middle teachers eversed for
was conductedto estimatethe effectof student  the HLM analyses. Table 2 provides descriptive
level and teachelevel variableon stu@éntsGnath  statistics of the teachetevel variablesfor these
achievement. This multilevel analysis was teachers and the demographics and performance of
conducted in three stepirst, to determine how their students. Teachers in the sample had an
much variation in student math achievement isaverage of seven years of teaching experience, and
explained by teacher differences) unconditional only six percent had an undergraduate mathematics
model wasconducted Secondeven though it was degree. They tended to end tBEP with high
notone of our main research questions, as a way ttevels of seHefficacy for math teaching on
control for studentevel factors, we conducted a average, and tended to hold lewlevels ofnon-
within-teacher model to examindwow much availing epistemic beliefs. The majority of the
variation in studentmath achievementon the students in the sample werattending middle
Stanford 10is explaned by students® prior math schools (67%)economicallydisadvantage¢76%),
achievement In the last step(betweerteacher and of Hispanic descent (58%).
model), both studentand teachelevel variables Table 3 displays results of the HLM analyses
wereincludedin the model to determine the degree Results of theunconditional model(no variables
to which teachersCprofessional background, entered as predictgrsndicated that 27% of the

Table 1: Paired Samples t-Tests of Teacher Beliefs and Knowledge
Paired Differences

Mean Gain
Measure N (post-pre) S.D. t-value Cohen’s d
Self-efficacy 61  0.18 0.38 3717 48
Internal Locus of Control 61  0.18 0.46 3.03" 39
Non-availing Epistemic Beliefs 61  -0.20 0.44 3617 46
Mathematical Knowledge for Teaching 61 029 0.74 31 40

(MKT)
Notes. “p<.01.""p<.00l.
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variation in studentsGnath achievement was Table 2: Descriptive Statistics for All Studehevel
accounted for bylifferences among teacher§he _and TeachefLevel Variables

significant amount of variation in students@th Mean SD Min  Max
achievement that was accountémt by teacher TeachetLevel:
differences indicated that it was appropriate to  Self-Efficacy 430 045 323 492
continue with thenext steps of the HLM analysi Locus of Control ~ 3.77  0.45  3.00 4.75
For the secondmode| students® prianath Non-availing
achievementscores wereentered at the student  Epistemic Beliefs  2.19 051  1.00 3.
level. Findings from this model indicated that 65 MKT -021 094 -2.06 1.96
of the variation in students@athachievement was ~ Math Degree 0.06 024 0 1
accounted for by studentsO primthachievement. Yrs. of Teaching ~ 7.06  6.66 0 24
For the final mode(betweerteacher mode]) n =34 teachers.
students® priomath achievement scoresvere Studentevel:
enterecatthe student level and teacher profession; Stanford 13-14 55.65 20.57 1 99
backgroundwere entered at the studdavel and ~ Stanford 12-13 5471 20.57 1 99
teacher professional backgroundactors beliefs Female 0.490.50 0 !
and MKT were entered at the teacherel. gf;iﬁ 8'22 8"2‘2 8 }
Results from the final model indited thatwhile Hispanic 0.58 0'49 0 :
studentsO prior achievement accounted for t Muﬁiracial 0'00 0'05 0 )
largest amount of variation in their subsequer White 0.08 0.28 0 )
math achievementtwo teachedevel variables Economically- ' '
emerged~as statlstlc_ally significant pre~d|ctors a Disadvantaged 076 043 0 1
studentsO math achievementteachersO MKT Middle School 067 047 0 1
scoresand whether teachers had completed a n= 2,230 students.
undergraduate degree in mathematicsMore
Table 3: Multilevel Results for Students' Mathematics Achievement
Model 1 Model 2 Model 3
(unconditional) (within teacher) (between teacher)
Independent Variable Coeff SE Coeff SE Coeff SE
Fixed Effects
Intercept 55.61* 191 55.61* 1.9 56.5** 1.38
Prior Math Achievement 16.53*  0.46 16.63** 0.47
Years of Teaching 1.55 1.18
Math Degree 4.04* 1.18
MKT 7.89** 1.47
Self-Efficacy -0.45 1.46
Locus of Control 1.23 1.25
Epistemic Belief{Non-Availing) 3.29 1.49
Prior Math Achievement X
Years of Teaching -0.24 0.43
Math Degree -0.22 0.46
MKT 0.18 0.53
SelfEfficacy 0.23 0.54
Locus of Control 0.01 0.48
Epistemic Beliefs 0.42 0.54
Random Effects (Variance Components)
Studertlevel effectr; (! 2) 309.27** 9.33 109.03** 3.31 109.01** 3.31
Intercept Teacher meau, 115.94* 29.73 119.54** 29.58 51.21** 13.00
Variance explained 27% 65% 57%
AIC 19225 16972 16966

*p<.0l. *p<.001.
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specifically, findings indicated that a one standardis not wellestablished, it is possible that the
deviation increase in teache®tBT scoreswere development of adaptive forms of these beliefs is
associated with an expecte@jhtpoint increase in necessary for teachers timcrease their MKT
students® math NCE scoaé®r accounting for all through PD However, further research is needed
other variables in the modeResults also indicated in this area.

that students who were instructed by teachers who One limitationof this study is the small sample
had an undergraduate degree in mathematics wesdze of teachers that were included. Another
expected to have math NCEoses four points limitation is the lack of a comparison group of
higher, on averagethan students who were teachers in this archival data set. Even though
instructed by teachers who did not hatleir caution is needed in makingausal claims about
undergraduate degreein mathematics after the impact of the SCPon studet achievement
accounting for all other variables in the modél.  throughthe improvement ofeachersO beliefs and
is worth noting that teachers®KT scores were knowledgefrom the currentresearchdesign it is
strongerpredictos of students@ath achievement still noteworthy that the knowledge teachewin
compared to teachers having completed through the program has the potential to affect their
undergraduate degrem mathematics students® academic performance in math.

As part of the model, he interaction of Because of the effect that teachersO MKT and
teacheflevel  variables  with  studemével math undergraduate background have on studentsO
independent variable (prior achievemengreamot  math achievement, HISD shoulcbnsider these
found to besignificant implying that the amount of factorsin their teaber hiring process and when
variation in subsequent math achievementdetermining the type oPD and other possible
explained by prior math achievemetitl not vary  support systems focurrentteachers In order to

across teachers. improve studentsO math achievemeutrent and

I previous findings€.g.,Corkin et al., 2015) suggest
DISCUSSION, LIMITATIONS, AND that HISD should consider offieag math teachers
RECOMMENDATIONS opportunities to enroll in PD programs that

emphasize mathematical content and pedagogical
This studyinvestigatedhe extent to which K knowledge align_ed with gponstructivist phil(_)sophy
12 HISD math teacherdeveloped more adaptive of teaching while providing an organizational
educational beliefs about math teaching and environment that fosters their enactment of

knowledgeandincreased theiMKT through their ~ InStructional — approaas  aligned ~ with  this
participation in theRUSMP SCP It was also philosophy In addition, teachers with inadequate

important to explore whethehe development of Math background should be encouraged and/or

more adaptive educational beliefs and increases iRrovided with incentives to complete additional

MKT would have areffecton their students@ath ~ coursework in -~ mathematics. Implementing

performance. policies addressing t_hese isswasuld benefit k12
Results from thisstudy indicated that at the Mathteacherandtheirstudents

end of the SCP, teachersdhaore confidence in

teaching math, beliedethat they hd more contol REFERENCES
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